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ASstract

ABSTRACT

Title: Comparative evaluation of temineralizing ions release at acidic and neutral pH from

glass ionomer cement, bioactive glass material and alkasite material- an in-vitro study.

B
Background: Fluoride-releasii^ restorative materials have been investigated in order to

minimise the risk of secondary caries as well as remineralise the underlying lesion. Apart from

fluoride, the release of sodium, phosphate and silicate ions also make the cement a bioactive

material.

B
Aim: The present study is designed to evaluate and compare the release of remineralizing ions

at acidic and neutral ph from GIC, bioactive glass and bulk-fill alkasite material under in-vitro

conditions.

Materials and methodology: The study was conducted in 120 freshly extracted human

B
premolar teeth. The procedure involved disinfection of specimen using 0.1 % thymol solution

and thereafter .storage in normal saline for 24 hours. A standardized cavity of 2mm depth, 3mm

B
length and 1.6mm width was prepared in all the sample teeth. The samples (n = 120) were

randomly divided into the three groups; group 1: (n = 40); Glass ioncmier cement (GIC), group

2: (n = 40): Bioactive Glass restorative material (BAG), and, group 3: (n = 40): Alkasite

restorative material (ARM). The thermal cycling test comprised of 500 cycles in water of 20

seconds each, ranging between 5°C and 55°C. Next, each group of 40 .samples were further
IQ

divided into 2 subgroups on the basis of pH (acidic pH - 4, neutral pH - 7) of the .solution used

for testing the remineralization potential of the samples. At the end of the first 24 hours and at

7,14 and 21 days testing for ions was done.

Observations and results: Acidic medium showed a higher ccMtcentration of fluoride.

phosphate, hydroxyl and calcium ioas relea.se as compared to neutral medium (p<0.005). The
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^Bstract

IRI

release of fluoride, phosphate and hydroxyl ions at the end of 21 days from Cjenlion-N was

significantly hi^ier as oompaed to GIC and bioactive glass material (p<0.005). The ion release

increased as the time duration increased from 24 hours to 21 days.

Conclusion: BAG and ARM may be used as alternatives to GIC because of their evident

remineralizing potential.

Key-words: Remineralisation, GIC, Bioglass, Alkasite, Secondary caries.
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Introduction

INTRODUCTION

Dental caries or tooth decay continues to be one of die leading cbrcmic lifestyle diseases
ITiBi

worldwide'. It is defined as a biofilm-mediated, diet modulated, multifactorial, non-

communicable. dynamic disease resulting in net mineral loss of dental hard tissues’. The

prevalenoe of dental caries as 27% to 64% m 12-year-old chiklrm and 26% to 83% in adults'.
Q

It is a well-known fact that, dental caries involves intcractkns between the tooth structure,die

microbial biofilm formed on the tooth surface and sugars, as well as salivary and genetic

influences' It is a dynamic process, often not self-limiting but can be prevented if caries risk

is assessed, arrested or even reversed if diagnosed at early stages.

BO
Caries is a result of acid-attack on ctental hard tissues by fermentation of carbolq^dmcs

by the oral bacteria*. Prevention of such lesions would require controlling each of the aetiologic

factors along with restorative therapy if lesion proceeds to cavitation. Secondary caries on the

other hand, is largely a complication following dental restoratirais. It

I of existtm restorations’ or 'caries associated with restorations 0 sealants’^. It is
m

considered ‘complicated’ as secondary caries can be either causally associated with a defective

restoration (mainly due to pps between the restoration and the tooth surface that allows acidic

fluids or biofilm to gain access to the interface), or causally associated with an intact restoration
Q

(e.g., due to the restoration’s lower buffering capacity compared to lli tooth hard tissue)^ not

causally associated with the lestmation at all, but simply primary caries that was left behind

ŝfinedp.'.lesionsJl

mm

adjoining the existing restorations.

The pathogenesis of secondary caries is no differait from conventional caries, i.e. the

clinical presentation is a result of misbalance in the demineralisation-remineralisation cycle,

the former being dominant. Another very important factor that modifies the pathogenesis is the

property of the dental restorative material at the restorative margin. Secondary caries is

1



Introduction

associated with varying clinical scenarios, like, marginal leakage below faulty restoration

allowing for oral fluids to enter the tooth-restoration interface; on occasion of low buffering

capacity of restoration compared to that of tooth surface; in cases where primary caries was

left behind while preparing the cavity for restoration’. Interestingly recent scientific studies

show that the hard tissue-restoration surface is subjected to continuous attack from organic and
03

inorganic substances of saliva through the porous tooth surface'®. For example, an acid with

greater buffering capacity can retard the action of saliva to neutralize the acid. On the other

hand, the calcium, phosphate and fluoride content of foods / beverages or bioactive restorative

materials can make them supersaturated with respect to tooth mineral, preventing

10.demineralization and favouring remineralization

The increasing cost of replacing old restorations, added visits to the dentist and most

importantly vigorous destruction of tooth structure eventually leading to pulpitis due to
fEjl

secondary caries has led researchers to find newer avenues to prevent the condition. Prevention

of secondary caries or lowering the risk of it is largely responsible on location of the restoration.

.12.13caries susceptibility of the patient, operator skill and dental restorative materials used

Even though decay underneath amalgam restorations are reported to be low according to

several randomised controlled trials but the use of amalgam decreased following the Minamata

agreement'"*. Previously silicate cements have also shown less risk towards development of

secondary caries owing to their fluoride releasing property'*.

The role of fluorides in preventing carious lesitms or remineralising the same is well

recorded in .scientific literature'*. Topical fluoride at concentratioas as high as 2500 ppm can

infiltrate the biofilm overlying the tooth surface and offer remineralisation effects to the latter'’
031

Higher the level of fluoride concentration, more is the retention of the ion in the oral cavity.

This phenomenon leads to the formation of fluoride reservoirs in the biofilm that creates a

transient bactericidal effect'*. Therefore, to maintain the reservoir repeated applicatioas of

2



Introduction

fluoride have been advised'*. At the times of acid attack, low, sustained ccxicentration of

□
fluoride in the oral fluids is able to absorb to the surface of the hydroxyapetite crystals of the

tooth inhibiting demineralization. The mineral formed will preferentially incorporate fluoride.
B

eliminate carbonate and thereby render the enamel more resistant to future acidic challenges

by the oral bacterial fermentation of dietary sugars*’. Secondary caries may often involve

dentin. Hence, the interaction between dentin and fluoride is of importance”. Even though

fluoride interacts with dentin same as it does with enamel, dentin is more susoefnible to acidic

enamel, with a critical fH being mme by 1 pH unit in dentin compared to

enamel. Consequently, dentin demineralizes at a faster rate and remino-alizes slowly, requiring

higher fluoride concentrations and frequencies of application when compared with enamel”.

challenges

if
In this regard, fluoride-releasing restorative materials have been investigated in order

to minimise the risk of secondary caries as well as remineralise the underlying lesion^. One of

the commonly used cements with wide range of applications and sustained release of fluoride

is glass polyalkenoate cement or glass-ionomer cement (GIC). It is proven that GIC provides

an ‘early burst’ of fluoride release followed by sustained lower-level diffusion-based release’’.
m
It is interesting to note that fluoride release increases in the acidic medium. This is becau.se of

the greater release of aluminium and hydrogen ions complexed with fluoride in the acidic

condition’-—'. Apart from fluoride. GIC al.so releases sodium, phosphate and silicate ions that

make the cement a bioactive material’’*. The fluoride ions increase the probability to replace

the hydroxyapatite (HAP) with a more acid resistant fluorapatite (FAP). Phosphate ions form

a reservoir in saliva and remain in balance with the mineral phase of the tooth. Silicate has been

shown to become incorporated into hydroxyapatite of the tooth without affecting the crystal

configuration’’*. Research also confirms that GIC can take up fluoride ions from the
m

surrounding^' However, the fluoride recharge decreases with the maturaticm of the set

cement’*’. The glass ionomer has demonstrated to inhibit demineralisation of the surrounding
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Introduction

dentin or enamel in vitro as well as remineralise lesions close to the restoration^’. The

drawbacks of GIC like poor compressive strength and marginal leakage are compensated in the

recently developed bioactive glass containing material (BAG).

Bioactive glasses are reported to be more effective in enamel remineralization
ED

compared to fluoride and CPP-ACP^\ A bioacdve material can interact with the biological

environment to evoke a particular biochemical lespoQse, such as the formation of a
m

hydroxyapatite layer with a tissue-material b«id. They can either be osteoconductive or
61

osteoinductive in nature. The glass with the most bioactivity has a larger surface area and a

faster dissolution rale, resulting in faster apatite formation. Tltey've also demonstrated that

biomimetic nano-structuration improves cell adherence and increases the mechanical
m

properties of such composites ftw natural bones. Studies also claim that calcium and fluoride

release occurred over a 444 hour period from the BAG 61 and 81 composites which were again

found to be rechargeable**. Bioactive glasses are produced by sol-gel processing and therefore

offer potential advantages over ctxiventional material, such as higher purity, homogeneity and

lower processing temperature. Moreover, composites are durable, have higher compressive
ED

strength and are aesthetic^. Bioactive glass is made up of amorphous .sodium-
16

calciumphosphosilicate and is a highly reactive material in the oral cavity. BAGs experience

ionic dissolution and glass dqyadntka when they come into omMact with body fluids or

|||jj|i|u|at^1|||il^ fluid via ttemterchan®| of H+ions m

glass network. The hydrolysis of the silica fioi^ causes the production of silanol groiil«(Si-

O-H) as a result of the ion e«tal^. As the concentration of OH- rises, the nearby environment

resulting in
IP

becomes more alkaline. As the^ rises, the silica network is further

<1

orriKMulkic acid and Si(OH)4 fMndut^g iill^lbnii^ibi^ surface. The gel layo-

serves as a matrix for the ptecifrih^Oil of hydroxyapatite. A depleted alkaline surface layer sits

on top of the bulk gla.ss beneath the gel layer.  A layer of amorphous calcium phosphate forms

4
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IS
tc^ of the gd layer. Because the intc^ted carbonate ions from the now supersabintfed

solution cause {Medpitatioa SHid subsequent nunnalizsiion, the concentratimi of Ca- and Si-

ions in solution is crucial; HW^y 88-100 ppm and 17-20 ppm of the conespoiKfoig ions are

required. The newly generated hydroxyapatite lAows factors to adsorb to the surface,

u well «s cytdcines and extracellular matrix components to attach, proliferate, and differentiate

osteoprogenitor cells, as well as the upregulation of numerous genes

m
showed through their research that bioactive glass application significantly improves the

m
enamel lesions compared to flucH-ide gel^^. Formation of a mineral layer on the enamel was

observed which was rich in calcium, phcKfdiate, and silica, and thereby resulted in an increase

in the enamel hardness’^.

on

3031. Bakry et al. (2014)

Another new fluffl-ide-releasing bulk-filling restorative material is metal-free alkasite

restorative material. Alkasite refers to a new cat^ory of restorative matmal. somewhat similar

to compomer or ormocer and is a subgroup of the composite. Alkasites utilize an alkaline filler

which is capable of releasing acid-neutraliziq| ions’’. The active component is a calcium

fluorosilicate glass which shows degradation behaviour similar to bioactive glasses’^. The

absence of phosphate in this material helps in the increased formation of fluorite unlike other

bioactive glasses”. However, in the absetKe of sufficient orthophosphate in the oral cavity, the

metal-free alkasite restorative material has shown to form CaF: instead of apatite’*. The
iO

material releases Ca^* and F and forms “apatite like” phase upon immersion containing

o
orthophosphate. In acidic medium calcium fluoro-silicate glies particles undergo glass

degradation at the surface but to a les.ser extern at the neutral pH ’*. Another clinical advantage

of this class of material is its dual-cure property that allows the clinician to use it as a bulk

replacement material. Moreover, it contains a shrinkage stress reliever with a low modulus of

elasticity. The material therefore can attenuate the forces generated during shrinkage. It has

1|
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been observed that reduced polymerization shrinkage results in lower volumetric shrinkage,

improved marginal integrity of restoration’’.
B
The present study is designed to evaluate and compare the release trf remineralizing

ions at acidic and neutral ph from QIC, bioactive glass and bulk-fill alkasite material as there

is a scarcity of data with respect to the newer materials and their remineralizing potential in in

vitro conditions.

41

41
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AIM AND OBJECTIVES

AIM:

The aim of the present study was to evaluate and compare the release of remineralizing ions
IS

in acidic and neutral medium from glass ionomer cement, bioactive glass and bulk- fill

alkasite materials.

OBJECTIVES:

To evaluate release of remineralizing ions from GIC.1.

To evaluate release of remineralizing ions from bioactive glass material.2.

To evaluate release of remineralizing ions from alkasite material,
ei

To compare release of remineralizing ions from GIC and bioactive glass material.

3.

#
4.

To compare release of remineralizing ions from GIC and alkasite material.

m
To compare release of remineralizing ions from Bioactive glass and alkasite material.

5.

6.

To compare release of remineralizing ions from Gl, Bioactive glass and alkasite material.7.

<1
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<}(fview of Literature

REVIEW OF LITERATURE

The last century has witnessed a prominent shift from ‘extension to prevention’ to ‘minimal

intervention’ (Ml) in dentistry. A prominent aspect of MID is the concept of remineralisation

of dental hard tissues. Remineralizing agents not only increase the rate of maturation in newly

erupted teeth but also amplify the surface resistance of tooth enamel to acid attack by oral

bacteria harbouring in microenvironments. Remineralization of incipient caries i£. white spot

lesions has also been recorded in scientific literature by continuous use of agents that can

modify the demineralization-remineralization cycle. The first of the remineralizing agents had

fluoride as a piart of their composition. Cements like glass ionomer earned popularity becau.se

of their sustained fluoride-releasing property. Of the several other restorative materials tested

for their remineralizing efficacy, bioactive glasses that raise the levels of calcium and

phosphate, and metal-free alkasite that function by releasing calcium and fluoride, have been

tested in the present study. A literature review of the aforementioned materials has been

discussed in the segment below.

Glass-ionomer cement (GIC) as remineraiizing agent:

Q
Bansal R and Bansal T (2015)^ aimed to determine the amount of fluwide released and re-

released after recharging from various restorative materials, including

Giomer (Beautifil 11), and Compomer (Dyract). Each group had 15 specimens prepared from

the respective restorative material. The specimens were submerged in deionized water for 20

11. Fuji 11 LC,

0
minutes. The amount of released fluoride was calculated using a special fluoride electrode and

B
an ion-analyser on the 1st, 7th, and 15th days. Each sjjecimen was divided into three Sub

Groups of five samples each after 15 days. Subgroup A was u.sed as a control, while Subgroup

m
B was given a 2% NaF solution and Subgroup C was given lOOOppm F toothpaste. The amount

of fluoride re-released was calculated using a special fluoride electrode and an ion-analyser on

8
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the 1 St, 7th, and I5th days. Regardless of the study's observation time span. Conventional GIC

B
emined the most fluoride, followed by RMGIC, Giomer, and Compomer and the difference

was significant (p < 0.05). GlC's had the initial burst effect, but Giomer and Compomer didn't.

B  B
Ruoride re-release was highe.st in Sub Group B after topical fluoride application, and GIC had

the best recharging potential, followed by RMGIC, Giomer, and Compomer. The study clearly

0identified that conventional GIC released the most fluoride at first, followed by Resin Modified

GIC, Giomer, and Compomer. When recharging with a professional regime (2 percent NaF),

the fluoride re-release was higher than when recharging at home (Toothpa.ste). Resin Modified

GIC, Giomer, and Compomer all had better recharging abilities than ccmventional GIC.

m
Basso GR, Della Bona A, Gobbi DL, et al. (2011)^ evaluated the fluoride ion release from

different GlCs, testing the hypothesis that resin-modified GIC (RMGIC) presents a lower

fluoride release than conventional GIC, irrespective of the evaluation time. The four cements

El
tested were Ketak Molar Easymix |KME - conventional glass ionomer cement (GIC)); Rely-X

luting 2 |RL2 - resin-modified GIC (RMGIC)J; Vitremer (VIT- RMGIC); and Filtek Z250

(Z250 - negative control). Disc-shaped specimens were constructed according to the

m
manufacturer’s instructions and suspended at 3TC in 10 mL of reverse osmosis water until the

tests were completed with an Oriai 710 liqui^Nliiliile for selective Fkm dedrocii!. During

the first day, fluoride release was assessed every 6 hours, and then regularly for the next 28

days. The results revealed that except for Z250, all of the investigated samples released

lEI
substantial amounts of fluoride, with RL2 releasing the most, foQowed by VIT and KME

materials. Fluoride was not released by Z250 content, which was used as a negative control.

E9
The first day's fluoride release values were higher, steadily decreasing the second and third

days, and progressively decreasing the following days until it reached a constant flutxide-

m
release level. The study thereby concluded that the fluoride release behaviour was similar for

«

9
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all the ionomer-based materials, with higher F release in the initial 24 hours then decreasing to

constant levels of fluoride -release after 14 days.

m
Luo J, Billington RW and Pearson GJ (2009)‘** compared fluoride release from glass

iononter cements into water that was changed on a regular schedule with release into a constant

m m
sink”. Al, Si, P, O, and F were all present in all four glasses. LG26 ted L<j26Sr had Ca

MM Sr, and LG 125 had Si. Glass AH2 had Na and Ca. After ball-milling, wa.shing in dihitB

acid, and mixing if with 35% acetic acid to fomilj "pseudo-cement," gla.sses were examined.

Fluoride release
m

I3()mg

28,35, and 42 dajs wte analysed (iPH

and (c) acid hydrolysis+’TTSAB falter Hattab). tfce statistical analysis of the observations
O  Q

.showed with r=f).97 or gie^er {p^.(X)l), the average release rates from both glasses and

procedures Mft linear with resfMiii toK1/2). There was no such connection when F was released

into a "sink." The higher F content of AH2 more than compeasates for its higher release rate.

Except for AH2, most F released was not complexed. Raw glass provided 20% of the dynamic

fluoride in AH2. acid-washed glass provided 44%, and pseudo-cement accounted for 51%.

After acid treatment, all four glasses emitted more fluoride, with acid-washed glass relea.sing

4.4 times more fluoride and pseudo-cement releasing 53 times more fluoride. The authors of

m
the study concluded that the kinetics of F release from the glaim ooraponeats of GlCs are Ae

tho.se of the GICs themsel\iii and that the discrepancies between the four glasses tested

61
may be explained by differences in F content and particle size. The much h

jjass than mraiolithic GICs due to the former’s significantly greater surface area. Only raw

glass displayed slightly more F when acid hydrolysis was used in addition to a traditional

61
decomplexant, with percentage increments close to those jpisviousfy observed 1^ GICsTaHI-

washing and jpljeudO-cement formation have a significant impact on the increasing rate of F

release.

into lOmI of deioniswl water at 1,3,7,14,21,

Hrg^^ngl'TSMbutfer,withoui

as

relea.se from

10
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Yan Z, Sidhu SK, Mahmoud GA, et ai. (2007)'*' examined the effects of ten^JOTture mi

m
fluoride release and recharging capacity of glass ionomers. A traditional luting glass ionomer,

two high viscosity restorative glass ionomers, and a restorative resin-modified glass ionomer

were used to make five disc specimens (15 mm in diameter and 1 mm thick). At 4 degrees C,

37 degrees C,and 55 degrees C, the fluoride relea.se of each substance was calculated. TTiree

01
more clas.ses of the same materials were treated tor 30 days in distilled and deionized w^r

m
before being recharged in 250 ppm fluoride solution at 4 degrees C, 37 degrees C, and 55

m
degrees C for five minutes. From two days before to two days after the recharging process, the

Q
fluoride re-release was calculated on a daily basis. The luting glass ionomers were found to

m
have the best fluoride relea.se and recharging potential at all temperatures, followed by the

IBI

re.sin-modified gla.ss ionomer. and finally the high viscosity glass ionomers, the difference was
Bl

found to be statistically significant amongst all three (p <0.05). The 24-hour fluoride re-release

m
after recharging at 55°C wss considerably greater than at 4°C and 37°C (p < 0.05) for each

material. Fluoride release increased with increasing temperature for each material, and all glass

a
ionomers demonstrated greater recharging capacity at higher temperatures. The release trf

fluoride and llie recharging of the glass ionomers both increased as the ambient temperature

rose.

Gandolfi M(;, Chersoni S, Acquaviva GL,et al. (2006)■*- assessed fluoride relea.se (release-
BS

tests) from two glass-ionomer cements (GC Fuji Vll Capsule and GC Fuji IX GP Fast)
□  m
immersed for preestablished times, into solutions at pH 2,5 and 7 before and after NaF solution

m
treatment. The powder and liquid were mixed according to manufacturer’s instructions, poured

into acrylic moulds and covered by a transparent matrix. A total of 36 samples were prepared

and then equally divided into three groups for the different pH tests, i.e. 12 samples each for

pH 2,5 and 7 tests. Every release-test u.sed two .samples from each group, and each pH tested
m

therefore had six re lease-tests. Storage solutions at pH 2 were made of a 0.1 M lactic acid

11
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solution acidified with HCl; sUHage solutions at pH 5 were formed by double-deionised water

while storage means at pH 7 comprised of double-deionised water basified with diluted NaOH.

For the release test.each sample pairwas immersed in 50 mL of a particular pH storage solution

m
and incubated for 3 weeks at 37“C in a thermo-stated chamber. On days 1,4,7,14, and 21, the

B
storage solution was changed, and F concentration was measured using an ion-selective

a
electrode. To determine the F concentration, 5 mLof TISAB III buffer was added to 50 mLflf

m El
storage solution. After 21 da]® of contact with the different pH solutkms, each sample was

submitted to fluoride treatment t to simulate a fluoride recharge. Every second sample was

B
subjected to three days of long release tests after fluoride treatment. In all of the pH solutions

a
tested, sample surfaces were examined using a scanning electron microscope (SEM) before

and after the release tests. The research demon.strated that for the duration of the test, GlCs

emitted fluoride ions. The amount of F produced by both materials was significantly higher at

low pH than at higher pH. The releasing processes were most likely aided by the major

superficial breaking up shown by SEM. NaF solution may be used to recharge at various pH

levels.

m B
Yli-Urpo H, Vallittu PK,Narlu TO,et al. (2004)‘‘'’ designed a re.search to identify the release

of silica (Si), calcium (Ca). phosphorous (P).and fluoride (F) from conventional glass ionomer

cement (GI) and resin-modified gla.ss ionomer cement (LCGl), containing different quantities

IB B
of bioactive glass (BAG). The BAG powder with a particle size of <45//m was added to GIC

B
powder. Two different kinds of camnercially available GICs were used: conventional cme

GIC (GC Fuji n. GC CcnpcaatkMi, Tdcyo, Japan) and resin-modified  light-curing GIC (Fuji II

LC, GC Corporation, Tokyo, Japan). Two different ratios of BAG and GIC powder (10 wt %

and 30 wt %) were used. GIC powders without BAG particles were used in the fabrication of

control specimens. After mixing and setting of the respective cements, the specimens vwre

stored dry for 1-5 days before dissolution testing. The q)ecimens were all prepared at room

12
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temperature (21 ± l‘’C) with a relative humidity of 55%. Individual test specimens were

IB
immersed ip 20 mL of simulated bocfy fluid (SBF) in test tubes in a water bath with a shaking

rate of 70 RPM and a constant temperature of 37“C. Ion concentrations in the SBF were almost

IB
identical to that of human plasma. After 1,6,24,72,168, and 336 hours of immersion, a 5-mL

sample of SBF wtB taken from each test tube. In triplicate, all of the test materials were present.

IB
For each material, there were a total of 18 test tubes. After the samples were taken, the test

IB
tubes were di.scarded. Tlie 5-mL sample was held frozen at 20°C until the Si, Ca, P, and Fkm

concentrations were determined. The quaikitative analysis of calcium ion concentration was

IB
made with an atomic absoqittion spectrophotometer and that of silica, phosphorus, and fluoride

ion concentrations were determined with a Shimadzu digital double-beam spectrof^iotoineter.

The amount of Si released from BAG-containing specimens increased with increasing

iB
immersion time, while that of Ca and P decreased, suggesting in vitro bioactivity of the

m
materials. The bioactivity of the LCGl with 30 wt% BAG was the largest. It also showed CaP-

iike precipitation on the test speciinens' surfaces as well as the dentin discs that were submerged

B
in the material. The authors concluded that a dental restorative material consisting of glass

ionomer cements and BAG is bioactive and initiates biomineralization on dentin surface in

#

vitro.

m m
Carey CM, Spencer M, Gove RJ, et al. (2003)'** under continuous flow, aimed to as.sess the

amount of fluoride released from glass-ionomer cement at neutral and cariogenic pH. The

m
hypothesis was that pH has a substantial impact on the rate of fluoride release from glass-

ionomer cement. A continuous-flow fluoride-measuring system that monitors the amount of

fluoride released over time was used to determine the release of fluoride from a resin-modified

glass-ionomer cement (KetacFil®). GIC samples were exposed to leaching solution for at least

5 days, and the experiments were repeated 5 times at each pH. In all cases, large amounts of

for about 10 hours, followed by a long period offluoride release was detected filti

13
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substantially slower fluoride release. This release was significantly higher throughout the runs

at pH 4 flian under ntni&rd conditirais (p < 0.05 at all tirhe points). At 72 hrs, samples leached
ED

under neutral pH conditions released fluoride at  a rate of (034 + 0.18) mg F/cm'^/hour. Samples

leached under pH 4 released fluoride significantly faster at a rate of (13 + 035) mg F/cm'

m
‘‘/hour (p < 0.05, t test). The study hence concluded that the release rate of flucnide from GIC

m
began with a burst but it swiftly dimini.shed to low levels in 3 days. Under neutral pH

conditions, the rate of fluoride release at 72 hrs was significantly slower than at pH 4. However,

ED
it was also determined that after the initial burst period, the rate of release was not pH-

dependent.

^  ED
Cza

ID
rnecka B, Limanowska-Shaw H and Nicholson JW (2002)-'-'' conducted examination of

iOB release fay restorative cemoits to verify wh^her it is linked to pH change of the storage

ID C
medium. Oements were made from the glass G338 (and 45% aqueous polyacrylic acid by

^  , a
SfMftfyNfhlK the powder <itd liquid togethUf ht a raHo of 3:1. Freshly mixed pastes were padced

into cylinders (6 mm diameter and 12 "mm hiJDI^ and stoi^ H 37*18^for^ 1 hour before bdng

removed from the mould, weighedi ahST store3'Tn3rvi3uaTIy

ddonised water (pH 5.9, SD 0,1) or 20 jMSid/dm’ hwticlicid solution (pH 2.7, SD 0.1). Each

storage medium had an 8 cmS volume, and five specimens were prepared for each storage

01 „
medium. The spectmens were blotted dry, measured, and moved to a new f cm3 .volume of

solution after one week. pH ot the previous solution was determined using mrnm

(^before use. ThTrwasjjjpii^afjiiillt^ymtefvals up"to

'NMwWe in eitherat

whidi had been adjusted Ini

ift Wtakand the solutioas from weeks 1A4 and 6 were bulked and .sent for determination ■!
IQ

Na, Ca, Si, AT, and T by IcP-Ctefi. In addition, pH values of control samples of water and

lactic acid solution were calculated at weekly intervals after being stored under similar

conditions. A fluoride electrode was used to measure fluoride ion concentration in bulked

solutions at weekly intervals, f^as determined as both “frw” fluoride decomplexing

14
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reagent TlSAB)and “total” with Maples diluted in  a 1:1 volume ratio with tlSAB

. ID
solutitm. The fluoride electrode was uafcbrated immediately pdtar to wt. two calibration 0m

beiiig prepved one with and one wTtKout TISAB!. The results of the research showed that from

o
weeks 2 to 6, cements consistently increased the pH in water to 6.7-6.9. However, this did not

lead to uniform quantities of ions released or even clear mole ratios of ions in solution.

Similarly, the pH of lactic acid was elevated to between 3.6 and 43, but there was no consistent

m
ion concentration in solution. Calcium was found to be nearly iasoluble and persisted inside

IS
the cement under near neutral conditions, while acceptable concentrations of sodium,

aluminium, phosphorus, silicon, and fluoride were released at all time intervals, with

IS
downward inclination overtime. Significant quantities of calcium were released over time in

acidic environments, and the amounts of calcium, aluminium, phosphorus, and silicon

ID
increased over time, peaking in week 4. The study concluded on several issues, like, in either

m
odijlnl. or acidic. cohditi^, there is no simple relationship that exists b^een the

concentration or type hf ions released the extent of buffering. Fluoride release was found

IS
to be in greater amounts in the early stages of the experiment, and with a gradual decline, and

with greater amounts in acid than in water. Determination of fluoride with and without the

decomplexing reagent TISAB showed that 70-75% of the total fluoride was released in “free”

form in water for most weeks, whereas in acid, it declined sharply and by week 6, an estimated

ID
total of 96% of the fluoride released was complexed. Variations in pH and mass in water over

ID
time were not signifk^t, but the diai^e in pH compared to water without cement kept in it

ID
was statistically significant at each weekly interval (p < 0.05). Furthermore, pH at week 1 w»

significamlydifferait from subsequent vduea( weeks 2-6) (p <0.05) for acid-stored specimeas

and mass losses were significant (p < 0.05).

#

A.smussen E and Peutzfeidt A (2002)'“ designed an in vitro experiment to investigate the
0

effect of resin matrix formulation on fluoride release from fluoride-containing resin

15
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composites. The resin composites were based on methacrylate monomers and the adduct of

Q
maleic anhydride and HEMA (2-hydroxyethyl methacrylate). As controls, glass ionomer

m
cement and a compomer were used. Each material was preserved in five discs in distilled water

at rotrm teoipetature. The fluoride release from the disk-shaped specimens was monitored over
KRil

a three-year span using a fluoride sensitive electrode. The glass ionomer cement exhibited

Q
maximum fluoride release (154 ± 4 microg/cm^ after I year and 248 ± 7 microg/cm- after 3

years). The compomer released relatively less fluoride during the 1 st year (30 ± 1 microg/cm’)

but later the rate of fluoride release became nearly equal to that of the GIC resulting in a release

of 122 ± 8 microg/cm’ after 3 years. In case of the the resin composites, the fluoride release

increa.sed with the hydrophilicity and the acidic nature of the polymer matrix. The releases,

however, was significantly lower than that from the glass ionomer cement and the compomer.

OD
It ranged from 1.2 ± 0.07 to 42 ± 3.9 microg/cm2 at the end of 1 year and from 23 ± 0.16 to

79 ± 6 microg/cm2 at 3 years follow up. The study demonstrated that fluoride release increased
era

as the hydrophilicity and acidity of the polymer matrix increased in the experimental resin

s
composites. The movement of water and fluoride ions liberated by fluoride-containing

components integrated in the matrix would be enabled to a greater extent if the matrix's

hydrophilic and acidic characteristics are increa.sed. The authors also concluded that even

#

m
though glass ionomer cements gain strength over time in water, the mechanical properties of

compomer may deteriorate dramatically.

Hotta M, Li Y and Sekine I (^OOl)"*’ carried out an in vitro evaluation of fluoride absorption

aand mineralization by bovine dentin after restoration of tin experimentally generated cavity

with traditional gla.ss-ionomer cement or a polyacid resin composite.

The study evaluated two commercial restorative materials, namely. Bond Glasionomer F®

fS 0
(conventional glass ionomer cement) and Geristore® (polyacid resin composite). On the labial

root surfaces of bovine dentin, cyfindrical cavities were carved out. Using the test material, the

16
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cavities were restored. Individually filled teeth were suspended for 30 days in distilled water

o
at 37°C. An EPMA system was used to test the superficial dentin cavity walls for fluoride.

calcium, and phosphorus after sectioning the sample teeth. Indentations (20-mm intervals

below the filled surface into the underlying sound dentin from the surface to a depth of 100

mm) were used to assess the effects of various fluoride-releasing materials on the hardness of

the dentin. The study results clearly indicated that fluoride absorption was significantly

influenced by conventional glass-ionomer cement. The calcium and phosphorus scan showed

0
an increase in the respective levels in a deeper region, which corresponded to the positions of

fluoride absorption at the axial wall's surf£K:e. However, there was no concentration of calcium

and phosphorus elevation in the polyacid resin composite. The average dentin hardness under

conventicMial glass-ionomer cement in the studied five distances ranged from 843 to 61.3

KHN, however, that of the polyacid resin composite ranged from 62.5 to 64.9 KHN. An

0
analysis of variance revealed a significant difference in hardness between the 20-mm dejXh and

the other depths for these data. (P < 0.01, ANOVA Fisher's PSLD). The authors of the study

conclude that having a high fluoride releasing agent would likely be more advantageous in the

risk of secondary caries reducing around the margins than a low fluoride-release material.

although the exact fluoride concentration fw caries inhibition could not be estimated.

B
Vieira AR, de Souza IP and Modesto A (1999)'*'' evaluated and compared the uptake and

IQ
release of fluoride composite resin and glass ionomer cement in a high caries challenge

situation. Standard test specimens of glass ionomer cement (Chelon Fil ), a resin-modified glass

iowMner (Vitremer), two polyacid-modified composite resins (VariGlass and Dyract) and a

composite resin (Heliomolar). were subjected to 14 days of demineralization and

remineralization cycles so as to simulate a high caries challenge. From the S'** day onward, a

fluoridated dentifrice solution was ̂ lied fen- 5 minutes twice a day and the daily flutmde

release of those materials to the mediums was quastiiled and otHUfuated. Fifteen test specimens

17
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03
were prepared for each material, making up a total of 75 samples. The study showed that all

materials except for Heliomolar, from day 4 to day 7 in the denunovliziBS solution, were

capable of releasing fluoride in measurable quantities during the rest of the experiment. The

fluoride amounts released by Chelon Fil, Vitremer, VariGlass and Dyract were signiikaini^

higher in the demineralizing solution (ANOVA, P < 0.05) than in the remineralizing solution,

during almost the entire experinieilt. However, die fluoride amounts released by Heliomolar

were significantly higher in the reaninenlizing solution (ANOVA, P < 0.05) than in the

demineralizing solution, during almost the entire expoiment. The authors therefore concluded

IQ
that all materials studied were capaMe of uptairing fluoride trom the dentifrice solution and of

later releasing it to the solution, maintaining the release relatively constant and at a higher level.

CretiliB SL, Awawdeh LA, .Saunlttw VVP, et al. (1998)‘‘'' investigated the effects of

Vitremer, a resin-modified fluoride-releasing glass ionomer cement, on the progression of

B
demineralisation and/or remineralis^on of caries-like wall lesions in dentine. Class V cavities

were prepared on the mesial and distal surfaces of 28 human premolar teeth. Artificial caripM

pMi'. l^ions were crated in all cavities. The root of each tooth was then hemisected thmiig^

the middle of the two cavities, before being restored with either Vitremer or amalgam, while

the opposing cavities on the same root portion were varnished as negative controls. 48

specimens were pH-cycled in remineralising and demineralising solutions for 20 hours and 4

hours respectivdy, each day for 4 weeks, whilst in a smaller control group of eight specimens,

the donineralising solution was replaced with deionised water. Mineral changes in the carious

m
lesions were evaluated using contact microradiograph. 6 scanning sites (three from each wall)

were chosen initially for each cavity because of the possibility of mineral content VMMkn

0
along the dentine wall. Results of the study showed varying degrees of sub.surface

demineralisation and remineralisation, with a lamin^ed appearance in lesions adjacait to the

Gl. There was higher remineralisation in the glass ionomer-filled cavities compared with the

18
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amalgam-filied cavities. In the water-cycled group, glass ionomer showed an increase jj

mineral content (p < 0.05), while no changes were observed in the amalgam-filled cavities. The

Q
study therefore highlights the ability of a resin-modified glass ionomer material to {Homole

remineralisation in vitro when compared with control cavities.

Hatibovk'Kofman S,Sal^ik JP and Koch G (1997)''" tested the ability of GIC to release the

fluoride that it contains and also the relea.se "loosely bound" fluoride acquired from the

Q
surroundings. 16 mesiodtetal .sections were cut through extracted deciduous molars exhibiting

approximal white spot lesions. Sections were "linked" to a plastic tooth restored with a GIC to

simulate the adjoining suifsces of adjacent teeth. Lesions were ]diotogrs|died in water under

polarized light initiaily and after one- and two-week exposures to artificial saliva. The#
photographs were digitiased, lesion body outlined, and the area anrespcitoing to the body of

Q
the lesion was determined to provide a ocmiparison over time. 62% of the actions showed %

quantitative reduction in lesion body size by an avmge of 43% after the first week and an

.  , Q
additional 14% reduction after the second toBw. It was concluded by the authors that fluoride

Mleased from a GIC has the pMential to enhance remineralization of the early carious lesion i|

vitro with the greatest remineralization occurring during the first week of artificial saliva

exposure.

Marinelli CB, I)only KJ, Wefel JS, et al. (1997)®' aimed to study the anti-caries effects of

various topical fluoride agents in the oral cavity. The authors compared the enamel

remineralization effectiveness of a fluoride rinse, flncwkiated dentrifice and a fluoride releasing

a
restorative matenal (Vitremer). 1 x 5 sq nua artificial carious lesions were prepared at the

0
interproximal contact point of 40 extracted molars. 100/<m sections were obtained at die caries

sites, and polarized light photomicrographs were taken. The sections had varnish (dfK%d,

leaving only the external site exposed and these were situated back into the original tooth. 40

0
odier molars were included in the study of which 10 had Class-11 glass ionomer cement
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restorations placed. These 40 teeth were mounted to have interproximal contact with the

adjacent teeth containing artificial carious lesions. Specimens were placed in closed

environments of artificial saliva for 1 month, with saliva being changed every 48 hours. 10

specimen pairs were brushed with a fluoridated dentifrice for 2 min, twice per day, 10 specimen

pairs were rinsed with a 0.05% atxUom fluoride rinse for 1 minute twice per day, 10 specimen

pairs had Class-Il glass ionomer cement restorations positioned adSacott to 10 teeth wMi

artificial carious le^ns, and 10 specimen pairs acted as controls. After 30 days, the smut

sectioas were photographed again under polarized light, and areas of the lesions were digitized

quantitatively. Results demoasttated the mean (+/- SD) remineralization (mu m2X in Thoulet's

1.41 imbibition media to be: lesions adpicent to gllBS ionomer cement restorations, 2.45 +/-

170; lesions exposed to a fluoridated dentifrice. 223 +/- 102; lesions exposed to 0.05% sodium

fluoride rinse, 374 +/- 120, and control lesions only exposed to artificial saliva, 101 +/- 69.

Duncan's analy.sis indicated the fluoridated rinse to have significantly greater remineralizaghw

effects on adjacent caries than the other groups (p < or = 0.05). The GI restorative material and

fluoridated dentifrice also had significantly greater remineralization effects on adjacent caries

than the control, yet significantly less than the fluoridated rinse (p < or = 0.05). The study

m
demonstrated that the placement of a fluoride releasing restorative material followed by daily

use of fluoridated dentrifice, rinse or both, will lead to significant reduction of dental caries

experience.

^  iE3
ten Cate JM and van Duinen RN (1995)“ compared die remineralisation effects of OK,

amalgam and composite on dentinal carious lesions bordering the restCXnticM in an intra-oral

B
model. Small circular preparations were made in disks of dentin which had remnants of

incipient carious lesions in the hard tissue. The {Heparadons were filled with amalgam or

m
composite materials (as controls) or with GIC. Experiment 1 (n = 5 pairs) and 11 (n = 8 pairs)

B
compared amalgam with GK and composite with GIC respectively. The specimens therefore
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contained a restoration close to a dentinal caries-like lesion. The lesions varied in depth from

m
25 ftm in experiment I to 100 ftm in experiment II. A second difference in design was the

pre.sence of a piece of retentive gauze placed over the specimens in experiment 1 to promote

plaque formation. In experiment II, the gauze was left out to create a remineralizing

Q
environment. The specimens were placed contralaterally in the buccal surfaces of removable

partial dentures and were worn intraorally by volunteers for a 12- week experimental period.

Q
after which the .specimens were sectioned and analyzed by microradiography. The results of

0
die study demonstrated that all specimens with GIC restorations exhibited hyptermineralization

0
in the tissue outlining the filling. The caries-like lesions were remineralized, even under

conditions of heavy plaque formation as in Experiment I. In contrast, specimens with amalgam

or composite restorations showed further exteasive demineralization. The study concluded that

Q
GIC restorations are related to causing deposition of mineral in the pores in the dentin which

may be a second factor that increases the acid resistance of the tissue by limiting the number

of diffusion pathways for acids formed in the plaque to enter the tooth.

0
Donly KJ, Istre S and Istre T (1995)'-’ conducted an in vitro study to examine the

rcmineralization effects of a glass ionomer cement adjacent to orthodontic bands as

demineralization of banded molars has been a frequently encountered clinical problem. It was

by then known and e.stablished in literature that GIC could inhibit demineralization but the

authors aimed to investigate if the cement played any role in remineralization of initial lesions.
IHII

4() extracted molars were initially stored in 0.1% thymol solution to avoid dehydration of

m
specimen and later painted with an acid-protective varnish, excluding an area of 2 x 6 sq mm

0
on the buccal surface of each tooth. Artificial caries-like lesions were created in the exposed

QD (Z
enamel by suspending the samples in an undialysized acidified gel (pH 42) compri.sed of

0
calcium, phosphate and fluoride. Following this, half the lesion created on each tooth was

covered with an acid-protective varnish that acted as control. An wthodontic band was
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cemented then cemented, half the specimen with glass ionomer cement and the rest half with

B
zinc phosphate cement, the gingival margin of the band located at the level of the artificial

carious lesion. The teeth were placed in separate closed environments containing

nonfluoridated artificial saliva having pH 7 at 3TC for 3 months with coastant circulation.

m
Every 8 hours the teeth were suspended into an utificial caries solution (jrfi 4.4) for 35 minutes.

Zl
The teeth were then sectioned and fdiotographed with polarized light micrmcopy in in^bition

of wafer and Yhoufet^s (R.I.; 1.41, 1.47), s^fmeseotiag a mTnnnum‘or?^rtS'%, and

m
25% pa-e volunie.najlweiivdly; A sonic digitizer was used to trace and quantify the area of the

surface asHie.body. and dark zone of carious lesions in each enamel section. The results of the

study demonstrated carious lesions of 2.14 ± 0.41,1.32 ± 0.72 and 0.43 ± 0.58 sq mm adjacent

to orthodontic bands cemented with varnished zinc phosphate (in water, Thoulet's 1.41 and

m
1.47 imbibition medias.reqtectively). The group that had zinc phosphate exposed to external

environment gave results 4.23 _+ 1.25, 2.89 + 1.86, 1.73 +- 2.03 sq mm; varnished glass

ionomer controls showed 2.09-+ 0.36, 124 + OJl, 0.30 -+ 0.43 sq mm; and glass ionomer

exposed to external envifooment demonstrated 1.37  + 0.37,0.43 -+0.42,0.10 +_0.12 sq mm

Bi
of carious lesions. A statistically significant reduction in the body of the lesitais (p < 0.(X)5) for

those exposed to the glass ionomer cement was established. The study clearly identified the

role of GIC in remineralizing initial lesions.

Forss H and Seppa L (1990)** aimed to cxmapaie the alnlity of two conventional glass

ionomers. Fuji 11 F and Ketac-Fil, and one silver-reinforced ottiarid, Ketac-Silver, to release

flaoride and their ability to demineralization of the adjwjeat enamel in nkB). In the 80

extracted human permanent molars standardised cavity preparations were done. 20 were used

as control and left unfilled and the re.st were restored with the aforementioned cements, 20 in

each group. The samples wctc sutyected to 9 days of (temineralization (30 min dady) and

remineralizatHHi (artificial saliva, replaced daily). Fluoride release in the saliva was determined
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on day# 1,3,5, and 9. Fluoride content of the enamel adjacent to the cavities was determined

initially and after the de-remineralization using acid etch tedink]ue. On d^ 1, the laigesl

amount of fluoride in the saliva was released by Fuji, but on day 9 the largest amount was

released by Ketac-Fil. Ketac-Silver released significantly less fluoride than Fuji and Ketac-Fil.
J
Softening of surface enamel during the test period was clearly reduced in teeth filled with Fuji

and Ketac-Fil. The authors stated ionomer materials release considerable amounts of

fluoride and prevent demineralization of the adjacent enamel in viteo-

a

el Mallakh BF and Sarkar NK (1990)** evaluated and compared the amount and pattern of

fluoride release from four different glass-ionomer cements into an artificial saliva solution to
11^ 0

that relea.sed into de-ionized water over a period of 60 days. The glass-ionomer cements used

were: Ketac-Fil. Ketac-Silver, Fuji-II and Miracle Mix. 10 disks of each cement of dimeasion

0
2 cm X 0.1 cm were prepared and individually suspended in either deionized water or artificial

saliva (five samples in each medium) and stored for 24 h at 37®C, then transferred to fresh

media for a total of 60 days. Collected media were buffered with TISAB, and fluoride was

0
measured by a specific electrode. The data obtained showed that: (1) glass-ionomer cements

released more fluM-ide in de-ionized water than in artificial saliva the difference being

0
significant (p < 0.01); (2) Ketac-Fil relea.sed 20% more fluoride in saliva than did Fuji-Il, the

laner releasing 49% nxire fluoride than Ketac-Fil in de-ionized water; and (3) cmiventional

glass ionomers released more fluoride than did metal-reinforced ones in both media, the

difference being .stati.stically significant (p < 0.01).

m Q
Hattab FN, Mok NY and Agnew EC (1989)*‘ investigated the role of restorative materials in

preventing formation of secondary caries. The various materials assessed in the study were

B
conventional amalgam SDl Lojic, fluoride containing amalgam Fluor Alloy, glass ionomer

cements Ketac-Fil and Ketac-Silver, and composite resin light-cured Durafill. 24 extracted

lEO
permanent molars, free of caries and other defects were included in the research and for each
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m m
tooth, 4 class V cavity pn^

and distal sides <rf both buccal and lingual surfaces. The teeth were restored using respective

cements and thereby covered with an acid resistant varnish except for a 1-mm rim of sound

enamel surrounding the restra-ations. The specimens were then immersed in jars containing 500
0

mL of acidified gel which Was renewed eve(| 3 weeks. After a 12-week exposure to an artificial

Bi
caries-inducing medium, the teeth were removed from the gel, rinsed in water, and sectioned

were cut in the middle third of the crown, two on the mesial

o
longitudinally through the restorations which woe then ground ib a thickness of 80itm. jifllir

24 hours of ligbibition in water, the sections
m
examined under a polarized light microscope.

m
The authors established from the results of the study that Ketac-Fil provided the highest

protection against caries attack and the composite resin restoration provided the least. The

ranked efficacy of the restorative materials examined in the study was Ketac-Fil > Ketac-Silver

> amalgam containing fluoride (FluorAlloy) > conventional amalgam > composite resin.

m
Thornton JB, Relief DH and Bradley EL (1986)®’ compared the fluoride relea.se and the

tensile bond strengths to enamel and dentin of a conventional and silver-reinforced glass-

ionomer cement, which were Ketac-Fil* and Ketac-Silver* respectively. Disks of 20 mm

Q
diameter and 1.5 mm thickness were prepared from each material. 6 in each group, and

suspended in 50 ml distilled water for 24 hours. The di.sks were washed with 50 ml TISAB and

the fluoride concentrations were determined electrometrically. These procedures were repeated

BQ
for 14 consecutive days. Ketac-Fil released significantly more fluoride during the first 7 days

m
than Ketac-Silver (p <0.001). There was no significant difference between the fluoride released

by the materials after day 7.

a.
Derand T and Johansson B (1984)** conducted an investigation Ip evaluate differences p

'o
development of caries-lii* lesimis aioimd tfeQtaljfyitiu in root surfaces. Two round

cavities of dimension 1.5 mm diarneter and 13 mm 4gpBi, per root, were fnepared
.  0

perpaHliiadar^to the buccal and lingual surfaces on 75 roots of teeth extracted for orthodontic
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purposes. WHf b«ili washed with watery, the cavities were dried and filled with the difiiiMi

restraative nuptials. SstA 2(X)b. ANA 200b“wlth 0 J%'SnF*J Che^^^^ 'Mm and
a

Syntrex. After 2-5 days the resl(W|ilSe»» were poBdied using sand paper. The roots were stored

a
in water ftir 1-3 weeks and then covered with an acid-resisUait varnish leaving approximately

zone uncoated around the fiJlings. The specimen were then placed in separate

jaisT6ntarnTi^^TT2^so!utTwr gelatin adjusted to pH4 by adiHng 0.1 M lactic acid. The

acidised gel was renewed every“TweeCsrThe roots were divided into three groups after the
a

exposure time in the gel of 2,4 and 7 weeks. The specimens were removed from the gel,rinsed

in water, delqpdiiljlli, and embedded in epoxy resrnT'Limi^llK&nl. sections were cut in a

buccolingual direction ttlUjli die restorations.grodod to about 120 ftm and further examined

under

1 j-mth

a
ght. andurietondibgraphy. The results showed diat wail

kakms developed at different speeds, but with a prolonged gel time all cavities showed wall

' smdier jesjqns^ were ftwnd around cavities filled with fiuoride-reieasini

filling materials; peotet^eii was most evident due to glass ionomer and silicate cements. The

authors concluded from their findings that ill caries-active pMients with free root surfaces |he

choice of material should be fluoride-releasing cement, preferably, glass ionomer cement over

amalgams and even composites.

BD Q
Swartz RW and Clark HE (IdSd)** intended to determine die release of fluoride

from three commercially available glass ionomer cemeids, Aspa, Riji 11 and Ketac over a

period of 1 year. The control group had fluoride released from silicate cement. MQ silicate.

0
Disks of respective cements, 10 mm diameter and 225 mm thickness were fs-epared in Teflon

molds between glass plates. The materials wrae allowed to harden at 37' C for 1 hour before

separating from the molds. Each specimen was then suspoided by a stainless steel wire into 3

.  0
ml of distilled water. After 24 hours, the specimen were rinsed with 1 ml of water rod

transfinrod to fresh storage medium. The rinse water was added to the test tube containing the
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storage medium and the fluoride content was determined by means of a fluoride-specific ion

m
electrode. This regimen of specimen transfer and fluoride analysis of storage media was

Q
continued for the next 30 days. On the 31 * day, the specimens were immersed in fresh media,

Q
where they were allowed to remain for the next 25 days. On that day, the surfaces of the

specimens were riased to remove products of degradation and placed in 3 ml of fresh medium.

Specimeas were then transferred to fresh medium each day for the next 5 days and the fluoride

content of each day's storage medium and rinsings was evaluated. This procedure was

continued for the subsequent 11 months. The findings of the study established that fluoride

Q
released from cement specimens transferred to fresh medium indicate that fluoride is available

from glass ionomer cements over a prolonged period of time and in approximately the sanne

0
amounts as from silicate cement. There was no signifreant difference (p < 0.01) at either time

interval in the quantity of fluoride leached from Fuji II, Ketac, and silicate, while the quantity

from Aspa was significantly different from that of all other cements (p cjl'dlj).

BEi IKI
Relief DH, Bradley EL, Denton JC, et al. (1984)** conducted an in vitro study in order to

ascertain the amount of fluoride uptake from Class V GIC restorations by enamel and

@  0
cementum. 45 extracted human central maxillary incisors were obtained and Class V cavities

were prepared at the cemento-enamel Junction on their facial surfaces. Enamel samples were

0
first treated with perchloric acid etching from circular areas, 1 mm in diameter, positioned 15,

3.5,5.5, and 73 mm from the incisal and apical margins of the restorations, respectively and

0
thereby prepared for analysis. The prepared cavities were filled with type II Fuji Ionomer

Restorative. The restored teeth were individually suspended in synthetic saliva at 37°C and the

saliva was changed at regular intervals. 15 teeth were removed from the saliva after 1,3, and

6 months respectively. Enamel and cementum samples were yet again obtained from the teeth

from sites parallel and adjacent to the previous biopsy sites. The fluoride and calcium content

of the etching solutions was determined by gas chromatography and atomic absorption
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spectrophotometry, respectively. The results of the research showed that fluoride acquired by

enamel after 1 month (±2,500 ppm F) was found to be retained after 3 and 6 months. However,

fluoride acquired by cementum after 1 month (±15jO(X) ppm F) was significantly reduced after

3 months (±6j000 ppm F) and maintained at this level after 6 months.

Cranfield M, Kuhn AT and Winter GB (1982)*' reported the factors affecting the release of

m
fluoride from GIC after evaluating and comparing  a series of four different |m)|»ietaiy glass-

m
ionomer cements and silicate cement fw comparative purposes over an extended period of

m
time. The GlCs used were ChemBond, ASPA, Fuji Ionomer (Type I) and Fuji Ionomer (Type

D). The silicate cement used was Bio-trey. Disks of respective cements were prepared and
iK!!l

cured at 37'’C in an oven for 1 hour. After immersing in 50 ml of de-ionised water, the specimen

were tested for fluoride ion concentration using an Orion fluoride ion-sen.sitive electrode (type

90-01) and an Orion Type 407A spectflc ion meter. The results demonstrated that silicate

consistently released less fluoride in every week up to the 13'*', with oily the slightest

exceptions. The amount of fluoride released, after 13 weeks was approximately 7mg, i.e. 0.7%,

which after 6 months may be heightened to lOmg of fluoride release.

ten Cate JM and Duijsters PPE (1982)“ aimed to investigate the differences in mechanism

m
of remineralisation and mineral uptake or loss in artificial enamel lesions resulting post-pH

cycling in order to understand the clinically reported remineralization inhibition in low fluoride

m
areas. The ratio between de- and remineralization per d^ and the pfeseBOe of fluoride in the

remineralizing solution were found to vary between the 6 experimental groups. Calcium,

(diosphale and fluoride uptake and loss were measured. The lesions were tested for hardness

m
and micro radiography was conducted. The results of the study show a differoice in

remineralizatitm mechaasm between continuously remineralized and pH-cycled samples (widi

m
respect to Ca/P ratios). In the presence of fluoride ‘airested’ carious lesions are formed after

some time which can hardly be further demineralized or remineralized.
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Wesenberg G and Hals E (1980)“ designed their study with the backdrop that a considerable

m m
uptake of fluoride and aluminium ions has been recorded by electron probe microanalysis from

silicate cement by cavity walls. The authors aimed to investigate if any similar event would

occur when GIC was placed onto enamel and dentin given the fact that GIC and dental silicate

cement are similar to great extents. GIC was applied to unconditioned surfaces of 6 teeth in

each of the 2 groups: first group had transversal polished ground surfaces in the crown area

0 m
and the second had Class V cavities prepared at the cemento-enamel junctions. The teeth were

stored in distilled water at 37 °C for die next 1-3 months following which the cement was

la
removed only from die ground surfaces. 60-120 //m thick longitudinal bucco-lingual sections

were prepared and subjected to microradiography. Electron probe analysis (EPA) was carried

m
out on 3 of die sections throi:^ grcamd surfaces and I of the cavity sections. M icroradiography

depicted a highly radioopaque 20 //m thick outer zone next to comparatively radiolucent

m
normal intact dentin. EPA showed an elevation in calcium and phosphorus ions in the outer 17-

201/m wide zone, representing a concentration increase of iqiproxim^ly 5-10%. The fluoride

concentration close to the surface of the enamel amounted to tq>|HDximalely 0-3% and in

dentine approximately 1 -5 %, decrea^g to < 0-1 % at a distance of 16-80/// m from the surface.

The uptake of ioas by the dentinal and enamel walls from GIC restorations was somewhat

smaller than from silicate cement. This may be attributed to the fact that fluoride in glass

ionomer cement is more firmly bonded because the polyacrylic acid binds catioas more tightly

than phosphoric acid, the cations thus being unavailable for the transport of fluoride. The

authors thereby concluded that like silicate cement GIC also has anticariogenic properties.

0
OriapS, Lewis BG and Wilson AD performed a research to test the erosion and water

m
absorption of four glass ionomer cements (ASPA 1, II, 111 and IV), a zinc polycarboxylate

cement and a dental silicate cement in both neutral and acid solutions. The cements were mixed

B
and on a glass block at 23°C and 50% relative humidity and .specimen discs measuring 20 mm
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in diameter and 15 mm in thickness were prepared in pairs. Before testing, each pair of discs

were weighed (Mo) and then suspended in 50 ml of deionised water at 37°C for 23 hours.

Following this, die solution was taken for analysis, the discs were measured for weight (Mwi)

and then suspended in 50 ml of water at 37°C for next 6 days. Later, the solution was used for

analysis and the weight of the discs were noted (Mw?). Another weight (Mw7b) was measured

after brushing the discs with a wet toothbrush in cffder to remove the debris. Similar set of

ei
procedures were carried out after suspending the discs in 50 ml of lactic acid-sodium lactate

buffer (M/100. pH=4.0) for 24 h at 37 "C and later in 200 ml of a similar lactate buffer solmkHi

for 6 days at 37 “C. Results of the study showed that water absorption was maximum for the

m
GIC (particularly ASPA III) and minimum for the zinc polycarboxylate cement. Also, the

highest amount of water absorption occurred in the first 24 hours for GIC. It was observed that

m
under acidic conditions GIC erodes significantly less than either the silicate or the zinc

polycarboxylate cemettt. When evaluated for dissolution products, silica and fluoride were

found to be the major constituents apart from aluminium that are lost uncter both neutral and

acid conditions. However, fluoride was extracted to a greato’ extent under acidic conditions

and aluminium in neutral conditions. The authors effectively concluded that in acidic pH,

which is more realistic of oral conditions, GIC shows the least and silicate cement the greatest

erosion.

Hotz PR (1979)** in an effort to inspect the formation of secondary caries in enamel and dentin

surrounding amalgam, composite and GIC restorations carried out an in vitro experiment.

Secondary caries formation was markedly increased around conventional amalgam and

composite fillings. Interestingly, the cavity walls that were coated with fluoridated solution

(Elmex-Fluid) befOTe placement of amalgam and composite resin restoration showed less caries

attack on enamel and root surfaces of the sample teeth. Another group had 5% NaF added to

composite resin and that not only resulted in cariostatic effect but significantly reduced micro
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leakage was also recorded. In the GIC group, higher degree of micro leakage was observed

when restoration was placed in dentin. The reduction in secondary caries following GIC

Q
restoration was however prominent and statistically significant. The amount rf fluoride

released by silicate cement, glass ionomer cement and composites containing 5% NaF were

evaluated and compared. The glass ionomer cement showed higher values than the composite

and silicate materials. After 10 ̂Qts of storage in water, the fluoride released all

was 7-20 times less tihan that recorded the first day.

GcdaUa I, L, Kalter N et al. (1978)** carried out in vivo research to compare the

effectiveness of fluoride with and without pre-treatment using strontium on the reduction of

IE9
dentinal hyperseasitivity in one subject. The authors also conducted an in vitro investigation

alongside to determine the radiopacity of fluOTide- or strontium-treated dentin. The study

IS
evaluated and compared the effectiveness of 2 % topical sodium fluoride (NaF) applied with

and without pre- treatment using 10% strontium chloride (SnCb) in 71 pairs of homologous

IS
intact teeth from 11 male and female patients complaining of tooth hypersensitivity in the age

IS
range of 19-51 years. In addition to this, the radiopacity of 2% sodium fluoride and 25%

strontium chloride treated dentin was studied in vitro. Evaluation period was of 3 months. The
IQ

results of the study demonstrated a significant decrease in the sensitivity of the exposed cervical

dentin after treatment with NaF alone and further decrease over the experimental period with

IS
or without pretreatment with SnCb solution. That is to say, the sensitivity of the cervical dentin

to mechanical or thermal stimuli was significantly reduced following the first NaF treatment

(P < 0.01) on the basis of all .studied teeth. Whether or not strontium pretreatment was used,

IS
the sensitivity fell much more during the study period (P < 0.001). P < 0.05 and P < 0.01 for

the fluoride therapy alone, and P <0.01 for the combined fluoride and strontium treatment.

respectively, were computed using the subject number. At the end of the experimental period

the combined strontium and fluoride treatment was found to be more effective than that of
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m
fluoride alone in reducing sensitivity to cold. There was a sharp inciease in radiodeasity of

dentin samples immersed in SnCb while there was minimal increase in density for the samples

13
immersed in NaF .solution, the difference between the two groups being statistically significant,

s
The authors cmicluded from the research that mineralization process is possibly the effective

IS
•Wansbj which fluoride or strontium diminishes sensitivi ||. Also, the high strontium-

uptake ability of dentin is owing to the high permeability and adsorption on or in the organic

of

connective tissue of dentin.

Maldonado A, Swartz ML and Phillips R W (1978)*’ tested the glass ionomer cement for its

fluoride releasing property and the ability to prevent micro leakage. Seven GIC disks, each

m
measuring 9.5 mm in diameter and 2.5 mm in thickness, were prepared, covered with gla.ss

Q  . IBI
plates and immediately stored in a humidor at 37°C for 1 hour. Following removal from the

humidor the samples were suq^emkd in 3 ml fluoride-free distilled water using stainless steel

wire. Every 24 hours the disks were traasferred to a fre.sh storage medium after rinsing each

specimen with 1ml of water. The storage mediums as well as the rinsing were analyzed for

fluoride using fluoride ion-sensitive electrodes. Similarly, silicate cement spiecimens were

te.sted and the two groups were compared. 710 ftg of fluoride was leached from the silicate

m
cement and 1800 ftg was released from the GIC over the 21 days of observation, the difference

being statistically significant (p <0.001). In order to test the sealing ability of GIC, 14 extracted

teeth with cervical erosions were restored with the GIC. Cavity preparation was not done. The

eroded areas were first pumiced, rinsed, dried and treated with the citric acid solution. The area

was rinsed again and dried before cement placement. A pre-adapted matrix was applied and

m
removed after 10 minutes, following which a varnish was coated onto the restoration. The

specimen were then stored in a humidor ■^■37° C for 50 minutes after which they w ere
m

immersed in water and placed in a constant-temperature oven at 37 C . After 24 hours finishing
0

for the restoration was done. The teeth were stored at 37° C for an additional 14 days. 7 of the
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samples were subjected to 2,500 thermocycles at 40° C temperature differential. Sealing was

based on the ability of the restorations to prohibit the passage of ‘‘^Ca
I

along the tooth-restoration interface. The roots and crowns were sealed with a combination of

at the margins and
Q9

tinfoil and nail polish so that only the restoration and the surrounding area remain exposed.

The immersion time in the isotope solution, which contained 0.1 mCi '*’Ca‘^ /ml was 2 hours.

The pH of the solution was 6. Penetration of the isotop)e was found by sectioning the teeth

longitudinally and placing the sections on X -ray film for production of the autoradiographs.

No appreciable leakage was noted among the Class  V restorations over the observed time.

0. ̂
Forsten L (1977)“ conducted an in-vitro study to evaluate and coaipate the release of flitorkte

ions fiBMB ||^as,s-ionomer and silicate cement. 2  x 2 x 12 mm' specimens of GIC and silicate

cement were prepared and covered with Vaseline post-sening of material to avoid dehydration.
10 O

Six samples from each group were treated with a 10-mI solution of 0.01 M phosphate buffer

(pH 6.8) mixed with 100 mg of synthetic hydroxyapatite. The agents were changed every week

and the apatite was evaluated fcs" fluoride. The fluoride content of the silicate specimen was

found to be 73.6 fig/tng and that of the glass ionomer 132 /<g/mg. The difference in fluoride

releasing capacity of the two materials was statistically significant (p < 0.001) in the 3"*, 4*

and 5''’ weeks of evaluation. The study effectively concluded more release of fluoride from the

less soluble GIC than from silicate cement. Further, preliminary results were also added in the

m
study that showed a statistically significant increase of fluoride in enamel of extracted human

teeth that had been in contact with the GIC fra-  2 weeks (mean increase 2,258 parts/10^ 0.005

> P > 0.001). The authors therefore concluded that GIC may have cariostatic benefits on human

enamel.
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Bioactive Glass (BAG) as remineralizing agent:

IQ B
Wu Q, Mei ML, Wu X, et al. (2020)“* investigated the remineralisation effect of bioactive

0glass on artificial dentine canes. CPP-ACP and sodium fluoride were used as positive ccHitrols
B

in the study, and a pH-cycling model was used to simulate the complex variation in mineral

saturation and pH changes associated with the natural caries phase, which refers to in vitro

experimental protocols that include dentin exposure to combinations of demineralization and

0remineralization. The study designed comprised of Bioactive glass (group BAG), casein

phosphopeptide-amorphous calcium phosphate (CPP-ACP) (group CPP-ACP), sodium

fluoride glycerol (group F), or deionized water being used to treat dentine discs with artificial

B
caries (group W). Following that, all discs were subjected to pH cycling for 28 days. AFM,

B
micro-hardne.ss testing, and confocal laser scanning microscopy were used to evaluate the

B
topography, micro-hardness, and remineralization depth of the dentine carious lesion.

0
respectively. AFM images indicated mineral depositions on the surface of the carious lesion in

group BAG. The changes of Vickers hardness number (AVHN, mean± SD) after pH cycling

were 9.67 ± 3.60,6.06 ± 3.83, 5.00 ± 2.19 and - 1.90 ± 2.099 (p < 0.001) in group BAG, group

CPP-ACP. group F and group W, respectively. The remineralisation  depth (mean ± SD) of the

carious lesion in group BAG, group CPP-ACP, group  F and group W were 165 ± 11 pm,

BB
111 ± 11 pm, 75 ± 6 pm and 0 pm (p < 0.001), respectively. It was concluded from the results

B
of the study that BAG had a promising remineralization effect on artificial dentine caries and

could be used as a caries treatment option.

m
Suryani H, Gehlot PM and Manjunath MK (2020)™ conducted an in vitro study to

determine the remineralisation potentials of BAG-containing fluoridated tooth paste
Q

(RegenerateTM Enamel Science) with CPP-ACPF tooth cream (GC Tooth Mou.sse Plus) and

nanohydroxyapatite-containing fluoride toothpaste (SHY XT) using surface micro-hardness.

48 enamel specimens were divided into five classes at random: intact specimens in Group 1,
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and demineralized specimens in Group 11. CPP-ACPF, nanohydroxyapatite, and BAG were

m
used in the test groups 111, IV, and V, respectively. The test specimens were demineralized with

0.1 percent citric acid before being remineralized with one of the three slurries that had been

prepared. The specimens were submitted to a cyclic demineralisation-remineralisation regimen

15 times which mimics 7 days. Fresh solutions were used between each stage of pH cycling

IBfor each specimen (Groups 11, III, IV, and V). The pH of citric acid, remineralizing paste, and

artiFicial saliva were measured and registered using a bench-tqj digital pH metre. The samples

were deposited in distilled water after completing all cycles before micro-hardness and surface

OB
evaluation. The results indicated that beliwilkthe grdirps. there was ai

difference in enamel micro-hardness (P0.(X)1). Group IV (SHY NM) enamel specimeas
m

not statistically differeitt ftom Group II (P = 0.592), but were .statistically differentfrom Groups

I (positive control). III (SHY XT), and V (Regenerate Enamel) (P 0.05). There were no

statistical differences between Groups I, 111, and V. The authors concluded that Bioactive glass

- based paste. Regenerate enamel science had better potential to remineralize enamel and would

be beneficial in the management of enamel erosion. The nanohydroxyapatite-containing

toothpaste could not significantly inhibit demineralisation. The CPP-ACPF-based toothpaste

was as good as Bioglass-based toothpaste.

were

0
Porenemk A, Jankiewicz B, Naurecka M, et al. (2019)^* evaluated and compared

the fluoride ion release profiles of a bioglass-reinforced RMGIC, a conventional GIC and

Q
a nanohybrid restorative polymer resin. Five disc-shaped ̂ tedmens of each of die three dental

Q
materials were {uepaed. for a total of fifteen disc-shaped specimens. The specimens

incubated in polypropylene vials containing 4 mL of deionized (Dl) water for 14 days at 37°C.

To achieve similar temperature conditions, the specimens were removed from the incubator 30

0

were

minutes before each read-out and allowed to cool. After each study, the electrode was washed

fresh pi water and dried wrt( absorbent paper, and iths calilyated daily with a series eff
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Q
regular arfutions 150 M/L NaF (949.9 pfib) and 500 NaF(9.4991^)]. The same volumes

of analysed flli water and wei^mi to maintain constant ionic pressure, decomplex
0

Ifae fluoride ions^sMi change the pH of the solution. During the readouts, the specimens were

niiiilltiffdm the vials, rinsed with fresh DI water, dried with absorbent paper, and transferred

IBMWPI water sol|(S||i#_. jfhe Dl watiBf me fluoride ion cpntenl werejlli^^

out daily on the first 7 ̂ays anB' on day 14. Tetric EvoCeram (T^ and Ketac Molar Qnjejfc

Aplicap were u.sed as positive controls (KM). The experimental group was ACTIVA

0  0
BioActive-Restorative (AB), sHiile the negative control was pure Dl water. TIk; surface

Bliiiittl^i6ridK|||||Laricfji^lJty||||||)erimental specimens were studied using a scannu^

|iil (SEM) anti cniiioc^ microscope. X-ray powder diffraction (XRD)

analysts was additi(iiii|i0ased to examine the i
0
The greatest quantity of fluoride ions was released from the GIC specimens (20.698-54.118

ppm), followed by the bioglass-reinforced RMGIC (from 1236 to 15552 ppm) and nanohybrid

0
polymer resin (0370-1.148 ppm). The authors focussed that this is becaused bk^ass

disstriution is determined by the breakage (rf the Si-O-Si bond, which results in a rapid increase
0

in fluoride ion concentration between days 0 and 3, accompanied by a decrease. The pre-

experimental specimens of the bioglass-reinforced RMGIC were porous, while the post-

experimental specimens were smoother with visible micro-cracks. The XRD analysis of the

bioglass particles confirmed that the material was composed mainly of fluoride (27.70 mass%),

silicon (15.62 mass%), aluminum (5.91 mass%), and calcium (5.40 mass%). The study

_of the novel restorative material ACTIVA

til

tikeiioii

ms of thedental materials.

0
PMuded that the fluoride ion release

BioActive-Restorative was lower than the GIC Ketac Molar (Juick Aplicap, but significantly

tuglfrer thaiTtfiat of the nanohybrid restorative polymer resin Tetric EvoGeiian.

Soares R,De Ataide IN, Fernandes M,et al. (2017)^^ designed an in vitro study to determine
01

if Casein Phosphopeptide-Amorphous Calcium Phosphate Fluoride (CPP ACPF). Bioactive
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Glass (BAG), fluoride enhanced Hydroxyapatite (HA) gel, and self-assembling peptide PI 1-4

could remineralize artificial carioas lesions in enamel using 30 days pH cycling model and

IB
SEM. A total of 60 enamel samples were divided into five groups, each with 12 samples. Group

A was coasi.sted of intact enamel samples. Group  B had CPP-ACPF (Tooth Mousse Plus),

IB
Group C was made up of BAG (SHY- NM), Group D comprised of fluoride enhanced HA gel

IB
(ReminPro), and Group E was made up of self-assembling peptide PI 1-4 (Curodont Protect).

Except for the control group, all of the groups were then demineralised by individually

immersing each sample in 20 ml of demineralising .solution (pH 4.4) for a period of three hours

IB
and were then washed with deionized water. Thereafter, the samples were treated again with

the respective remineralizing agents for two minutes before being washed off with deionized

water. After that, all of the enamel samples were individually immersed in 20 mL of

m
remmeralizing solution (pH 7) for 17 hours. Over the course of 30 days, the treated groups

IB
were exposed to pH cycling to simulate oral conditions. This was followed by assessment of

surface micro-hardness and SEM for qualitative evaluation of surface changes and statistical

IB
analysis of the observed values. The study's findings showed that Group E (Self assembling

IB
peptide PI 1-4) samples had the most remineralisaticm of enamel, followed by Group B (CPP-

m
ACPF), Group C (BAG), and Group D (Self as.sembling peptide PI 1-4) samples (fluoride

IB
enhanced HA gel). Between the self-assembling peptide PI 1 -4 group and the BAG and fluoride

enhanced HA gel group, there was a substantial difference in remineralizing potential (p <

IB
0.05). Although there was no significant difference between the self-assembling peptide PI 1-

4 and the CPP-ACPF groups, the self-a.ssembling peptide PI 1-4 effectively remineralized the

G9
enamel lesions. The test groups' SEM photomicrographs revealed amorphous crystals or

particles scattered on the surface, as well as lines of remineralization along the prismatic

borders.
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m 0
May E and Donly KJ (ZOl?)’-* evaluated and compared the amount of fluoride release and re-

0
release of three different restorative materials, i.e. a resin-based composite (ZIOOTM, 3M-

ESPE), a resin-modified glass ionomer cement (VitremerTM, 3M-ESPE) and a bioactive

material (Activa Bioactive-RestorativeTM, Pulpdent). Each material was used to produce ten
m

discs. The discs were stored after being submerged in deionized water. On Days 1,7,14, and

30, fluoride ions were measured in samples taken from each vial. The di.scs were then soaked

0
in deionized water and stored after being subjected to a 2% neutral sodium fluoride gel (0.9

0
percent fluoride ion. Dentsply). Samples were taken on days 1,7, 14 and 30 for fluoride ion

analysis utilizing a fluoride-specific ion-analyzer. The study results demonstrated that in Phase

0
1 (initial release), ZlOO released less fluoride on days 1 (P < 0.(X)1), 7 (P= 0.(X)1), and 14 (P

< 0.022) than Phase II (re-release). On days 7, 14, and 30, Vitremer and Activa released less

fluoride (P 0.001) than Phase 1. Vitremer released the most fluoride over all Phase 1 cycles,

0
Activa released the second most, and ZKX) released the least. Days 7. 14, and 30 of Phase II

0
yielded the same findings. For all Pha.se 1 intervals, the amount of fluoride release from Activa

was lower than Vitremer and higher than Z100. The study concluded from the observed results

P
that bioactive material does uptake fluoride and re-release it which could offer inhibition to

caries at restoration margins.

0

IBS!

Sauro S, Osorio R, FnlgSodo R, et ai. (2013)^^ assessed the remineralization p-opeities of

four novel light-curable resin-based dental materials with various calcium-phosphosilicates

micro-fillers that were formulated for restorative/con.servative  poiposfs. After soaking in SBF,

CB
the ability to shape apatite was assessed using ATR-FTIR. XRD, calcium-chelation dye-

assisted confocal microscopy (CLSM), and SEM analysis. (Hianges in transition glass

temperature (T,), water sorption/solubility, alkalipilig activity (pH) and Knoop micio-

hvdness (KHN), were also analyzed. Four experimental resin-ba.sed materials with various

sBicate-base micro-fillers and a control resin with no fillers were developed. The four
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micro-fillers were BAG, BAG-Zn, 6TCS and B2^-TCS. Polymerized disc-shaped specimeas

IQ
were tested for pH/alkalinizing behaviour and water sorption/solubility. Following SBF

storage, the bioactivity and apatite precipitation caused by the tested materials w«r assessed

using ATR/FTIR vibrational analysis, SEM, and XRD analyses. Differential scanning
IB

calorimetry (DSC) and Knoop micro-hardness (KHN) tests were also carried out. The results

of the study indicated that after prolonged SBF .storage of 30 - 90 days, the bioactive micro

ti IS
filler-containing experimental resins were able to induce apatite precipitation. Presence of

calcium complexes within a demineralised dentine layer (thickness: 15-20 mm) was observed

IB
to be located between the resin disc and dentinal tubules in the experimental groups unlike the

IB
control, in where a clear ab.sence of calcium complexes widiin the demineralised dentine layer

IB
was noted even after prolonged SBF storage. The resins containing bioacdve

2[nO/p(riycaiboxylated micro-fillers (BAG-Zln; TCS-2ii) had the least amount of water sorption

and solubility mass changes (P < 0.05). A significant increase of the KHN and Tg

prolonged SBF storage was also observed. The authors therefore concluded that whoi used as

IB
adhesive systems, cavity layers, or temporary therapeutic materials, experimental resin-based

systoms containing the bioactive micro-fillers tested in this study represent a possible and
IB

useful option for remineralizing dental hard tissues (i.e. dentine) through apatite formation.

IB
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Alkasite as remineralizing agent:

s
Paul S, Raina A, Kour S,et al. (2020)’® com|)ared Cention N and Zirconomer Improved in

vitro conditions for fluoride release and re-release. Test materials were grouped into two

categories ccxitaining 15 samples each. The cumulative fluoride release and re-release

Q
measurements was made during 1st, 7th and 15th day. The initial fluoride release of the

B
zirconomer group was substantially higher (p<0.05) than the cention group on days 1,7, and

15. The mean initial fluoride release was observed to have decreased significantly (p0.05) for

B
both groups from day 1 to day 7. Comparing day 7 to day 15 (p<0.05) and day 1 to day 15

B
(p<0.05) for both groups yielded similar results. The study concluded that Zirconomer was

more efficient in initial and fluoride re-release than the Cention N restorative material. The

authors highlighted that fluoride release by Zirconomer was constant from 14 hours up to 10

days with a decline thereafter and this rapid elution pattern of fluoride by Zirconomer may be

attributed to the finely controlled micrcmization of the glass-ionomer particles.

Panpisut P and Toneluck A (2020)’* recently created resin composite incorporating alkaline
IBM

fillers (Cention N) was compared to RMGlCs (RMGICs: Riva LC; RLand Fuji IILC; FL) and

0conventional resin composite (Z350) in terms of monomer conversion, dimeiKional stability

(hygroscopic expansion), biaxial flexural stiaigdi, and fluoride release. The results of the

experimental study showed that die highest monomer conversion was observed with HL

(88±2%) followed by RL 73±10%), CN (59±2%), and Z350 (50±2%) respectively, all the

B
results being signiiknidy different from each other (p < 0.05). The values were all statistically

10
different from each other. Fluoride ions were not found in the Z350 storage .solution. At 1 day,

10
RL, FL, and CN released 25.4±3.1,4.3±0.6, and 4.4±0.8 ppm of burst fluoride, respectively

EO
(Fig. 4A). Except for CN, fluoride leakage rose linearly widi square root of time (h) up to the

measurement’s end (6 weeks). CN's fluoride release, on the other hand, began to plateau at 4

weeks. The study demonstrated that CN had a better monomer conversion than Z350, but it
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m
was lower than FL and RL. Compared to FL and RL, CN and Z350 have smaller mass and

volume fluctuations (excellent dimeisional stability) and a greater BFS. CN, on the other hand,

m
has a tower BFS than Z350 but can release fluoride in dif same range as FL.

Q3
Khurana S, Gehlot PM and Hegde U (2020)^ using the nanoindentation test assessed the

I

nanohardness of normal and fluorosed enamel in teeth repaired with Cention N (CN), Equia

forte (EF), glass ionomer cement (GIC), and resin composite. A total of 80 freshly extracted

10
human premolars comprised of the study population. On the buccal surface of normal (40) and

Q
fluorosed (40) teeth, standardised cavities were formed. The teeth were divided into ten groups

ID
(n = 10) based on the type of restorative material used: CN, EF, Type VIII GIC, and Tetric N-

Ceram (TNC). For three days, the teeth were subjected to a pH cycle (progressive caries test),

which comprised of alternate demineralization (18 hours) and remineralization (6 hours) with

Q
artificial saliva. A nanoindenter was used to measure surface nanohardness at distances of 100,

IS

200, and 300 m from the restoration-tooth boundary. A polarized light Microscope was used

IS
to correlate the effect of remineralization on the enamel. Nanohardness values of the fluorosed

/ normal enamel adjacent to various materials in descending order were as follows: EF

3.67/2.95 GPa.GlC 3 J3/3.15 GPa.CN 3.13/323 GPa, and TNC 1.17/1.82 GPa, respectively.

Statistically significant differences were found among various materials in both types of the

IS
enamel (p < 0.05). The .study concluded from its results that In fluorosed teeth, EF is a better

choice for restoration, followed by CN and GIC; GIC was better in normal enamel, but the

difference was not significant when compared to CN and EF. Tetric N-Ceram composite resin

had the lea.st effect on the neighbouring enamel's nanohardness.

OS
Tiskaya M, Al-Eesa NA, Wong FSL, ct al. (2019)™ examined under different conditions of

0
immer.sion |i£. Tris buffer pH 7.3 (TB), Artificial Saliva pH 4 (AS4) and Artificial Saliva pH

P
7 (AS7)1, the complete ion release, pH changes, and apatite formation of these two potentially

m
bioactive composites Cention N (CN) and Activa (ACT). A total of 132 discs were prepared
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m
and divided into three equal groups (66 discs of each material), with each sample immersed in

61
a 15mL polypropylene centrifuge tube containing lOmL of one of the follow^ solutions: fiis

0
baffer = 7.3, iirtificial saliva pH = 1, or ar^ricial saliva pH = 4. Fluoride relea.se was

evaluated using an ion selective electrode, whilst all other ions were determined by inductively

coupled plasma optical emission spectroscopy. Apatite formation was followed by FTIR and

XRD. SEM was u.sed to follow glass degradation and apatite formation on both polished cross-

sectioas and surfaces of the composites. The observations from the study demonstrated that
ins

ACT when immersed in TB and AS7, released very few ions, including flucM-ide, but in AS4 it

0
released more ions, including substantial amounts of aluminium. This suggests that the glasses

employed in ACT are acid degradable fluoroalumino-silicate glasses, similar to those used in

m
glass ionomer cements. With ACT, there was no evidence of apatite production. In TB and

m
AS7, CN released more ions than ACT, and AS7 developed an apatite-like phase. In AS4, it

m
was di.scovered that the calcium fluoro-silicate glass in CN degraded substantially. The study

61
concluded that CN release.s Ca’* and F ions and ftJCBU “apatite like" phase upon immersion in

AS7 containing oftiiofrfiosphate. In acidic media (AS4) there is evidence of the calcium fluoro-

silicate glass particles undergoing glass (||iMfiigion at the surface and to a lesser extent in AS7

and TB.

la Q
Gupta N, Jaiswal S, Nikhil V,et al. (2019)™ compared Cention-N (light-cure and self-cure)

m Q
to standard GIC in terms of fluoride ion release and alkalizing potential at various pH and time

Q
intervals. In mandibular molars, cavities of similar diameters were created and treated with

QCention-N (self-cure and light-cure procedures) and GIC. At the end of 7,14 and 21 days, the

cumulative fluoride ion release and pH change were measured using a spectrophotometer and

0
a pH metre, respectively. The results of the study showed that except for GIC, all of the tested

materials produced fluoride ions in both acidic and neutral pH at all time intersals. and the

fluoride ion release in acidic pH was significantly higher (>0.05) in acidic pH than in neutral
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Q
pH. In acidic pH. Cention-N (self-cure) released significantly higher amounts of fluoride ion

B
when compared to GIC at all time intervals. The likely explanation is that in the presence of an

0
acidic environment, Cention-N may have reacted more aggressively, i.e., the surface resistant

B
layer may have degraded quicker than GIC, exposing the matrix to higher fluoride ion release.

B
In the acidic condition, all of the groups showed  a statistically significant increase in pH,

whereas in the neutral medium, no significant rise was seen. According to the findings, the

B
study concluded that Cention-N (self-cure) in acidic medium and GIC in neutral medium had

B
the maximum fluoride ion releasing potential. For both Cention-N and GIC, fluoride ion release

was greater in acidic pH compared to neutral pH.

Q
Rai S, Kumari RA and Meena N (2019)*® compared the fluoride release and recharge

capacity of Cention N (Ivoclarvivadent). Zirconomer improved (Shofu) and Gc Gold Label 9

Extra (GC) by Spectrophotometric method. 12 disk-shaped specimens were made using plastic
o

moulds for each test substance. After that, each sample was placed in a plastic tube containing

5 mL deionized water and incubated at 37°C ± 2°C. The samples were immersed in 5 mL
CS IQ

deionized water every 24 hours. Fluoride release was measured on day 1 and day 6 of the

samples. Specimens were recharged with 02 percent neutral NaF solution for 2 minutes after

the fluoride ion analysis on day 6. On day 7, after recharging, the fluoride release

measured. The spectrophotometric method SPADNS was used to determine fluoride release

IQ
(in ppm). (Mention N released significantly greater amount of fluoride on day 1 and day 6, than

zirconomer and Gc Gold Label 9 Extra (P< 0.001). Cention N showed a better recharge

capacity than zirconomer and Gc Gold Label 9 Extra (P <0.001). The study concluded that in

ID
individuals with a high caries risk, Cention N, which has a higher fluoride release and recharge

capacity, can be utilised as a posterior resto-ative material to prevent secondary caries.

was

0
Donly KJ and Liu JA (2018)*' conducted a study wherein a resin-modified glass-ionomer

cement and a fluoride and calcium-releasing resin-based composite were tested for caries
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0
inhibition in vitro. The gingival margin was placed below the cemento-enamel junction in 30

0
molars with standardi.sed Class V preparations. In 30 teeth, 10 Vitremer, 10 Z 100. and 10

m
Cention N restorations were placed at random, following the manufiKtum’s recommendations.

The control group was made up of Z 100 non-fluoride-releasing resin-based composites. All

0
teeth were coated with an acid-resistant varnish to within 1 mm of the restoration margins and

placed in artificial saliva for two weeks, with the saliva replaced every 48 hours. Every day, all

0
teeth were treated to thermocycling as well as a one-hour artificial caries challenge (pH 4.4)

0
twice a day. 100;/m sectioas were prepared, imaged using polarised light microscopy, and

demineralized areas next to restorations were quantified. The mean (± S.D.) area (//m 2)

demineralization 100/rm from the enamel and dentin margins were: Vitremer 1454 ± 1,153,

4,125 ±301; Cention N 3580 ± 1418,6,246 ± 630; Z 100 13^57 ± 3,794, 8442 ± 1,799. A

Mann-Whitney Rank Sum Test indicated that Vitremer had significantly less enamel

demineralization then Cention N (P< 0.003) and Z 100 (P< 0.001) and Cention N had

significantly le.ss enamel demineralization than  Z 100 (P< 0.001) and Z 100 (P< 0.001).

Vitremer also had significantly less dentin demineralization than Cention N (P< 0.001) and

Cention N had significantly less dentin demineralization than Z 100 (P< 0.001). From these

0
results, the authors of the study concluded that Cention N, as well as Vitremer may clinically

inhibit caries at restoration margins.
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Materials and Method

MATERIALS AND METHOD

The present study entitled “A comparative evaluation of remineralizing ions release at acidic

and neutral pH from glass ionomer cement, bioactive glass material and alkasite material -
Bi3

in vitro study" was carried out in the Department of Pedodontics and Preventive Dentistry,

Inderprastha Dental College and Hospital,(Meiabad.

ODThe aim of this in vitro cross-sectional study was to evaluate and ctmipare the release of

m
remmeralizing ions in acidic and neutral medium from glass ionomer cement, bioactive glass

and bulk-fill alkasite materials at 24 hours, 7, 14 and 21 days.

STUDY METHODOLOGY

an

1. Ethical clearance

The proposed study was reviewed hy the Ethical Committee of Inderprastha Doitat College

and Hospital, Ghaziabad and clearance was obtained with reference no. IRB/100 (Annexure 1).

2. Study Sample

One hundred and twenty fre.shly extracted human teeth were included in the study sample

following the below mentioned inclusion / exclusion criteria:

Inclusion criteria for the extracted teeth:

Non-carious premolars indicated for orthodontic extraction.

ii. Freshly extracted teeth.

Teeth with no evidence of restoration.III.

Teeth with no fracture lines, hypoplasia or any development anomalies.

Exclusion criteria for the extracted teeth:

IV.

Hypoplastic teeth or any developmental anomalies.

Fractured or cracked tooth surface.

iii. Carious teeth.

Any restored teeth.IV.
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3. Armamentarium: (Figure: 1-9)

Extracted premolars

0.1% Thymol solutionti.

Normal saline111.

Readymade acidic solution (ph 4)

Readymade neutral solution (ph 7)

IV.

V.

Deionized waterVI.

Metal-free alkasite restorative material (Cention N, IvoclarVivadent)

Bioactive glass restorative material (Activa™ Pulpdent)

VII.

Vlll.

Glass lonomer Cement (Type II) (Ketac™ 3M ESPE)IX.

Airotor hand pieceX.

Flat-end cylinder diamond bur (245) ( S.S White)XI.

P)a.stic containers with lid (disposable)

Paper mixing pad

XII.

XIII.

Agate spatulaXIV.

CondenserXV.

Teflon coated pla.stic filling instruments

Sterilized probe

XVI.

XVII.

Pair of tweezersXVIIl.

Sterilized kidney traysXIX.

CottonXX.

Gloves & Mouth maskXXI.

Nail varnishXXII.
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4. Sample disinfection and Storage:

The study specimens were disinfected using 0.1% thymol solution and thereafter stored in
KBCI

normal saline for 24 hours**-. The use of 0.1% thymol solution has been regarded as ‘Generally

Recognized As Safe’ by the FDA. Its antimicrobial and antioxidant properties qualify it as an

ideal storage media in order to disinfect the sample teeth*^.

5. Standardized Cavity Preparation:

A divider and scale was used to draw up a 3mm linear mark on the occlusal surface of extracted

teeth. Using BR 40 ISO 001/016 with head diameter of 1.6mm a standardized depth of was

thereafter made on both the proximal ends of the marked 3mm line. Finally, both the distal

m
ends were coalesced together with a modified SF-41 ISO 109/010 bur with the depth of cavity

of 2mm. The head length of the bur was modified from 3mm to 2mm by first marking the 2mm

length using a black marker pen. Next, a coarse, abrasive carborandum disc mounted on a

straight hand piece of micromotor was used to section off the extra head length of the bur. The

edges were thereafter smoothened by grinding the bur lightly against stone slab using pumice

and water paste. Therefore, a standardized cavity of 2mm depth, 3mm length and 1.6mm width

was prepared.

6. Study Groups:

B
The samples (« = 120) were randomly divided into the following three study groups using draw

of lots:

IQ
GROUP 1: (n = 40): Glass ionomer cement (GK!1) (Kehu; 3M. ESPE)

GROUP 2: (« = 40): Bioactive Glass restorative material (BAG) (Pulpdent Activa)

GROUP 3: (n = 40): Alkasite restorative material (/VRM) (CENTION-N)
IQ

All the teeth were restored using the respective restorative materials. The materials were mixed

B
by single researcher as per the manufacturer's instructions. A layer of nail varnish was then

used to coat the sanples. leaving a margin around the restoration.
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The scientific literature confirms glass ionomer cement to be the gold standard in fluoride

EO
releasing restorative materials. Hence the present study utilised Group I as the ocHitrol and

Gn>i^> 2 and 3 as experimental groups.

7. Processing of the Restored Samples:

m
• The restored specimens were stored in water at 37®C for 24 hours before subjecting

them to thermocycling. The thermal cycling test comprised of 5(X) cycles in water of

20 seconds each, ranging between 5°C and SS^C. This was done to simulate the oral

environment.

• Next, each group of 40 samples were further divided into 2 subgroups using draw of

m
lots. The sub-grouping was done on the basis of pH (acidic pH - 4, neutral pH - 7) of

the solution used for testing the remineralization potential of the samples.

•  120 plastic containers were arranged and half of them were filled with 5ml of acidic

buffer and the rest with 5ml of neutral buffer solution. The .samples were then

suspended into the solution in the containers.

•  At the end of the first 24 hours the containers were thoroughly shaken and 5 sample

containing containers from each of the 6 subgroups were sent to laboratory to check for

remineralizing ion release. Similar procedure was carried out at the end of 7,14 and 21

days.

• The storage medium of the containers was changed every 24 hours of the experiment

time so as to avoid ioh saturation of the buffer solution that may hinder further ion

release from the restorative material.
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0
The procedure involved specimen collection and their disinfection using 0.1%
thymol solution and thereafter storage in normal saline for 24 hours.

I
A standardized cavity of 2mm depth, 3mm length and 1.6mm width was prepared
in all the sample teeth.

i
0
The samples (n = 120) were randomly divided into the three study groups using
draw of lots: group 1: (n = 40): GIC (Ketac 3M, ESPE), group 2: (n = 40): BAG
(Pulpdent Activa), and, group 3: (« = 40): ARM (Cention-N).

I
Q

All the teeth were restored using the respective restorative materials.

X
The filled specimens were stored in water at 37‘’C for 24 hours before subjecting
them to thermocycling.

X
The thermal cycling test comprised of 500 cycles in water of 20 seconds each,
ranging between and 55°C. This was done to simulate the oral environment.

i
Each group of 40 samples wJBIfurther divided into  2 subgroups using draw of lots.
The sub-grouping was done on the basis of pH (acidic pH - 4, neutral pH - 7) of
the solution used for testing the remineralizatitm potential of the samples.

I
01

At the end of the first 24 hours the containers were thwoughly .shaken and 5 sample
containing containers from each of thc|||§bgroups were sent to laboratory to check
for remineralizing ion release. Siniilai PS-cdure was carried out at the end of 7,14
and 21 days.

X
Q

Data obtained was compiled systematically and transferred from Qforma to a
computer and a master table was prepared. The data collected was entered
excel spreadsheet using Microsoft Excel Software (Versionl7.0) and was
transferred to Statistics Package for Social Sciences (SPSS) verskm 2.0, IBM Inc.
for analysis.

FIGURE 1; METHODOLOGY
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SAMPLE SIZE ESTIMATION:

Sample size was calculated nfa|iG Power Software (version 3.0.10). Based on the calculated
I

effect size of 026,5% level of precision, 95% confidence level and 80% power of the study.

The minimum sample size for the study is 40 for remineralizing ions

m

tests - ANOVA

A priori; Compute required sample size

Input;

Effect size f = 0.26

a err prob = 0.05

Power (1 -P err prob) = 0.80

Numerator df =3

Number of groups =3

Output:

Noncentrality parameter A. = 11.9286000

Critical F =2.7900084

Denominator df =50

Total sample size =120

Actual power =0.8050201.

Q
STATISTICAL PROCEDURE:

The statistical procedure was carried out in 2 steps;

i  Data Compilation and Presentatitm

ii Statistical Analysis
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i. Data compilation and presentation

0
The data obtained was compiled systematically and transferred from proforma to a computer

m
and a master table was prepared. (Annexure II). The data collected was entered in the excel

spreadsheet using Microsoft Excel Software (Version 17.0) and was transferred to Statistics

Package for Social Sciences (SPSS) version 2.0, IBM Inc. for analysis.

IBI
ii. Statistical analysis

Descriptive statistics was perfonned by calculating mean and standard deviation for the

Bl
continuous variables. Nominal categorical data between the groups were compared using chi-

square goodness-to-fit test.

The software used for the statistical analysis were SPSS (statistical package for social

sciences) version 26.0.

The statistical tests u.sed were:

❖ Repeated measures ANOVA (Analysis of Variance) test was used for conqiarison of

more than 2 mean values obtained from a same group or obtained from the same sample

Bl
when the data follows normal distribution.

❖ Po.st-hoc tests are run to confirm where the differences occurred between groups, or

they are used for the inter-group compari.sons. Post hoc tests attempt to control the

expertmentwise error rate (usually alpha = 0.05) in the same manner that the one-way

ANOVA is used instead of multiple t-tests.

Unpaired or Independent t-test is used for comparison of mean value between 2 groups

when the data follows normal distribution.

❖

❖ Chi-square te.st is used to investigate whether distributions of categorical variables differ

from one another.
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0
❖ The p-value was taken significant when less than 0.05 (p<0.05) and Confidence

interval of 95% was taken.

The following formulas were employed for calculation for various parameters;

I. Mean/ Average

Mean or Average is defined as the sum of all the given elements divided by the total number

of elements.

Mean = sum of elements / number of elements

It is denoted the letter X.

X = IX

No. of observations (n)

2. Standard Deviation

The standard deviation of a statistical population, a data set, or a probability distribution is

the square root of its variance. Standard deviation is a widely used measure of the variability

or dispersion.

It shows how much variation there is from the "Average" Of Mean.

It is denoted by the letter a.

# Q

F
x
/

-xj
SD =

i-lFor Small samples, n<30

F
x-xj

SD =
n

For Large samples, n>30
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3. Shapiro-Wilk Test

a
The Shapiro-Wilk test was used fortesting the normality (unifOTmity of the distribution of the

data) of the data. This approach is limited to samples between 3 and 50 elements.

The basic approach used in the Shapiro-Wilk (SW) test for normality is as follows:

Rearrange the data in ascending order so that xi  < ... < Xn.

Calculate SS as follows;

If n is even, let m = n/2, while if n is odd let  m= {n-l)/2.

Calculate b as follows, taking the ai weights (based on the value of n) in the Shapiro-Wilk

Tables. Note that if n is odd. the median data value is not used in the calculatimi of b.

Calculate the test statistic W = b2/SS

This gives the p-value for the test.

A non-signiflcant test means the sample distribution is shaped like a normal

(uniform distribution of the values around an average value or a measure of central

curve

tendency) and Parametric test are to be used.
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4. Unpaired or Independent 'Student’s' t-test

The unpaired, or "independent samples" /-test is used when two separate independent and

identically distributed samples are obtained, one from each of the two populations being

compared.

X, -X,
t =

SE (x, - Xj)

Where,

• Xi = Mean of the first group

• X2 = Mean of the second group

,  SE(x,.Xj) = Standard Error of difference between the 2 means

• The degrees of freedom used in this te.st is «/  + /12 - 2.

5. Repeated measures ANOVA

Repealed measures ANOVA test tests the equality of means. However, a rqteated measures

A is used when alF memters of a IWlUl Ti 1 ii7TimeTirnder^number  cj

different conditioas.

Repealed measuiements are collected in a Itmgitudinal study m change over time is

assessed.

# Repealed measures analysis of variance (rANOVA) is a ctMwmnaty u.sed .statistical i^ipRMIch lo

repeated measure designs.

With such designs, the repeated-measure factor (the qualitative indqiendent vanaBleTTsTIie

within-subjects factor, while the depended quantitative variable on which each fi«tic%»Rt is

measured is the dependent variable.
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m
In a lepea^ measures design it is possible to paibtion subject variabili^ from the treatment

and error terms. In such a case, variabilij^ can be t^cScen down into

variability (or within-subjects effects, excluding individual differences) within^raiMiBBll

variability. Ute within-treatments variability can be further||«Bi#cfibiiiiiibet\veen-subjects

variability (individual differences) and error (excluding the individual differences)

SStiiuI — SSTrealmenl leurtuding individuil Uilfeicnce) + SSsubjccls + S$F,m)r

dfloul — (within subject\; + dfbetween subjetls + dfjc (k-1) + (h^)+r(d-k)-rn-i))fTor

6. Post-hoc tests (or post-hoc comparison tes^s)  - Bonferroni test

♦ Post-hoc Bonferroni test was used for multiple comparisons after the application of

the ANOVA test for compari.son within the groups.

❖ Multiple testing correction refers to re-calculating probabilities obtained from a

statistical test which was repeated multiple times.

The Bonferroni test is one of the post-hoc test that simply calculates a new pair-wise

alpha to keep the family wise alpha value at 0.05 (or another specified value).

The formula for doing this is as follows:

a

Where

♦ UB is the new al|dia based on the Bonferroni test that should be used to evaluate

cnnparison or significance test.

❖ UFWE is the family wise error rate as computed in the first formula, and

♦ c is the number of comparisons (statistical tests).
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IBil

7. Chi-square test

The Chi square test statistics was calculated as

r = y (observed frequencies -expected frequencies^^

Expected frequencies

Where, denotes summation and

Expected frequencies = Row total x Column Total

Grand total

B
The - static follows an x" distribution with degrees of freedom as (r-1) x (C- I), where r

is the number of rows and c is the number of columns in the tabulated date.

The calculated value is then compared with the theoretical value of x’ distribution for the

given degree of freedom to obtain the level of significance.

El
8. Level of Significance (p-vaiue)

The maximum probability of rejecting a correct null hypothesis.

In testing a given hypothesis, the maximum probability with which we would be willing

to take risk is called Level of Significance of the Test.

❖ P-valuc > 0.05 - Non-significant

❖ P-value < 0.05 - Significant
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FIGURE 10: (A) PREPARED SPECIMENS; (B) SPECIMENS SUSPENDED IN
PLASTIC CONTAINERS FILLED WITH ACIDIC AND NEUTRAL BUFFER
SOLUTION RESPECTIVELY; (C) SPECIMENS SUSPENDED IN PLASTIC

CONTAINERS WITH ACIDIC AND NEUTRAL BUFFER SOLUTION
RESPECTIVELY
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OBseivations and <Rfsuft

OBSERVATIONS AND RESULT

B
The present study was conducted to evaluate and comparative the temineralizing ions release

m
at acidic and neutral Ph from glass ionomer cement, bioactive glass material and alkasite

m
material m extracted premolars. A total of 120 teeth were included in this study of which 40

teeth were filled with Glass ionomer cement (Group 1 ),40 with bioactive glass material (Group

2) and 40 with alkasite material (Group 3).

After completion of the restorative procedure, each sample was followed up for

evaluation at 24 hrs, 7,14 and 21 days respectively.

Release of remineralizing ions of GIC at 24 hours, 7 days, 14 days and 21 days was

Bl
evaluated (Table 1), where the release of fluoride, hydroxyl, phosphate and calcium ions from

GIC in acidic and neutral medium at different time intervals was recorded. Acidic medium

showed a higher concentration of respective ion release as compared to neutral medium. The

ion release increased as the time duration increa.sed from 24 hours to 21 days. The mean

fluoride concentration at 24 hours in acidic medium was 0.12 + .013 which increased to 328

+ 0.15 at 7 days and then further to 3.30+.0.18 at 14 days and 331 +0.12 at 21 days. In neutral

medium, the fluoride concentration at 24 hours was 0.08 + jOl which increased to 2.11+0.18

at 7 days and then further to 227 +.0.06 at 14 days and 2.29 + 0.08 at 21 days. Hydroxyl ion

release in acidic medium increased from 0.03 + .001 at 24 hours to 0.82 + 0.008. In neutral

medium, it increased from 0.01 + 0.00 to 0.036 + 0.004. The phosphate ion release increased

B
from 033 + 0.07 at 24 hours to 1.03 + 0.03 at 21 days in acidic medium while in neutral

B
medium, the ion release inciea.sed from 027 + 0.04 to 0.95 + 0.11 at 21 days. The calcium ion

release at 24 hours in acidic medium was 0.14 + 0.11 at 24 hours and 0.94 + 0.06 at 21 days

while in neutral medium, it increased from 0.09 + 0.04 to 0.80 + 0.07.
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The bioactive ions released from BAG at 24 hours,  7 days, 14 days and 21 days was

Bl
evaluated (Table 2), where the release of fluoride, hydroxyl, phosphate and calcium ions from

BAG in acidic and neutral medium at different time intervals was recwded. Acidic medium

showed a higher concentration of respective ion release as compared to neutral medium. The

ion release increased as the time duration increased from 24 hours to 21 days. The

fluoride concentration at 24 hours in acidic medium was 0.09 + .01 which increased to 1.86 +

mean

0.06 at 7 days and 2.66 + 0.05 at 21 days. In neutral medium, the fluoride concentration at 24

hours was 0.05 + .01 which increased to 1.20 + 0.07 at 7 days and then further to 1.87 + 0.12

at 21 days. Hydroxyl ion release in acidic medium increased from 0.53 + .014 at 24 hours to

0.64 + 0.013 at 21 days. In neutral medium, it increased from 0.16 + 0.008 to 0.36 + 0.008.

The phosphate ion release increased from 1.46 + 0.11 at 24 hours to 232 ± 0.06 at 21 days in

acidic medium while in neutral medium, the ion release increased from 0.% + 0.05 to 2.30 +

Q
0.03 at 21 days. The calcium itm release at 24 hours in acidic medium was 0.54 + 0.07 at 24

hours and 0.77 +0.07 at 21 days while in neutral medium, it increased from 0.08 +0.08 to 023

+ 0.06.

The present study shows that ARM releases remineralizing ions at 24 hours, 7 days, 14

Bl
days and 21 days was evaluated (Table 3), where the release of fluoride, hydroxyl, phosphate

and calcium ioas from ARM in acidic and neutral medium at different time intervals was

recorded. Acidic medium showed a higher concentration of respective ion release as compared

to neutral medium. The ion release increased as the time duration increa.sed from 24 hours to

21 days. The mean fluOTide concentration at 24 hours in acidic medium was 0.08 + .01 which

increased to 3.88 + 0.13 at 21 days. In neutral medium, the fluoride concentration at 24 hours

was 0.05 + .(X)8 which increa.sed to 2.52 + 0.15 at 7 days and then further to 2.55 +.0.089 at 14

days and 3.38 + 0.08 at 21 days. Hydroxyl ion relea.se in acidic medium increased from 1.58 +

0.012 at 24 hours to 2.82 +0.01 at 21 days. In neutral medium, it increased from 0.034 + 0.(X)5
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to 2.29 + ().(X)5 at 21 days. The phosphate ion release increased from 0.64 + 0.08 at 24 hours

B
to 1.92 + 0.16 at 21 days in acidic medium while in neutral medium, the ion release increa.sed

a
from 0.36 + 0.049 to 1.79 + 0.06 at 21 days. The calcium ion release at 24 hours in acidic

medium was 034 + 0.79 at 24 hours and 0.71 + 036 at 21 days while in neutral medium, it

increased from 0.15 ± 1.17 toO.38 +0.58 at 21 days.

Comparison of ions released from GIC, BAG and ARM material in acidic medium at

24 hrs was done (Table 4), where p-value was significant at p<0.05 i£ at 24 hours, Acre was a

significant difference in Ton release among the three groups. The highest fluoride release in

acidic medium was shown by GIC, hydroxyl and calcium ions in ARM and phosphate ions in#
BAG.

GIC, BAG and ARM material released remineralizing ions in acidic medium at 7 days
QQ

was .shown in (Table 5) where, p-value significant at p<0.05 i.e., after 7 days, there was a

significant difference in ion release among Ae three groups. The highest fluoride release in

acidic medium was shown by GIC while hydroxyl ions were highest in ARM, pho.sphate and

calcium ions were highest in BAG.

Similar release of ions from GIC, BAG and ARM material in acidic medium at 14 days

m
was done (Table 6) where, p-value significant at p<0.05i£., after 14 days, there

significant difference in ion release among the three groups. The highest fluoride release in

acidic medium was shown by GIC while hydroxyl ions were highest in ARM, pho.sphate and

calcium ions were highest in BAG.

was a

At 21 days the ion release from GIC. BAG and ARM material in acidic medium was

done (Table 7) where, p-value significant at p<0.05 i.e., after 21 days. Acre was a significant

difference in ion release among the three groups. The highest fluoride and hydroxyl ions relea.se
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in acidic medium was shown by ARM while phosphate ioas were highest in BAG and calcium

ions were highest in GIC.

Comparison of ions release of GIC. BAG and ARM material in neutral medium at 24

m
hrs was done (Table 8) where, p-value significant at p<0.05. After 24 hours, there was a

significant difference in ion release among the three groups. The highest fluoride release in

neutral medium was shown by GIC while hydroxyl and calcium ions were highest in ARM and

phosphate release in BAG.

GIC, BAG and ARM material released remineralizing ions in neutral medium at 7 days

m
was done (Table 9) where, p-value significant at p<0.05. After 7 days, there was a significant

difference in fluoride, hydroxyl, calcium ion release among the three groups. The highest

fluoride and hydroxyl and calcium ions release in neutral medium was shown by ARM while,

phosphate ions were highest in BAG.

#

Similar release of ions from GIC, BAG and ARM material in neutral medium at 14

days was done (Table 10) where, p-value significant at p<0.05. After 14 days, there was a

significant difference in fluoride, hydroxyl, calcium ion release among the three groups. The

highest fluoride and hydroxyl release in neutral medium was showo by ARM while phosphate

ions were highest in BAG, and calcium ions in GIC.

At 21 days the ion release from GIC, BAG and ARM material in neutral medium at 21

o
days was done (Table 11) where, p-value significant at p<0X)5. After 21 days, there was a

significant difference in fluoride, hydroxyl, calcium ion release among the three groups. The

highest fluoride and hydroxyl release in neutral medium was shown by ARM while [Aosphate

ions in BAG, and calcium ions in GIC.
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Comparison of release of remineralizing ions of GIC and BAG materials was done

m
(Table 12) where, p-value significant p<0.05. There was a stgnificant difference in fluoride

ion release among the two groups at all time intervals, fluoride, hydroxyl ions and calcium

release being higher in GIC. BAG showed a higher release of phosphate ions as compared to

GIC.

Remineralizing ions released from GIC and ARM materials was compared (Table 13)

where, p-value significant at p<0.05. GIC showed higher release of fluOTide ions while ARM

showed significantly higher release of hydroxyl, phosphate and calcium ions.

Comparison of release of remineralizing ions of BAG and ARM materials was done

|g|
(Table 14) where, p-value significant at p<0.05. ARM showed higher release of fluoride and

hydroxyl ions while calcium and phosphate ions were significantly higher in BAG as compared

to ARM.

#

e
At 21 days the ion relea.se from GIC, BAG and ARM material in acidic and neutral

medium was done (Table 15) where, there was a significant difference in ion release among

the three groups. The highest fluoride and hydroxyl ions release were seen in ARM, whereas

the highest phosphate ions relea.se were shown by BAG and calcium release was seen in GIC.
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Table 1; Release of remineralizing ions of GIC at 24 hours, 7 days, 14 days and 21 d^rs

Acidic Neutral

interval
P04^P Ca^*OH P04^F OH

24 hours 0.12 + 0.03 + 0.53 + 0.14 + 0.08 + 0.01 + 0.27 + 0.09 +

.013 .001 0.07 0.11 .01 0.00 0.04 0.04

7 days 328 + 038 +

0.008

0.67 + 030 + 2.11 + 0.03 ±
0.0008

0.45 ±
0.029

0.19 +

0.15 0.05 0.01 0.18 0.06

14 days 330 + 0.81 +

0.005

0.86 + 039 + 2.27 + 0.03 +

0.0008

0.75 + 0.43 +

0.18 0.09 0.07 0.06 0.05 0.08

21 days 331 ± 0.82 ±
0.008

1.03 + 0.94 + 2.29 + 0.036 ±
0.004

0.95 ± 0.80 +

0.12 0.03 0.06 0.08 0.11 0.07

Table 2: Release of remineralizing ions of BAG at 24 boors, 7 days, 14 dajn and 21 days

Acidic Neutral

interval
P04^ Cal*P OH P04^ Ca^*F OH

24 hours 0.09 + 033 +

0.014

1.46 + 034 + 0.05 ± 0.16 +

0.008

0.% + 0.08 +

0.01 0.11 0.07 0.01 0.05 0.08

7 days 1.86± 035 ±
0.012

2.06 + 0.65 ± 1.20 + 0.26 +

0.015

1.87 ± 0.11±
0.0670.06 0.11 0.05 0.07 0.07

14 days 2.46 + 037 ±
0.005

2.39 + 0.73 + 1.55 + 032 ±
0.010

2.13 ±
0.039

0.18 +

0.09 0.06 0.07 0.04 0.07

21 days 2.66 + 0.64 +

0.013

2.52 + 0.77 + 1.87 + 036 +

0.008

2.30 + 033 +

0.05 0.06 0.07 0.12 0.03 0.06

Table 3: Release of remineralizing ions of ARM at 24 boors, 7 days, 14 days and 21 days

Acidic Neutral

interval
P04^ Cal*P OH Ca^*F OH

24 hours 0.08 + 138 +

0.012

0.64 + 034 + 0.05 ±
0.008

0.34 ±
0.005

0.36 ±
0.049

0.15 +

OjOI 0.08 0.79 1.17

7 days 1.86 + 1.74 + 1.50 + 038 ± 2.52 ± 0.83 + 1.33 ± 034 +

0.13 0.01 0.14 130 0.15 0.07 0.12 037

14 days 2.98 + 233 + 1.56 + 0.63 + 2.55 +

0.089

132 +

0.007

1.46 + 036 +

036 0.05 0.08 0.68 0.11 0.62

21 days 3.88 + 2.82 + 1.92 + 0.71 + 3.38 + 239 ±
0.005

1.79 + 0.38 +

0.13 0.01 0.16 036 0.08 0.06 038
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Table 4: Comparison of ions release of GIC, BAG and ARM material in acidic medium

at 24 hrs

GIC BAG ARM p-value

F 0.12+ .013 0.09 + 0.01 0.08+0.01 0.002

OH 0.03+ .001 0J3 +0.014 1.58+0.012 0.005

P04 0.53 ±0.07 1.46 + 0.11 0.64 ±0.08 0.0001

Ca 0.14±0.11 0.54 + 0.07 0.54+0.79 0.0001

signiflcant at p<lul8

Table 5: Comparison of ions release of GIC, BAG and ARM material in acidic medium
at 7 days

# GIC BAG ARM p-value

F 3.28 ±0.15 1.86 ±0.06 1.86±0.13 0.0001

OH 0.38+0.008 035 + 0.012 1.74+0.01 0.0001

P04 0.67+0.05 2.06 + 0.11 1.50+0.14 OjOOOI

Ca 0.30 ±0.01 0.65 ± 0.05 0.58 + 1.20 0.0001

p-value at

Tabic 6: Comparison of ions release at GIC, BAG and ARM material in acidic medium

at 14 days

GIC BAG ARM p-value

F 3.30 + 0.18 2.46 + 0.09 2.98+0.26 0.0001

OH 0.81 +0.005 037 + 0.005 2.33+0.05 0.0001

P04 0.86 ±0.09 2.39 ± 0.06 1.56+0.08 0.0001

Ca 0.59 ±0.07 0.73 ± 0.07 0.63+0.68 0.0001

atp<8u05fKvalue
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Table 7: Comparison of ions release of GIC, BAG and ARM material in acidic medium

at 21 days

GIC BAG ARM p-value

F 3.31 +0.12 2.66 + 0.05 3.88+0.13 0.(X)01

OH 0.82 + 0.008 0.64 + 0.013 2.82+0.01 0.0(K)1

P04 1.03 ±0.03 252 + 0.06 1.92 ±0 .16 0.0001

Ca 0.94 ±0.06 0.77 + 0.07 0.71 ±0.56 0.(XX)1

»>value significant at pidlUlS

Table 8: Comparison of ions relea.se of GIC, BAG and ARM material in neutral

medium at 24 hrs

GIC BAG ARM p-value

F 0.08 ±.01 0.05 ±0.01 0.05 + 0.008 0.001

OH 0.01 +0.(X) 0.16 + 0.008 0.34 + 0.005 0.0(X)1

P04 0.27 + 0.04 0.96 + 0.05 0.36 + 0.049 0.0001

Ca 0.09 ±0.04 0.08 + 0.08 0.15 + 1.17 0.0001

SLmcant atp-value

Table 9: Comparison of ions release of GIC, BAG and ARM material in neutral

medium at 7 days

GIC BAG ARM p-value

F 2.11 +0.18 120 + 0.07 2.52 ±0.15 0.(XX)1

OH 0.03 + 0.(XX)8 026 + 0.015 0.83 +0.07 0.001

P04 0.45+0.029 1.87 + 0.07 1.33 +0.12 0.003

Ca 0.19+0.06 0.11 + 0.(Xi7 0.24+0.57 0.(X)1

p-value at
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Table 10: Cranparisoii of ions release of GIC, BAG and ARM material in neutral

medium at 14 days

GIC BAG ARM p-value

F 2.27+0.06 1.55 + 0.04 2.55+0.089 0.0001

OH 0.03 + 0.0008 032 ±0.010 1.22 + 0.007 0.0001

P04 0.75 ±0.05 2.13 ±0.039 1.46+0.11 0.0001

Ca 0.43 ±0.08 0.18 ±0.07 0.36 ±0.62 0.0001

p-value

Table 11: Compariteon of ions release fA. GIC, BAG and ARM material in neutral
medium at 21 days

# GIC BAG ARM p-value

F 2.29 ±0.08 1.87 ±0.12 3.38+0.08 0.0001

OH 0.036+0.004 036 + 0.008 2.29 + 0.005 0.0001

P04 0.95+0.11 230 + 01)3 1.79+0.06 0.0001

Ca 0.80+0.07 033 + 0.06 0.38+0.58 0.0001

Siifii iiiiiiipiaiip-value
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Table 12: Comparison of release of remineralizing ions of GIC and BAG materials

TIME

INTERVAL

P P04^OH Ca^^
MEDIUM

GIC BAG GIC BAG GIC BAG GIC BAG

24 hours 0.12 0.09 + 0.03 + 0.53 +

0.014

053 1.46 + 0.14 054 +

0.01 .001 0.11 0.07+ + +

.013 .064 0.11

p-value 0.005 0.0001 0253 0.0001

7 days 328 1.86 + 0.38 +

0.008

0.55 +

0.012

.67 + 2.06 + 0.30 0.65 +

ACIDIC 0.06 0.05 0.11 0.05+ +

0.15 0.01

p-value 0.0001 0.0001 0.011 0.0001

14 days 330 2.46 + 0.81 +

0.005

0.57 ±
0.005

0.86 239 + 059 0.73 +

0.09 0.06+ 0.07+ +

0.18 0.09 0.07

p-value 0.0001 0.0001 0.0001 0.0001

21 days 331+ 2.66 + 0.82 +

0.008

0.64 +

0.013

1.03 252 + 0.94 0.77 +

0.12 0.05 0.06 0.07+ +

0.03 0.06

p-value 0.0001 0.0001 0.008 0.0001

24 hours 0.08 0.05 + 0.01 + 0.16±
0.008

027 0.96 + 0.09 0.08 +

+ .01 0.01 0.00 0.05 0.08+ +

0.04 0.04

p-value 0.011 .172 0.0001 0.0001

7 days 2.11+ 1.20 + 0.03 ±
0.0008

0.26 ±
0.015

0.45NEUTRAL 1.87 + 0.19 0.11 +

0.0670.18 0.07 0.07+ +

0.029 0.06

p-value 0.0001 0.466 0.0001 0.0001

14 days 227 155 + 0.03 +

0.0008

0.32 +

0.010

0.75 2.13±
0.039

0.43 0.18 +

0.04 0.07+ + +

0.06 0.05 0.08

p-value 0.0001 0.111 0.0001 0.0001

21 days 229 1.87 + 0.036 0.36 +

0.008

0.95 2.30 + 0.80 023 +

0.12 0.03+ 0.06+ + +

0.04 0.004 0.11 0.07

p-value 0.0001 0.009 0291 0.0001

p-valae significant at p<0.05
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Table 13: Comparison of release of remineralizing ions of GIC and ARM materials

TIME

INTERVAL
P04^F Ca2+OH

MEDIUM

GIC ARM GIC ARM GIC ARM GIC ARM

24 hours 0.12 0.08 + 0.03 + 1.58 +

0.012

0J3 0.64 + 0.14 0.54 +

0.01 .001 0.08 0.79+ + +

.013 .064 0.11

p-value 0.025 0.0001 0.0001 0.0001

7 days 328 1.86 + 0.38 +

0.008

1.74 + 0.67 130 + 1.88 038 +

ACIDIC 0.13 0.01 0.14 120+ + +

0.15 0.05 0.01

p-value 0.0001 0.0001 0.0001 0.0001

14 days 330± 2.98 ± 0.81 ±
0.005

2.33 ± 0.86 136 + 039 0.63 +

0.18 026 0.05 0.08 0.68+ +

0.09 0.07

p-value 0.001 0.001 0.0001 0.0001

21 days 331 3.88 + 0.82 +

0.008

2.82 + 1.03 1.92 + 0.94 0.71 +

0.13 0.01 0.16 036+ + +

0.12 0.03 0.06

p-value 0.018 0.0001 0.0001 0.0001

24 hours 0.08 0.05 +

0.008

0.01 + 0.34 +

0.005

027 036 +

0.049

0.09 0.15 +

+ .01 0.00 1.17+ +

0.04 0.04

p-value 0.224 0.0001 0.(X)01 0.0001

7 days 2.11 232 + 0.03 +

0.0008

0.83 +

0.007

0.45 133 0.19 024 +NEUTRAL

0.15 + 0.12 037+ + +

0.18 0.029 0.06

p-value 0.0001 0.016 0.013 0.0001

14 days 227 235 ±
0.089

0.03 +

0.0008

1.22 ±
0.007

0.75 0.431.46 + 036 +

0.11 0.62+ + +

0.06 0.05 0.08

p-value 0.0001 0.014 0.0001 0.0001

21 days 229 3.38 + 0.036 2.29 +

0.005

0.95 1.79 + 0.80 038 +

0.08 0.06 038+ + + +

0.08 0.004 0.11 0.07

0.000t 0.0001 0.(XX)1 0.0001

p-value
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Table 14: Comparison of release of remineraiizing ions of BAG and ARM materials

TIME

INTERVAL

P04^F OH Ca^+
MEDIUM

BAG ARM BAG ARM BAG ARM BAG ARM

24 hours 0.09 0.08 + 0.53 +

0.014

1.58 +

0.012

1.46 0.64 + 034 034 +

0.01 0.08 0.79+ + +

0.01 0.11 0.07

p-value 0.971 0.0001 0.0001 0.0001

7 days 1.86 1.86 + 0.55 +

0.012

1.74 + 2.06 130 + 0.65 038 +

ACIDIC 0.13 0.01 0.14 120+ + +

0.06 0.11 0.05

p-value 1.00 0.0001 0.001 0.0001

14 days 2.46 2.98 + 0.57 +

0.005

2.33 + 2.39 136 + 0.73 0.63 ±
0.26 0.05 0.08 0.68+ + +

0.09 0.06 0.07

p-value 0.932 0.0001 0.0001 0.0001

21 days 2.66 3.88 + 0.64 +

0.013

2.82 + 232 1.92 + 0.77 0.71 +

0.13 0.01 0.16 036+ + +

0.05 0.06 0.07

p-value 0.10 0.0001 0.0001 0.0001

24 hours 0.05 0.05 +

0.008

0.16 +

0.008

0.34 +

0.005

0.96 036 +

0.049

0.08 0.15 +

1.17+ + +

0.01 0.05 0.08

p-value 1.00 0.004 0.0001 0.0001

7 days 1.20 232 + 0.26 +

0.015

0.83 + 1.87 133 0.11+

0.067

024 +NEUTRAL

0.15 0.07 + 0.12 037+ +

0.07 0.07

p-value 0.875 0.608 0326 0.0001

14 days 135 235 ±
0.089

0.32 ±
0.010

1.22 +

0.007

2.13 1.46 + 0.18 0.36 +

0.11 0.62+ + +

0.04 0.039 0.07

p-value 0.822 0.017 0.0001 0.0001

21 days 1.87 3.38 + 0.36 +

0.008

2.29 ±
0.005

230 1.79 + 023 038 +

0.08 0.06 038+ + +

0.12 0.03 0.06

0.068 0.011 0.0001 0.0001

IhMilm llplifii ml
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OBservations and‘RfsuCt

Figure 11: Release of remineralizing ions of GIC at 24 hours, 7 days, 14 days and 21

days
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Figure 12: Release of remineralizing ions of BAG at 24 hours, 7 days, 14 days and 21
days
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OSservations and ‘Result

Figure 13: Release of remineralizing ions of ARM at 24 hours, 7 days, 14 days and 21

days
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Figure 14: Comparison of ions release of GIC, BAG and ARM material in acidic

medium at 24 hrs
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Observations and‘RfsuCt

Figure IS: Comparison of ions release of GIC, BAG and ARM material in acidic

medium at 7 days
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Figure 16: Comparison of ions release of GIC, BAG and ARM material in acidic

medium at 14 days

5 4.62

4.34
4.5

4
3.54

3.5

3

2 5

2

1.5

1
0.59

0.5

0

F OH P04 Ca

a GIC a BAG BARM

78



nn

Observations and <I(fsuft

Figure 17: Comparison of ions release of GIC, BAG and ARM material in acidic

medium at 21 days
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Figure 18: Comparison of ions release of GIC, BAG and ARM material in neutral

medium at 24 hrs
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OSservations and <RfsuCt

Figure 19: Comparison of ions release of GIC, BAG and ARM material in neutral

medium at 7 days
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Figure 20: Comparison of ions release of GIC, BAG and ARM material in neutral

medium at 14 days
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Observations and <Rfsu(t

Figure 21: Comparison of ions release of GIC, BAG and ARM material in neutral

medium at 21 days
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^Discussion

DISCUSSION

Continuous experimentation involving dentals materials has led to massive

advancements in dental sciences. The present study has been ba.sed on such re.storative

materials that have recently caught attention due to their biomimetic properties and

remineralization potential at tooth-restwation interfaces thereby limiting secondary caries.

In vitro studies have shown secondary caries being formed due to fluid penetration

through microporo.sities, gaps in restoration-tooth interface as well as excessive masticatory

loading on the surface of restoration*'* "'*. It is true that the caries susceptibility of the individual
BiEi

is by far the most important factor in the formation of even .secondary decay but restorative

bd
materials may as well play a crucial role in development of the lesion. Coronal restorations can

have a positive impact on a tooth's long-term prognosis. It is indicated as soon as tooth decay

or a dislodged restoration is detected, because coronal re.storation limits the passage of oral

fluids and microorganisms into the pulpal tissue and periradicular area. However, according to
z  m
a systematic review of restoration survival, 50 percent of restorations persist for 10 to 20
e

86years'"’.

Replacement of a restoration is unfavourable because it may subject the tooth to

recurrent restorative cycles in whichi restoration is replaced by progressively larger

J
restorations, eventually leading to failure. Replacement of existing restorations are accounted

m
for 60% of restcM-ative practise*’. Recurrent or secondary caries is the primary cause

for restorative failure. The most frequent reason for restoration replacement has been observed

to be secondary caries**.

Secondary caries is associated with a variety of clinical contexts, such as marginal

leakage beneath a faulty restoration, allowing oral fluids to enter the tooth-restoration interface;

low buffering capacity of the restoration in comparison to the tooth surface; and cases
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(Discussion

Q
where caries was left behind while preparing the cavity for resto-ation**’. It was in the 1940s

when dentists started noticing that secondary caries was seldom associated with silicate cement

restorations. While the restorative materials’ relatively stable dimensional characteristics were

m
undoubtedly a factor, the |»esaice of fluoride in the material's composition received the

majority of the credit. The cariostatic effect of fluoride ions on enamel caries had been

demonstrated in numerous studies by the mid-1980s, and dentists and dental consumers had

Q
access to a wide range of fluoride-releasing dental restoratif# materials’® Fluoride works to

ES
prevent dental caries by changing the dynamics of the decaying process. When the dental hard

tissues are exposed to topical fluoride, their physical properties will almost certainly change. It

m
is recommended that a constant and adequate cooceotration of labile fluoride must be present

m
during an acidic challenge in order to maintain Mt deposition of fluoridated hydroxyapatite

and thus have a cariostatic effect. In this context .the importance of calcium and phosphate ions

is profound as well'®”.

Most of the currently used dentifrices and dental restorative materials have the potential

0
to release fluoride during Atf settirig reaction or i| can be added to a fonnulatioirvl^ a specific

BB
goal of fluoride .fldease. Resin composites, glass ionomer cements, resin modified glass

ionomer cements, polyacid modified resin composites (compomers), and fissure sealants are

all fluoride<ontaining restorative materials. These materials

generally include fluoroaluminosilicic acid (FAG), stannous fluoride (SnF2), and organic

amine fluorides (CAFH)”.#

Newer non-fluoride restorative material like bioactive glass, is a highly reactive

031
substance that contaias of amorphous sodium-calcium phosphosilicate (SCP). In the oral

m
cavity, due to the presence of saliva, hydronium ions reacts quickly with the sodium ions from

the bioactive g|an, to release calcium and phosphate {P04-) ions from the latter. Due to the

release of sodium, there is a local transitory elevation in pH during initial contact of the
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‘Discussion

substance with saliva. As the pH increases, additional calcium and phosfiliate ions are

precipitated out of die substance to form a calcium phosphate film’^. However, alkasite

restorative materials which are used for bulk filling contain alkaline filler that can release acid

neutralizing ions. Being a calcium fluorosilicate glass, the material's breakdown is similar to

that of bioactive gla.s.ses. Like other bioactive glasses, the absence of phosphate in this material

increases the synthesis of fluorite^’.

B
The present study was designed to evaluate and compare the release of remineralizing

ions at acidic and neutral ph from GIC, bioactive glass and bulk-fill alkasite material as there

is a scarcity of data with respect to the newer materials and their remineralizing potential in in-

vitro conditions.

The study was conducted on one hundred and twenty freshly extracted human premola'
m

teedi collected from the Department of Oral and Maxillofacial Surgery, Inderprastha Dental

College and Hospital, Ghaziabad.

m
The results of the present study demonstrate the release at fluoride, hydroxyl, phosphate

and calcium ions from GIC ift acidic and neidnd medium at different time intervals. Acidic

medium showed a higher concentration of respective ion release as compared to neutral

medium. The ion release increa.sed with time from 24 hours to 21 days. The mean fluoride

concentration at 24 hours in acidic medium was 0.12 + .013 which increased to 3.28 + 0.15 at

7 days and then further to 3.30 +.0.18 at 14 days and 3.31 + 0.12 at 21 days. In neutral medium,

the fluoride concentration at 24 hours was 0.08 + .01 that increased to 2.11 + 0.18 at 7 days

and then further to 2.27 +.0.06 at 14 days and 2.29 + 0.08 at 21 days. Several scientific

B
researches have confirmed that fluoride release from glass ionomer cements is characterised

#

by a quick initial release, followed by a rapid decline in the rate of fluoride release after a short

‘>4.95.96period . To further corroborate this finding, in a study by Attin T et al. (1999), the capacity

of glass ionomer sealants to act as a fluoride reservoir in the oral cavity while maintaining a
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‘Discussion

m
low fluoride level in oral fluids was demonstrated*'^. Moreover, the amount of fluoride released

by ‘fresh* GIC. which is similar to the material against a cavity wall, is more than twice that of

matured specimens, according to laboratory tests^. The present study confirms ail the previous
flS

research findings in terms of its initial burst and later sustoined release. Aside from the aqueous

nature and pH of the oral environment, a variety of other factors, such as surface erosion and

component leaching, can have a significant impact on the behaviour of a restorative material

and its icm leaching properties,

amount of flumide released 6am various GlCs varied significantly depending on the storage

medium’'' Fluoride release into the acidic medium has been found to be significantly higher

than in neutral buffers, whidi could be attributed to increased erosion of the resin-NllbiifiBd

m
Mallakh BF and Saikar NK (1990) discovered thtt the

OKI at low pH. Utis increased release of fluoride at ifdiiSe conditions may reduce secondary

|an« Ti^, as has been observed in vitro various authors100.101.102. To summarise, the long

term release of fluoride, particularly in the marginal spaces between the filling material and the
m

tooth, works to minimize subsequent caries attack on the dental tissues. The conventional GIC

m
has a short-term release of up to 10 ppm and a long-term release of 1-3 ppm for up to 8 years”*.

G9
GIC is a good choice of restorative material in treating patients at increased risk for caries

IBS

because of its capacity to relea.se and store fluoride. Ruoride is relea.sed primarily in the first

24-48 hours, but it gradually decreases and stabilises over time, however it can happen at any

moment throughout the clinical restoration, with the possibility of fluoride ion recharge"’^.

# Hydroxyl ion release from GIC in acidic medium increased from 0.03 + .001 at 24

B
hours to 0.82 + 0.008 at 21 days. The release of hydroxide ions from a restorative material

B
may help to neutralise excess acidity during acid attacks by cariogenic flora, preventing

. However, the relea.se of hydroxyl ioas from GIC is not in significant

amounts as per the present study results. The release does not differ significantly depending

the acidic or neutral buffer storage as well. The results of the present study are in accordance

104
demineralization
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with previously published literature which demonstrates release of hydroxyl from GIC to be

negligible''. Nicholson et al. observed that when GIC is exposed to an acidic challenge,

aluminium ions are leached out, assisting in the neutralising action of G1C““.

The phosphate ion release from GIC increa.sed from 0.53 + 0.07 at 24 hours to 1.03 +

Q
003 at 21 days in acidic medium while in neutral medium, the ion release increased from 027

B
+ 0.04 to 0.95 + 0.11 at 21 days. The calcium ion release at 24 hours in acidic medium was

0.14 + 0.11 at 24 hours and 0.94 + 0.06 at 21 days while in neutral medium, it increased from

0.09 + 0.04 to 0.80 + 0.07. Nicholson JW et al. (2021) discussed from their observations that

B
when stored at 20-22 °C, glass-ionomer cement has been shown to release sodium, silicon^

aluminium, and phosphorus under neutral and acidic conditions, and calcium under acidic

.. ,05 ®conditions . The authors also stated that sufficient phosphorus was released during the short

B
storage time experiments with daily water changes. However, the release was negligible in the

long-term storage experiment with monthly changes of the storage water. This suggests that

the solubility of the phosphorus species changes with ageing, which is consistent with previous

research showing that slow changes in the nature of the phosphorus species occur as cements

B
mature. Additionally, in the presence of calcium, there is a good chance that at least one type

of discrete calcium phosphate compound will form. There are 11 known calcium phosphates,

and their water solubility varies greatly depending on the CaP ratio"*. Low values of this ratio,

such as 0.5 or slightly higher, result in sduble compounds, whereas higher values, such as 1.67,

B
result in very insoluble substances. Nicholson JW et al. (2021) observed that die very low levels

of phosphorus were discovered in their trials' solutions, especially those changed monthly
B
rather than daily .This suggests that a phosphate with a hi^ Ca:P ratio forms within the cement,

ensuring that both calcium and phosphate scarcely

findings of the present study, multiple in vitro researches have shown that GIC in itself has

limited resource of calcium and phosphate but when combined / modified with CPP-ACP

a

disM)lvel05. Contrary to this and similar to the

#
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(Casein (rfwsphopeptide-ainorphous calcium phosphate), there is a significantly higher release
GS9

of calcium and incnganic phosphate has beat observed especially in acidic medium'*’’-'*' '”’. It

is noteworthy that the modification of GIC with CPP-ACP does not affect the fluoride release

of the material at the slightest'*”. Mazzaoui SA et al. (2000) demonstrated that the superficial
m

dissolution of RMGI causes burst ion release in the first 24 hours of storage. However after 7
lEB

days, the fluM-ide release slows down and stabili.ses. As a result, the amount of ions released

into the environment by the bulk material reduces'*”.

m
In the present study the release of fluoride, hydroxyl, phosphate and calcium ions from

BAG in acidic and Kiatral medium at different time intervals was recorded. Acidic medium

showed a higher concentration of respective ion release as compared to neutral medium. The

ion release increased as the time duration increased from 24 hours to 21 days.

The mean fluoride concentration release from BAG at 24 hours in acidic medium was

0.09 + .01 which increased to 1.86 + 0.06 at 7 days and 2.66 + 0.05 at 21 days. In neutral

medium, the fluoride concentration at 24 hours was 0.05 + .01 which increased to 1.20 + 0.07

Q
at 7 days and then further to 1.87 + 0.12 at 21 days. Bioglass dissolution is determined by the

breakdown if the Si-O-Sl link, which results in a rapid increase in fluoride ion concentration
Q

110.111. This shows that chemical makeup ofbetween days 0 and 3, followed by a gradual drop

bioglass has a significant in^nct on its fluoride release pofile. Davis et al. (2014) found that

composites containing silicon-rich bioglass particles had considerably increased long-term

fluoride release' '^. Mneimne et al. (2011) reported that bioglass particles containing phosphate
BiEi

or fluoride might induce apatite development faster and at a lower pH"^. Hence the results of

»

the present study are in accordance with the previously published scientific literature. This

release if compared to that from GIC is significantly less at 24 hours and at 7 days as GIC

shows an initial Ixirst in fluoride release. This is in accordance with study by May E and Donly

KJ (2017) but in another research by Nagi SM et al. (2018) the authors concluded that there
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lies no s^nificant difference in rdease of fluoride b^ween conventional RMGIC and

ACTIVA. However, it was additionally reported that the former exhibited better recharge and

114.1 ISrelease prt^rties

Hydroxyl ion release from BAG in acidic medium increased from 033 + .014 at 24

hours to 0.64 + 0.013 at 21 days. In neutral medium, it increa.sed from 0.16 + 0.008 to 036 +

0.008. The phosphate ion release increased from 1.46 + 0.11 at 24 hours to 232 + 0.06 at 21

B
days in acidic medium while in neutral medium, the ion release increased from 0.96+0.05 to

B
230 + 0.03 at 21 days. The calcium ion release at 24 hours in acidic medium was 034 + 0.07

at 24 hours and 0.77 + 0.07 at 21 days while in neutral medium, it increased from 0.08 + 0.08

to 023 + 0.06. Similar findings were reported by According to Tiskaya M et al. (2019), Acti va

m  . ..
released very few ions, including fluoride, when Tris Buffer sohtfdRlpB l3) and

artificial saliva (^ 7), but more ions, including large amounts of aluminium when using the

B
.same media. This suggests that the glasses in Activa are acid degradable fluoro-alumino-

silicate glasses, similar to those found in glass ionomer cements. However, no evidence of

apatite production has yet been recorded with Activa^. In contrast, scanning electron

(EDS) results show aivci;

significant increase in calcium and phospho-us ion concentrations, as well as a decrease in

OB
carbon and silica ions, after 21 days storage period in saline, IMicating that mineral igwthe

BiCi

deposits are forming on the surface, when compared to the no saline ccmtrol"*. TTie present

study shows the release of biomaterials from Activa and therefore confirms the previous

findings.

61
The release of fluoride, hydroxyl, phosphate and calcium ions from ARM in acidic and

KEEI

neutral medium at different time intervals was recorded in the presoit study. Acidic medium

showed a higher concentration of respective ion release as compared to neutral medium. The

ion relea.se increased as the time duration increased from 24 hours to 21 days.
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The mean fluoride concentration release from ARM at 24 hours in acidic medium was

0.08 + .01 which increased to 3.88 + 0.13 at 21 days. In neutral medium, the fluoride

concentration at 24 hours was 0.05 ± .(X)8 which increased to 2.52 + 0.15 at 7 days and then
013

further to 235 ±0.089 at 14 days and 3.38 + 0.08 at 21 days. Tiskaya M et al. (2019) found in

their experimental study that fluoride release from Cention. be it in neutral or acidic medium,

is almost twice as much as released from Activa but is lower than that of conventional glass

m
ionomer cements’*. When water is absorbed by resin based - ion leaching materials (RB-ILM)

m
(Cention) containing ionomer-like fluorosilicate glass, an acid-base reaction occurs between

the carboxvlate groups of the acidic monomer and the F-carrying glass-fillers, resulting in the

El
leaching of F ions. Pre-reacted glass (PRG) filler technology is used in the giomer RB-ILM,

El
which consists of ionomer-like fluorosilicate glasses that have been previously reacted with

polyacrylic acid and are disseminated in the resin matrix. Water diffusion is also responsible

for giomer F release. When F-containing bioactive glass (BAG) is added to RB-lLMs,the BAG

works like an ion source, releasing Ca, P, F, and other ions when the BAG filler comes into
13 Q

contact with fluid, even at neutral pH. This allows for controlled F release. As a result, the

hydrophilicity and acidic nature of RBILM resin matrices had an impact on enhancing F

release’*'"*'"’. The present study shows that at the end of 21 days the release of fluoride from

Cention N is highest and significantly more from that released from GIC or Activa, thereby
iB!l

corroborating the previous findings. The results of the study done by Ruengrungsom C et al.

B
(2020) demonstrated that all groups released more fluoride ion in acidic pH than in neutral pH,

B
indicating that when conditions become acidic due to cariogenic difficulties, Cention-N will

release more fluoride ion. This could be because lowering the pH of the solvent causes more
Bl

surface dissolution of the materials, which increases fluoride ion release' '* In a study by Gupta
B

N et d. (2020), the authors reported that when compared to Cention-N (li^t-cure) and GIC,

a
Cention-N (self-cure) had the largest fluoride ion release in acidic pH”.
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Hydroxyl ion release from ARM in acidic medium increased from 1.58 +0.012 at 24

hours to 2.82+0.01 at 21 days. In neutral medium, it increased from 0.034 + 0.005 to 229 +

0.005 at 21 days. The phosphate ion release increased from 0.64 + 0.08 at 24 hours to 1.92 +

B
0.16 at 21 days in acidic medium while in neutral medium, the ion release increased from 0.36

B
+ 0.049 to 1.79 + 0.06 at 21 days. The calcium ion release at 24 hours in acidic medium was

Oi54 +0.79 at 24 hours and 0.71 + 0.56 at 21 days while in neutral medium, it increased from

10
0.15 + 1.17 to 0.38 +038 at 21 days. In a study by Ruengrungsom C et al. (2020), the audicrs

confirm that Cention N had excellent capacity forCa release and rechargeable ability of Ca/P.

119. The authors also stated that in taridic pH.This result is similar to that of the present study

m
Cention-N showed a very strong alkalizing potential. This could be due to the hydroxyl and

II
calcium ioas released by Cention-N alkaline gla.ss fillers, which can have a direct effect on the

pH levels in the oral cavity, allowing excess acidity caused by cariogenic bacterial activity to

In another study by Kasraei S et al. (2021), it was shown that Cention N has117
be neutralised.

the maximum alkanizing potential owing to its high phosphate release when compared to

RMGIC and Activa'^®.

The result of the present study indicates that GIC shows the greatest release of fluoride

ions in the first 24 hours (0.12 ± .013 in acidic medium, 0.08 + .01 in neutral medium) when

compared to BAG (0.09 + .01 in acidic medium, 0.05 + 0.01 in neutral medium) and ARM

(0.08 + .01 in acidic medium,0.05 + .008 in neutral medium). However, on observation after

7,14 and 21 days the sustained release of fluoride was found to be maximum from ARM (3.88

+ 0.13 in acidic medium), the values being significantly greater compared to GIC (3.31 +0.12

in acidic medium) and BAG (2.66 + 0.05 in acidic medium). ARM also showed sufficiently

high release of bioactive ions like hydroxyl and phosphate. The release of hydroxyl, phosphate

and calcium icms from GIC and BAG were found to be in trace amount throughout the 21-day
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period. All the three materials showed greater ion release in acidic than in neutral medium due

to greater surface erosion in the former medium.

The present study has its strengths and limitations. The smaller .sample size and limited

time of ob.servation can be considered as drawbacks. However, the materials were tested in

both neutral and acidic media which confirms clarity of the results observed.

Further studies should be conducted with longer periods of observations to confirm the

remineralizing potentials of the newer restorative materials when compared to the gold

standard, glass ionomer cement.
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Concfusion

CONCLUSION

m
A randomised controlled trial was conducted to evaluate and compare the release of

remineralizing ions at acidic and neutral ph from GIC, bioactive glass and bulk-fill alkasite

lEEi O
material with definite clinical and tadte^nflfaic inclusion and exclusion crilefia. The stiH^ was

caaieiLout In theligMIliilofP^bHbhtK^ and l^ev^^ Dentistry. Indei|»astha Dental

m
College and Hospital, Ghazidnd. Based on this study's result, the following conclusions c«i

be made:

m
The results of the present study demonstrate release of fluoride, hydroxyl, phosphate

and calcium ions from GIC acidic"^d neiiigii medium at different time intervals. Acidic

medium showed a higher concentration of respective ion release as compared to neutral

medium. The ion release increased as the time duration increased from 24 hours to 21 days. At

24 hours, 7, 14 and 21 days, there was a wgWficant difference id ion release among the th-ee

m
groups. At 24 hours, diere was a sigpiificant difference in ion ictease among the three groups.

The highest fluoride release in acidic medium was shown by GIC, hydroxyl and calcium ions

in ARM and phosphate ions in BAG. After 7 days, there was a significant difference in km

release among the three groups. The highest fluoride release in acidic medium was shown by

GIC while hydroxyl ions were highest in ARM, phosf^ate and calcium ions were highest in

BAG. After 14 days, the highest fluoride release in acidic medium was shown by GIC while

hydroxyl ions were highest in ARM, phosphate and calcium ions were highest in BAG. After

21 days, the highest fluoride and hydroxyl ions release in acidic medium was shown by ARM

while phosphate ioas were highest in BAG and calcium ions were highest in GIC.

After 24 hours, 7, 14 and 21 days, lime was a significant difference in ion eelease

among the three groups. The highest fluoride release in neutral medium at 24 hours was shown

by GIC while hydroxyl and calcium ions were highest in ARM and phosphate release in BAG.

92



Conctusion

At 7 days, highest fluoride and hydroxyl and calcium ions release in neutral medium was shown

by ARM while, jAosphate ioas were highest in BAG. At 14 days, highest fluoride and hydroxyl

relea.se in neutral medium was shown by ARM while phosphate ions were highest in BAG, and

calcium ions in GIC. At 21 days, highest flucH-ide and hydroxyl release in neutral medium was

shown by ARM while phosphate icms in BAG, and calcium ioas in GIC.

The following conclusions were derived from the observations from the present study:

aa
The release of ioas from three restorative materials was higher in acidic1.

medium when compared to neutral medium.

GIC relea.ses highest amount of fluoride ions compared to BAG and ARM at2.

the end of 24 hours.

ARM release maximum fluoride in the overall observation period of 21 days3.

followed by GIC and BAG.

ARM released hydroxyl and phosphate ions in significant amounts compared4.

to GIC and BAG in 21 days.

Release of calcium from all three restorative materials was found to be in trace5.

amounts.

The smaller sample size and limited time of observation can be considered as

drawbacks. However, the materials were tested in both neutral and acidic media which

» confirms clarity of the results observed. Further .studies should be conducted with longer

periods of observations to confirm the remineralizing potentials of the newer restorative

materials when compared to the gold standard, glass ionomer cement.
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SUMMARY

03
A randomised controlled trial was conducted to evaluate and compare the release of

remineralizing ions at acidic and neutral pH from GIC, bioactive glass and bulk-fill alkasite

material as there is a scarcity of data with respect to the newer materials and their

o
remineralizing potential in in-vitro conditioas. The study was conducted in the Depaitment of

a
PedodoMics and Preventive Dentistry in one hundred and twenty freshly extracted human

m
premolar teeth collected from the Department of Oral and Maxillofacial Surgery, Inderprastha

Dental College and Hospital,Ghaziabad. The procedure involved specimen collection and their

Q
disinfection using 0.1% thymol solution and thereafter storage in normal saline for 24 hours

(FIGURE 1). A standardized cavity of 2mm depth, 3mm length and 1.6mm width was

prepared in all the .sample teeth. The samples («  = 120) were randomly divided into the three

study groups using draw of lots; group 1: (m = 40); Glass ionomer cement (GIC) (Ketac 3M,

ESPE). group 2; (n = 40); Bioactive Glass restorative material (BAG) (Pulpdent Activa), and.

Q
group 3; (« = 40); Alkasite restorative material (ARM) (Cention-N). All the teeth were restored

using the respective restorative materials. The filled specimeas were stored in water at 2TC

for 24 hours before subjecting them to thermocycling. The thermal cycling test compri.sed of

500 cycles in water of 20 seconds each, ranging between 5“C and 55°C. This was done to

simulate the oral environment. Each group of 40 samples were further divided into 2 subgroups

using draw of lots. The sub-grouping was done on the basis of pH (acidic pH - 4, neutral pH -

7) of the solution used for testing the remineralization potential of the samples. At the end of
fill

the first 24 hours the containers were thoroughly shaken and 5 sample containing containers

<1

from each of the 6 subgroups were sent to laboratory to check for remineralizing ion release.

Similar procedure was carried out at the end of 7, 14 and 21 days. The data obtained was

0
compiled systematically and transferred from proforma to a computer and a master table was

prepared. The data collected was Entered in the excel spreadsheet asiiig Microsoft Exod
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m
Software (Version 17.0) and was transferred to Statistics Padtage for Social Sciences (SPSS)

versioi 2.0, IBM Inc. for analysis.

The results of the fwesent study demonstrate the release of fluoride, hydroxyl, phosphate

and calcium ions from GIC in acidic and neutral medium at different time intervals. Acidic

m
medium showed a higher concentration of respective ion release as compared to neutral

medium. The ion release from GIC increased as the time duration increased from 24 hours to

21 days. The mean fluoride concentration at 24 hours in acidic medium was 0.12 + .013 which

increased to 3.28 +0.15 at 7 days and then further to 3.30 + 0.18 at 14 days and 331 +0.12 at

21 days. In neutral medium, the fluoride concentration at 24 hours was 0.08 + .01 which

increased to 2.11 +0.18 at 7 days and then further to 2.27 + 0.06 at 14 days and 229 +0.08 at

21 days. Hydroxyl ion release in acidic medium increased from 0.03 + .001 at 24 hours to 0.82

+ 0.(X)8. In neutral medium, it increased from 0.01 +0.(X) to 0.036 + 0.004. The phosphate ion

B
release increased from 0.53 + 0.07 at 24 hours to 1.03 + 0.03 at 21 days in acidic medium while

in neutral medium, the ion release increased from 0.27 + 0.04 to 0.95 + 0.11 at 21 days. The

calcium ion release at 24 hours in acidic medium was 0.14 + 0.11 at 24 hours and 0.94 + 0.06

at 21 days while in neutral medium, it increased from 0.09 + 0.04 to 0.80 + 0.07. With BAG,

the release of bioactive ions showed a .separate pattern. The mean fluoride concentration at 24

hours in acidic medium was 0.09 + .01 which increased to 1.86 + 0.06 at 7 days and 2.66 +

0.05 at 21 days. In neutral medium, the fluoride concentration at 24 hours was 0.05 + .01 which

increased to 1.20 + 0.07 at 7 days and then further to 1.87 + 0.12 at 21 days. Hydroxyl ion

release in acidic medium increased from 0.53 + .014 at 24 hours to 0.64+0.013 at 21 days. In

neutral medium, it increased from 0.16 + 0.008 to 0.36 + 0.(X)8. The phosphate ion release

B
increa.sed from 1.46 + 0.11 at 24 hours to 2.52 + 0.06 at 21 days in acidic medium while in

neutral medium, the ion relea.se increa.sed from 0.96 + 0.05 to 2.30 + 0.03 at 21 days. The

calcium ion release at 24 hours in acidic medium was 034 + 0.07 at 24 hours and 0.77 + 0.07
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Gl
at 21 days while in neutral medium, it increased from 0.08 + 0.08 to 023 + 0.06. The release

of fluoride, hydroxyl, phosphate and calcium ions from ARM in acidic and neutral medium at

different time intervals was recorded. Acidic medium showed a higher concentration of

respective ion release as compared to neutral medium. The ion release increased as the time

duration increased from 24 hours to 21 days. The mean fluoride concentration at 24 hours in

acidic medium was 0.08 + .01 which increased to 3.88 + 0.13 at 21 days. In neutral medium.

the fluoride concentration at 24 hours was 0.05 + .008 which increased to 252 + 0.15 at 7 days

and then further to 2.55 + 0.089 at 14 days and 3.38 + 0.08 at 21 days. Hydroxyl ion release in

acidic medium itKreased from 1.58 + 0.012 at 24 hours to 2.82 + 0.01 at 21 days. In neutral

medium, it increased from 0.034 + 0.005 to 229 + 0.005 at 21 days. The phosphate ion release

Q
increased from 0.64 + 0.08 at 24 hours to 1.92 + 0.16 at 21 days in acidic medium while in

Q
neutral medium, the ion release increased from 0.36 + 0.049 to 1.79 + 0.06 at 21 days. The

calcium ion release at 24 hours in acidic medium was 0.54 + 0.79 at 24 hours and 0.71 + 036

at 21 days while in neutral medium, it increased from 0.15 + 1.17 to 0.38 + 038 at 21 days.

Q
When compared to BAG and ARM, the results of the current study suggest that GIC

releases the most fluoride ions in the first 24 hours. However, after 7, 14. and 21 days of

monitoring, the continuous release of fluoride from ARM was determined to be the highest,

with levels substantially higher than GIC and B AG.ARM also demonstrated a significant level

of bioactive ion release, such as hydroxyl and phosphate. Throughout the 21-day period, the

release of hydroxyl, phosphate, aid calcium ions from GIC and BAG was shown to be in

negligible amounts. Due to increased surface erosion in the acidic medium, all three materials

released more ions than in the neutral medium.

The present study, within its limitations, can conclude that ion release from the tested

materials can help in remineralizing early carious lesions and the rate of ion flow increases
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especially in acidic environments which in fact neutralises the medium and reverses the acidic

challenge.
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ANNEXURE II

Proforma

DEPARTMENT OF PEDODONTICS AND PREVENTIVE DENTISTRY

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL, GHAZIABAD, UP

COMPARATIVE EVALUATION OF REMINERALIZING IONS RELEASE AT ACIDIC

AND NEUTRAL PH FROM GLASS lONOMER CEMENT, BIOACTIVE GLASS

MATERIAL AND ALKASITE MATERIAL- AN IN-VITRO STUDY

Group: Group 1 (Glass lonomer Cement) (Type II) (Ketac 3M ESPE)
Evaluation of remineralizing ions (ppm) at 24 Hours and 7 Days

Sample No 1- 20

Hydroxyl
ions

Calcium

ions

PhosfAate
ions

Faculty
Signature

Sample Medium Interval Fluoride

ionsNo.

Acidic 24 Hours1.

2. Acidic 24 Hours

Acidic 24 Hours3.

Acidic 24 Hours4.

Acidic5. 24 Hours

24 Hours6. Neutral

7. Neutral 24 Hours

Neutral 24 Hours8.

9. Neutral 24 Hours

10. Neutral 24 Hours

Acidic 7 Days11.

12. Acidic 7 Days

13. Acidic 7 Days

14. Acidic 7 Days

m Acidic 7 Days15.

16. Neutral 7 Days

7 Days17. Neutral

Neutral 7 Days18.

19. Neutral 7 Days

20. Neutral 7 Days
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ANNEXURE II

Proforma

DEPARTMENT OF PEDODONTiCS AND PREVENTIVE DENTISTRY

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL, GHAZIABAD, UP

COMPARATIVE EVALUATION OF REMINERALIZING IONS RELEASE AT ACIDIC

AND NEUTRAL PH FROM GLASS lONOMER CEMENT, BIOACTIVE GLASS

MATERIAL AND ALKASITE MATERIAL- AN IN-VITRO STUDY

Group: Group I (Glass lonomer Cement) (Type 11) (Ketac 3M ESPE)
Evaluation of remineralizing ions at 14 Days and 21 Days

Sample No 21- 40

Calcium

ions

PhosjAate
Ions

Faculty
Signature

Sample Medium Interval Fluoride

ions

Hydroxyl
ionsNo.

21. Acidic 14 Days

22. Acidic 14 Days

23. Acidic 14 Days

24. Acidic 14 Days

25. Acidic 14 Days

26. Neutral 14 Days

27. Neutral 14 Days

28. Neutral 14 Days

29. Neutral 14 Days

Neutral30. 14 Days

31. Acidic 21 Days

32. Acidic 21 Days

21 Days33. Acidic

34. Acidic 21 Days

35. Acidic 21 Days

36. Neutral 21 Days

37. Neutral 21 Days

Neutral 21 Days38.

39. Neutral 21 Days

21 Days40. Neutral
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ANNEXURE II

Proforma

DEPARTMENT OF PEDODONTICS AND PREVENTIVE DENTISTRY

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL, GHAZIABAD, UP

COMPARATIVE EVALUATION OF REMINERALIZING IONS RELEASE AT ACIDIC

AND NEUTRAL PH FROM GLASS lONOMER CEMENT, BIOACTIVE GLASS

MATERIAL AND ALKASITE MATERIAL- AN IN-VITRO STUDY

Group; Group 2 (Bioactive Glass Restorative material) (Pulpdent Activa) Sample No 41 - 60
Evaluation of remineralizing ions (ppm) at 24 Hours and 7 Days

Fluoride

ions

Hydroxyl
ions

Calcium

ions

Phosphate
ions

Faculty
Signature

Sample Medium Interval

No.

Acidic 24 Hours41.

42. Acidic 24 Hours

43. Acidic 24 Hours

Acidic 24 Hours44.

45. Acidic 24 Hours

Neutral 24 Hours46.

47. Neutral 24 Hours

48. Neutral 24 Hours

24 Hours49. Neutral

50. Neutral 24 Hours

51. Acidic 7 Days

52. Acidic 7 Days

Acidic53. 7 Days

54. Acidic 7 Days

Acidic 7 Days55.

56. Neutral 7 Days

Neutral 7 Days57.

Neutral 7 Days58.

59. Neutral 7 Days

Neutral 7 Days60.
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ANNEXURE II

l*roforma

DEPARTMENT OF PEDODONTICS AND PREVENTIVE DENTISTRY

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL, GHAZIABAD, UP

COMPARATIVE EVALUATION OF REMINERALIZING IONS RELEASE AT ACIDIC

AND NEUTRAL PH FROM GLASS lONOMER CEMENT, BIOACTIVE GLASS

MATERIAL AND ALKASITE MATERIAL- AN IN-VITRO STUDY

Group: Group 2 (Bioactive Glass Restorative material) (Pulpdent Activa) Sample No 61- 80
Evaluation of remineralizing ions at 14 Days and 21 Days

Sample Medium Interval Fluoride

ions

Hydroxyl
ions

Calcium

ions

Phosphate
ions

Faculty
SignatureNo.

Acidic61. 14 Days

62. Acidic 14 Days

63. Acidic 14 Days

Acidic64. 14 Days

Acidic65. 14 Days

66. Neutral 14 Days

67. Neutral 14 Days

Neutral68. 14 Days

69. Neutral 14 Days

70. Neutral 14 Days

71. Acidic 21 Days

72. Acidic 21 Days

73. Acidic 21 Days

21 Days74. Acidic

Acidic75. 21 Days

76. Neutral 21 Days

77. Neutral 21 Days

78. Neutral 21 Days

79. Neutral 21 Days

80. Neutral 21 Days
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ANNEXURE II

Proforma

DEPARTMENT OF PEDODONTICS AND PREVENTIVE DENTISTRY

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL, GHAZIABAD, UP

COMPARATIVE EVALUATION OF REMINERALIZING IONS RELEASE AT ACIDIC

AND NEUTRAL PH FROM GLASS lONOMER CEMENT, BIOACTIVE GLASS

MATERIAL AND ALKASITE MATERIAL- AN IN-VITRO STUDY

Group: Group 3 (Alkasite restorative material) (CENTION-N)
Evaluation of remineralizing ions (ppm) at 24 Hours and 7 Days

Sample No 81- 100

Calcium

ions

Faculty
Signature

Sample Medium Interval Fluoride

ions

Hydroxyl
ions

Phos|*ate
ionsNo.

Acidic81. 24 Hours

82. Acidic 24 Hours

Acidic 24 Hours83.

Acidic 24 Hours84.

Acidic 24 Hours85.

86. Neutral 24 Hours

87. Neutral 24 Hours

Neutral 24 Hours88.

89. Neutral 24 Hours

90. Neutral 24 Hours

91. Acidic 7 Days

92. Acidic 7 Days

93. Acidic 7 Days

Acidic94. 7 Days

95. Acidic 7 Days

96. Neutral 7 Days

97. Neutral 7 Days

98. Neutral 7 Days

99. Neutral 7 Days

100. Neutral 7 Days
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ANNEXURE II

Proforma

DEPARTMENT OF PEDODONTICS AND PREVENTIVE DENTISTRY

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL, GHAZIABAD, UP

COMPARATIVE EVALUATION OF REMINERALIZING IONS RELEASE AT ACIDIC

AND NEUTRAL PH FROM GLASS lONOMER CEMENT, BIOACTIVE GLASS

MATERIAL AND ALKASITE MATERIAL- AN IN-VITRO STUDY

Group: Group 3 (Alkasite restorative material) (CENTION-N)
Evaluation of remineralizing ions (ppm) at 14 Days and 21 Days

Sample No 101-120

Calcium

ions

Faculty
Signature

Fluoride

ions

Hydroxyl
ions

Phosphate
Ions

Sample Medium Interval

No.

Acidic101. 14 Days

102. Acidic 14 Days

103. Acidic 14 Days

Acidic 14 Days104.

Acidic 14 Days105.

106. Neutral 14 Days

107. Neutral 14 Days

Neutral 14 Days108.

109. Neutral 14 Days

Neutral110. 14 Days

Acidic 21 Days111.

Acidic 21 Days112.

21 Days113. Acidic

Acidic 21 Days114.

Acidic 21 Days115.

116. Neutral 21 Days

117. Neutral 21 Days

118. Neutral 21 Days

21 Days119. Neutral

120. Neutral 21 Days
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ANNEXURE III

Analytical Research & Metallurgical
Laboratories Pvt. Ltd.

ISO/IEC 17025-2005 Accredtted Laboratory - NABL
!

Page 1 of 2

TEST REPORT I

Dote: 0Sn5a021Order No / Report No. ; 202100543

Total Pages Two!

Customer Dr Akanksha

Inderprastha Denial Cotege and Hospital
Ghaznbad. Uttar Pradesh - 201010

Requested by Dr Akanksha

Product Tested UquidMedium

Reference Verbal

Sample Identiflealien As Below

Date of Sample receipt ; 04A)Sn021

TEST REPORT

Evaluation of remineralizing ions (ppm) at 1 day

Test Completed on : 02/05/2021Test started on: 01/05/2021

Calcium | Phosphate
ions j ions
014 I 0 53_

Unrts I Fluoride
j ions

HydroxylSample ID
ions

003012SanylpJ

Sample2

Sample 3

Samples

Samples

Samplee

Sample?

San^te^e

ppm

0 14 0 52013 0 031ppm

003 012 053oilPP"

0033

0032

Q13 0 52014ppm

oil 025 0 51

007 001 009 0 27ppm

0 01 0 0870.092 029ppm

008 001 0077 0J7ppm

A - 101 t 1-2, Mock II, KSSIDC Cemplei, Elertrwnc CMy, Niom I, lertgolufv ■ SSO 100. Pti : 9971241497
Email: infe®amil.in, Webtile ; www orml.in
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ANNEXURE 111

Analytical Research & Metallurgical
Laboratories Pvt. Ltd.

ISO/IEC 17025-2005 Accredited Laboratory • NABL

Page 1 of 2

TEST REPORT
Order No / Report No 202100565
Total Pages Two

Date. 10105/2021

Customer Dr Akankstia

Inderprastha Dental College and Hospital
Ghaziabad. Uttar Pradesh - 201010

Requested by Dr Akanksha

Product Tested Liqutd Medium

Refererx* Verbal

Sample Identification As Below

Date of Sample receipt 0ai(»2021

TEST REPORT

Evaluation of remineralizing ions (ppm) at 7 days

Test started on : 01/05/2021 Test Completed on : 08/05/2021

Sample ID Units Fluoride Hydroxyl
ions

Calcium

ions

Phosphate
ions

Swnolell 328 0 39 032 067

SMTlpie12 33 039 0 31 0.66

Sample 13 35 038 03 064ppmL

#
Sampled 3.3 0.37 0.30 067ppw

Sample 15 326 039 031 0.65ipm
H-
I

0030 0.45Sample 16 2 1 0.45am

24 0031SamplaU

Sample 18

042ppm
r

22 0032I 0 45ppm

i'*'
•d

Vi

A • 101 t 1-2, Block II, KSSIDC Complei, llecironic City, Phose I, Bengokmi • 560 100, Ph.: 9971241.
Email: inlo®on«il.io, Webtiia: www.arml,in
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ANNEXURE III

Analytical Research & Metallurgical
Laboratories Pvt. Ltd.

ISO/IEC 17025-2005 Accredited Laboratory - NABL
AnMi.

Page 1 of 2

TEST REPORT
Order No 7 Report No

Total Pages

Customer ~~

202100604 Date: 18rt)5«021

Two

br. Akanksha
Irxferprastha Dental College arKl Hospital
Ghaziabad. Uttar Pradesh - 201010

!

Requested by Dr. Akanksha

Product Tested Liquid Medium

Reference Verbal

Sample Identification As Below

Date of San^ receipt j 17/05/2021

TEST REPORT

Evaluation of remineralizing ions (ppm) at 14 days

Test started on : 01/05/2021 Test Completed on : 15/05/2021

Sample 10 Units Fluoride Hydroxyl
ions ions

Calcium

ions

Phosphate i
ions

Sample 21

Sample 22

Sample 23

Sample 24

Sample 25

Sample 26

Sample 27

Sample 28

3.4 081 086 086„PPm

330 082 088 088ppm

3.32 0.81 0.79 0.87ppm

# 222 0 811 0.89 084

333 082 0.88 085ppm

2.17 0031 045 0.75ppm

pm 2.27 0032 043 0.74

23 003 0 43 075ppm

i

124
A - 101 & 1-2, Block II, KSSIOC Complex. Electronic City, Ehose I, Bengaluru • S60 100, Ph. : 9971241497

Emoil: infotgkirml.in. Website : www.annl.in
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ANNEXIJ«E III

Analytical Research & Metallurgical
Laboratories Pvt. Ltd.

ISO/IEC 17025-2005 Accredited Laboratory - NABL

Page 1 of 2

TEST REPORT
Date: 25A)5/2021Order No./ Report No

Total Pages

202100639

Two

Customer Dr Akarrksha

Inderprastha Dental CoBege and Hospital
Ghaziabad. Uttar Pradesh - 201010

Requested by Dr.Akanksha

Product Tested Liquid Medium

Reference Verbal

Sample Idenefeabon As Below

Date of Sample rece^ 23A)5«021

TEST REPORT

Evaluation of remineralizing ions (ppm) at 21 days

Test Completed on : 22/05/2021Test started on : 01/05/2021

Calcium

ions

Phosphate
ions

Sample ID Units Fluoride Hydroxyl
ions

3.31 082 092 1 03SaiKlle31

Sample 32

Sample 33

Sample 34

ppm

084 09434 1 01ppm

083 0953.3 1 04^pm

0.813.34 094 102

329 0.82 0.93 1.02Sample 35

Sample 36 2.27 0.036 0.82 0.97ppm

0.035 0812.29 0.95Sample 37 ppm

23 004 0.80 096Sample 38

4,^
ir

126

A - tOI A 1-2, Blotk II, KSSIOC Complex. Electronic City, Phose I, Bengoluru - 540 100, Ph.: 9971241497
Emoil t infoWorml.in. Website : wwiw.orml.in



ANNEXURE III

Page 2 of 2

Sample 39 0 97228 0.035 0 80ppm

Sample 40 09523 0036 081ppm

Sample 71 250 772.66 064Bpm

Sample 72 2 60 78267 064£Pm

2.5573 074266 063J»pm ..

2 45Sample 74 0 75061268£Pm

25Sample 75 0772 69 062£pm

2 31Sample 76 0 230381 87

2 340.24Sample 77 0361.87

2 33022Samplers

Sample 79

Sample 80

Samplelll

Sample 112

0361 89ppm

2260 210361 87£pm

230 230361 88ppm

1 92072.833 86£pm

1 91071282388ppm

1 920 73385 283Sample113

Sample 114

Sample 115

Sample 116

Sample 117 |_ ppm

Sample 118

ppm

ppm

ppm

ppm

ppm

1 92285 0.7388

1.95282 0 72387

2.27 0 36 1 773.38

036 1.793.35 229

0 38 1.74339 225

1 78Sample1l9

Sample 120

336 228 0 35ppm

227 0 373 37 1 76ppm

A h

*u;

/I I y

End Of The Report

I27

*7

l(»
w

PiCO
TJ

#



ANNEXUREIV

MASTERSHEET EVALUATION OF FLUORIDE, HYDROXYL, CALCIUM AND

PHOSPATE RELEASE

Rdease (ppm)8t dilTerent time intervals of different ions

SJ^o , I

f
J

i Fluorid i Hydroxy ; Cakiu
j  e ions ! I ions m ions

PhosphateI Sample H) Medium

ions

1. Sampled Acidic 0.12 0.03 0.14 0.53

2. Sample 02 Acidic 0.13 0.031 0.14 0.52

3. 24Sample 03 Acidic 0.03 0.12 0.530.11

4. AcidicSample 04 0.14 0.033 0.13 0.52

5. HSample 05

Sample 06

Acidic 0.032 0.25 0.510.11

6. ONeutral 0.07 0.01 0.09 0.27

7. USample 07 Neutral 0.092 0.01 0.087 0.29

8. RSample 08 Neutral 0.077 0.270.08 0.01

9. SSample 09 Neutral 0.07 0.01 0.08 0.26

10. Sample 10 Neutral 0.09 0.01 0.091 0.26

11. Sample 11 Acidic 3.28 039 0.32 0.67

712. Sample 12 Acidic 3.3 0.39 0.31 0.66

13. Sample 13 Acidic 038 03 0.643.5

14. DSample 14 Acidic 3.3 0.37 0.30 0.67

15. AAcidicSample 15 336 0.39 0.31 0.65

16. YSample 16 Neutral 2.1 0.030 0.45 0.45

17. sSample 17 Neutral 2.4 0.031 0.42 0.44

18. Sample 18 Neutral 0.032 0.452.2 0.44
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46. RSample 46 Neutral 0.05 0.13 0.09 0.9

47. SNeutralSample 47 0.06 0.14 0.08 1.0

48. Sample 48 Neutral 0.055 0.15 0.086 1.0

49. Sample 49 Neutral 0.065 0.17 0.085 0.98

50. Sample 50 Neutral 0.053 0.16 0.08 0.9

51. Sample 51 Acidic 1.86 035 0.65 1.9

52. 7Sample 52 Acidic 037 0.65 2.01.88

53. Sample 53 Acidic 2.11.87 035 0.67

54. DAcidicSample 54 033 221.89 0.64

55. ASample 55

Sample 56

Acidic 037 2.11.85 0.66

Y56. Neutral 122 026 0.11 1.9

57. SSample 57 Neutral 026 0.12 1.81.20

58. Sample 58 Neutral 1.23 0.29 0.16 1.98

59. Sample 59 Neutral 027 1.81.21 0.11

60. Sample 60 Neutral 1.22 028 0.13 1.9

61. AcidicSample 61 037 0.73 2J2.46

62. Sample 62 Acidic 2.35 038 0.73 2.35

63. 14Sample 63 Acidic 2.45 037 0.75 2.45

64. Sample 64 Acidic 2.43 039 0.74 2.43

65. DSample 65 Acidic 2.422.42 038 0.76

66. ASample 66 Neutral 135 0.32 0.18 2.11

67. YSample 67 Neutral 138 0.33 0.19 2.13

S68. Sample 68 Neutral 139 0.34 0.18 2.10

69. Sample 69 Neutral 0J3 0.2 2.12138

70. Sample 70 Neutral 22133 0.32 0.19

71. Sample 71 Acidic 2.66 0.64 0.77 23

72. Sample 72 Acidic 2.67 0.64 0.78 2.6
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KX). Sample 100 Neutral 0.82 0.25 1.331.4

101. Sample 101 Acidic 2.98 2.33 0.64 1.56

102. Sample 102 Acidic 2.99 235 0.63 1.58

103. Sample 103 14Acidic 2.94 233 0.63 1.59

104. Sample 104 Acidic 2.95 2.34 1.550.61

105. DSample 105 Acidic 2.98 2.35 0.62 1.53

106. ASample 106 Neutral 2.6 123 0.36 1.46

107. YSample 107 Neutral 2.5 1.3 0.36 1.45

108. SSample 108 Neutral 2.6 1.21 0.33 1.43

109. Sample 109 Neutral 2.5 1.2 0.35 1.46

110. Sample 110 Neutral 2.4 1.22 0.34 1.44

111. Sample 111 Acidic 3.86 2.83 0.7 1.92

112. 21Sample 112 Acidic 3.88 2.82 0.71 1.91

113. Sample 113 Acidic 3.85 2.83 0.73 1.92

114. DSample 114 Acidic 3.88 2.85 0.7 1.92

115. ASample 115 Acidic 3.87 2.82 0.72 1.95

116. YSample 116 Neutral 3.38 227 0.36 1.77

117. SSample 117 Neutral 3.35 229 0.36 1.79

118. Sample 118 Neutral 3.39 2.25 0.38 1.74

119. Sample 119 Neutral 3.36 2.28 0.35 1.78

120. Sample 120 Neutral 3.37 227 0.37 1.76

GLIDE HEAD OF THE DEPARTMENT
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ANNEXURE V

CERTIFICATE BY STATISTICIAN

TQ WHQMSQEVm IT MAY CONCERN

This is to certify that the statistical analysis for the study titled ‘^Comparative evaluation

of levels of remineralizing ions release at acidic and neutral pH from glass

ionomer cement, bioactive glass material and alkasite material- an in vitro

study" by Dr. Akanksha Garg. Postgraduate student. Inderprastha Dental College and

Hospital was conducted under my direct supervision and guidance. The statistical analysis was

done using SPSS (statistical package for social sciences) version 24X>. Mean and standard

deviation was calculated. Comparison between the ion release among the three groups was

done using one way Analysis of Variance, post hoc bonferroni tests and Shapiro-wilk test.

The results are authenticated to the best of my knowledge and belief.

Dr. ShUpi Singh

BDS, MDS (PHD)
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Root resoiption, a physiological or pathologic process, causes the loss of cementuni and dentin.

Bates first characterised it in 1856, and Ottolengui made the con^
1914. Ketcham used radiographic information to highlight the ^fferences in root shape

as tlie first to draw attention to how

tion to orthodontics in

between before and after orthodontic oeatment. H<

orthodontic treatment affects apical root resorption. It is essential to identify the orthodontic

treatment elements that contribute to root resorption in order to minimize the adverse effects.'

apical root resorption can take oj^g^^f three different forms according to Andresen as:
surface, inflammatory, or replacement.^rface resorption is a .self contained process that
typically involves small outline areas followed by simultaneous repair from surrounding

undamaged parts of the periodontal ligament. When initial root resorption reaches dentinal

tubules of a necrotic pulpal tissue, inflammatory resorption occurs. According to Tronstad, the

occurrence of cells that colonise the mineralized or erorded cemental surface is related to

inflammatory resorption.

External

The two forms of inflammatory resorption that he identified were as follows:

When the stimulus to the injurj' is mild and brief, transient inflammatory resorption takes place.

A tissue that resembles cementum is used to fix this defect, which is typically undetectable on

radiographs. Progressive inflammatoiy resorption is the phrase used when stimulation lasts for

a portion of the denuded root surface c^^esa long time. The (^|^glop
ankylosis, which is causccTby the severe necrosis of the periodontal ligament. Since the tooth

becomes a part of tlie bone, regular bone remodelling will eventually result in the tooth being

ment of bone on

completely destroyed by the bone; this process is known as replacement resorption. Surface

resorption or temporarj' inflammatory resorption is what happens to roots after orthodontic

treatment. After orthodontic treatment, replacement resorption is extremely infrequent or

nonexistent".

In connection with orthodontic therapy, external apical root resorption varies across patients

and between teeth in the same person, or there may be s,evere resoiptipn in a few teeth. The

^th apices and related periodontal tissues may experience comparatively high compressive
stresses when an intruding force is applied to the crown. The shape of the incisor roots acts as

a catalyst for root resorption, making the upper incisors more vulnerable clinical researchers

have been concerned about EARR in maxillary incisors. The intensity and time of the force

used are exacerbating factors for root resorption, with the time of the force being seen as a



more crucial element than the intensity of the force. Following the application of orthodontic

force, EARR begins 14 to 20 days later and may last the entire time.'

Internal factors include hormonal deficiency, the diversity of genes encoding growth factors

|kines, alveolar bone mass and renewal, and other regional anatomical characteristics

that may contribute to the aetiology of orthodontically induced external root resorption. It

depends on if, the tooth is physically tipped determines where orthodontically induced

re.sorption occurs on the root surface. Although it can also damage surface of root subjected to

strains inside the pdl, it mostly affects root surfaces exposed to significant compressive loads,

although to a lesser extent. The amount of root resorption will increase with increasing

compressive stress.

and

Bodily tooth movement results in stress concentration across the root surfaces and cementum

gsoiption at areas where the periodontal ligament is squeezed, but this resoiption is
severe than the root resorption caused due to tipping of the tooth because, in tipping

movements, compressive pressures are concentrated at apical portion of the root, tooth

movement and stress per unit area is greater at this area.

that

m
Furthermore, in comparison to the d^^ alyeolar bone that covers the apical part of the
the narrower, more elastic bone that covers the cervical third of the roof may absorb far more

of the mechanical stress caused by orthodontic therapy. The parameters of external root

resorption, which normally increase with the severity of the applied orthodontic force and with

continuous forces, can be altered according on the type of orthodontic device employed in both

physical and tipping tooth movements. Because cementum healing miglit take place in the time

between force applications, it appeals that interrupted or intermittent orthodontic forces

produce less external root resoiption.^

root.

Root resorption is substantially more pronounced with heavy than under light forces. Chan

and Darendeliler found that compressive forces produce greater root resorption than tensile

forces when considering the orientation of force and movement of teeth in the incidence of

apical root resorption. Han et al. similarly came to the conclusion that tooth intrusion causes

around four times as much root resorption as tooth extrusion, while tooth extrusion may also

result in apical root resorption in those who are susceptible. Tlie key factors contributing to

apical root resorption continue to be intrusive forces, lingual root torque, and jiggling

movement."'



Tliere is no one cause for why some teeth undergo resorption significantly, but a multitude of

factors when considered collectively may clarify why resorption occurs. Deviating root

structure, use of uprighting and torque springs, and prolonged use of Class II elastics or

rectangular archwire^e some of the risk factors. In a research by Malmgren et al. (1982), it
was discovered that teeth ̂ ith root respiption before receiving Orthodontic therapy were at
more risk of experiencing root resoqttign during the course of the treatment. The advantages

of an otherwise good orthodontic outcome are negated by extensive post-orthodo^
resorption. Furthennore, the majority of root loss brought on by orthodontic therapy does not

fedig the lifetime or functional ability of the affected teedi.^
The upper central incisors, accompanied by the upper jaterals, lower central incisors, and lovyer

lateral incisors, these were teeth that were resorbed the most, according to previous studies in

the literatig.®
However, Jian Hong Yu et dJ and Sniale et al* demonstrated that because they have more

narrow and pointed roots than central incisors, lateral incisors have even larger degrees of root

resorption.

Cementum and bone, that are divided by the periodontal membrane, are affected similarly by

orthodontic stresses applied to the biologic system. Both organs would resorb similarly if there

no disparities in the biologic behaviour of these two organs, ̂ plying
results in bone resorption, which causes tootli movement since the bementumis more resistant

jo resorption than the more brittle bone. Dentin and cementum resorption can also happen,

though.

root

stresses typicallyare

Prostaglandin E synthesis and a rise in cAMP are indicators of resorbing activity, which is a

to stimuli by pdl cells. Hormones (calcitonin and parathyroid) and neurotransmitters

(substtmce P, vasoactive intestmal peptide, and calcitonin gene related^ptide)
cytokines or monokines control this process. (interleukin-I alpha, interleuWii- T beta,

interieukin-2, tumor necrosis factor and interferon-gamma4).-

as well as

The odontoclast. ich is the root resorbing cell, shares several cytologic and functional traits

with osteoclasts. Temporospatial expression and maturation of different extracellular matrix

proteins are linked to osteoclast adliesion, activation, and subsequent root resorption. It is now

clearer why certain patients who receive the same type of orthodontic therapy as others do not



develop severe root resoiption. This is due to the presence of bone sialoprotein and osteopontin

throughout the periodontal ligament and without any discernible pattern in permanent teeth.'

The periodontal ligament's outer layer is distorted as a consequence of the forces exerted during

orthodontic therapy, changing the cytoskeletal organisation and cellular structure. In the inner

periodontal tissues, these processes generate extracellular matrix components, all of which

encourage cellular growth and division, wound healing, and tissue remodelling."

GCF markers can also be categorised into broad categories according to the biological

significance of each categorj'. Inflammatory cytokines, whii include both pro- and anti-

inflammatoiy' cytokines, make up group 1 of biomarkers. Pro-inflammatory ones include

tumour necrosis factor, LnterleukimI, IL-2, lL-6, and IL-8. Anti-inflammatory cytokines

include interleukin. Therefore, it might be possible to know underlying changes based on the

activity of inflammatory mediators. Cytokines can interact with one another in a positive or

negative way.

The second set of biomarkers that has attracted a lot of attention in recent years is those that

are linked to osteoclastogene.sis, including RANKL and OPG. The conjugation of RANK

present on osteoblasts, to the receptor activator of osteoclast and osteoclast-precursor cells is

necessarj' for osteoclast development. In contrast, the decoy receptor OPG adheres to RANKL

and inhibits osteoclastogenesis. The aetiology of periodontitis and tooth mobility have both

been linked to abnonnalities of these indicators in bodily fluids. Molecules linked to the

degradation of extracellular matrix are included in a third group. The family of membrane-

bound and .secreted enzymes known as matrix metalloproteinases (MMPs) primarily controls

the turnover of extracellular matrix. It is believed that the gelatinase MMP-9 is essential for the

destruction of pdl tissue, its presence in GCF can be an indicator of collagen transformation.10

Dentin resorption areas may not fully heal, root associated compot^^s in GCF might be useful

markers for external apical root resoqttion.The two mainly found non-collagenous proteins in

dentin are dentin sialoprotein (DSP) and dentin phosphqprotein, and prior human studies have

noticed their presence in the gingival calcification fluid (GCF) of resorbing teeth. On the other

side, proteins that exhibit differential expression in the GCF of teeth undergoing resorption

helpful indic|^s of root resorption. As predictive markers for tooth exfoliation,
however, a distinct pattern between resprbing and non-resorbing teeth might be useful in the

could serve as



clinics. A typical reason for malocclusion and dental impaction is the prolonged retention of

primary teeth.10

During active external root resorption, a particular protein called dentine sialophosphoprotein

(DSPP) is secreted into the periodontal ligament space. Dentine phosphoproteins were

discovered to be connected to root resorption by Mah and Prasad using biochemical

techniques to identify dentine proteins. Researchers have demonstrated, root resorption may be

monitored in GCF of patients undergoing OTM, using the biological markers dentine

phosphophoryn and dentine sialoprotein.II

Numerous biochemical and cellular elements that are known to be present in GCF reflect the

periodontium.^ contrast to untreated controls, patients w^
resoiption were found to have DSP, DPP and DMP-l’ markers in the GCF after at least a year

after fixed appliance therapy. This was confiniied by intraoral periapical radiographs.

mild and severecondition of the

Apical root loss is unpredictable and irreversibl^^hen it penetrates the dentin. There are three
categories: mild, moderate, and severe. For teeth at risk of suffering from severe’ root

resorption, early identification of root resorption during orthcrfontiq therapy is crucial.

Nowadays, radiographic methods are used to detect rootresorption. Radiographs, however, are

techniqu|j^ensitive and only show two-dimensional information, especially showing apical
change. They can just detect respnttion after 60-70% of themineraiized tissue has been

removed. Additionally, radiographs are unable to show whether root resorption is ongoing.

;eded to track the starting of root resorption. The smallMore X ray exposure in patient w

early resorption lacunae can only be detected through histological techniques. After 7 weeks

of orthodontic therapy, histologically confirmed root resorption regions are not discernible on

periapical radiographs. As a result, during the first several months of ̂ tment, the diagnosis
using film-based radiography is questionable. An reliable radiological diagnosis of apjcal root

resorption cannot be made until 5-6 months have passed.13

A desirable objective in health care has been the development of fluid-based diagnostic assays

for disease diagnosis and ongoing biological process monitoring. Immunoassays are sensitive

and specific so they are now the most popular method for detecting protein concentrations in

samples. Immunoassay is a technique that identifies a material in a solution by using the



conjugation of antigens and antiixidies as well as visible labels to show this binding. To

measure a large number of proteins in a small sample ELISA systems that utilize downsizing

in formatting of chip. As a result, tliey offer an appealing method for gingival crevicular fluid

(GCF) study. The general categories can be used to classify GCF biomarkers on basis of their

biological significance.10

The following should be taken into consideration as prevention methods for external root

resorption; diagnosis of local and systemic risk variables at the time of treatment decisions; a

restriction on treatment time; by using mild int^^ttent forces; and radiological monitoring
twice a year. As a common and unavoidable side effect of orthodontic therapy, sortie degree of

apical external root resorption, the patient or guardian should be made aware of this possibility

during tire treatment planning process. No root resorption occurs if inconsistencies of root

gape due to root resorption are not found at the start of orthodontic treatment. However, if
apical external root resorption i|^

treatment, then it signifies risk of root resorption. In case of external root resorption is seen,

ongoing therapy should be stopped for 3 months ‘"geast in order to prevent further resorption
and give cellular cementum time to heal. If greater re.sprption is observed after active treatment

has resumed, tlie orthodontic treatment strategy should_be modified.^

served within six to nine months of the start of orthodontic

Because there is no radiation exposure, molecular approaches are significantly safer than

radiographic methods for determining apical root resorption. Only after root resorption has

taken place in significant volumes can it be shown on radiographs. Though it often only affects

a small portion of the root length, happen in large doses and result in root length loss of

up to one third. Older individuals haye a higher risk of root resorption th^
respiption during treatment is typically thought to be strongly predisposed by the presence of

root resoipjtion before to therapy. Tlid amounts of such proteins in GCF may vaiy' between

patients with root shortening seen in x ray due to orthodontic and patients not undergoing

treatment and without signs of root shortening in  x ray’ because radiographic metliods can't

detect root resorption early in treatment and sustain the detrimental health effects of radiating.

adults do. Root

Additionally, some research have demonstrated that the presence of DSPP (dentin

sialophosphoprotein) in GCF is a sign of root resorption"; however, other investigations have

found tliat patients with mild and severe root resorption have DSP, DPP, and DMP-1.12



The teeth that are affected by external root resorption and the marker for detecting root

resorption are also the subject of opposing research. Therefore, the pmpose of tliis study is to

assess the amount and assocaition between dentin and bone markers and resorption of root

during fixed orthodontic treatment.
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A pathologic result of OTM is root resorption. When active force is applied, various apical

tissues are eliminated from the root surface.

Resorption typically targets the root tip and moves coronally, according to Rudolph’. It seems

that the part of the root closest to the pulp will be the last to give way. The way teeth form is

completely the reverse of this procedure. The idea that decay of root surface is frequently and

seriously related to orthodontic treatment was first propagated by Albert Ketcham''* '^.

TEETH AFFECTED-

Due to the more surface area of molar roots for the spreading of forces, single-rooted teeth are

more susceptible to EARR than multirooted teeth. Incisors have the highest likelihood of

exhibiting root decay.lt is unknown if this is due to the fact that these teeth travelled the fartliest

or it is due to the root’s single-root, spindly cone-shaped structure.

Furthermore, there is little evidence to support the idea that incisors have unique pathways

from other teeth that put them at more risk. The lateral incisors have higher chances of root

resorption as they are teeth pushed farther as compared to other teeth due to ortliodontic

therapy.

Neuman WG et al(1975)’®- Researchers looked into the connections between idiopathic root

resorption and various factors, including (1) genetic effects in the family, (2) systemic causes

commonly mentioned (3) malocclusion type, including testing for non-physiologic occlusal

r^tionships during jaw motions, and hypo- and hyperfimction at the time of normal occlusion,
(■1) past medical and dental histprjj, and (5) eyEUuatmn of root resorptm^^ people^^o
Urideweff orthodontic treaitment. The teeth with the highest incidence of apical shortness yvere
the mandibular second premolars,maxiilary premolars, and maxillary incisors. Occlusal study
revealed little evidence of a connection between occlusal contact relationships and short-rooted

teeth. The abnormally high percentage of patients in this sample who had an anterior open bite
showed that there may be a link between aberrant tongue function and idiopathic root

shortening.

17 -investigated root resorption jri 719 patients who receivedLinge BO, Linge L. (1983)

orthodoi^ treatment in anterior teeth. Calliper was us^o measure root and crown length.
Double measurements ofripokjength. in^SS .incisg^^ shgyyetf ajneajLfrlfference^^^



registrations for the teeth 12, II, 21, and 22 of 0.21 O.j 1 mm, 0.19 6.10 mm, and 0.19 O.IO

mm, respectively. The four incisors' mean root shortening for boys and girls, respectively, was

0.67 mm and 0.73 mm. Even after accounting for residual root growth, a statist^ analysis of
clinical risk variables for apical root resorption revealed that patients who began treatment after

the age of 11 had significantly higher root resorption than those who begag^eatment earlier.
Prior trauma, the extraction of maxillary canines that are impacted, the use of rectangular

archwires, and Elastics were all highly significant risk factors. Compared to removable

appliances, fixed appliances substantially increased the rate of apical root resorption.

m
Dermaut LR, De Munck A {198^'*- examined the root resorption brought on by intmsive

tooth movement in the upper incisors. In 20 patients, root length ratio before and after intrusion

was studied. An intrusion of 3.6 mm was carried out in 66 incisors over a 29-week period. 15

patients who received no orthodontic care formed the control group. 56 incisors had no

intrusion as a result. Tlie results unmistakably demonstrated root shortening following

intrusion. The relationship between root lengths prior to and following treatment showed that

there was an 18% mean root resorption. Ten Hoevez proposed intruding incisors at the start of

therapy in an effort to stop resorption because intrusion tended to worsen it more than overall

orthodontic treatment.

m
Levan.der E, Malmgren 0X1988)®- examined the possibility of root resorption whei^ceiving
orthodontic care. According to the finc^^s of a study by Goldson and Henrikson, teeth with
resolution after the initial 6-9 montks are at risk of developing root resorption (1975). In a

study using a scanning electron microscope, root length loss was seen 35 days following tooth

intmsion (Harrj' and Sims, 1982), but in real-world situations, the time pteriod for root

resorption is far more variable.

In patients treat^for less than 9 months, Linge and Linge (1983) discovered minimal risk of
root resorption, but a significantly increased risk in individuals treated for longer periods. Five

teeth were discovered to have severe resoiption at the control, and four of those increased

during the subsequent therapy. A moderate risk is indicated by a little amount of resorption at

the control; a small amount of severe resorption is indicated by an uneven root contour. The

pipette-shaped root form was the one that was most prone to severe root resorption. Since the

apical pitj^on is narrow due to the biconcave structure, even slight resorption has a significant
impact on root length. Blunt roots had a little chance of severe resorption, it was discovered.

The cause of this root form could be a problem with root formation, an earlier case of superficial



resorption brought on by trauma, or non-physiological forces operating on the tooth, such as

nail biting. The bent portion of the root was implicated in the normal resorption of teeth with

apical bends. There was very little chance of further resorption. Severe resorption did not occur

more frequently in short roots than in normal roots. Even a slight resorption in these teeth could

have unsatisfactory results. Girls were more likely than males to experience severe root

resorption, while the difference was not large.

m
According to Goldson and Henrikson (1975), class 11 elastics, rectangular archwires, and root-

torquing and uprighting auxiliaries all enhance the probability of apical root resorption (Linge

and Linge, 1983). The length of banding time, the age of the patient, and apical root resoq)tion

all showed a favourable link. Patients who began therapy after the age of 11, at which point

root growth is complete, and those who received fixed appliance treatment for more than nine

months sho^^ higher rates of resorption. In this investigation, no such association was
discovered. Tliere vyere no significant differences in banding times among the patients, who all

began their treatments after turning 11 years old. Few individuals received treatment for a

shorter period than a year.

Remington DN et al(1989)*®- They assessed long-term condition of teeth whose roots had

reabsorbed during active orthodontic therapy. At  a mean time of 14.1 years following

treatment, 100 patients who displayed root resoiption due to orthodontic treatment were

summoned back. At those examinations, periapical radiographs of the entire mouth were

collected, and tooth mobility was assessed. The root length and contour were evaluated and

compared throughout time in periapical radiographs taken before to, following, and long after

therapy. Based on the degree of resorption, ratings W'ere assigned at each stage on a scale from

0 to 4. During active therapy, the maxillary incisors were more frequently and severely

damaged than the other teeth. After the appliance was removed, the long-term study found no

obvious modifications, with the exception of the rough and sharp edges. There were just two

cases where hypermobility was noted.

Overall, it was discovered that upper lateral incisors then upper central incisors with blunt

shaped roots, underw'ent resorption frequently.

The upper incisor root is torqued on the lingual cortical plate of bone, which is the cause of the

higher root resorption in these teeth.II



However, Jian Hong Yu et al’. and Sinale et al**. have both demonstrated that lateral incisors

due to their short and pointed roots, exhibit higher root resorption than centrals.

The majority of the abnormal root shapes (pgg^and barrel shaped) and abnormal crown
are found in the maxillary' lateral incisors. After third molars and lower second premolars,

maxillary latertil incisors are the missing tooth that ^uissing tlie most frequently. If the
premaxilla is undeveloped, lateral incisors frequently have more thin roots that are mesially

displaced. Exclusively the lateral incisor experiences movement in all three dimensions, when

the an^or segment is to moved bodily in distal direction. Teeth with curved roots (especially
upper lateral incisors) exhibit the greatest resorption, followed by point^^eeth. Adults had
greater resorption of lower anterior teeth.-'* Asian patients had decreased foot resoiptiqn than

Caucasian patients, who, together had less root resoiption titan patients of Hispanic descent.

forms

21.22,the average patient undergoing full treatment will experienceAccording to varig^ studies

a I0.SS of roughly 2 mm from the apex of the maxdlaryi central J^isor, with the lateral incisor

seeing a little greater loss due to its more spindly apical area. Maxillary' lateral incisons and

maxillary central incisors were the teeth that had undergone the most severe resorption.

The ratio of OPG to RANKL promotes osteoclastogenesis and does not inhibit it during

physiological root resorption. When pennanent teeth emerge^'totrophic substances like
interleukin-1 a, and TGF 61 encourage the formation of NKL.This ̂ NKL to OPG ratio in

periodontal ligament cells facilitates root resorption. In cases of severe external apical root

resorption, the con.stricted periodontal ligament cells may pr uce a lot of RANKL and trigger

osteoclastogenesis. This explains w^ there is a larger rise in IT^KL and a drop in OPG in

severe root resor^tn situations. In^riodqntal tissues, RANKL and OPG play crucial roles in
controlling bone remodelling and root resqrptiqri throughout orthodontic tooth movement.23

W Heinrich et al (1995)^- long-term orthodontic tooth mobility has been addressed in terms

that the tooth

type and the osteum structure affect changes at the roots. Bone g^osition in the
subperiosteal layer may cause an increas^f osseous tissue in dead alveolar bone in direction
of tooth movement. On the other hand,^ne resorption was discovered in the subperiosteal
layer in front of the roots following tooth movement in the maxillary sinus area. The

radiographs don’t support the severity of the histologic results.

of human histologic tissue re.sponse.They discovered through their invg^galion
movement
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There was almost entirely bodily movement into an area of the alveolar bone that had

substantial horizontal atrophy when teeth moved in either atrophied alveolar bones. Tliis

produced distinct vestibular bone fenestratic^ above the middle root portion. The
significant root resorptions over the lateral sections of the buccal roots indicate interaction

betvveen” the largely non-metaplastic buccal cortical ..tissue and..roots, even though

pretherapeutic fenestration cannot be completely ruled out.

process

25 - In 88 people after orthodontic treatment,

mandibular incisor

Lupi JE,Hand^piaa CS, Sadmysky C (1996)
the frequency of root resorption and bone lp.ss was evalut^d. Maxillary and rn __ __—
alveolar bone loss and external apical root resorption were measured using pre- tmd post-

^atment periapical radiography. Radiographs of the bite-wings were used to quantify the
alyeqjaiTrone^ss in the posterior regions. Orthodontic therapy raised the proportion of incisors

orption, including blunting, from 15% to 73%. Prior to therapy, there were 2% of

apical root resorption, and there were 24.5% following

treatment, the number of anterior

witli rooj

incisors with moderate to sevj
treatment. From 19% prior to treatment to 37^following
sites with alveolar bone height loss greater than  2 mm from the cementoenamel junction to the

alveolar crest rose; posterior site numbers increased from 7% prior to treatment to 14%

following tre^ent. 11% of the incisors and 3% of the posterior regions experienced bone loss
greater th^ 1.5 mm from the pre-treatment to. post-treatrnent phases. Over the course of
treatment, root resorption and alyeoW bone loss became significantly more common. Incisors

may have a higher prevalence of iatrogenic consequences in adult patients than in previously

published adolescent research. A disproportionately hig^number of iatrogenic sequelae are
caused by a small subset of individuals who have many sites of root resorption or tone loss.

The iatrogenic experience did not, however, often prevent individuals from receiving

orthodontic care.

C Greg and N Ravindra (1996)-*- examined the relationship between root

tooth intrusion from orthodontics. One frequently noted adverse consequence of orthodontic

tooth movement is apical root resorption. Maxillary incisors undergo most root resoprtion.

irption and

cording to early researchers who looked at this problem. For upper incisors, an average

o^ntic treatment results in an apical .resorption of 1 to 2. mm, with only fewcourse of orth

patients seeing a loss of 4 mm or more of root length.-lntrusion  of teeth has been proposed as

a potential factor in root resorption. When force is applied that causes intrusion, the crown, the

tooth apex and accompanying periodontium undergo quite high compressive forces. Given the

/



possibility of such high compressive levels, intrusion is a procedure that logically could raise

the risk of apical root resoiption.

The experimental group's central in^ors had an average root resorption of 0.6 millimetres,
a mean resorption of 02 mm.After an integ^tal of 4.3 months, the control group experienced

The findings of this study seem to suggest that low-force intnision can be beneficial in reducing

overbite while just slightly triggering apical root resorption.

Janson et al^OO)’^- compared the amount of root resorption following orthodontic treatment
between the edgewise straight wire system (group 2), the Bioefficie^Therapy
the simplified standard edgewise technique (group 1), as well as the amount of root re.sorption

As a result, 30 patients from each group had their

and lower incisors taken using the long cone paralleling

(group 3j, and

^the lower incisors and upper incisors,
periapical radiograplis of t^ upper
technique. Results showed that group 3 that^3ioefficient Tltcrapy had reduced root resorption
than the other group^^his technique used heat-activated and super-elastic wires with bracket
designs, and it used a smaller rectangular stainless steel wire (0.018x0.025 inch) in a slot that

was 0.022x 0.028", opposed to the other groups. In 2.25 percent of the examined teeth

overall, there was no root resorption.

Only 0.42% of the teeth had intense root resorption, compared to 42.56% with a mild

resorpt^, 53.37% with a moderate re.sqqttion, 1.40% with an accented g^orption. According
to the prevalence of resorption for each incisor, the upper centrals, upper laterals, lower

centrals, and lower lateral incisors showed the most resorption in decreasing order.

Glenn T. Sameshinia and Peter M. Sinclair (2001)^- stated that at the conclusion of

orthodontic treatment, periapical radiographs can be used to detect external apical root

resorption. Instead the root apex, the root-alveolar crest junction receives the most force.

The anterior teeth were the ones that were resorbed the most, according to this study, which

looked at a variety of diagnostic variables. The maxillary incisors among them saw the most

resorption, with a mean loss of 1.43 mm. Lower anterior teeth in adult population were shown

to have increased resorption, and teeth with aberrant root shapes had increased root resorption.

Researchers discovered that Asian patients undenvent not that significant root resorption than

Caucasian patients and Hispanic patients. Initial root length and overjet were found to be verj'

weakly correlated, but not overbite.
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Root resorption varied both horizontally and vertically, with horizontal movement more than

1.5 mm leading to significantly increased root resorption by 0.5 mm or more. In incisors that

were horizontally displaced between 3.0 and 4.5 mm, the most resorption (1.67 mm) was

discovered. For each maxillary incisor, the data were vertically divided into extrusion and

intrusion groups. The two groups did not differ significantly from one another.

Root resorption was also found to be significantly influenced by extraction pattern. Patients

who had non-extraction treatment instead of having their four first premolars extracted saw

more resorption.

For patients who are at risk, progress periapicals are taken a few months after aggressive tooth

movement. If root resorption is discovered, there will be a 4- to 6-month waiting period before

treatment may resume. Extreme circumstances need stopping treatment, removing appliances,

and implementing a surgical or prosthetic treatment plan.

Root resorption was substantially correlated with treatment duration and the horizontal

displacement of incisor apices. The 6 offices that were assessed, however, showed wide

j'ariatinns: one office had an average of almost  a full millimetre greater resorption in individual
anterior tooth than the office with the very less degree of root resorption. Clinicians should use

^^reating patients with extraction therapy for overjet correction that takes longer
than usual. The root resorption observed in one practise niay differ frorn the root resorption

observed in another practise, tlius each clinician should be aware of this possibility.

caution wh

M James and Prasad N (2004)^- In their investigation, during root resorption the imiounts

of DPP in GCF during root resorption were assessed, they discovered that DPP is released into

appears to be most prevalent in exfoliating teeth's GCF. The GCF of teeth

undergoing apical root resorption in conjunction with orthodontic treatment showed lower

quantities, and the GCF of control teeth showed the lowest amounts. These results imply that

biochemical assays are a promising method for detecting DPP and controlling external apical

root resorption.

the GCF. DJ

The advantage of biochemical assays is that they are non-invasive, dii^ostic, and maybe
predictive. The first hypothesis states that organic matrix proteins are released in gingival

icess. According to the second theoiy', therecrevicular fluid (GCF) during the root resorption

are variations in these proteins' concentrations betweei|^ group of patients who have minor
root resorption and a control group. GCF was extracted from.the permanent central incisors of
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20 untreated participants, 20 primary ̂ ond molars (primary group and positive controls) with
of the root resorbed, and 20 patients undergoing active orthodontic treatment with

permanent central incisors with mild root resorption. Dentine phosphoproteins (DPP) were

assessed in the GCF using an enzyme-linked immunosorbent test developed with DPP

extracted from human first premolars and an antibody against rat incisor DPP.

Resorbing primaiy' molars showed the highest amounts of dentine proteins, whereas the

orthodontic group had lower levels and the control group had the according to ELISA

were detected between the control groupmeasurements of DPP in GCF.Signific^changes
and the orthodontic group, as well as between the control group and the primary' group.

However, there were no statistically significant differences between the primary' group and the

ortliodontic group. Adolescents made up all of the groups, and there were often more females

than boys. Tliis tendency had no appreciable impact on the outcomes. The presence of DPP in

mineralizing odontoblast cell cultures was examined as a function of mineralization time and

depth.

Kunii R et al in 2005-’- Interleukin 6 was evaluated in GCF using ELISA to determine

orthodontically induced root ̂ orption. 20 orthodontic patients' GCF samples were used to
measure the amounts of IL-6. The levels of Interleukin-6 mRNA in PDL cells and lL-6 protein

in medium following t!^application of various uniform pressures were assessed using real
time PCR and ELISA, 'flte IL-6, were significmitly higher in patient undergoing resorption

than in the control group. In v^o, U^-6 mRNA expression was significantly increased. On
dentin slices, tlie groups grown in hPDL cell-conditioned medium with, force application and

those treated with recombinant human IL6 exhibited significantly bigger resorbed regions than

those in those groups.

B Laura et al in 2006’^ By selecting participants who had either mild (2mm) or severe

(>2mm) root resorption on radiographs taken during orthodontic treatment, as well as a control

group who had no root loss and were not receiving orthodontic treatment, root resorption was

assessed. From the upper incisors GCF was eluted using strips of filter paper (periopaper). The

GCF that had been absorbed was collected, and the proteins were then separated and labelled

using SDS-PAGE. In comparison to cases of mild root resorption, ELISA results showed

increased concentrations of PP and Dentin sialoprotein in cases of severe root resorption.

Kereshanan S, Stephenson P and Waddington R in 2008'L Measured DSP levels in GCF

in orthodontically induced root resorption, researchers explored orthodontic root resorption.
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Advanced resorption was seen in the second primary molar sites and the apical group showed

:F was collected using micropipettes. At two different times—limited resorption,

immediately before orthodontic intervention and 12 weeks after the start of fixed appliance

therapy-—GCF was gathered from 20 patients receiving fixed appliance treatment. Sites

undergoing physiological resorption were where dentinsialoprolein was increased.

George A and Evans CA in 2009'’ - They identified participai^with control groups with no
root resorption due to orthodontic force application, as well as subjects with mild (less than 2

loss) and severe (more than 2 mm loss) root resorption. Using strips of filter paper, GCF

(gingival crevicular fluid) was ctj^cted from the mesial and distal sides of each of the four
upper incisors. Western blot a^ enzj'rae linked immunosorbent assay (ELISA) were used to
analyse the eluted GCF. OPN, OPG, and RANKL receptor activator of nuclear factor kappa B

Ligand (OPN, OPG, and RANKL) antibodies were utilised. Participants with significant root

resorption had a statistically greater RANKL/OPG ratio than did control subjects.

Sliaet H et al 2014”' They employed ELISA in conjunction with Electrochemistrj' and ELISA

in conjunction with Spectrophotometry to quantify Dentin Silaophosphoprotein in GCF of 20

orthodontic patients in order to study orthodontic root resorption by dete^jig
Dentinsialophosphoprotein (DSP). It was determined that ELISA in conjunction with

electrochemistry is a trustworthy and sensitive method to detect DSPP in GCF after a total of

80 GCF samples were evaluated using both ELISA techniques. The sandwhich ELISA

technique was used for DSPP detection in GCF samples, and a 3 electrode system was used for

electrochemical analysis.

Wellington J et al 2016"' - With a split-mouth design, 22 GCF samples overall were taken

from 11 patients with mixed dentition to study orthodontic root resorption. The test tooth for

l^|ild was a single primary molar with radiographic root resorption,^d the control tooth
was the first permanent molar with developed roots on conti^ateral side. Nuclear factor kappa

B ligand (RANKL), osteoprotegerin (OPG), Interleukin-I beta, lnterleukin-1 receptor

antagonist, matrix metalloproteinase-9 (MMP-9), and dentin sialoprotein imm^assays
used to process samples (DSP). Between the test and control locations, there were no

significant variations in the levels of Interleukin-lb, Osteoprotegrin,orMMP-9. Since IL-IRA

was significantly reduced in GCF samples taken from resorbed teeth, it can distinguish between

resorbing and non resorbing teeth.
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Yashin D et al in year 2017^“ - collected fasting blood and unstimulated saliva samples to

study orthodontic root resorption while identifying human cytokines, chemokiiies, and

numerous important enzymes. ELISA and Chi-square testing are used. Orthopantomograms

were used to evaluate nine individuals with moderate to severe OIIRR (mean age 23+2.9

years). Using samples of unstimulated saliva and fasting blood, blood chemistry was assessed.

Blood and saliva specimens

important enzymes which may be involyed in root decay after the application of orthodontic

assessed using ELTSA for human cytokines and many

force. 16 matching subj^^' biochemical results served as the control group (CG) for
pj^on assessments. Interleukin (jL) 7, IL-IO, IL-12p7Q, and interferon-gamma (IFN-j

jeyejl in the saliva of patients with moderate to_seyer|^IIRR were significantly higher, but
IL-4 levels were significantly lower. The increased levels of proTinflammatory and antT!

com

inflammatory cytoldnes might progress orthodontically induced inflammatory root resorption.

Uma HL, Ahmed N in year 2018^’ - By using a three-piece base arch to identify DSPP in

GCF, root resorptioiyvas evaluated. GCF was taken before intrusion and two months after
intrusion from the permanent maSFary'centrtl 'Mif lateral Tncisprs , of' ICi experimental

participants and 10 control subjects who had never received orthodontic treatment. DSPP in

GCF was quantified using the ELISA technique. Following 2 months of intrusion, statistical

analysis revealed a significantly substantial increase in levels. Low concentrations of

DSPP were found in patients not undergoing treatment. Mpjtitqring of^qpXresorption during

orthodontic i^atment, mainly intrusion could be seen with DSPP , but it was found that, there
wasn't any statisticaily; significmf variation betvyeen eentraf and ̂  incisors for The

existence of DSPP in either group. Subjects undergoing three-piece intrusion base arch

intrusion had higher concentrations of DSPP in their GCF.

SI
Pastro et al (2018)^-- After orthodontic treatment, they bompared the ampuj^f root resorption
jh patiehts with ahd without parafunctional. Other factors associated with rppf resofptjbn are-

age at_Ae start and end ofprthodpntic treatment, treatment duration, gender, malocclusionjype

(as determined by the Angle classification), treatment type (involving tooth extractions or not),

allergies, and root resorption before orthodontic treatment.

600 samples were chosen for the^estigation. Fixed orthodontic appliances were used to treat
each of the chosen patients. The sample^was split into two groups: group 1; had no to minimal

root resorption, while group 2 had hipteate to significant root rcsptptipn. 'ITbe end root

jfitak



resorption was significant with regard to tlie type of therapy and AI^R before the orthodontic

treatment. Regarding the remaining variables, there were no noteworthy variations.

Patients witli severe resorptions had longer average treatment times than patients with moderate

ARR, which suggests that patients who received lengthier treatments have a higher probability

of developing severe ARR. This occurs because teeth will shift more and there is a chance that

more root resorption may take place the longer the treatment lasts. ARR would be connected

Ig^ot just with treatment time but also with longer treatments
primary side effect of orthodontic therapy including extractions is the frequent appearance of

resorptions at the completion of treatment. Because the anterior teeth's retraction mechanics

produce more root apex movement and longer treatment time, extraction procedures are more

likely to result in severe ARR.

. Thewith more movement

K Shilpa et al. (2020)^^ - Risk factors related to genetics, for external apical root resorption

brought on by orthodontic therapy have been investigated. They discovered 21 studies, 19 on

^nans and 2 on mice, on various genes that may affect EARR. Onh^t J
to have a association with orthodontically induced EARR out of the fifteen studies that have

lL-1 has been investigated in seven

aucasians were found

1 reported on the ILl gene's association with IT;
studies involving four ethnic groups. The levels of IL 1 protein in the gingival crevicultu’ fluid

been

increased roughly fourfold when the uncommon genoty'pes were present.

Through the osteoclast-expressed receptor RANK, the membrane-bound cytokine RANKL

stimulates osteoclast differentiation and activation. It was discovered to be connected to EARR.

As a RANKL decoy receptor, OPG prevents osteoclastogenesis and bone remodelling. Both

investigations on Portuguese and Caucasians found no correlation Igveen osteoprotegerin and
EARR. Because EARR is complex, clinical risk factors include extraction of the maxillary

premolars, increa.sed overjet, and the presence of dilacerated roots further raise the likelihood

that the condition will progress. Therefore, when receiving orthodontic treatment, these aspects

must also be taken into account.

Ghalcb S et al (2021)-^- In order to compare and evaluate the potential RR between controlled

s in GCFwere used. Root

e mineralized

continuous and intennittent force groups, dentin phosphoprotein le

resorption is usually detected using radiographs. But by that time, 60-70%

tooth structure would have vanished. Since radiographs cannot tell whether root resorption is

still happening, they subject patients to unnecessary radiation exposure.



e
:^tes of root resorption between the two groups could be distinguished by DPP.

By week 4, the continuous force group had a considerably higher level of DPP than the

intermittent group following their 7-day rest period. The hypothesis that cementum has the

The different.

ability to repair itself was backed by the fact that less progre||ive root resorption occurred
when the applicatior^ force was stopped. This repeated itself at week 8 of the second cycle,
showing that some patients with a high chances of root resorption may benefit from the

intermittent force approach.

0
The mean root crater area and volume in the intermittent force group were much lower in CBCT

in comparison to continuous force group. Thi^nding also implies that the reversible defence
mechanism can start the reparative process on the root surface during the I-week inactive

period. In order to prevent pressure zones in the apical area when intermittent force is used

during orthodontic treatment, in inactive phases  a passive arch wire must be in place.

m
Kakali et al (2022)^’- stated that the physiology of orthodontic tootli movement (OTM) and

evaluated the possible contributions of gingival crevicular fluid (GCF) bone turnover markers

(BTMs) to controlling bone remodelling may be important in developing future methods of

influencing orthodontic tooth movement. They discovered in their study that BTMs may

exhibit significant reactions to^hodontic therapy, and that this response may enable the
optimal selection of a potential future chemical or pharmacological intervention. They might

also aid in establishing the mechanism of action and the proof of concept. Tlie actual

orthodontic treatment procedures might change as  a result.
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Source of data -

The study was conducted on 40 patients coming to the Orthodontics department, Inderprastha

dental college and hospital, Ghaziabad, seeking orthodontic treatment.

Inclusion criteria for the study was-

•  Patients coming for orthodontic treatment in the department.

•  No developmental tuiomaly of teeth.

•  Patient with no root resorption.

•  Patient with good periodontal health.

Exclusion criteria for the study is:

Trauma historj'

Root resorption prior to orthodontic treatment

Endodontically treated teetli

History of metabolic disease/systemic disease

Periapical inflammation of tumors or cysts.

Bruxism

Restorations in anterior teeth.

Patients planned for fixed functional or extraoral appliances.

Patient unwilling for RVG.



Methodology-

A sample size of 40 patients coming to Orthodontics department, Inderprastha Dental College

informedand'HosjtM for orthodontic treatment were chosen for the study. The patients \'g-e
about the study after selection. If he/she agreed with the treatment protocol, the consent forai

Wis signed by the patient:

Pre-treatment RVG was recorded using Vatech sensor (Figure 1 ) in RVG room at Inderprastha

l^tal college and hospital and evaluated using EZ Dent-i software (Figure 2 ) for both
inaxijlary central and laterd incisors to exclude any root resorption caused due to any other

dental pathology for all the 40 patients, Then GCF collection was done from each patient using

micropipettes from both maxillary central and lateral incisor ( Figure 3) and which is then

transferred to Eppendor^^te and stored at -20°C (Figure 4) and evaluated using ELISA
technique ( Figure 5) at Ganesh scientific research foundation, Bprti Nagar, New I^lhi, for

^racellular matrix proteins that included bone markers (Figure 6) which are -
^NI<GL(receptqr' actiyatgj^ of nuclear factor kappa BV OPCj, (Osteoprotegrin) and dentin
larkers that are DMP l(dentin matrix protein), DSP (ftentin Sialoprotein).

After 6 months of orthodontic treatment, GCF collection was done using micropipettes for the

for proteins usingsamples and stored at -20°C, and then GCF was evaluated ac(

ELISA technique and then post treatment RVG was taken. The initial root length using pre

treatment RVG were tabulated and final foot length using post treatment RVG were evaluated

and tal^ded. The indexing for root resoprtion was done using Levander and Malmgren
score.^(Table 1) The apical root r^orption detected with RVG distinguished the two. Data

collected was evaluated and subjected to statistical analysis.



m
ted to evaluate and compare the correlation of dentin markersThe present study was con

and bone markers with the root resorption during fixed orthodontic treatment. The study was

conducted with 40 patients who came to the department of orthodontics, IPDC, Sahibabad,

Ghaziabad, India seeking orthodontic treatment.

The patients were informed about the study the consent form was signed. A pre

RVG was taken using a Vatech sensor in the department of conservative denti.stry at

Inderprastha dental college and hospital. The pre treatment initial root length was noted from

RVG. Tlten pre treatment GCF collection was done using the micropipettes from all the

maxillary central and lateral incisors which were then transferred to ependroff tube containing

phosphate buffer saline solution ,then the samples were immediately stored in the cold

compartment.

treatment

Once all the samples were collected , they were evaluated using ELISA technique for the

presence of amount of different biomarkers - RANKL, OPG, DMP-1 , DSP at Gane.sh

Scientific Research Foundation.

m
After this the patient underwent routine fixed orthodontic treatment in the department. After 6

months of orthodontic treatment, GCF sample and RVG was taken. These samples were

evaluated to detect the amount of RANKL, OPC^DMP-1, DSP using ELISA technique. The
final root length was^gisured on RVG, The difference-between the.initial and final root
length was calculated to assess the amount of root resorption.'

Thd data was then subjected to paired student t test, ANOVA test and Pearson’s correlation

test.

Table 2 (figure 7) shows pre treatment and post treatment values of root length assessed using

^^1 root resorption was greatest for LIL [0.79 mm] and lowest for CIR
[0.38 mm]. However, there was statistically significant root resorption seen among all the teeth

examined.

RVG. It showed that



Table 3 (figure 8) shows tliat there is reduction in value of OPG levels post orthodontic

treatment in all the teeth examined , the reduction observed was statistically significant in both

the central incisors and it was non significant in lateral incisors. Highest amount of reduction

was seen in central incisor right teeth (178.08 ng/ml) and least amount of reduction was seen

in lateral incisor right teeth (28.68 ng/ml).

Tabl^^(figure 9) shows the value of pre treatment and post treatment RANKL levels. It was
seen thaTthere_was .a_statistically _significant incrrase of RANKL in

significant increase was seen in rest of the teeth examined, when pre treatment and post

treatment values were compared. Highest amount of increase was seen in lateral incisor right

teeth (301.43 ng/ml) and the least amount of increase was seen in lateral incisor left teeth (44.5

ng/ml).

teeth, whereas non

1^ (figure 10) shows the pre treatment and post treatment levels of DMP 1 , it was seen
that there was statistically non significant increase in levef of DMP 1 observed from pre

treatment to post treatment for all the teeth examined. Highest increase was seen in LIL teeth

(98.13 ng/ml) and minimum was seen in CIL teeth (0.87 ng/ml).

Tabl

Table 6 (figure 11) shows pre ̂ d post treatrnent changes in DSP marker. It showed that there

was a significant increase of DSP marker values in LIL teeth; whereas a non significant

increase was seen in CIL,C1R and LIR teeth. Highest increase was seen in LIL teeth

(169.25ng/ml) and minimum was seen in CIL teeth (81 ng/ml).
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Correlation between markers and root resorption was assesc^ising the Pearson’s correlation
test ( Table 7 ). It was found that decrease i^PG level is significantly correlated with root
resorption and increase in RANKL level is significantly coiTelated with root resorption. No
correlation was obtained for DSP and DMP markers increase with root resorption.



DISCUSSION-

Orthodontic treatment is frequently accompanied by concerns about apical root resorp^gn.
Apical root resorption becomes irreversible when it extends to the dentin. The loss of the cells

fiiat cover pie tooth roots' surface, the activity bf osteoclast ceils, and hyalinization are

characteristics of ARR.

In current study, the apical root resorption of maxillar^^g

orthodontic treatment was assessed, it was seen that there was aLsignificant reduction injobt

jengpilre the post treatment sample of all the teeth examined, suggesting of significant root

resorption in all the teeth examined, where it was highest for LIL [0.79±0.2 mm] and lowest

forCIR[0.38±0.1 mmj.

i.sors before and 6 months after fixed

This data is in accordance to the .studies done by Jian Hong Yu et aF, Smale et al* , who

establishi^that die teeth with the most atypical root shapes—peg, thin, and barrel shapes—
were thenwiTlatyTateral incisors, which are also t|^hjrd most frequently lost teeth af%jhird
mpT^s ̂ d lotyer second premqlars. Additiona^ die lateral incisor experiences considerable

is required, whic^ncreases root resorption. The most resorption occurs in dilacerated teeth,
especially in the m^illaty lateral incisors, then in bottle-slwped and pointed teedi.

B  ̂On ge contraty , according to Remington DN et al(1989)”, Janson et al(2000)^, found that
die upper centraf incisors, fpllpyyed by the upper laterals. Tower centrajrincisprs, and finally the

lower lateral incisors, were the teeth tha

dental roots %vith a blunt or pipette shape ̂ ^mqre susceptiWe to, apical root^resorption, hence

this variance may be related to the shape of the root under consideration.

20

'ere resorbed the most. It has been observed that

133

' The[maxiflary incisors^ maxillary premolars, and mandibular secondpreraolars were shown to

have the highest incidence of apical root resorption by Newman et al'* when they looked into

external root resorption. The root resorption in all tooth groups was compared by Apajalahati

S et al^® using pre- and post-treatment panoramic radiography. Mandibular and maxillary

incisors revealed the most apical root resorption among the tooth groups evaluated.
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go
In this study, difference in pre treatment and post treatment values of dentin marker levels and

bone marker levels were evaluated using ELISA technique. There was statistically significant

reduction of OPG levels seen in post treatment values as compared to pre treatment values in

all the teeth examined. This result was in accordance to the study conducted by M. Yamaguc^

et and Widayati R et al^ which indicated that the alterations were more pronounced in

the severe root resorption group, the increase in osteochLSt production in the severe root

resorption group was mediated by a reduced level of OPG. The periodontal ligament's

extracellular matrix is distorted by orthodontic forces, which also change cellular structure and

cytoskeletal organisation. Both root and bone resorption are regulated by

RANKL/RANK/OPG, and the underlying cellular mechanisms seem to be similar.

Odontoblasts and PDL-fibroblasts both exj^ss OPG. Due to mechanieal stress from
orthodontic movement, RANKL is involved in root resorption. PDL cells increase RAN^ but

decrease OPG expression, which indicates root resorption.

0
On the contrary , George A and Evans CA® conducted a study and found that the rnean OPG

value was increased in the subjects receiving orthodontic treatment (036 ng i^crolitre) than in
(he controls (025 ng microlitre) in the teeth undergoing root resorption after orthodontic tooth

opvement. This was in contrast to the increase of OPG levels noted in the teeth undergoing

centrations indicatedroot resorption after orthodontic toqtli mgyeinent. Tliis rise in OPG^|g
that increased root remodelling and root turnover were taking place during orthodontic tooth

movement.

In the^ current study, it was concluded that RANKL levels were significantly higher in LIR

teeth whereas non significant increase was seen in rest of the teeth examined, after 6 months

of orthodontic treatment and this was in accordance to studies conducted by George A and

CA®, M. Yaniaguclii et al^’,. T. Kojima et al^’,  O Liliana et al^®, Kapoor P et al'”.

Receptor activator of nuclear factor kappa B (RANK) and macrophage colony-stimulating

factoTare two cytokines that stimulate the development of o^oclasts from hematopoietic
progenitors. The osteoclastogenesis process is regulated by RANIG.. and OPG acting as

positive and negative coregulators pf osteoclastogenesis, respectiyely. essential

osteoclastogenesis regulating molecule is the ligand receptor activator of NFB (RANKL), a

member of the membrane-associated

;ans

g^iour necrosis factor ligand family. In the severe root
resorption patients, there wer^^ore TR.^-positive multinucleate cel]s and resorption pits,
which increased the amount of RANKL protein triggered by compressive force. Patients'
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compressed PDL cells with significant root resorption produced high levels of RANKL,

reduced the generation of OPG, and also induced the development of osteoclasts^’.

Periodontal ligament fluids are moved by orthodontic forces, together with any cellular or

metabolic byproducts of earlier mechanical disruption. In the course of orthodontic therapy,

tlie applied forces damage periodontal ligamer^ changing
cytoskeletal arrangement. These processes cause extraceirular m^x” com^

degrading enzymes and inflammatory m^iat^^ to develop and be present in more deep
periodontal tissues where they stimulate ceflular prglifejratjon  and differentiation, speed up

Iwound.healing, and remodel tissue. It has been hypothesised that the RANK/RANKL system

is crucial for osteoclast activation during orthodontic tooth movemei^.
compresses the PDL, which causes PDL to increase RANKL levels. The expression ofR^KL

is involved in osteoclast precursor signal^g
it has also been discovered that RANKL is expressed by odontoclast cells, which are involved

injoot resorption. The normal process of root reMiptipn in exfoliated primary teeth may also

^^ontrolled by the RANK/RANKL system. Therefore, root resorption brought on by the
application of orthodontic forced involves the RlWK/RANKL

the cellular structure and

Orthodontic force

, and

m
Wlien DSP levels were examined for this current study it was found that there was a,significant

increase seen LIL teeth and a non significant increase was seen for rest of the teeth examined,

these data were in accordance to studies conducted by Sha et al”, K shalene et al*^, B laura

Uma HL and NausheerAhmed^', Mona M et al^*-., Kapoor P et al'".

RhOTS active external root resorption, a! particular protein

©SPP>.is secreted into the periodontal ligament space. Dentine sialoprotein and dentine

phosphoproteins are N- an^l^-terminal proteol^ic deayage products of DSPR. DSPP can
therefore be referred to as a marker for identifying rod resorption.

led dentine sialophosphoprotein

mIn the course of active external foot resorption, DSPP is seen in ̂ e GCF. When external apical
foot resgrptigii caused by_grthodontic therapy is suspected, the ability to identify the presence

of dentinal proteins early on helps the physician initiate swift treatment. In order to identify

individuals who are susceptible to root resorption, forecast the future clinical course and

prognosis, and adjust therapy, GCF analysis offers a sensitive,safer and non-invasive

technique.

J
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it was observed to be elevated in GCF in patients in wliom intrusion was taking place,

using three piece intrusion arch, DSPP can be thought of as a biomarker for root resoiption.

During orthodontic therapy, especially during incursion, it assists' in evaluating root

resorption.^'

Becai

The odontoblast regulator)' factor RANKL is secreted as a result of DSPP, which triggers

various inflammatory mediators andguses ERR by causing root resorjttion. Matrix
metallopeptidase 9 cleaves DSPP into its two fu^ional domains, DPP and DSP (MMP9).
Tlierefore, it is discovered that the DPP increases neutrophil migration by causing the release

ofTNFrand 1L-1B"‘2

DSP are dentin-specific matrix proteins ̂ at have been proposed to be involved in the
mineralization of pre-dentin, into dentin since root respiption is a frequent side effect of

orthodontic treatment. A biological marker for root resorption may be determined by

calculating the amount of DSP produced during root resorption. Only on the pulpal surface

^daiy dentin continuously deposit during life. Remodelling in dentin is different from
proteins are not regularly released into the surrounding area. These proteins can

only be released into the periodontal ligament space when there is active external root

resorption.

does sec

bone so.

For DMP 1 marker , it was noted in current study that there was a non significant increase of

the marker levels seen in all the teeth examined post orthodontic treatment . This Non

significant increase may be due to less time period and less sample size which was taken for

the current study, this data was in accordance to study conducted by B laura ct al*^, Mah J.

Prasad N^, Mona M et aP-, Kapoor P et al'”

However in a study done by Mona M. et al^- JDentin-specific markers such as DMP 1, DSPP,

and its functional domains DPP and DSP, were found to be promising biomarkers for ERR.

The mineral matrix of bone has been found to include dentin matrix protein 1, and the

crevicular fluid contains significant amounts of dentin. This might be explained by the fact that

protein was relea.sed during the resorption process from^ bone and dentin, increasing the
levels of the DMP 1 marker in GCF. It's possible that enhanced bone remodelling during

orthodontic tooth movement in addition to continuous resorption activity is the cause of DMP



I presence in crevicular fluid. Since dentin does not regenerate like bone does, dentin markers

are not frequently discharged into the surrounding area. These proteins could only enter the

periodontal ligament gap when there was active external root resorption.'^
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CONCLUSION-i

The foiiowing results cm be drawn from the present study-;

f. The extent of apical foot resorption after 6 months of orthodontic treatment was found to be

^ically significant for all the maxillary incisor teeth examined using RVG . The maxillar)'
left lateral incisor teeth shovyed the greatot amount of rcwyesorption once all four teeth were

examined, whereas the maxillary right central incisor teeth showed the least degree of root

resorption.

stat

2. Amounf of root resorption was found to be signifiCMtly, co-related with decrease in OPG

levels and increase in RANKL levels. DSP and DMP  1 were not found to be significantly

correlated to root resorption.

3. Considering bone marker levels, it was found that there was a significant decreas^i
levels and incre^ejn RANKL levels. Considering dentin markers, it was found that tliere was

a significant increase in DSP marker and non significant increase in DMP marker after 6

months of orthodontic treatment.

nOPG



SUMMARY-

Orthodontic treatment is frequently accompanied by concerns about apical root resorp^n.
Apical root resorption becomes irreversible when it extends to the dentin. The loss of the cells

tiiaf cover the tooth roots' surface, die activity of clasdc ceUs, jand hyalm^ are

characteristics of ARR.

Because there is no radiation exposure, molecular approaches are significantly safer than

radiographic methods for determining apical root resorption. Only after root resorption has

taken place in significant amounts can it be shown on radiographs. Though it often only affects

a small portion of the root length, ij^i happen in large doses and result in root length loss of
up to one third. Older ind^duals have <i higher^isK^of ̂ t j^'orpdos than adults do. It is
typically believed that the fCot resorption afterjfeatmenjt is s more likely fo! occur

in the pre.sence of root resorption before therapy.®

Radiographs provide information in two dimensions, mainly identifying changes in apical area,
ate &hnique dependent, and can detect resorptiGn when 60^6%^f the imiieralized tissue ii
gone. Additionally, radiographs are unable to show whether root resorption is stjfl happening.

To track fiie development of root resorption additional radiation exposure to the patient is
required. [ITie; modest early resorption lacunaej cS only bd detected through histojogical

techniques. After 7 weeks of orthodontic therapy, histologically  confirmed root resorption

regions are not visible on periapical radiographs. As a result, during the first several months of

treatment, the diagnosis using film-based radiography is uncertain'^.

In the present study, all the maxillary incisor teeth were assessed for apica[ rOpt resbip^ri,
changes in levels of dentin and bone markers md correlation between markers and toot

resorptipnj jrfter 6 mojiths of orthodontic treatment was done.

KEl
!ITiere.wa.s sta^fisticaUyjignificanf roof resorption found ffl all ffid teeth exa^i
of orthodontic tooth movement, with the highest foot resorption seen in maxillar^leftTateral

incfsof teeth and lowest for maxiilarv right central incisor teeth.

ed after 6 months

RANKL level after orthodontic treatment significantly increa.sed for LIR teeth, DSP levels

were highest in maxillary left lateral incisor teeth, p values < 0.05 were considered significant.
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DMP 1 marker increased non significantly for all^e
statistically significant reduction in values for both maxillary central incisors after 6 montlK of

orthodontic trratment. Significant correlation was found between root resorption with decrease

in OPG levels and increase in RANKL levels post orthodontic treatment.

teeth examined, OPG marker showed

DSP is the most abundant dentin marker which is noted significantly at the site of root

resorption, but as this study was undertaken with 40 patients assessed after 6 months of

orthodontic treatment , due to less sample size and less time period, correlation between DSP

marker and root resorption was not be established. Further, this study could be conducted with

more sample size and more time frame (after orthodontic treatment is finished) to establish

better results.
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Introduction

m
INTRODUCTION

Periodontal diseases consist of a variety of conditions affecting the periodontal tissues such

as gingiva, periodontal ligament, root cementum and alveolar bone. Some of these tissues are

soft (gingiva, periodontal ligament) where as some are hard tissues (root cementum and
m

alveolar bone).* Diagnosis of periodontal diseases mainly depends on clinical signs and
Q

symptoms.^ Gingival recession is defined as the displacement of gingival margin apical to

cementoenamel junction (CEJ).^ It re.sults in higher incidence of attachment loss, root caries,

hypersensitivity and aesthetic concerns.'* Different factors like high muscle attachment or

frenal pull, alveolar bone dehiscence, tooth malposition and traumatic tooth brushing have

been related to the development of gingival recession.

Q
Expected coverage of recession defects is a challenge for any periodontist.’ Various types of

Q
procedures are used such as free gingival grafts, pedicle flaps, soft tissue grafts and

m
combination techniques such as SECG to obtain root coverage over the years and have a been

Q
successful in gaining root coverage. Among these the most predictable plastic procedure is

the coronally advanced flap (CAP) with subepithelial connective tissue graft which remains

the “Gold standard” of periodontal plastic surgery as it provides excellent predictability and

improved long term root coverage.*
“j

Coronally advanced flap (CAP) is a relatively simple, pedicle flap procedure that offers

several advantages like predictable root coverage, better color and contour match.’ But it heals

with long junctional epithelium* which results in more chances of recurrence.

Q

The Guided Tissue regeneration (GTR) procedure has also used in the treatment of gingival

recession, with the goal of obtaining both root coverage and new connective tissue

attachment.’ However, there are several drawbacks such as technical difficulties in barrier

membrane placement, exposure of membrane in the course of healing and colonization of

10periodontal pathogens on exposed barrier membrane.

GD
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A more recent development in dentistry is the use of placental allograft. The human placenta

comprises two membranes the inner amniotic membrane (AM) and the outer chorion

B
membrane. Both AMs and Chorion membranes derived from foetal tissues are being used for

m
GTR. Amniotic membrane, the placental based membrane, represents the innermost layer of

the placenta, composed of single epithelial layer, thick basement membrane and avascular

stroma. AM is anti-inflammatory, anti-microbial, anti-scarring and has low

immunogenicity." AM is u.sed for tissue engineering in the reconstruction of ocular surface.

m

intractable epithelial defects, management of Steven Johnsons syndrome, chemical bums,

nerve regeneration, as feeder layer for stem cells, skin reconstruction, endothelial cell
m

cultivation,’ local drug delivery,” as a graft material after vestibuloplasty,” barrier membrane
0

in treatment of periodontal osseous defects and as a GTR membrane in the management of
m

14 AM creates an almo.st native scaffold for self-seeding in tissuegingival recessions,

engineering as the epithelium retains reservoir of stem cells. AM can modulate angiogenesis

and promote wound healing.”lt also acts as a scaffold for cell proliferation and regeneration.

Unlike other barrier membranes, AM is biologically active due to its inherent properties. It

m

also contains growth factors (GF) that hasten granulation tissue formation and acts as a

bioactive matrix that facilitates cell migration.'*The physiological seal obtained with gingiva

17further benefits an uneventful wound healing.

IB
Creation and maintenance of space between the root surface and the overlying GTR barrier

are considered critical to the success of all GTR procedures, including those aimed at

m
achieving root coverage. It is suggested by Pini Prato et al that space is necessary to provide

a channel for the migration of progenitor cells towards and onto the detoxified root surface,

0
18.19where they can differentiate into cementum and periodontal ligament forming cells.

2
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According to Duval et al, it is difficult to attain space maintenance when performing root

coverage procedures as GTR membranes tends to collapse against the root surface. Several

techniques have been used to provide space for regenerating tissue : root modification, tenting

B
sutures, fibrin-fibronectin glue, titanium reinforced membranes and bone grafts .such as

IB
demineralized freeze-dried bone allograft (DFDBA).^ The rationale for using bone graft

B
beneath a membrane il to stimulate and facilitate the proliferation of osteogenic progenitw

IB
cell.s*' and prevent collapse of the membrane into the defect, reduce the volume to be filled

by regenerating cells, enhance clot stability.

DFDBA (Demineralized freeze-dried bone allograft) has shown consistent good quality

22patient-oriented evidence in achieving periodontal regeneration with long term stability.

DFDBA is an allograft that possesses osteoconductive and osteoinductive properties. It has

the potential for osteoinduction due to increa.sed expression of bone morphogenetic protein

(BMP). GTR techniques have shown added advantage of space maintenance, clot stability.

guided cell population, epithelial cell occlusion and the combination therapies. Periodontal

regeneration with GTR and bone replacement grafts demonstrates better results as compared

IB
with GTR alone.^ Therefore, DFDBA might be an ideal material to use with GTR ba.sed root

coverage procedures. Thus, two reasons to use DFDBA is its regenerative potential-'^*’and its

ability to maintain space.

mB
Platelet-rich fibrin (PRF), first described by Choukroun et al in 2001 in France,^ has opened

the flood-gates in the field of dentistry, majorly focusing on the improved healing and
B

regeneration Thus PRF has also been tagged as a healing biomaterial.* PRF is a second-
13

generation platelet concentrate widely used to accelerate soft and hard tissue healing by

increasing the concentration of growth factors such as transforming growth factor-p (TGF-

P)4nsulin-like growth factw-lflGF-l), platelet derived growth factor (PDGF), vascular

endothelial growth factor (VEGF), fibroblast growth factor (FGF), epidermal growth factor

3
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V
3U2With the aim of improving(EGF) and platelet-derived epidermal growth factor (PDEGF).

and streamlining these preparation methods especially towards cell-seeded biomaterials

generated from the patient’s own blood, a new concept of Advanced platelet-rich fibrin (A-

PRF) (1500 rpm, 14 min) and Injectable platelet-rich fibrin (1-PRF) [3300 rpm, 2min] was

33-35
A-PRF and 1-PRF include whole amount of cells from thedeveloped by Choukroun's.

blood, white cells, platelets and other cells i£. circulating stem cells and endothelial cells.

Hence, they are considered as “blood concentrates” and not “platelet concentrates”. A-PRF

Q
has enhanced neutrophilic granulocyte in distal part of clot which contribute to monocyte

m
differentiation into macrophages thereby promoting early vascularization, faster tissue

growth, release of BMPs and cytokines than classic PRF. 1-PRF is obtained from the end of

spin which coagulates immediately after injection. It includes majority of cells from blood

36and attains the major objective of changing the biotype of gingiva.

B
The protocol of using PRF is very simple and of low cost. PRF is a matrix of autologous

fibrin, in which are embedded intrinsically a large quantity of platelet and leukocyte cytokines

during centrifugation leading to their progressive release over time (7-11 days), as the network

B
of fibrin disintegrates.^’ Slow fibrin polymerization during PRF processing leads to the

intrinsic incorporation of platelet cytokines and glycan chains in the fibrin meshes. This result

implies that PRF. unlike the other platelet concentrates, is able to progressively release

cytokines during fibrin matrix remodeling.^* It is also found that PRF organizes as a dense

fibrin scaffold with a high number of leukocytes concentrated in one part of the clot.

Leukocytes seem to have a strong influence on growth factra- release, immune regulation, anti-

infectious activity, and matrix remodelling during healing. It is an optimal matrix for

migration of endothelial cells and fibroblasts. It permits a rapid angiogenesis and an easier

remodelling of fibrin in a more resistant connective tissue. Such a mechanism might explain

39the clinically observed soft tissue healing properties of PRF.
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B
HIF consists of a fibrin matrix polymerized in a tetra molecular structure, with incorporation

of platelets, leucocytes, cytokines, and circulating stem cells.'”'“Clinical studies reveal that

this biomaterial would be a favorable matrix for the development of a coherent healing.

without any inflammatory excess. PRF in the form of a platelet gel can be used in conjunction

with bone grails, which has several advantages, such as promoting wound healing, bone

growth and maturation, wound sealing and haemostasis, and impaitiag better handling

properties to graft materials. It can also be used as a membrane. Many clinical trials sugge^

42the combination of bone grafts and PRF to enhance bone density.

In surgical procedures, PRF could serve as a resorbable memlwane for guided bone

regeneration |GBR),'‘^ preventing the migration of non-desirable cells into bone defect and

providing a sp^e that allows the immigration of osteogenic and angiogenic cells permitting

the underlying blood clot to mineralize;'*^ moreover, a normal PRF membrane has a rapid

degradability (1-2 weeks).** PRF membrane helps in wound healing, protecting the surgical

{H'tHnoting .soft tissue repair, when mixed with bone graft it may act^g “biological

connector” Which attracts stem cell, favors the migration of osteoprogenitor cells to the center

Site46.47

47 fat addition, PRF may act as a biologicof the graft, and provides a neo-angiogenesis.

adhesive to hold the particles together, facilitating the manipulation of the bone grafts.

(Conventional two-dimensional radiographs generate 2D inures in which teeth roots lie super

imposed Qttthe alveolar bone and as a result bone changes such as buccal and lingual alveolar

bone defects, furcation involvements are obscured.** Limitations of 2D radiographs can be

49eliminated by using three-dimensional imaging techniques such as computed tomography.

Besides, since suigical re-entry is invasive, intraoral periapical radiogia|rii$ (lOPA) is

aihitrary. Cone beam cmnputed tomc^ngjhy (CBCT) has been recommended as a fairer
r

means of assessment of regenoation that mimics the bone mcnpiiology radiopBphiodty. In

CBCT technique, a cone shaped x -ray beam rotates around the pWient head and collects base
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images used to construct 3D volumetric data from which multiplanar (axial, sagittal, coronal
m

and cross-sectional) reconstructions can be generated.^ CBCT displays two dimensional and

three-dimensional images that are necessary for the diagnosis and treatment planning of

buccal and lingual bone destructions, intrabony defects and furcation involvements.

m
The scientific literature has limited information on long term follow up of comparing and

o
evaluating the benefits of amniotic membrane and DFDBA versus composite mixture of A-

0
PRF, 1-PRF and DFDBA using coronally advanced flap technique in the treatment of Miller's

class 1 and class 11 gingival recession defects. Hence, to analyse and compare this hypothesis.

our present stmly was aimed at evalttsdng and comparing die efficacy of amniotic membrane

ao
and DFDBA versas composite mixture of A-PRF, 1-PRF and DFDBA using coronally

advanced flap technique in the treatment of Miller's Class 1 and Class 11 gingival recession

defects clinically and radiologically.

6



Aims and objective

m
AIM: To evaluate and compare the efficacy of amniotic membrane and demineralized freeze-

m
dried bone allograft versus composite mixture of A-PRF, I-PRF and demineralized freeze-

dried bone allograft using coronally advanced flap technique in the treatment of Miller’s Class

1 and Class li gingival recession defects - a six months clinical and radiological study.

OBJECTIVES:

1. To clinically evaluate the treatment of Miller^rlass I & II gingival recession with
amniotic membrane (AM) and demineralised freeze-dried bone allograft along with

coronally advanced flap.

IQ
2. To clinica^^valuate the treatment of Milla-’s class I & II gingival recession with

composite mixture of A-PRF, I-PRF and demineralised freeze-dried bone allograft

along with coronally advanced flap.

B
3. To clinically compare the treatment of Miller’s class 1 and II gingival recession using

amniotic ij^jnbrane (AM) and demineralised freeze-dried bone allograft
composite mixture of A-PRF. 1-PRF and demineralized freeze-dried bone allograft

along with coronally advanced flap.

versus

4. j^^diologically evaluate the buccal bone level with amniotic membrane (AM) and
demineralized freeze-dried bone allograft along with coronally advanced flap.

5. To radiologically evaluate the buccal bone level with composite mixture of A-PRF, I-

PRF and demineralized freeze-dried bone allograft along with coronally advanced

flap.

6. To radiologically compare the buccal bone level with amniotic membrane and

n^ralized freeze-dried bone allograft versus composite mixture of A-PRF, 1-PRF
and demineralized freeze-dried bone allograft along with coronally advanced flap.

de
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Review of Literature

REVIEW OF LITERATLRK

STUDIES RELATED TO GUIDED TISSUE REGENERATION:

1. Melcher (1976)®^ suggested that a denuded root surface may be populated by one of the

four possible cell lines; epithelium, gingival connective tissue, bone or periodontal ligament.

However, among these cell lines, only cells derived from the periodontal ligament have been

shown to be capable of producing cementoblasts, osteoblasts and inserting fibers. The

biological basis of guided tissue regeneration was borne out by this type-specific cell

population theory.

m
2. Nvinan, Lindhe, Karring and Rylander (1982)®^ conducted an experiment undertaken to

Mt the hjpvdMb that new connective tissue attachment may form on a |*tviously

periodontitis involved root surface provided cells originating from the periodontal ligament

are enabled to repoiNiIate the root surface during healii^. A mandibular incisor with advanced

poKxiontal di.seaseuf long standing (the distance between tfae cementoenamel junction and

the alveolar bone crest was 9 mm) was subjected to periodontal surgery using a technique

which during healing prevented the dottogingival epithelium and the gingival connective

dnue from reaching in IgBBtact with the curett^ root surfa(re. ftefer£^ was hereh^i^ven ̂

dK-potiodbittai ligament cells to repo|»late the previously diseased root surface. After 3

mo^ls of healing a block bio|»y containing the incisor and surrounding tissue was sampled.

The histological analysis revealed that new cementum with inserttag pniM3|»] fibres had

tornied on the fiBviousljr diseased root surface. This new attachn^nt extended in

dfafpetidn to a level 5 mm coronal to the alveolar bone crest. This finding suggWlts that new

attachment can be achieved by cells originating from the peiiotktatal ligament and

demonstrates the concept that the periodontitis affected root surface is a majorpRSventive

ftetor for new attachment is invalill.

8
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i
3. Gottlow et ai (1986)-''' conducted this study to evaluate whether a regenerative surgical

procedure, based on guided tissue regeneration, could predictably result in the formation of a

new attachment in human teeth. The material included 12 teeth in 10 patients with advanced

periodontal disease. Following flap elevation, scaling, root planing and removal of

granulation tissue, a teflon membrane was placed over the denuded root surface in such a way

that the epithelium and the gingival connective tissue were prevented from reaching in

contact with the root during healing. The flap was replaced on the outer surface of the

membrane and secured with interdental sutures. This design of the wound preparation gives

preference to the cells originating from the periodontal ligament (PDL-cells) to repopulate the

wound area adjacent to the root. Histologic analysis of the result of treatment was made in 5

of the 12 teeth scheduled for extraction. In the remaining 7 teeth, the results was evaluated

using clinical measurements. The result of healing disclosed that in all teeth treated,

substantial amounts of new attachment had formed. This suggested that predictable

reinstitution of the attachment apparatus can be accomplished by using a method of treatment

which is based on the principle of guided tissue regeneration.

m
4. Prato et al (1992)* in their 18 months study described a surgical technique for treating

human buccal recessions based on the guided tissue regeneration principle. They assessed the

m
reliability of the procedure in terms of root coverage; and compared the results obtained in a

similar group of patients treated by a 2 step mucogingival procedure. The test group

comprising of 25 patients having buccal recessions of 3mm - 8mm were treated with non

m
resorbable membrane and control group comprising of 25 other patients having undergcme

0
two step mucogingival surgery coasisting of a free gingival graft and a coronally positioned

flap. The amount of root coverage obtained was similar in the 2 groups (test = 72.73%; control

= 70.87%), although the clinical attachment gain (test = 5.12 mm; control = 3.56 mm) and

pocket variation (test = 1mm reduction; control = 0.06 increase) differed significantly (P <

0
0.(K)1). The keratinized tis.sue width was greater in the control group. The expected root

9
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coverage was greater in the test group when the recession was greater than 4.98mm, while it

was greater in the control group when the recession was less than 4.98 mm. These results

indicate that a guided tissue regeneration procedure can be used to successfully treat recession.

The GTR membrane procedure compared favourably with the mucogingival surgery in the

treatment of deep recession.

5. Cortellini, Clauser, Prato (1993)** conducted  a 6 months clinico-histological study on

m
evaluating treatment of human buccal recession by means of GTR. A 56 year old female

patient having a 8 mm deep labial recession with  1 mm pocket depth and no keratinized tis.sue

on a mandibular left lateral incisor which was phinned to be extracted was treated by GTR

m
technique, the membrane was left in place for 4 weeks. The tooth was extracted along with

marginal tissues 5 months after the removal of the membrane. At the time of extraction ,4 mm

of root coverage had been achieved and 3 mm of keratinized tissue were measured buccally.

Histologic measurements showed that 3.66 mm of new connective tissue attachment had been

obtained associated with newly formed cementum (2.48 mm) and bone growth (1.84 mm).

Also the crestal bone level after treatment was located coronal to the preoperative location of

the gingival margin.

IBil

6. Rocuzzo, Lungo, Coirente and Gandolfo (1996)** conducted a study on twelve patients

with bilateral comparable gingival recessionsB compare the relative success of root coverage
by two regenerative procedures. The areas of recession treated were class I and class 11

0
according to Miller’s classification. The symmetrical defects, on the maxillary canines, 4 mm

or deeper, were randomly assigned in each patient to surgical procedures with either a

bioresorbable matrix barrier (test) or a non-resorbable expanded polytetrafluoroethylene

membrane (control). Gingival recession, clinical attachment level, probing depth, and

extension of keratinized tissue were measured at baseline and at 6 months post-surgically.

Both procedures resulted in significant root coverage (P< 0.001) and attachment gain (P<

10
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0.001). The gingival recession decreased from 4.75 ± 022 mm to 0.83 ± 024 mm and from

4.75 ± 022 mm to 0.75 ± 0.22 mm, corresponding to  a mean root coverage of 82.4% and

83.2%, at the test and control sites, respectively. The average clinical attachment gain was

4.33 ± 0.44 mm at the test sites compared to 4.42  ± 0.48 mm for the non-resorbable barrier.

No significant changes were found for probing depth and keratinized tissue. Data analysis did

not demonstrate any significant difference between the two procedures for any of the variables

included.

03
7. Zucchelli, Clauser, Sanctis and Calandriello (1998)*'^ in their study compared the

clinical efficacy of 3 surgical approaches in the treatment of deep recession type defects. Fifty-

four gingival recessions > 5mm were randomly assigned, to 1 of the 3 treatment groups by

blocking the prognostic variables. The first group was treated with a guided regeneration

procedure using a bioabsorbable membrane, the second with non-resorbable membrane, and

the third with the mucogingival bilaminar mucogingival surgical approach consisting of a

IQ
connective tissue graft combined with a coronally advanced flap (bilaminar technique). The

1-year results indicated that all treatment approaches resulted in clinically significant root

coverage and attachment gain; a statistically significant treatment effect (p = 0.012, ANOVA)

wu observed comparing the bioabsorbable (4.9 ±0.3 mm), the non-re.sorbable f4!5 ±||.8mm),

IQ
and the bilaminar (5.3 ± 0.7mm) groups. In terms of root coverage between the bilaminffl- ̂

the non- resorbable membrane groups a statistically significant results were obtained while

differences between the 2 GTR groups or between the bilaminar and the bioabsorbable

membrane groups did not reach statistical value; the 95% confidence intervals for the

propoitions of the complete success showed a similar panern and ao statistical difference w*b

demonstrated in the amount of attachment gain among the 3 groups (p = 0.73, ANOVA). A

r^ression model showed that the amount of root coverage was significantly affected by the

initial recession depth, the procedure and smoking habits; a poorer root covearqge result is

expected in case of shallow recession type defects, with cither bioabsorbable (P < 0.05) cnr

11
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w
non -resorbable (P < 0.01). It was concluded that the mucogingival bilaminar technique is at

least as effective as GTR procedures in the treatment of gingival recession > 4mm and thus

recession depth is not the parameter which influences the selection of the surgical procedure.

STUDIES RELATED TO ROOT CONDITIONING:

8. Gamal and Maithot (2003)** studied the surface topography of periodontally affected

human roots following EDTA gel application at different time periods with and without
I

scaling and root planing and to assess correlation between root surface changes following
m

EDTA gel conditioning and periodontal ligament fibroblast adhesion. Fcrty-eight teeth that

m m
had a labial probing depth and clinical attachment loss of nux-e than 7 mm wo'e included in

this study. Periodontally affected teeth were randomly divided into four groups of 12 teeth in

each. Furthermore, a sample group of 6 teeth, which had a healthy periodontium, were used

to serve as the healthy control (Gl). The second group (G2) served as a diseased treated control

in which sample teeth were only scaled and root planed prior to immediate extraction. Teeth

in the third group (G3) were conditioned with a pH neutral, 24% EDTA gel for 2 minutes

m
without any scaling and root planing and immediately extracted. TTie teeth in the fourth group

m
(G4) were scaled, root planed and then conditioned with the EDTA gel preparation for 2

m
minutes before immediate extraction. Finally, the teeth in the fifth group (G5) were

conditioned with EDTA gel for 4 minutes following scaling and root planing ad immediately

extracted. Half the samples in each group were randomly selected and processed for SEM

evaluation of the surface topography. The other half were prepared to assess PDL cell

adhesion with PDL fibroblasts being cultured and seeded on the root surface for 24 hours then

processed for SEM evaluation of the adherent cells. It was observed that when EDTA was

applied after .scaling and root planning it causes removal of smear layer with exposure of

collagen matrix. EDTA gel conditioning for 4 minutes provided the most desirable root

12
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surface to which maximum PDL cells can adhere and on which they can grow.

9. Ahmadi et al (2014)®’ conducted a study to evaluate the effects of additional use of

ethylene diamine tetra acetic acid (EDTA) and citric acid as a root conditioner in association

with coronally positioned flap (CPF) to cover localized buccal gingival recessions. Twenty-

seven patients with 66 Miller class I buccal gingival recession > 2mm on single rooted teeth

were studied. Patients were randomly asssigned: CPF with EDTA gel (test 1) and CPF with

saturated citric acid (test 2) or CPF alone(control). Clinical parameters were measured at

baseline and 1,2, 3 and 6 months after surgery; assessment included recession depth (RD),

clinical attachment level (CAL), probing depth (PD)and height of keratinized gingiva (HKG).

B
At 6 months all treatment modalities .showed significant root coverage and gain in CAL. RD

was reduced from 2.86 ± 0.76 mm to 0.55 ±0.53 mm in the EDTA group and from 2.37 ±

0 J4 mm from 1.03 ±0.43 mm in the acid group and from 2.37 ± 0.54 mm to 0.85 ± 0.49 mm

in the control group. The average percentage of coverage for the EDTA gel, acid and control

groups were 80.73%, 52.16%, and 64.50% respectively. At 6 months, there was a significant

difference (P > 0.05) in all parameters for the EDTA group (except HKG that did not vary

B
among the groups). This, study concluded that root preparation with EDTA was an effective

procedure to cover localized gingival recessions and significantly improved the amount of

root coverage obtained.

10. Torkzaban and Sabouchi (2016)“ in their study aimed to compare the surface

characteristics of the extracted teeth after exposure to four root conditioners in different time

periods. The study samples were prepared from 40 freshly extracted teeth including 20

affected teeth with periodontal diseases and 20 healthy teeth. After performing root planing,

B
240 dentinal block samples were prepared and each affected and healthy sample was

randomly allocated to receive one of the following root conditioners: Ethylene diamine tetra

acitic acid (EDTA), citric acid, doxycycline, and tetracycline or rinsed with normal saline as

13
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the control agent. The prepared specimens were evaluated using scanning electron microscope

and the inter-group differences and changes in study indices; dentin (%), tubular spaces (%),
o

and diameter of dentinal tubules (pm^) were compared using one-way ANOVA test. Results

showed that the control group receiving normal saline, the changes in the indicators of dentin,

tubular spaces, and diameter of dentinal tubules remained iasignificant in all time period.

EDTA, citric acid and tetracycline had chelating effects on the study indices; however,

doxycycline led to gradual decrease of the tubular space and diameter as well as increase in

dentin percentage. They concluded that amongst the four agents used, EDTA and tetracycline

consistently increased the diameter of tubules and percentage of patent tubules in both healthy

and diseased teeth.

STUDIES RELATED TO AMNIOTIC MEMBRANE:

Q
11. Guler et al (1997)*' did a study to determine the blood supply to lyophilized amniotic

membranes when used as a graft material in vestibuloplasties. 133Xe clearance technique was

used to measure the blood flow to the grafts. A total of 20 patients had either Clark (10)

Q
Kazanjian (10) vestibuloplasties. The blood flow was determined at 2 to 3 days preoperatively

and at 10- and 30-days post operatively. The preoperative mandibular anterior alveolar

muco.sal blood flow was 34.4 +/- 10.7 & 23.1 +!- 13.1 ml/100 g/min for the Clark and

Kazanjian groups, respectively. 10 days after vestibuloplasty operation with lyophilized

amniotic membrane graft application the blood flow to the graft increased to 56.8 +/- 45.4 and

62.6 +/- 30.4 mlKX) g/min for the Clark and Kazanjian groups, respectively. The

corre.sponding values at 30 days postoperatively were 24.6 +/- 10.2 and 22.2 +/- 9.2 ml/100

g/min, indicating the return to normal levels. The changes in blood flow as a function of time

B
were statistically significant in each group (P<0.05). The results of the study demonstrated

the angiogenic effect of lyophilized amniotic membranes until mucoid degeneration after 10-

or

15 days.

14
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12. Kinastiti, Harijadi, Santoso and Sosroseno (2006)*^ did a study to assess histologically

human amniotic membrane transplantation on rabbit’s gingival wound. Three- to 4-month-old

m
male rabbits were divided into 2 groups, i.e., control (group 1) and amniotic membrane-

transplanted animals (group II). Buccal gingival wounds were created by a punch-biopsy

instrument and covered by a 5-layered human amniotic membrane for group II or left

uncovered for group 1. Gingival biopsies were taken at days 1, 3,5, 7 and 10, processed for

paraffin sections and stained with haematoxylin-eosin or von Gieson. Thickness of epithelial

layer, the number of polymorphonuclear cells (PMN), fibroblasts and new blood vessels as

m
well as density of collagen fibres were a.s.sessed. The results showed that the number of

m
fibroblasts and new blocxi ves.sels, but not PMN, from group II was higher than that from

group 1 (P <0.05). Similarly, the epithelial thickness and density of collagen fibres from group

11 were significantly higher than diose from group 1 (P<0.05). The results indicate that

Q
amniotic memte'ane transplantation may induce rapid epithelialization and both granulation

tissue and collagen formation but suppress inflammation, suggesting that amniotic membrane

transplantation may promote rapid gingival wound healing in rabbits compared to secondary

healing.

13. Niknejad, Perovi, Jorjeni and Seifalian (2008)*-' concluded in a review that amniotic

membrane can be used as scaffold for tissue engineering and has properties of anti

inflammation, anti-fibrosis. anti-.scarring, anti-microbial, low immunogenicity and

B
mechanical properties. AM has many characteri.stics. which make it potentially suitable for

use in tissue engineering. The epithelial layer of the AM includes cells that have similar

characteristics to stem cells. These cells express pluripotent markers of stem cells and can be

differentiated into all three germ layers. The AM can act as a scaffold for tissue engineering.
0

The extracellular matrix components of the basement membrane from the AM include

collagen, fibronectin, laminin and other proteoglycans important for overlying cell growth.

These ingredients are the ligands for integrin receptors, and hence, have a great role in cell

15
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adhesion during the cell seeding protocol.

Q14. Gurinsky (2009)*^ reported results of a series of five patients treated with amniotic

membrane for shallow to moderate Miller's Classes  I and 11 recession defects. At 12 weeks,

a
an increase in newly generated gingival tissue of 3.2 ± 1.7mm was measured. Coverage was

B
100% in four out of five patients and 88% in the fifth patient. Processed dehydrated allograft

amnion demonstrated excellent esthetic results in terms of texture and color match. He

m
concluded an avaage increase of 3.2 mm (±1.71) of new gingival tissue teftpeaMHing 97% (

dtO.5) defect coverage in gingival recession with amnion allograft,

o
15. Wallace (2010)** evaluated clinically and histologically the efficacy of a new re.sorbable,

0
immune-privileged, self-adhering amniotic membrane for ridge preservation following tooth

extraction. Quality of the histologically evident bone formed at 4.5 months was excellent.

There was no evidence of resorption of crestal bone height and inflammation, which suggests

the potential benefits of using amniotic allograft in guided bone regeneration.

16. Singh and Singh (2013)** presented a case report on bioactive amniotic membrane as a

m
membrane for the treatment of isolated gingival recession. I^ent was reviewed post

m
operatively at 1,3 and 6 months. Healing was uneventful and at 6 nKmths of follow-up with

significant percentage of root coverage.

17. Shetty, Chatterjee and Bose (2014)*’ compared usage of Platelet-rich Fibrin (PRF) and
~l

amniotic membrane in bilaterally occurring multiple Miller Class 1 recession. 1{X)% root coverage
B

was observed with both of the membranes and the results were stable even alter seven months in the

amniotic membrane-treated site. Hence, the use of amniotic membrane as a novel approach to root

coverage is more advantageous than PRF owing to the laborittory preparation of the aiaologous

biomaterial.

0

Q
18. Shah, Sowmya and Mehta (2014)** in their study used Amnion allograft in conjunction

with coronally advanced flap has been used in the management of gingival recession. Results

m
.showed 100% root coverage along with excellent esthetics and an improvement in gingival

16
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biotype at 6 months postoperatively. Thus, amnion allograft may provide an alternative to

other conventional methods of treating gingival recession.

19. Sharma and Yadav (2015)*’ presented an observational case series to evaluate the

Q
effectiveness of amniotic membrane in the treatment of shallow-to-moderate isolated

recession defects. A total of three ca.ses. showing Miller's Class 1 or Class 11 gingival

recession, participated in this study. Recession <kpth, recession width, keratinized gingiva

(KG) tissue width,clinical attachment level (CAL) were recorded at baseline, 3 and 6 months

postoperatively. Six months following root coverage procedures, the mean root coverage was

found to be 70.2 ± 6.8%. CAL and KG showed significant gain postoperatively at 6 months.

They concluded that autogenous graft tissue procurement significantly increases patient

morbidity while also lengthening the duration of surgery in placing the graft, while self

adherent nature of amniotic membrane significantly reduces surgical time and made the

procedure easier to perform, making it a membrane of choice.

Q
20. Kumar et ai (2015)™ conducted a randomized controlled trial study to evaluate the

clinical, anti-inflammatory and anti-infective properties of amniotic membrane used for

guided tissue regeneration. Study was conducted on 30 subjects (age 35-55years). Two sites
P
in each subject were randomly assigned into each of the following experimental groups; test

B
group; AM with natural Hydroxyapatite (HA) graft bone graft, and control group; bone graft

only. Clinical parameters included recording site-specific measures of plaque, gingivitis,

z\
probing pocket depth (PPD), and clinical attachment loss (CAL). The levels of interleukin-

B
IB (IL-IB) and human beta-defensin-2 (hBD-2) levels in gingival crevicular fluid (OCT)

B
from the test and conuol sites were measured by using commercially available enzyme linked

immunosorbent assay kits. The evaluation of bone fill was performed by using digital

subtraction technique and morphometric area analysis. The result shows that combination

therapy using an AM increased bone fill, reduced clinical parameters like PPD and CAL when

compared tobone graft alone. Significant reduction of GCF IL-IB levels and iasignificant

17
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1
increase in the hBD-2 levels. Hence concluded that AM demonstrated a marked anti-

0
inflammatory effect and its use resulted in an improvement in periodontal parameters. AM

has the potential to function as a barrier for GTR and the unique properties associated with

this material can augment its potential as a matrix for p»eriodontal regeneration.

21. Elzanaty, Shoieb, Ghallab, and Naha.ss (2017)^’ in their study clinically evaluated
!

coronally advanced flap plus subepithelial connective tissue graft compared to coronally
IH!^

advanced flap plus amnion chorion allograft membrane in management of patients with

Miller’s cla.ss I or 11 gingival recession at 6 months po.stoperatively.The study included twenty

patients with 36 teeth (6 males and 14 females, aged 20 to 54 years) who were randomly

assigned to either group. At baseline clinical parameters were recorded including; recession

m
depth, recession width, width of keratinized gingiva, ti.ssue biotype, plaque index, gingival

m
index, prcrfjing pocket depth and clinical attachment loss. Results showed a total percentage

m
of root coverage 87.9% and 80.83% for the subepithelial connective tissue graft group and

the amnion chorion allograft group at 6 months, respectively. The percentage of comjdete root

m
coverage was 50% fcM- both groups. Within the limitations of this study, it can be concluded

IBB

that both treatment modalities imptroved clinical outcomes and were effective in management

of gingival recession.

Q
22. Irfan, Mehta, Kumar and Suarez (2017)’^ conducted a study to clinically evaluate (he

outcome of root covmge procedure using dehydrated amnion allc^raft and to compare it to

the outcome of a coronally positioned flap procedure in paired maigiiial tissue recession

. Ten subjects with bilateral Miller's class 1 gnpval recession defects (Total W

mm) were selifted. SuW allocated randomljf to treatment wit^^^ coronally

positioned flap + amnion allograft (test group) and coronally positioned flap (control group)

alone. At baseline and 6 months after surgery, the following clinical poruneteis were

recorded; Recession Depth (RD), Recession Width (RW). Probing Pocket Depth (PD),

Relative Attachment Level (RAL). Width of keratinized gingiva (WKG) and Thickness of

18



Kentiateed Gingiva flKG). The mean baseline recession was 2.9 ± 0.87 mm and 2.5 ± OSO

mm for test group and control group, respectively. After 6 mtmths, both treatments resulted

in significant root coverage (P <0.01), reaching an averse of 25 mm gain (86%) in the test

0
group and 2.1 mm gam (84%) in the ccmtro! group. There were no stittstiadly significant

tfifianiBCCT between the test and control RD^RW* PP, CAL,and WKG. Hpweyer,

the mean TKG gain was 0.74 mm for the test and 0.23 mm for the control gMM|^ w|a|jh

0
was statistically significant (P <0.01). The mean peicentage of root coverage obtained 6

months postoperatively was 86ii% ± 18.7% for test group group aoA 89.5%± 1832% forihe

control group. can be concluded that with or without the u.se of amniotic

coronally advanced flap provide significant root coverage in Class 1 gingival rece.ssioas;

however, a greater kenoinized tissue thickne.ss can be obtained with the use of :4nmiotic

membrane.

0
23. Mahajan et al (2018)’^ did a study to compare the efficacy of Amniotic membrane and

Q
Healiguide TM in treatment of gingival recession using guided tissue regeneration. Twelve

patients having isolated bilateral gingival recession defects were included in the .study and

were divided into two groups randomly. Group I were treated by coronally positioned f^p

and amnion membrane and Group II were treated by coronally positioned ilsf} and C(dli^^

membrane (Healiguide)'. Clinical parameters, including dental plaque index (PI), gingival

index (GI), gingival reces.sion depth, probing pocket depth, clinical attachment level, and

gingival biotype, were recorded before surgery at baseline and then re-evaluated at 3 and 6

B
months postoperatively. Results showed significant reduction in gingival recession dehscill

and gain in clinical attachment level was observed in both the groups. Inteigroup comfMvison

of gingival recession defects and clinical attachment level yielded non significant differences.

However, a statistically significant increase (P  < 0.05) in gingival tissue thickness was

observed in Group 11 as compared to Group I.

Q
24. Kehan et al (2018)’‘‘ conducted a preliminary, controlled, randomized clinical trial with
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an 18-month follow-up aimed to evaluate the effectiveness of coronally advanced flap (CAF)

with either PRF membrane or bioresorbable amniotic membrane (AM) in treatment of

localized gingival recession defects. Si.xteen healthy adult patients presenting with Miller

Class 1 recession defects were treated surgically with CAF along with AM (Group 1) or PRF

(Group 11) for coverage of the recession defects. For all patients, plaque index, gingival index,

bleeding on probing, clinical attachment level, depth of recession, width of recession, width

of attached gingiva, and gingival thickness were evaluated at 6 months and 18 months

B
postoperatively. The results showed statistically non significant difference in all clinical

parameters at the 6 months and 18 months follow ups in both groups. Gingival recession in

Q
both groups when evaluated individually, significantly reduced from baseline to 6 months (P

= ().(KK)) and from baseline to 18 months (P = 0.(K)0). However, the mean value from 6 months

0
to 18 months was statistically non significant. They concluded that both CAF + PRF and CAF

+ AM are equally effective in providing clinically significant outcomes with respect to root

coverage with AM showing the better percentage of root coverage as compared to PRF.

ID
25. George et ai (2018)” Amnion and chorion aWBifranes are used as cost effective.

allogenic substitute for the connective tissue autograft for achieving {ne^ctable root

coverage. The objective of the study was to investigate the potential of amnion and chorion

membranes as a sub.stitute for tte free connective tissue auto^aft in the bilaminar tedmique

of root coverage. An in vitro mechanical testing and evaluation of the degradation profile of

dMemembranes were carried out. Tensile strengft, Youngs modulus and elonpHion athnak

amnion and chorion membranes were tested usi«(| universal tes|p§ rnachine.

ntantion and dejp|dttli|i tests were conducted. The tensile streiq|Klof amnion memf^ane'm

il55 kPa and that of chorion is 95 kPa. Yoii^|fs Modulus of amnion membrane is 645 kPaMi

Ifclof chorion is 335 kPa. Extension^break is 17.3 mm for amnion and 13.5 mm for chorion!

The degradation profiles were expres.sed as mean accumulated weight losses of the

Beinbi^s at the end of the first second, third imd fourth week. Chorion membrane 'M
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glWter thickness and when compMMt to amnion. Mechanical testii^ of these

membranes points out that they are elastic in nature. Amnion is mwe elastic with higher

Younifs modulus and extension at l^eak tliM chorion. In the suture retentitii

test, amnion membrane can take up more load during .suturing. In vitro degradation profiles

iHUng. Amnion and chorion membranes are not totaliy^SfCadsd

at the end of 4 weeks. In terms of in vitro degradatuui amnion membranes appear to be more

niistant than chorion mem^nes. Both membranes retain their pjysical fom |jj| to

a

of both membranes look

weeks.

26. Bolla et al (2019)’* in a case .series in which three patients with multiple adjacent gingival

recessions in the upper jaw were treated utilizing amniotic membrane with coronally advanced
10

flap. The results of this procedure show that amniotic membrane can be used in the trettment

m
of gingival recession defects with significant root coverage and to increase the thickness of

keratinized gingiva. There was an increase in height and thickness of keratinized gingiva from

a
3 to 33 mm and 13 to 2 mm. respectively. The present results suggest that the combined

approach of CAP and amniotic membrane can be considered as a treatment option for multiple

adjacent gingival recessions.

STUDIES RELATED TO I’RF (Platelet Rich Fibrin):

0
27. He et al (2009)” purposed this study to evaluate the effect of biologic characteristics of

platelet-rich plasma (PRP) and platelet-rich fibrin (PRF) on [»-oliferation and differentiation

of rat osteoblasts. Blood samples were collected from 14 healthy volunteers (7 male) with a

mean age of 232 ± 2.24 years. PRP and PRF were prepared with standard protocols. The

exudates of PRP and PRF were collected at the time points of 1,7,14,21, and 28 days. The

levels of platelet-derived growth factor AB (PDGF-AB) and transforming growth factor pi

(TGF-pi) were quantified in PRP and PRF. Then the exudates of PRP and PRF were used to

culture rat calvaria osteoblasts. The biologic characteristics of osteoblasts were analyzed in
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vitro for 14 days. Results in this study, PRP released the highest amounts of TGF-pi ami

PEXjF-AB at the first day. followed by significantly decrea.sed release at later time points.

PRF released the highest amount of TGF-pi at day 14 and the highest amount of PDGF-AB

at day 7. Exudates of PRP collected at day 1 and exudates ofPRFcollected at day 14expressed

maximum alkaline phosphatase (ALP) activity, though no significance was shown. Cells

treated with exudates of PRF collected at day 14 reached peak mineralization significantly

more than both negative control and positive control groups. PRF is superior to PRP, from the

m
aspects of expression of ALP and induction of mineralization. This study concludes that, PRF

released autologous growth factors gradually and expressed stronger and more durable effect

on proliferation and differentiation of rat o.steoblasts than PRP in vitro.

Q
28. Aroca S et al. (2009)™ designed a study to determine whether the addition of an

autologous PRF clot to a modified coronally advanced flap (MCAF) (test group) would

improve the clinical outcome compared to an MCAF alone (control group) for the treatment

of multiple gingival recessions. The results concluded that MCAF is a predictable treatment

for multiple adjacent recession defects. The addition of a PRF membrane positioned under

the MCAF provided inferior root coverage but an additional gain in gingival thickness at 6

months compared to conventional therapy.

0
29.Saluja, Dehane and Mahindra (2011)™ conducted  a study to as.sess the potential use and

benefits of Platelet-Rich Fibrin (PRF) over Platelet-Rich Plasma (PRP), for wound healing

post oral and maxillofacial surgeries. This article describes the evolution of this second

generation platelet ccmcentrate and its multiple uses in various surgical procedures. Around 5

ml of whole venous blood is collected from the patients in each of the two sterile vacutainer

tubes of 6 ml capacity without anticoagulant. The vacutainer tubes are then placed in a

centrifugal machine at 3(X)0 revolutions p»er minute (rpm) for 10 minutes, and the middle

fraction containing the fibrin clot is then collected 2 mm below lower dividing line, to obtain

the PRF. Cavities filled with PRF px)st oral and maxillofacial surgical pirocedures, at the
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institute, showed faster healing in half the time as compared to physiologic healing. PRF,

which belongs to a new second generation of platelet concentrates, with simplified processing,

and not requiring biochemical blood handling, has several advantages over traditionally

prepared PRP, which has been widely used fa- accelerating .soft tissue and hard tissue healing.

However, the preparation being strictly autologous, the amount of PRF obtained is limited.

0
30. Ghanaati et ai (2014)*®conducted a study to demonstrate that standard platelet-rich fibrin

(S-PRF) (2700 rpm, 12 minutes), and A (advanced)-PRF (1500 rpm, 14 minutes) were

compared to establish by histological cell detection and histomorphometrical mea.surement of

cell di.stribution the effects of the centrifugal force (speed and time) on the distribution, of

cells relevant for wound healing and tissue regeneration. Immunohistochemistry for

monocytes, T and B-lymphocytes, neutrophilic granulocytes, CD34-positive stem cells and

platelets was performed on clots produced from four different human donors. Platelets were

detected throughout the clot in both groups, although in the APRF group more platelets were

found in the distal part away from the buffy coat. T and B lymphocytes, stem cells and

monocytes were detected in the surroundings of the buffy coat (BC) in both groups.

Decreasing the rpm while increasing the centrifugation time in the A-PRF group gave an

enhanced presence of neutrophilic granulocytes in the distal part of the clot. In the S-PRF

group neutrophils were mostly found at the red blood cell (RBC) - BC interface. Neutrophilic

granulocytes contribute to monocyte differentiation into macrophages. Accordingly, a higher

presence of these cells might be able to influence the differentiation of host macrophages and

macrophages within the clot after implantation. Thus, A-PRF might influence bone and soft

tissue regeneration, especially through the presence of monocytes/ macrophages and their

growth factors. The relevance and feasibility of this tissue engineering concept have to be

proven through in vivo studies.

m
31. Sohn et al (2015)*’ conducted a study on the utilization of autologous concentrated growth

factors (CGF) enriched bone graft matrix (Sticky Bone) and CGF-enriched fibrin membrane
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and suggested that sticky bone provides stabilization of bone graft in the defect, aiu) therefore.

Q
accdentes tissue healing and minimizes bone loss during healing piHi. It is moldable so

well adapted over various shapes of bone defects.

m
32. Mourao et al (2015)*’ in a technical note sugge.sted I-PRF to accelerate hard and soft

m
tissue healing. They sugge.sted use of 1-PRF as a promising and innovative tool in medicine

and dentistry for regenerative procedure along with particulated bone graft materials.

0
33. Miron et al (2017)*^ conducted a study on liquid formulation of platelet rich fibrin (PRF)

0
termed injectable-PRF (I-PRF) without the u.se of anti-coagulants was investigated. Standard

PRP and I-PRF (centrifuged at 700 rpm (60G) for 3 min) were compared for growth factor

relea.se up to 10 days (8 donor samples). Furthermore, fibroblast biocompatibility at 24 h

(live/dead assay); migration at 24 h; proliferation at 1,3, and 5 days, and expression of PDGF,

TGF-p, and collagenl at 3 and 7 days were investigated. Growth factor release demonstrated

that in general PRP had higher early release of growth factors whereas I-PRF showed

significantly higher levels of total long-term release of PDGF-AA. PDGF-AB, EGF, and IGF-

1 after 10 days. PRP showed higher levels of TGF-p 1 and VEGF at 10 days. While both

formulations exhibited high biocompatibility and higher fibroblast migration and proliferation

when compared to control tissue-culture plastic, 1-PRF induced significantly highest

migration whereas PRP demonstrated significantly highest cellular proliferation.

Furthermore. I-PRF showed significantly highest mRNA levels of TGF-P at 7 days, PDGF at

3 days,and collagenl expression at both 3 and 7 days when compared to PRP.

m
34. Ogata et al (2017)*'* conducted a study on the use of allograft with platelet concentrate in

the treatment of multiple miller class III gingival recession defects with substantial bone loss

were treated with hard tissue augmentation with the goal to prevent future recessions. The

surgery involved a full-thickness mucoperiosteal coronally advanced flap, bone grafting, and

primary flap closure. Freeze-dried bone allograft (FDBA) in combination with plasma rich in

growth factors (PRGF) was grafted during the procedure. After more than 6 mwiths, the
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treated sites showed soft tissue maturation and esthetic tissue blending. Clinically, an increase

0
in convexity of alveolar ridge and soft tissue was ob.served, as well as a marked reduction in

recession depth and gain in width of keratinized mucosa. Cone beam computed tomography

showed a gain in buccal bone thickness. The use of FDB A in combination with PRGF appears

0  IS
to have potential for the treatment of Miller Class ill defects by ptroviding improved hard and

soft tissue profiles.

B
35. Titirinli et al (2017)** conducted this study to evaluate the effect of fibrin, which was

formed with an alteration to the standard PRF centrifugation protocol, on the bone formation

and additionally to assess cell-distribution, and to evaluate the effects of alterations in the

speed and duration of centrifugation on the changes in cell distribution and the formation of

B
hard tissue, by making histological investigations. Ten New Zealand rabbits were used in this

experimental animal study. PRF (2700 rpm, 12 min) and APRF (1500 rpm, 14 min) were

placed in the standard bone defects that formed in the right corpus of the mandible randomly.

No additional material placed in the left mandible defect, as a control group. Rabbits were

sacrificed after two months, the histological evaluation performed. Results of this study, there

were no marked differences between groups in regard to the quantity of bcmc formation and

bone quality. The quantities of new bone formation were (mean) 56.9%, 55%, 42.5%. It may

be considered that PRF and its variatioas have positive effects on the new bone tis.sue and cell

number, and may lead to more rapid ossification compared to the unproces.sed bone defects.

36. Atia et al (2018)** conducted a study to evaluate the efficacy of using autologous

Concentrated Growth Factors (CGF) Enriched Bone Graft Matrix (Sticky Bone) and CGF-

Enriched Fibrin Membrane in management of dehiscence defect around dental implant in

narrow maxillary anterior ridge. Eleven DIO implants were inserted in six adult patients

presenting an upper alveolar ridge width of less than 4mm determined by cone beam

computed tomography (CBCT). After implant placement, the resultant vertical labial

dehiscence defect was augmented utilizing Sticky Bone and CGF-Enriched Fibrin Membrane.
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Three CBCTs were made, pre-operatively, immediately post-operatively and .six-mcMiths

m
postoperatively. Vertical dehiscence defect was sufficiently recovered in 5 im|riant-sites while

in the other 6 sites it was decreased to mean value of 1.25 mm ± 0.69 SD, i£ the defect

coverage in 6 implants occurred with mean value of 4  mm ±0.49 SD. Also the results of

the present study showed that the mean of average implant stability was 59.89 mm ± 3.92.

The combination of PRF mixed with CGF with bone graft (allograft) can increase the quality

(density) of the newly formed bone and enhance the rate of new bone fcM'mation.

m
37. Soni et al (2019)*’ sugge.sted that in thin atrophic riches, bony defects of ridges where

implant placement is impossible, by utilizing sticky bone supported by autologous PRF

membrane followed by ridge-split technique and eagagii^ nasal floor, the implant can be

placed with immediate temptnaiy loading in the anterior region. The fsoposed treatment is

m
very technique sensitive, requires good clinical handling. PRF accelerates the wound healing,

enhances osteogenic activity as well as regulates the inflammation. Bone grafting, guided

bone regeneration, and ridge-split technique promote new bone formation.

38. Chellathurai Bumice, Nalina Kumari, Balaji Ganesh and Kajaram Vijavalak.shmi

m
(2020)** conducted a case report, to treat an isolated maxillary iMiller Class 1 recession in a

25 year old male patioit by a perio.steal inversion method along with the A-PRF membrane
OD

and suggested that the use of the third generation platelet concentrate. Advanced platelet rich

fibrin (A-PRF) has evolved as a promising regenerative material wherein it acts as a scaffold

and also accelerates wound healing due to its dense fibrin meshwork.

39. Bhargavi ct al (2021)** conducted a case series was to evaluate clinically and

radiographically the efficacy of sticky bone with 1-PRF-coated collagen membrane in the

treatment of gingival recession. Sixteen patients exhibiting isolated Miller’s Class 1 or II

recession in the maxillary esthetic zone were treated using .sticky bone (1-PRF + freeze-dried

bone allograft) with I-PRF-coated collagen membrane using the coronally advanced flap.

Clinical parameters including (M-obing depth (PD), width of keratinized gingiva (WKG),
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gingival thickness (GT). and recession depth (RD) were recorded at baseline and 6 months

post-surgery. The radiographic (STCBCT)measurements computed were labial plate

thickness (OTl,OT3, and OT5) and GT (GTI, GT3, and GTS) at baseline and 6 months post

treatment. Twelve out of sixteen treated cases achieved complete root coverage. An increase

in GT was observed in ail the cases. Hence concluded that sticky bone with 1-PRF-coated

collagen membrane showed promising results in the treatment of isolated maxillary Miller's

Class 1 II gingival recession and .serves as an altered approach for root coverage procedure.

IQ
40. Chekurthi et al (2021)’® conducted a case series to evaluate the clinical efficacy of

advanced platelet-rich fibrin (A-PRF) in combination with coronally advanced flap (CAF) in

IQ
the management of gingival rece.ssion defects Fourteen systemically healthy patients

presenting with 35 RTl recession defects were treated with A-PRF + CAF. Recession height

(RH), recession width (RW), probing pocket depth (PPD), clinical attachment level (CAL),

keratinized tissue height (KTH), and width of attached gingiva (WAG) were measured at

ba.seline, 3, and 6 months. Gingival thickness (GTH) and phenotype were evaluated at

baseline and 6 months post surgery. Mean root coverage percentage (MRC%) was estimated

at 3 and 6 months. At the end of 6 months, aesthetics was measured on the scale of visual

analogue scale (VAS) and recession aesthetic scale (RES). Statistically significant reduction

in mean RH was observed from baseline (2.49 ± 0.65 mm) to 6 months (0.66 ± 0.80 mm). At

6 months, the MRC% attained was 75.94 ± 26.72. Complete root coverage was achieved in

18 sites. At 6 months, there was a significant gain in GTH, CAL, WAG, and KTH (p 0.001).

The mean RES and VAS aesthetic scores were 8J4 ± 137 and 8.83 ± 1.17, respectively.

IQ
Hence suggested that A-PRF as a viable treatment optiwi for the management of rece.ssion in

maxillary anteriors and premolars.

STUDIES RELATED TO MEMBRANE AND BONEGRAFT:

0
41. Duval et al (2000)'®’conducted a clinical trial on the use of a bioabsorbable membrane
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in combination with a demineralized freeze-dried bone allograft (DFDBA) for the treatment

of these defects. Fourteen (14) patients with 17 recession defects were included in this clinical

■Study. Each patient had at least 1 tooth with 3 mm or greater marginal tissue recession on the

facial surface as mea.sured from the cementoenamel junction (CEJ). Each patient was treked

by GTR using a bioabsorbable membrane. When the first patient presented for inclusion in

the study, a coin was flipped to determine if the tooth being treated waild be a test tooth

(DFDBA) or a control tooth (no DFDBA). Each subsequent patient was alternated between

test and CMitrol. Immediately prior to the surgical procedure, measurements were made which

included recession depth, recession width at the widest point, probing depth, amount of

keratinized tissue, and marginal tissue thickness. Local anesthesia was administered, and a

measurement from the CEJ to the bone crest was made by sounding through the attachment.

The mean initial reces.sion for all defects was 3.35 mm (SD ± 0.49) and at 6 months post

surgery, mean recession was 0.47 mm (SD ±0.62). This correlated to 86% root coverage for

both treatments. For all defects treated, there was a statistically significant increase in

keratinized tissue (mean 0.88 mm) and tissue thickness (mean 0.47 mm) and a significant

decrease in probing bone level (mean 0.76 mm). No statistically significant differences were

observed between groups for any parameter,
la

42. Kimble et al (2004)'*' conducted a clinical trial to determine whether the addition of bone
m

graft (ie. DFDBA) significantly affects the outcome of collagen membrane GTR based root

coverage procedures. Twenty patients participated One Millers class 1 or cla.ss 2 recession

defect per patient was treated with collagen membrane covered by a coronally positioned
Zl
regeneration with collagen (COLL) and collagen + DFDBA (COBA) both resulted hi

statistically significant (p<0.05) reductions in recession depths (2.1 ± 0.9mm and 2.5 ± 0.5

mm), recession width (1.5 ± 1.7mm22 ± 1.6 mm) increase in keratinized tissue (0,7 ± 0.8 mm

Q

la
and 1.2 ± 1.0mm) and gain of clinical attachment level (2.1 ±1.0 mm and3.0 ± 1.0mm), When

comparing 6 month data to baseline Mean root coverage was 68.4 ± 15.2 % with COLL and
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74.3 ± 11.7% with COBA. However, there were no statistically significant difference between

groups for recession depth, recession width, width of keratinized tissue and CAL and probing

Q
depth. Although root coverage tended to be better with addition of DFDBA. the dt£fei«tce

was not statistically significant.

0
43. Rossetti et al (2009)’- conducted a .study was to histometrically evaluate in dogs, the

healing response of gingival recessions treated with collagen membrane + DFDBA (Guided

Tissue Regeneration. GTR) compared to a coronally positioned flap (CPF). Two types of

treatment were randomly carried out in a split-mouth study. Group 1 was considered as test

(GTR: collagen membrane + DFDBA). whereas Group 2 stood for the control (only CPF).

The dogs were given chemical bacterial plaque control with 02% chlo-hexidine digluconate

during a 90-day repair period. Afterwards, the animals were killed to obtain biopsies and

histometric evaluation of the process of cementum and bone formation, epithelial migration

and gingival level. A statistically significant difference was found between groups with a

larger extension of neoformed cementum (GTR = 32.72%; CPF = 18.82%; p = 0.0(X)4). new

bone (GTR = 2320%; CPF = 09.90%; p = 0.0401) and with a smaller area of re.sidual gingival

recession in the test group (GTR = 50.69%; CPF = 59.73%; p = 0.(X)55) compared to the

control group. The only item assessed that showed no statistical difference was epithelial

proliferation on the root surface, with means of 15.14% for the GTR group and 20.34% for

the CPF group (p =0.0890). Within the limits of this study they concluded that the treatment

of gingival recession tkfects with GTR. associating collagen membrane with DFDBA,

showed better outcomes in terms of a larger extension of neoformed cementum and bone, as

well as in terms of a smaller proportion of residual recessions.

m
44. Daniele Cardaropoli, Giuseppe Cardaropoli (2009)’-’ conducted a study to compare the

results following treatment of gingival recessions by a coronally advanced flap procedure

alone (CAF) or combined with a bioabsoibable membrane and a demineralized xenograft
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(GTRF). Sixteen nonsmokers with 20 Miller Class I or Class II buccal gingival recessions at

canines or premolars were included in the study. Sites were randomly assigned to either CAF

treatment (control, n = 10) or GTRF treatment (test, n = 10) and examined at ba.seline and at

6 months postoperatively. Both treatments resulted in a significant reduction in recession and

gain in clinical attachment level; there was no significant difference between treatments. No

differences were found in probing depths among or between the groups. The increa.se in

keratinized tissue from ba.seline to 6 months was slightly greater for the GTRF group than for

the CAF group, but without statistical significance. The te.st group experienced a statistically

significant increase in gingival thickness from baseline to the 6-month evaluation, while little

gain was detected in the control group; the between-group difference wa.s statistically

significant in favor of the test group. Both procedures offer a predictable, simple, and

convenient means of root coverage in Miller Class  I and II recession defects, but the GTRF-

supported procedure resulted in more keratinized tissue and a significant increase in gingival

thickness than the CAF-only approach.

45. Nanditha et al (2011)** designed a study to evaluate the effectivene.ss and predictability

of using a collagen barrier along with a demineralized bone matrix in the treatment of

a

recession defects in a single surgical procedure. Seventeen patients with Miller’s class I

recession were treated with a combination of a collagen barrier used along with a bone graft

a
and coronally advanced flap technique. The study showed a highly significant reduction in

the recession depth (70.29 ± 21.96%) at the end of the study. This study showed that the use

of this technique for recession coverage is highly jx-edictable and highly aesthetic root

coverage can be obtained.

a
46. Chopra, Kassal, Masamatti and Grover (2015)*® conducted a study to compare and

evaluate the clinical efficacy of coronally advanced flap (CAF) alone or in combination with

amnion membrane (AM) or chorion membrane (CM) and demineralized freeze-dried bone

allografts (DFDBAs) in the management of gingival recession (GR) defects. The .sample size
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(Miller’s Class I and Class II GR-type defects) consisted of thirty patients which

stratified into three groups randomly (ten for each group). Group A patients were treated with

only CAP and Group B patients were treated by CAP in combination with CM and DPDBA.

Q
Similarly, Group C patients were treated by CAP in combination with AM and DPDBA. The

were

percentage of root coverage obtained in the .study groups was 60%, 78%. and 63%,

respectively, for Groups A, B. and C. Statistically significant difference was obtained in the

clinical parameters of Group B which was treated with CM and DPDBA. Combination of

DPDBA and placental membrane (chorion/amnion) in CAP procedure provided an additional

benefit over CAP alone in the treatment of Class  I and 11GR defects.

47. Dholakia et al (2020)’* conducted a .study to clinically evaluate the efficacy of coronally

advanced flap (CAP) and platelet-rich fibrin membrane (PRP) with or without demineralized

freeze-dried bone allograft (DPDBA) in the management of isolated gingival recession

defects. A total of 20 bilateral Miller’s Class 1/11 recession defects were randomly treated with

CAP+PRP (control group; n=10) and CAP+PRP+DPDBA (test group; n=10). Outcomes such

as gingival index, plaque index, probing depth, recession depth, width of keratinized gingiva,

and clinical attachment level were recorded at baseline and 6 months post-surgery. Root

coverage percentage was obtained at 6 months post-operatively. Clinical parameters in both

control and test groups at baseline and 6 months showed .statistically significant (p<0.05)

improvement in probing depth, recession depth, clinical attachment level, and increase in the

width of keratinized gingiva. Clinical parameters between the CAP+PRP group and

CAP+PRP+DPDBA group were compared at 6 months post-surgery and there was no

stati.stically significant difference. (P > 0.05) The piercentage of root coverage at 6 months

post-surgery was .statistically significant (P < 0.05) in both control and test groups. At 6

months post-surgery, although the root coverage was found to be better with the addition of

DPDBA, there was no stati.stically significant difference between both groups (P> 0j05).
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Materials and Method

!V|A.teR|al§ anp methqd

A. Source of data

Patients visiting the Department of Periodontology, at Inderprastha Dental College and

B
Hospital, diagnosed with Miller’s class I and class li gingival recession were screened for

possible participation in this study. 30 surgical sites with Miller’s Class I and Qass D

gingival recession were identified and selected for the treatment. After an explanation of

the proposed study criteria, including alternative treatments and potential risk and benefits.

m
all participants signed a consent form prior to surgery. The study was ̂q»oved by ethical

committee of institute (lastitutional Review Broad), Annexure I (Ethical Clearance

Certificate).

SELECTION CRITERIA:

Inclusion criteria:

Patients aged between 20 to 55 years.

Both male and female patients.

m
No systemic disea.se that ctxild influence the outcome of the therapy.

Patients maintaining good wal hygiene with plaque index (PI) (score<l .0)97

Patioits willing to participate in the study by giving written consent and ready to comply with

maintenance program.

tm B
Systemically healthy patients with one or more sites having Miller’s Class I and Class II

recession and those who can understand and follow oral hygiene instructions properly.
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Exclusion criteria:

m
•  Debilitating systemic or infectious diseases (HIV or hepatitis) or any diseases that

affect the periodontium.

A known alleigy to any of the materials used in the study

Poor compliance or failure to maintain good oral hygiene.

Pregnancy or lactation.

Use of tobacco products through smdcing or a smokeless tobacco habit.

Patients taking immunosuppressive drugs or corticosteroids which may compromise

the treatment outcome.

History of a previous root coverage procedure, graft or GTR involving the recession

site.

Failure te sign tfte informed coasent.

B. MATERIALS USED:

1. Amniotic Membrane (AM) It is a lyofrfiilised (freeze-dried) gamma irradiated membrane

procured from Tata Memorial Hospital Tissue Bank, Mumbai. This could be stored at room

temperature till 3 years.

2. Bone Grafts:

Demineralized freeze-dried bone allograft (DFDBA) with a particle size of 5(X)-1000 micron

B
and weight 0.5cc procured from Tissue Bank, Tata Memorial hospital and Research Centre,

Mumbai. At the tissue bank tissues from suitably screened donors are processed lyophilised

(freeze-dried) and the packaged graft is gamma irradiated for sterlization. This bone graft can
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be stored at room temperature till 3 years.

3. Concentrated growth factors

Advanced - Platelet rich fibrin (A-PRF) was prepared by venipuncturing the anticubital vein
Q  IQI

for blood collection from the patient. At the time of surgery 10 ml of whole blood was drawn

from the patient in 10 ml of sterile silica coated glass based vacuum tubes i.e. A-PRF vacuum

tube. These tubes were placed into centrifuge machine (Model No. REMI R-8C with RE.MI

Swing Out Head, R 81.) and another tube filled with water was placed in diagonally opposite

tube slots/compartments in order to maintain the balance during centrifugation.

98-99ACentrifugation was carried out at 1500 rpm for 14 minutes. fter centrifugation, tube

100contains 3 layers.

IB
1) The upper most layer is platelet poor plasma

2) The middle layer is fibrin buffy coat containing polymerized fibrin block with

concentrated growth factors, and

3) The bonom layer is the red blood cells.

Middle buffy coat layer was retrieved after removing the upper and lower layers and this

layer is called A-PRF.

0
injectable -Platelet rich fibrin (1-PRF) was prepared by venipuncturing of the anticubital

vein for blood collection from the patient. At the time of surgery 10 ml of whole blood was

drawn from patients in 10 ml of sterile plain glass-based vacuum tubes i.e. 1- PRF Vacuum

tube. This tubes was placed into centrifuge machine and another tube filled with water was

placed in diagonally opposite tube slot.s/compartments in order to maintain the balance during

centrifugation. Centrifugation was carried out at 33(X) rpm for 2 minutes.’*'’’After

centrifugation tube contains 2 layers-
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m
1) The upper layer is AFG (Autologous fibrin glue) and

Q
2) The bottom layer is accumulation of red blood cells.

The upper layer was retrieved using disposable syringe and this layer constitutes 1-PRF.

ARMAMENTARIUM (Photograph I)

1. Mouth mirrors

2. University of North Carolina no.l5 probe (UNC-15, Hu-Friedy, Chicago, IL.
USA) periodontal probe.

3. Explorer

4. Tweezers

5. Gloves

6. Mouth mask. Patient drape. Head cap

7. Disposable syringes

8. Betadine

9. 24% EDTA Gel (Biodinemica)

10. Cotton swab

m
11. Local anaesthesia (2% Xylocaine HCL with Adrenaline 1:80,0(X))

12. Bard Parker handles

13. Bard Parker blade no. 15

14. Periosteal elevator (Hu-Friedy, USA)

15. Gracey curettes (Hu-Friedy, USA)

16. Kidney tray with saline and irrigating syringe

17. Goldman Fox Scissors
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Materials and Method

18. Needle holder

19. TLssue forceps

20. Suture cutting scissors

21. Sterile Daj^n dish

22. Vacutech A-PRF Vacuum Tube (Silica coated red cap tube)

23. Vacutech I-PRF Vacuum Tube (Non-coated yellow cap tube)

24. Remi centrifuge machine

Model No.- REMI R-8C with REMI Swing Out Head, R 81

8x15 ml with Max RCF (Relative Centrifugal Force)  = 3600 g

25. PRF Box and GRF Box CE, Growth factor rich fibrin, CODE: GRF (OSUNG MND Co.,

Ltd)

26. Suture material (4-0 silk) non-absorbable (Braided silk black), 3/8 circle, reverse cutting

.suture needle.

27. Digital vernier caliper

28. Airotor and carbide bur

CBCT: (Cone beam computed tomography)

The CBCT scans was obtained using the Vistavox S unit (Duerr International Stuttgart

Germany) involve the tooth with selected gingival recession sites. The images were acquired

by means of Vistavox S software and proces.sed by  a computer. Acquisition was performed in

the selected sites (with volumetric dimension of 6x17 cm) for 40s with the Vistavox S

tomography acquisition protocol: voxel size: 02 mm; Grey scale: 14 bits; focal spot:03 mm;
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image detector, amorphous silicon flat panel; image acquisition: single 360 degree rotation.

The images generated and the files of each patient was saved and analysed for details. For each

tooth analysed, CBCT image section of 02 mm apart was made. Quadrant wise CBCT were

taken for each group. The CBCT scan was analysed for evaluating the buccal bone level. All

the measurements of BBL (buccal bone level) was taken mid-bucally from CEJ to the crest of

the alveolar margin at baseline and at 6 months for each group. All measurements was

performed by a single examiner.

Anesthesia

All patients were operated under the local anesthesia using 2% xylocaine hydrochloride

with adrenaline 1:80.0()0 (Lidayn, DENT AIDS, India)

Medicines:

Q
1. Antibiotics; Cap. Amoxicillin 500 mg thrice daily for 5 days, if patient allergic to penicillin

other substitute drug have been prescribed.

2. Analgesic and Anti-inflammatory drugs: Tab. Ibuprofen 400 mg thrice daily for 5 days.

3. Mouthwash; 0.2 % Chlorhexidine gluconate 10 ml twice daily for 15 days.

A. CLINICAL PARAMETERS:

The clinical parameters was reccM-ded to the nearest millimeter with the University of North

ip Q
Carolina no. 15 probe (UNC-15, Hu-friedy,Chicago, IL. USA) at baseline, 3 and 6 months post

operative.

Following clinical parameters was recorded-
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ei
•  pR^ing dq^ (TO) - measured from the crest of giagival maigin to the base of

pocket.

•  Recession Depth (RD) - measured from cementoenamel junction (C£I) to the crest of

gingival margin.

Q
•  Clinical Attachment Level (CAL) - Distance from the CEI to the base of the sulcus.

•  Keratinized tissue width (KTW) - Distance from the gingival margin to the

mucogingival junction, at the mid buccal point.

•  Gingival Thickness- was determined at a mid-buccal location approximately 1 mm

apical to the PD level with a #20 reamer. The reamer pierced, perpendicularly to the
□
mucosal surface, through the soft tissue with light pressure until a hard surface will felt.

The silicone disk stop then placed in tight contact with the soft tissue surface, after
m

careful removal of the reamer, penetration depth was measured with a vernier calli()er

to the nearest 0.1 i|i|.

0

101

97•  Plaque index (PI) - (Loe H, 1967).

METHODOLOGY:

Study design: A 6 months single blind pro.spective randomized controlled clinical stutty.

Selection of Patients: Total 30 sites were selected for the study after completion of pre-

surgical phase of treatment.' selected sites were divided randomly through toss of coin
m

and assigned to one of the two treatment groups.

Group A (15 sites): Treated with Amniotic membrane and DFDBA using coronally

advanced flap technique.
m

Group B (15 sites): Treated with composite mi.xture of .A-PRF, 1- PRF and demineralized

freeze-dried bone allograft, u.sing coronally advanced flap technique.
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Presurgical Procedure:

EQ
1. For every case, an initial phase 1 therapy comprising of scaling and root planing

m
using ultrasonic and hand instruments was done, followed by personalized oral

hygiene instructions. The patients was regularly evaluated and guided until an

optima] level of oral hygiene was maintained.

2. Patients were re-evaluated 3-4 weeks after phase  1 therapy fc»- plaque

maintenance and patients with plaque index score <1.0 were included in the

study.

3. Clinical parameters (PD, RD, CAL, KTW, GT) were recorded at baseline.

The OBCT measurements were taken foreach 9t)iipi.e.,Grwip A (Amniotic membrane4.

and DFDBA) and Group B (composite mixture of A-PRF, I-PRF and DFDBA) at

baseline.

5. Routine laboratory blood investigations were carried out viz. Hb, BT, CT, TLC, and

DLC.

6. App-opriate antibiotic prophylaxis was given to the patient two day pre-operatively and

was continued for five to seven days post surgery.

7. A pre-procedural rinse with a substantive antimicrobial agent, such as 02%

chlorhexidine gluconate for 30 seconds.

Surgical technique:

• All surgical procedures were carried out by one operator.

• The sites were randtmily asssigned to Group A or Group B through a toss of coin

immediately before surgery.
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a
• The surgical area was anesthetized using 2% lignocaine hydrochloride containing

1:80,000 epinephrine. Before the elevation of the flap, both the exposed root surfaces

were gently planed with sharp Gracey curette to reduce root convexity. Immediately

after, root conditioning was done with 24% EDTA for 2-3 minuteslOZ followed by

copious irrigation with normal saline for 30-60 seconds.

m
•  Intrasulcular incisions was given with B P blade (no. 15) on the buccal aspect of the

a
involved tooth. This incision was hra-izontally extended to the adjacent papillae

avoiding the gingival margin of the adjacent teeth. Two vertical releasing incisions

were carried out from the mesial, and distal extremities of the horizontal incision

sufficiently beyond the mucogingival junction.

•  A trapezoidal full thickness flap was raised with a periosteal elevator, 3-4mm beyond

the apical crest of osseous dehiscence. Then a partial- thickness dis.section was carried

out apically leaving the underlying periosteum in place.

•  Intramarrow penetration with small round carbide bur was done.

•  In Group A amniotic membrane and DFDBA was placed and the flap was advanced

coronally where as in Group B composite mixture of A-PRF, 1-PRF and DFDBA was

placed followed by coronal flap advancement.

•  Suturing was performed with 4-0 vicryl suture to secure the flap and membrane at the

required position.

POST SUR(;iCAL CARE:

m
•  Suitable antibiotic and analgesic were prescribed for 5 to 7 days.

•  Patient was advised to riase with 02% chlorhexidine-digluconate twice a day fw 2

weeks following surgery was refrained from brushing on the operated site.
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•  Periodcmtal dresskig and sutures were removed 7- !4 days after surety.

• Patients reinstructed to maintain oral hygiene. Each patient was evaluated for

0
periodontal maintenance and clinical parameters at 3 months and 6 months

postoperative were recorded.

• No subgingival instrumentation was attempted at any of these appointments.

Post-Surgical Measurements:

B
•  At each recall visit post-qjeratively at 3 months and at 6 months, the clinical parameters

were recorded.

•  CBCT measuiCBBcnts were recorded for each gnnip ijc. Amniotic membrane tuid

DFDBA group and composite mixture of A-PRF, 1-PRF and DFDBA group after 6

months.
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Flow chart of study design:

Assessed for eligibility n=30

4
Clinical parameters and radiographic evaluation

4
Scaling and Root Planning

4
Baseline Examination

4
Randomization of sites

4 4

Group A (1 Ssites): Amniotic membrane
+ DFDBA + Coronally advanced flap

Group B (15 sites): Composite mixture
of A-PRF, 1-PRF and DFDBA+

Coronally advanced flap

4 4
At three months clinical evaluation and parameters recorded

4 4
At six months clinical evaluation and parameters recorded

4
Statistical evaluation

42



Results and Obsen ations

RESULTS AND OBSERVATIONS

m
The present study was carried out to compare and evaluate the efficacy of amniotic membrane

m  m
and demineralized freeze-dried bone allograft versus composite mixture of A-PRF. 1-PRF and

Q
demineralized freeze-dried bone allograft using coronally advanced flap technique in the

treatment of Miller’s Class 1 and Class II gingival recession defects. In this study, patients
□  0
with age group of 20 to 55 years having Miller’s class I and class D gingival recession defet^

ei
were selected. Fifteen sites each were randomly assigned to Group A and Group B. The

0
clinical parameters evaluated were probing depth (PD), rece.ssion depth (RD), clinical

attachment level (CAL), keratinized tissue width (KTW), gingival thickness (GT), buccal

bone level from CEJ to alveolar crest. It was observed that both the materials were well

m

tolerated by the patients with no adverse tissue reaction, infection or delayed healing during
0

the cour.se of the study. The observations made were statistically analyzed. The statistical

analysis was done using the SPSS version 16.0 statistical analysis software.

m
STATISTICAL ANALYSIS

Statistical Methods; All the data was collected and analyzed. The statistical software SPSS

16.0 was used for analysis of data. The descriptive statistics like mean, median. Standard

deviation of data was calculated. The normality of ciata was tested by Shapiro Wilks test and

Kolmogorov- Smirnov test, and the values of the parameters were not distributed normally,

so to test the level of significance Non parametric test was applied. The test of significance

for different clinical parameters like Probing depth between the gnmps (Intergroup

comparison) was tested by Mann Whitney U t<st and within group between two times
IB

intervals (Intra group comparison) was done by Wilcoxon Signed Ranks Test. TIk 95% C.l.

and 5% level of significance was used for analysis of data.
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The following statistical formulas were used for the statistical analysis:

1. Mean: To obtain the mean the, individual observations were first added together and then

divided by the number of observations.

Where:

EX
X =

N
X =: the data set mean

I = the sum of

X= the scores in the distribution

N = the number of scores in the distribution

Q
2. Standard Deviations

The standard deviation (SB), also represented by the Greek letter sigma a for the population

o
standard deviation or the Latin letter s for the sample standard ts a measure that is used th

quanlial^ the amount of variadon or disfoeiion of  a set of data values. A lo\y standard defhiiBf

indicates that the data points tend to be close to the mean (also called the e)^colpdivalue}of

the set, while a h# standard deviation indicates that the data points^e spBii om

wider range of values.

The formula of standard deviation is

SD

Where:

SD = the standard deviation

Z = the sum of

X = the obtained score

X = the mean score of the data

N = the number of scores

3. Confldence Interval:

It is the range in which the true mean lies. If we repeat a study 100 times in the same

environment than 95 times the mean of parameters lies between the two values. (Upper bound
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and Lower bound) and 5 times it may differ.

Confidence interval =

x±t„/2dfj={df = n-l)

4. Level of signiricance (P):

p > 0.05 Not Significant
* p < 0.05 Significant
p<0.01 Highly Significant
p < 0.001 Very Highly Significant

♦*

m
Wilcoxon Rank Sum Test or Mann-Whitney u Test:

This technique tests whether the medians of 2 populations are the same, when the 2 samples

are independent of each other. This test is comparable to the parametric t- test on the difference

between 2 means.

Technique: Merge and rank the obser\'ations. Find the sum of the ranks R1 and R2 for each

of the 2 .samples. Compute the Ti statistic (ba.sed on the smaller of the 2 samples, or either

sample if same sizes) and its mean described below.

ni(ni + 1)
Tj = niMz +

_

-Ri
2

(Til + + 1)
ffr. =

12
N

If the 2 sample sizes are each greater than 10, then U is approximately normal and we can

standardize to get Z = (Tj - (ijJ / . Then if Z is statistically different from zero, we

conclude that the medians are not the same.
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Wilcoxon Signed Rank Test:

This technique tests whether the medians of 2 populations are the same, when the 2 samples

are not independent of each other. This test is comparable to the parametric matched -pairs

test.

Technique: Calculate the differences between the two sample values for each pair of

observations. Drop the zero values. Of the n non-zero values, rank the absolute values of the

differences. Sum the ranks of the positive and negative differences separately. Let W be the

n(n+l)sum of the positive ranks. The mean and standard deviation of W are n„ =
4

n(n+l)(2n+l)
and a,w . If the number of non- zero differences is at least 20, then W is

24

W-ttwapproximately normal, and we can standardize to get z = . If Z is statistically different
a„

from zero, we conclude that the medians are not the same.
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CLINICAL PARAMETERS

PROBING DEPTHS: (PD)

The mean score of Probing Depth (PD) ascertained clinically at baseline, 3 months, and at 6

months for Group A and Group B are tabulated and graphically represented in Table 1 and

Graph 1. The mean score (± standard deviation) of the probing depth in Group A at baseline.

3 months, and at 6 months was 1.40 ± 0.507 mm, l.(X) ± 0.00 mm, 1.00 ± 0.00 mm.

m
respectively. The mean score (± standard deviation) of the probing depth in Group B at

ba.seline 3 months and 6 months was 1.13± 0.352 mm, 1.00 ± 0.00 mm, 1.00 ± 0.00 mm.

respectively.

Q
Intragroup comparison in Group A, statistically significant difference in PD reduction was

observed between baseline and 3 months (p<0.05). Statistically non significant difference was

found between 3 months to 6 months (p>0.05). However, statistically significant difference

B
was found from baseline to 6 months)p<0.05) (Table II and Graph 2). In Group B, statistically

non significant difference was ob.served during the three different time intervals (p>0.05).

(Table III and Graph 2).

On Intergroup comparison, between Group A and Group B dt three different tiaoe point

m .
(ba.seline,3 months and 6 months) and on comparative evaluation of changes at three different

m
time intervals statistically non .significant difference (p>0.05) was observed. (Table IV and

B
Table V, Graph 3)

RECESSION DEPTH (RD)

The mean score of Recession depth (RD) a.scertained clinically at baseline, 3 months, and at

6 mcHiths for Group A and Group B are tabulated and graphically represented in Table VIII

m
and Graph 4. The mean score (± standard deviation) of the recession depth in Group A at

baseline, 3 months, and at 6 months was 2.27 ± 0394 mm, 1.07 ± 0.799 nun, 1.07 ± 0.799
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m
mm, respectively. The mean score (± standard deviation) of the rece.ssion depth in Group B

at baseline, 3 months, and at 6 months was 2.47± 0.640 mm,0.73 ± 0.884 mm, 0.60 ± 0.737

mm, respectively.

Intragroup comparison in Group A, recession depth reduction had shown statistically very

Q
highly significant difference(p<0.001) from baseline to 3 months. From 3 months to 6 months

0
statistically non significant difference was found(p>0.05) Overall very highly significant

e  m
differencefpcO.OOl) was observed from ba.seline to 6 months (Table VIII). Whereas in Group

s
B statistically highly significant difference (p4).001) was observed from baseline to 3

B
months. Statistically non significant difference was found (p>0.05) from 3 months to 6 months

B
and statistically highly significant difference (p<0.001) was observed fnmi baseline to 6

months. (Table IX and Graph 5)

m
On Intergroup comparison, between Group A and Group B itt three different time points

B
(baseline3 months and 6 months) statistically non significant difference was found (p>0.05).

ID
On comparative evaluation of changes at three different time intervals statistically significant

difference was found from baseline to 3 months (p<0.05). Statistically non significant

B
difference was found (p>0.05) from 3 months to 6 months. Over all Highly significant

B
difference was found from baseline to 6 months (pcO.Ol). (Table X and Table XI, Graph 6).

CLINICAL ATTACHMENT LEVEL

The mean .score of Clinical Attachment Level (CAL) ascertained clinically at baseline, 3

months, and at 6 months for Group A and Group B are tabulated and graphically represented

in Table XIII and Graph 7. The mean score (± standard deviation) of the CAL in Group A at

m
baseline, 3 months and 6 mmidis was 3.67± 0.617 mm, 2.07± 0.799 mm, 2.07± 0.799 imn.

m
respectively. The mean scwe (± standard deviation) of the CAL in Group B at baseline, 3
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months and 6 months was 3.60 ± 0.632 mm, 1.80 ± 1.014 mm, 1.67 ± 0.900 mm, respectively.
IBSi

Intra-group comparison in Group A had shown statistically a very highly significatt

Q
difference (p< 0.001) in CAL gain from ba.seline to 3 months, and statistically non significant

10
difference was observed from 3 months to 6 months (p>0.05) Overall Utatisticailjj a very

0
highly significant difference (p< 0.001) had shown in CAL gain from baseline to 6 months

m
.(Table XIV). Whereas in Group B statistically highly significant difference (p<0.01) was

0
observed from baseline to 3 months, statistically non significant difference was observed fron

01
3 months to 6 months (p>0.05). Overall, Statistically highly significant difference (p<0.01)

B
was observed from baseline to 6 months (Table XV and Graph 8)

Q
On Intergroup compari.son, between Group A and Group B  three different time point

B
(baseline^ months and 6 months) CAL gain had statLstically non significant difference (P>

0.05) (Table XVI and Graph 7). On comparative evaluation of changes at three different time
Kl

intervals from baseline to 3 months, 3 months to  6 months, and at baseline to 6 months and it
Bl

was found to have statistically non significant difference (P> 0:05) (Table XVll and Graph

9).

KERATINIZED TISSUE WIDTH (KTW)

m
The mean score of Keratinized tissue width (KTW) ascertained clinically at baseline, 3

months, and at 6 months for Group A and Group B are tabulated and graphically repre.sented

m
in (Table XIX and Graph 10. The mean score (± standard deviation) of the KTW in Group A

at baseline, 3 months and 6 months was 2.93 ± 0.884 mm, 3.60 ± 0.737 mm, 3.60 ± 0.737

s
mm, respectively. The mean score (± standard deviation) of the KTW in Group B at baseline,

m
3 months and 6 mondis was 2.80 ± 0.414 mm, 3.67 ± 0.488 mm, 3.67 ± 0.488 mm,

respectively.

m
Intra-group compari.son of KTW in Group A had shown statistically highly significant

difference from baseline to 3 months (p < 0.01), statistically non significant difference from
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CEI
3 months to 6 months (p >0.05) Overall Statistically highly significant difference from

baseline to 6 months (p < 0.01) Table XX and Graph 11. Whereas in Group B .statistically

. ... 0
very highly significant difference (p <0.(K)!)‘was observtij from baseline to 3 months.

Statistically non significant difference was found from 3 months to 6 months. Statistically

I  0
very highly significant difference (p <0.001) was observed from baseline to 6 months. (Table
0

XXI and graph 11)

m
On Intergroup comparison, between Group A and Group B at three different time point

0
(baselinej months and 6 months) KTW gain had shown statistically non significant

difference (P> 0.05) (Table XXll and Graph 10). On comparative evaluation of changes at
ED

three different time intervals from baseline to 3 months, 3 months to 6 months, and from

01
baseline to 6 months it was found to have statistically non significant difference (P> 0.05)

(Table XXIIl and Graph 12).

m
GINGIVAL THICKNESS (GT)

m
The mean score of Gingival thidcness ascertained clinically at baseline. 3 months and at 6

months for Group A and Group B are tabulated and graphically represented in Table XXV

m
and Graph 13. The mean score (± standard deviation) of the GT in Group A at baseline, 3

months and at 6 months was 0.993 ± 0.0799 mm, 1.320 ± 0.101mm, 1.207± 0.0704

respectively. The mean score (± standard deviation) of the KTW in Group B at baseline, and

at 6 months was 1.000 ± 0.0845,1.347± 0.0834 mm, 1.227± 0.0594 mm respectively.

Intra-group comparison of GT gain in Group A had shown statistically highly significant
ED

difference from ba.seline to 3 months, 3 months to 6 months and from baseline to 6 months

01
(P< 0.01) (Table XXVI and Graph 14). Whereas in Group B statistically highly significant

difference (p<0.01) was observed at three different time periods. (Table XXVII and Graph

14)

01
On Intergroup compari.son of GT gain between Group A and Group B at three different time
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i
point (baseline^ months and 6 months) GT have found statistically non significant difference

(P> 0.05) (Table XXVIII and Graph 15). On comparative evaluation of changes at three

13
different time intervals from baseline to 3 months, 3 months to 6 months and at baseline to 6

months it was found to have statistically non significant difference (P> 0.05) (Table XIX and

Graph 15).

CBCT EVALUATION FOR BUCCAL BONE LEVEL

The mean score of buccal bone level ascertained clinically at baseline, and at 6 months for

Group A and Group B are tabulated and graphically represented in Table XXXI and Graph.

The mean score (± standard deviation) of the GT in Group A at baseline, and at 6 months 3.95

± 0.848 mm and 3.580 ± 0.8351mm, respectively. The mean score (± standard deviation) of

m
the buccal bone level in Group B at baseline, and at 6 rntmths was 3.91± 0.847mm and 3.640

± 0.8236 mm, respectively (Table XXXlll and Graph 16).

Q
Intra-group comparison in Group A had shown statistically highly significant difference from

Q
baseline to 6 months (P< 0.01) (Table XXXIl and Graph). Whereas in Group B statistically

highly significant difference (p<0.01) was observed from baseline to 6 months. (Table

XXXlll and Graphl7)

m
On Intergroup comparison, between Group A and Group B tA two different time points

(baseline and 6 months) buccal bone level gain have found statistically non significant

difference! P> 0.05). (Table XXXIV and Graph ). On comparative evaluation of changes at
B

two different time intervals from baseline to 6 months it was found to have statistically

significant difference (P> 0.05) (Table XXXV and Graph 18).

non
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Table I: Distribution of mean, median and s.d of groups A and B of PD at different time

points

Median

Std. Error

MeanGroup N Mean Std. Deviation

Baseline Group A 1.0
15 1.40 .507 .131

1.0Group B

3 Months Group A

15 1.13 .352 .091

10
15 1.00 .000 .000

1.0Group B 15 1.00 .000 .000

1.06 Months Group A
15 1.00 .000 .000

1.0Group B 15 1.00 .000 .000

^ Not^iiilicant atf7V5, * .Siipifioant gl^.05.**Hi| SjfMficant p<i.0i

Table 11: Intragroup comparison of PD by Wilcoxon Sign Rank test of Group A at different

time intervals

Paired Differences

95% Confidence

Interval of die

Difference
Std.m

Std Error

PD Mean Z score

Ba.seline - 3 Months 0.400 .507 0.131 .119 .681 -2.449 0.014*

3 Months- 6 Months 0.000 0.000 0.000 0.000 0.000 0.000 l.OOO'^

Baseline - 6 Months
0.400 .507 0.131 .119 .681 -2.449 0.014*

n
^ Not cvalficant p&ii®.05, ♦ S 1.05.* *]. Si IX)t

Table 111: Intragroup comparison of PD by Wilcoxon Sign Rank test of Group B at different

80
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time intervals

Paired Differences

'96% Confidence

Interval of the

tiifgrelii
Std.

Std Bror

ftiyiaUciPD ivaSMean Upper Z score

Baseline - 3 Months

0.133 0.352 0.091 -.062 .328 -1.414“ 0.157^

3 Months- 6 Months 0.000 0.000 0.000 0.000 0.000 0.0(X) 1.000^

Baseline - 6 Months
0.133 0.352 0.091 -.062 328 -1.414“ 0.157^'

9
''Not liMI

!□
Table IV: Intergroup comparison of by Mann - Whitney U test for PD at different time
points

Mann -Whitney Z Score p value
N Mean Rank UiP

Baseline !l 17.50

-1.624 0.104''
82.50015 13.50

30

3Months 15.50

0.000 1.000^
15 15.50 112300

30
32

6Months 15.50

0.000 1.000''
15 15.50 112300

M 30

cantp#.05,*S 1.05, **HiiM^ SitMi«ltJMP.g|''Not
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Table V; Intergroup comparison of by Mann - Whitney U test for PD Change at different

time intervals

PD Std.

Deviatio

Std.

Error

Mean

Z Score p value
Change

Whitney
Group N Mean Un

Baseline Group A 15 .40 307 .131 -1.624 0.104^

82300Group B
15 .13 .352 .091

3Months

3Months Group A 15 .00 .000 0.000.000 i.oixy'

112.5(X)Group B
15 .00 .000 .000

OMonths

Baseline Group A 15 .40 307 .131 -1.624

82300 0.104AGroup B
15 .13 .352 .0916M

* Nol S^ificant Sig|ilcant|wft.P^^

Table VI: Intergroup comparison of by Mann - Whitney U test for PD % Change at different

time intervals

laPD%

Change
Std. Std. Z Score p value

Deviatio Error

Mean

Whitney

uGroup N Mean n

Baseline Group A 15 20.00 25.355 6.547 0.000 1.000^

112300Group B
15 6.67 17393 4.5433Months

3Months Group A 15 .00 .000 .(XX) -1.624

82.500 0.104''Group B
15 .00 .0(X) .0006Months

Baseline Group A 15 20 .(X) 25355 6347 -1389 0.112''

76.500Group B
15 6.67 17393 43436M—1^

'' Not significant p>0.05, * Significant p<0.05, **Highly Significant p<0.01
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IQ
Table Vil: Distribution of mean, median and s.d. of Group A and B of RD at different time

points

RD Median

Std. Error

MeanGroup N Mean Std. Deviation

Baseline Group A
15 221 2.00 394 .153

Group B 15 2.47 2.00 .640 .165

3Months Group A
15 1.07 1.00 .799 .206

Group B 15 .73 0.00 .884 .228

6Months Group A
15 1.07 1.00 .799 .206

Group B 15 .60 0.00 .737 .190
o

^cantil^.05,1* Sipiicant p^05, **H]|ii^3iirt'' Not Ki

Table Vlll: Intragroup comparison of RD by Wilcoxon Sign Rank test of Group A at

different time intervals

95% Confidence

Intm^l of the

Diffca-enceStd.m
Std. Error

HRiafiliRD Mean Mean Lowct ^PPer Z score P value

Baseline - 3Months 1.200 .414 .107 .971 1.429 -3.626 0.0(X)**

3Months- 6Months 0.000 O.CKX) 0.(XX) 0.(XX) 0.000 0.000 1.000^

Baseline - 6Months
1.200 .414 .107 .971 .681 -3.626 0.000**

* Significant p<0.05, **Highly Significant p<0.01. Very Highly Significant p<0.001
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Table IX: Intragroup comparison of RD by Wilcoxon Sign Rank test of Group B at different

time intervals

Paired Differences

95% Confidence

Interval of die

DifferenceStd.

Std.

Deviation

Error

MeanRD Mean Lower Upper Z score P value

Baseline -SMonths 1.733 394 .153 1.405 2.062 -3.508 0.000**

3Months- 6Months
0.000 0.000 0.000 0.000 0.000 -1.414“ 0.157'^

Baseline -6Months 1.867 .640 .165 1.512 2.221 -3.502 0.000**

n
A Not rJ05**oi ■mm

IS
Table X: Intergroup comparison of by Mann - Whitney U test for RD at different time points

Z Score p valueMann -

Whitney UN Mean Rank

ABaseline 15 14.10

-1.085 0.278A
91.50015 16.90

30

3Months A 15 1723

-1250 250^
15 13.77 86.500

Told 30
m-.
QuoapA6Months 15 17.97

-1.667 0.96^
GmiliB 15 13.03 75.500

30

e
Not Bi^ificant ̂ .05» * SMk^ant |N9.05«**HiJH|r SigiitainiNiUn
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Table XI: Intergroup comparison of by Mann - Whitney U test for RD Change at different

time intervals

RD Std.

Deviatio

Std.

Error

Mann -

Whitney

Z Score p value
Change

Group N Mean Mean Un

Baseline Group A 15 -2.578 0.0.010*120 .414 .107

Group B 58.500
3Month 15 1.73 .594 .153

s

3Month Group A -1.43915 .00 1.50A.000 .000

s-
Group B 97.500

6Month 15 .13 352 .091

s

Baseline Group A -4.95015 120 .414 .107

0.003**
Group B 49.500

6Month 15 1.87 .640 .165
s

Not significant fK>0.05, * Significsmt p<0.05, **Highly Significant p<0.01

ID
Table XII: Intergroup comparison of by Mann -Whitney U test for RD % Change at

different time intervals

1^4
Std. Error Whitney

Mean n

RD%

Change
Z Score p value

Std.

Group N Mean Deviation

Baseline

-3Month

Group A 15 56.11 24.83 621 -1389 0.112^
196.500

Group B 15 74.44 29.45 7.600

3Monhts Group A 15 .00 .000 .000 -1.439

217.500 0.I50AGroup B
15 14.29 24.398 9221

6Months

Baseline Group A 15 56.11 24.83 6.21 -1389 0.112'^

76300Group B
15 75.7 29.45 7.6006M^ IS

Not significant p>0.05, * Significant p<0.05, **Highly Significant p<0.01
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m
Table XIH: Distribution of mean, median and s.d. of Groups A and B of CAL at different

time points

CAL Median
Std. Error

MeanGroup N Mean Std. Deviation

Baseline Group A
15 3.67 4.00 .617 .159

Group B 15 3.60 4.00 .632 .163

3Months Group A
15 2.07 2.00 .799 .206

Group B 15 1.80 1.00 1.014 .262

6Months Group A
15 2.07 2.00 .799 .206

Group B 15 1.67 1.00 .900 .232

■05, Sifiliincant I^.'ol^Notta 1.05, *

Table XIV: Intragroup comparison of CAL by Wilcoxon Sign Rank test of Group A at
different time intervals

Paired Diffemices

95% Confidence
Interval of the

DifferenceStd.

Std.

Deviation

Error
CAL Mean Mean Lower Upper Z score P value

Baseline - 3Months 1.600 .737 .190 1.192 2.008 -3.482 0.000***

3Months- 6Months 0.000 0.000 0.000 0.000 0.000 0.000 1.000^

Baseline - 6Months 1.600 .737 .190 1.192 2.008 -3.482 0.000***

Not significant p>0.05 * Significant p<0.05, **Highly Significant p<0.01
Very Highly Significant p<0.001
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Table XV; Intragroup comparison of CAL by Wilcoxon Sign Rank test of Group B at

different time intervals

95% Confidence

Interval of the
Std.

Std. Error

UniCAL Mean Deviation Mean Lower Z score Rvalue

Ba.seline -SMonths 1.800 .862 223 1.323 2277 -3354 0.000**

3Months- 6Months 0.000 0.000 O.(XX) 0.000 0.000 -1.414* 0.157^'

Baseline -6Months 1.933 .884 228 1.444 2.423 -3302 0.000**

m
A * Significant p<0.05, **HighIy Significant p<{).01 Very Highly Significant p<0.0()l

IS
Table XVI; Intergroup comparison of by Mann - Whitney U test for CAL at different time

points

Mann -

Whitney U

Z Score p value
N Mean Rank

Baseline mrnM 13 15.97

-0.326 0.745-'Groupji 10530015 15.03

m 30

OmpA3Months 15 17.13

-1.082 .279^Groups 15 13.87 88.000

30

6Months A 15 17.87

-1.598 0.110^
15 13.13 77.000

Tem 30

^ Not siptficant p>0.0S,* Si(piiieiBip«0.O5. Hi|i%Si!♦ A 1.01

87

x\\al C A

(o
19

1  8a Pri

A



Results and Observations

m
Table XVII; Intergroup comparison of by Mann - Whitney U test for CAL Change at

different time intervals

CAL Std. Std.

Error

Mean

Mann -

Whitney

Z Score p value
Change

Deviatio

Group N Mean Un

Baseline Group A -0.846 0398'^15 .7371.60 .190

Group B 93300
3Month

15 1.80 .862 223
s

3Month Group A -1.439 1.50^15 .00 .(KX) .0(X)

s-

Group B 97300
6Month

15 .13 .352 .091
s

Baseline Group A -1.28315 .7371.60 .190

0300^^
Group B 83300

6Month
15 1.93 .884 328

s

a
^ Not IHtiticam |ii|05^1Sijjlii^

m
Table XVllI; Intergroup comparison of by Mann -Whitney U test for CAL ̂Change at

different time intervals

CAL%

Change
Std.

Deviatio

Std.

Error

Mean

Z Score p value

Whitney
Group N Mean Un

Ba.seline

-3Month

Group A 15 43.56 17.816 4.600 -1.054 0392-'
87.500

Group B 15 51.(X) 23.383 6.037

3Month Group A 15 .00 .000 .000 -1.439 L50A

s- Group B
97.500

6Month 15 11.729 3.0284.44

s

Baseline Group A 15 .00 .(XK) .(XX) -1.439 L5(y'

Group B
97.500

6Month 15 4.44 11.729 3.028

s

m
'' Not significant p>0.05, ♦ Significant p<0.05, ♦♦Highly Significant p<0.0l
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Table XIX: Distribution of mean, median and s.d. of Group A and B of KTW at different

time points

KTW Median

Group N Mean Std. Deviation Std. Error Mean

Baseline Group A 15 2.93 3.00 .884 228

Group B 15 2.80 3.00 .414 .107

3Months Group A
15 3.60 3.00 .737 .190

Group B 15 3.67 4.00 .488 .126

6Months Group A 15 3.60 3.00 .737 .190

Group B 15 3.67 4.00 .488 .126

Not kiMificant ̂ .05. * Si^ .05-**Hriifa Si^ficanty^.()iIt

Table XX: Intragroup comparison of KTW by Wilcoxon Sign Rank test of Group A at

different time intervals

Paired Differences

95% Confidence

Interval of the

Difference
m
Std. Std. Error

MeanKTW Mean Cteviation Lower vpm Z score P value

Baseline - 3Months
-.667 .488 .126 -.937 -.396 -3.162 0.000**

3Months- 6Months
0.000 0.000 0.000 O.IXX) 0.(X)0 0.000 1.000^

Ba.seline - 6Months
-.667 .488 .126 -.937 -396 -3.162 0.000**

^ Not significant p>0.05, * Sig^icant p<C.05. **Hi^ Sqanificant ̂ .01
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Table XXI; Intragroup comparison by Wilcoxon Sign Rank test of Group B at different time

intervals

Wred Differences

95% Confidence

Interval of the

Difference
Std.

Std. Error

KTW Mean Z score

Baseline - 3Months
-.867 .352 .091 -1.062 -.672 -3.606 0.000***

3Month.s- 6Months 0.000 0.000 0.000 0.000 0.000 0.000 1.000''

Baseline - 6Months
1.933 .884 22» 1.444 2.423 -3.606 0.000***

'' Not significant p>0.05, * Significant p<0.05, **Highly Significant p<0.01

Very Highly Significant p<0.(X)l♦**

IS
Table XXll; Intergroup comparison of by Mann - Whitney U test for KTW at different time
points

KTW Z ScoreMann -

Whitney U
p value

N Mean RankIP

lABaseline IS 14.67

-0.146 0.884''
109.50015 16.33

m 30

OmnA3Months 15 14.67
-0382 0.561''Oifpl 15 1633 100.00

30

A6Months 15 14.67
-0382 0.561''

15 1633 100.(X)

30

n
'' Not iB|p|ficantpis$jD5, * ^iB|iftcimt |p#.p5t **Hi^
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Table XXIH; Intergroup comparison of by Mann -Whitney U test for KTW Change at

different time intervals

KTW Std.

Deviatio

Std.

Error

Mean

Z Score p value
Change

Whitney
Group N Mean Un

Baseline Group A 15 -.67 .488 -.67

90.000 -1273Group B
15 -.87 .352 -.873Months

3Months Group A 15 .00 .0(M) .00 0.0(K) 1.000^

112.00Group B
15 .00 .000 .006Months

Baseline Group A 15 -.67 .488 -.67

90.000 -1273 0203^^Group B
15 -.87 .352 -.876M. IS

A Not leant mm. *'Ml. . LOI.m

IQTabte XXIV; Intergroup comparison of by Mann -Whitney U test for KTW ̂Change at

different time intervals

KTW%

Change
Z Score p value

Std. Std. Error

Mean

Whitney
Group N Mean Deviation

Ba.seline Group A 15 -19.11 14382 3.765 -0.445 0.656^

102.500Group B
15 -23.33 10.059 23973Months

3Months Group A 15 .00 .000 .(XX)

112.00Group B 0.000 l.OOOA
15 .00 .(XX) .(XX)6Months

Baseline Group A 15 -27.22 21.470 5344 -0.445 0.656^

102.500(jTOUp B
15 -32.22 14.729 3.8036M

^ Not significant p>0.05, * Significant p<0.05, **Highly Significant p<().01
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m
Table XXV: Distribution of mean, median and s.d. of Groups A and B of GT at different

time points

GT Median Std. Error

Group N Mean Std. Deviation Mean

Baseline Group A 15 .993 1.00 .0799 .0206

Group B 15 1.000 1.00 .0845 .0218

3 Months Group A 15 1.320 1.30 .1014 .0262

Group B 15 1.347 130 .0834 .0215

6 Months Group A 15 1307 1.20 .0704 .0182

Group B 15 1327 130 .0594 .0153
ft

^ Not !.05,*Si| W5,**Hii ■Siiiifcajtleant

Table XXVI: Intragroup aunparison of GT by Wilcoxon Sign Rank test of Group A at
different time intervals

Paired Differences

95% Confidence

Interval of the
Difference

Std.a
Std Error Z

GT Mean Mean Lower P valuescore

Baseline - 3Months -3267 .IKK) .0284 -.3876 -.2658 -3.458 0.001 *♦

3Months- 6Months .1133 .0834 .0215 .0672 .1595 -3.017 0.003**

Bj line - 6Months -3133 .0834 .0215 -.2595 -.1672 -3.473 0.001**

Not significant p>0.05, * Significant p<0.05, **Highly Significant p<0.01
Very Highly Significant p<0.(X)l
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Table XXVII; Intragroup comparison of GT by Wilcoxon Sign Rank test of Group B at

different time intervals

Paired Differences

95% Confidence

Interval of the

Difference

Std.

Std. Error

MeanGT Mean Lower Zscore P value

Baseline - 3Months -.3467 .0743 .0192 -.3878 -.3055 -3.472 0.001**

3Months- 6Months .1200 .0775 .0200 .0771 .1629 -.3145 0.002**

Baseline - 6Months -2267 .1033 .0267 -.2839 -.1695 -3.342 0.001**

^ Not B^ficant 184.05, *Sig||rtei*fWft^^ S4gil8Mit|M|.0|

Table XXVIII: Intergroup comparison of by Mann - Whitney U test for GT at different time

points

GT Z Score p valueMann -

Whitney UN Mean Rank

Baseline 15 15.33

-0.112 0.91 lA
Groufll 110.0015 15.67

1 Â

30

3Months 15 13.90

-1.106 0.269'^

15 17.10 88..500

30

6Months A 15 14.37

-0.794 0.427^
QiMfijBi 15 16.63 95.500

tm 30

0
^ Not Si«nifKHItp^.05,* SiCi|ii8Mt.|RiBMi,**Hiill^iMMHI9^
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m
Table XIX; Intergroup comparison of by Mann - Whitney U test for GT Change at different

time intervals

GT Z Score p value4

Change
Std. Std. Error

Mean

Whitney
Group N Mean Deviation U

Baseline

-3Month

Group A 15 -.327 .1100 .0284
107.500

-224 0.823^Group B 15 -347 .0743 .0192

3Monhts Group A 15 .113 .0834 .0215 -200 0.842^

108.000Group B
15 .120 .0775 .0200

6Months

Baseline Group A 15 -327 .1100 .0284

107300 -224 0.823^^Group B
15 -.347 .0743 .01926M IS

Not titii«cantfi|.05, ♦ S'ipiicant.|^^ !=Q|

IS
Table XXX: Intergroup comparison of by Mann -Whitney U test for GT % Change at

different time intervals

1GT% Std. Std. Z Score p valuenn^

Change
Deviatio Error

Mean

Whitney
Group N Mean Un

Baseline Group A 15 -33.468 12.0138 3.1020 -0.021 0.983^^

112.00Group B
15 -35.141 8.9148 230183Months

3Monhts Group A 15 8.308 5.9999 1.5492

112.00 -.021 0.983^Group B
15 8.701 5.4497 1.40716Months

Baseline Group A 15 -22.007 9.8096 23328 -0.486 0.627A

101.000Group B
15 -23.458 11.6699 3.01326Mi

^ Not significant p>0.05, ♦ Significant p<0.05, **Highly Significant p<0.01
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Results and Obsen ations

Table Distribution of mean, median and s.d. of Group A and B of buccal bone level

in CBCT at different time points

GT Median

Std. Error

MeanGwwip N Mean Std. Deviation

Baseline Group A
15 3.95 4.00 .848 219

Group B 15 3.91 3.70 .847 219

6 Months Group A
15 3.580 3.60 .8351 2156

Group B 15 3.640 3.50 .8236 2126
n
^t isiiifMt 1^05*^Noti Of

Table XXXll: Intragroup comparison of CBCT by Wilcoxon Sign Rank test of Group A at

different time intervals

Paired Differences

95% Confidence

Interval of the

Difference

Std.

Std. Error Z

CBCT Mean Mean Lower I mm P valuescore

Ba.seline - 6Month.s .3667 .1496 .0386 .2838 .4495 -3.426 0.001**
G
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Results and Observations

Tabic XXXlll: Intragroup comparison of CBCT by Wilcoxon Sign Rank test of Group B at

different time intervals

PMnd Diffienwec*

95% Confidence

Interval of the

nilbreape
Std.

Std. Error _

Meanl^iatiw Lower mKCBCT Mean Z score P value

Baseline - 6Months :2733 .0961 .0248 .2201 3266 -3.461 0.001**

-'Not |.0S« * SitBifeant fM(».05. **HigH3r Sisal8ewi|HI.0i

Table XXXIV: Intergroup comparison of by Mann -Whitney U test for CBCT at different

time points

CBCT Z Score p valueMann -Whitney

Group N Mean Rank U

Baseline Group A 15 16.13

-0.395 0.693A
Group B 103.0015 14.87

Total 30

6 Months Group A 15 15.70

-0.125 0.901^
Group B

15 1530 109.500

Total
30

i
^ Not ■ifHiflwiill **Hife Sip^ jp^B.Ot
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Table XXXV;^rgroup conparison of Buccal bone level change in CBCT by Mann -
Whitney U test at different time intervals

%CBCT

Change
Z Score p valuen*

Std.

Deviation

Std. Error Whitney

Mean UGroup N Mean

Baseline Group A 15 .367 .1496 .0386

107300 -1.859 0.633^Group B
15 .273 .0961 .0248

6M

^ Not tiSliSeint 9^.05. *Sipill^t |Kd.05,**HigM^ Si 1.01

Table XXXVl;^ergroup comparison of Buccal bone level % change in CBCT by Mann -
Whitney U test at different time intervals

CBCT Std.

Deviatio

Std. Mann -

Whitney

Z Score p value

Error

Mean
Change

Group N Mean Un

Baseline Group A 15 10.914 4.9075 1.2671 -1.784 0.074^

Group B
69300

6Month 15 7.828 3.0718 .7931

s^

* Not significant p<0.05. * Significant 1X0.05, **Highly Significant p<0.01
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DISCUSSION

In today’s evidence-based era. the focus is on the predictability of soft tissue reconstruction

over the exposed root thus obtaining complete root coverage along with pleasant aesthetics.

GR is one of the major concerns in periodontology. leading to hypersensitivity because of

m
root expo.sure and subsequent exposure of dentinal tubules. In gingival reces.sion. btMie

dehiscence occurs along with soft tissue loss that makes it challenging to restore, as soft tissue

passively follows the position and form of the underlying hard tissue,

overall health of the gingiva is crucial in the outcomes of root coverage procedures. Zucchelli

and De Sanctis'®’stated that individuals who fail to comply with the regular maintenance care
138

plan are related with the recurrence in GR. Various periodontal plastic surgical techniques

have been used for the treatment of gingival recession including pedicle soft tissue grafts, free

.soft tissue grafts, combination free/pedicle soft tissue grafts, and guided tissue regenerative

procedures.

Q

Q
103 Maintenance of

105-110

0
Several randomized control trial studies demonstrated that addition of autogenous connective

tissue graft (CTG) to ctironally advanced flap (CAF) is considered to be the “gold standard"

means of root coverage as combination of CTG + CAF has shown statistically significant
1181

difference in root coverage, recession depth wduction and lain in keratiniz^ tissui thickness

in comparison to CAF alone, CAF + GTR, CAF + Alloderm and CAF -t- Enamel matrix

s
proteins. However, procurement of CT graft from second donor site increases the post

operative patient morbidity, swelling, pain and akso lengthens the duration of surgery.'"

e
Cotonally advanced flap is a commonly employed root coverage procedure when there is the

0
presence of adequate keratinized gingiva apical to the recession defect. Avoidance of second

surgical site, significant root coverage, the good colour blending of the treated area with

^pect to adjacent .soft tissues can be predictably accomplished using this surgical approach.

Various studies with CAF have shown mean root coverage ranging from 45% to 95% in

B

B
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Miller’s Class I and II GR. A meta-analysis reported that CAP and/or combined procedures

had the highest probability for recession reduction and maximum root coverage.*
II
Leong and Wang stated that if the purpose is to obtain a new attachment, then additive

procedures such as GTR can be considered.

12

B

113 These kinds of techniques offer numerous

advantages compared to the autogenous grafts. Based on the meta-ana lyses.114,115for the CAP,

&the average root coverage ranged 75% to 82.7%* with 24% to .95% of sites <K_hieying

complete toot coverage. CAP alone provides little or no periodontal regeneration in gingival
B

recession defects.

The concept of guided tissue regeneration was first suggested by Melcher in 1976."’ Later

^  0
Nyman et al (1982)'^ and Gottlow et ai (1986)'^' suggested predictable reinstitution of the

BB
attachment apparatus can be accomplished by using barrier membranes based on the principle

of guided tissue regoieration. Various non re.sorbable and resorbable barriers have been used

m
as GTR membranes.

Prato et al (1992)’ suggested that non resorbable barrier membrane with coronally advanced
a

flap can be u.sed predictably in treatment of gingival reces.sion. Tatakis et al
flEi

(1999)'“suggested that non resorbable nrembranes need a second surgery for its removal and

are also associated with complicatioas like membrane exposure, bacterial contamination, and

damage to the regenerated healing tissue. These concerns have spurred the development of

bioresorbable GTR devices.

m
Lee et al'^ suggested that histologically collagen membrane + CAP had shown a significant

0increase of new attachment and newly formed connective tissue when compared to CAP alone

in treatment of gingival recession.

Cortellini et al'^ suggested that the GTR technique for the treatment of gingival

defects results in healing by new connective tissue attachment, new cementum formation, new

coronal bone growth. Numerous studies support the concept that to obtain p^iodontal

regeneration adequate ̂ ace needs to be maintained underneath the membrane, the use of a

recession
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biocompatible graft material may increase this space and favour new bone formation.

m
In the present six months clinical study, we compared the efficacy of a resorbable amniotic

membrane and DFDBA widi coronally advanced flap in Group A with composite mixture of

m
A-PRF, 1-PRF and DFDBA with coronally advanced flap in Group B for the treatment of

Miller’s Class 1 and 11 gingival recession defects.

B
In Group A, we used Amniotic membrane (AM) as a barrier for GTR and DFDBA for space

maintenance. Amniotic membrane is a third generation barrier membrane with growth factors.

It has anti-inflammatory, anti-scarring, angiogenic, antimicrobial and anti-immunogenic

properties. Growth factors are naturally occurring polypeptides which stimulate chemotaxis,

proliferation of ftbroblasts, and .synthesis of extracellular matrix, as well as promote

B1
differentiation of cementoblasts and osteoblasts enhancing wound healing and promoting

B
periodontal regeneration. The growth factors may aid in the formation of granulation tissue

13
by stimulating fibroblast growth and neovascularization. It forms an early physiologic “seal”

with the host tissue precluding bacterial contamination and decreases the host immunologic

response via localized suppression of polymorphonuclear cell migration thus promoting

wound healing.23

B
DFX)BA used in the study may create and maintain extra space that is needed for new

attachment formation. Furthermore, it has been shown to possess osteoinductive and/or

osteogenic properties that may promote new attachment and bone format ion .^Therefore, we

used Amniotic membrane and DFDBA in our study.

IS3
In Group B patients were treated with composite mixture of A-PRF, 1-PRF and DFDBA.

^  eb
Platelet-rich fibrin (PRF), first described by Choukroun et al in 2001 in France,** has opened

tfie flood-gates in the field of dentistry, majorly focusing on the improved healing and
B

regeneration.^’ Thus, PRF has also been tagged as  a healing biomaterial.* PRF is a second-
Bl

generation platelet concentrate widely used to accelerate soft and hard tissue healing by

B
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increasing the concentration of growth factors such as transffflroing growth factor-P (TGF-P),

insulin-like growth factor-1 (lGF-1), platelet-derived growth factor (PDGF), vascular

endothelial growth tactorT (VEGF), fibroblast growth factor (PGF), epidermal growth factor

(EGF) and platelet-derived epidermal growth factor (PDEGF)?'-^^ A-PRF has enhanced

0
neutrophilic granulocyte in distal part of clot which contribute to monocyte differentiation

m
into macrophages thereby promoting early vascularisation, faster tissue growth, release of

Q
BMPs and cytokines than classic PRF. PRF in the form of a platelet gel can be used in

conjunction with bone grafts, which has several advantages, such as promoting wound

healing, bone growth and maturation, wound sealing and haemostasis, and imparting better

handling properties to graft materials. It can also be used as a membrane. Many clinical trials

suggnt the combination of bone grafts and PRF to enhance bone deasity.'*^ Therefore, we

. ^used composite mixture of A-PRF, l-PRF and DFDBA in our study as it will maintain space,

thus tenting it up and paving the way for periodontal regeneration to occur.

There is limited scientific literature documenting the use of AM and DFDBA with CAF and

compiosite mixture of A-PRF, l-PRF and DFDBA fcxr treating gingival recession defects.

Patients with age group 20 to 55 years were recruited in this study with a good general physical

Q
health, maintaining good oral hygiene and non-smokers with Miller’s Class 1 and II gingival

(9recession as supported by the similar inclusion criteria m studies done by Mahajan et al

(2018)” and Irfan al (2017).’^

Less percentage of root coverage, and significantly poorer treatment results and attachment
13

gain were observed in smokers as ctmqraied to non smokera. As suggested by studies done by
ta

Chambrone et al (2009)'-* Trombelli et al (1997)'“ and Zucchelli et al (1998).''^ According

to Sanz et al (2007) .systemic conditions such as diabetes mellitus have a negative effect on

wound healing because of increased microbial challenge which may jeopardize the outcome

of the regenerative surgical procedure. Therefore, we excluded smokers and diabetic patients

no

to

'4
N’

I
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from our study. Also, pregnant or lactating mothers, patients with poor oral hygiene,

ISdebilitating systemic conditions, taking immunosuppressive drugs or corticosteroids and with

a history of previous root coverage procedure at the site were excluded from the study as

supported by studies having similar exclusion criteria.

The evaluation of this study required an analysis of the results of the different parameters

obtained during the post-operative follow-ups. Though the histologic assessment is the ideal

way to verify the regeneration of new cementum, periodontal liganKnt fibres and/or bone on

previously denuded root .surface after guided tissue regeneration p-ocedure, but it is

discouraged in human due to ethical con.siderations.

In the preseA study, the soft tissue parameters probing depth, recession depth, and clinical

attachment level, keratinized tissue width were a.scertained clinically by measuring with

UNC-15 probe and gingival thickness was determined at a mid buccal location approximately
0

1 mm apical to the PD level with a #20 reamer, through the soft tissue with light pressure until

m
a hard surface felt. After careful removal of the reamer, penetration depfe was measured wMi

a vernier fcaliper to the neare.st 0.1 na«i.

KEi

Systemic antibiotics drugs and nonsteroidal anti-inflammatory drugs were fuescribed post-

surgically to control the possibility of infection and patient’s discomfort Mombelli et al

(19%).'^’ The patients were made to follow strict plaque control measures and thorough

supragingival scaling was performed at each recall visits as benefit of plaque control in the

m
response to periodontal therapy. All the patients showed good compliance and tte healing was

uneventful for both the groups. Sigas and symptoms of inflammation and any other

postoperative complications were not evident. In all patients, oral hygiene maintenance was

found to be satisfactory at each recall visit.

The present in vivo study constituted assessment of clinical parameters viz. Probing depth
B

(PD), Recession depth (RD), and Clinical attachment level (CAL), Keratinized tissue width

o
(KTW) and Gingival thickness (GT) at baseline, 3 months, 6 months in Group A and Group

40
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B. Buccal bone level from CEJ to alveolar crest was assessed with the help of CBCT at

Q
baseline and post-operative 6 months.

Q
In the present study, intragroup comparison of Probing Depth reduction in Group A from

baseline to 3 months had shown a statistically significant difference (p<0.05) with mean

fa a
reduction of 0.4(X) ±0.507 mm (20%) (p<0.05) and  a non significant change (p>0.05)

observed from 3 months to 6 months 0.(X)±0.(X) mm (0%). And overall a statistically
a

significant (p<0.05) PD reduction was observed from ba.seline to 6 months 0.4(X) ±0.507

(20%) which is in accordance with results from baseline to 3 months (0.20±033mm), from 3

months to 6 months (0.00±0.00 mm) in the study done by Mahajan et a) (2018).”

was

mm

Intragroup comparison of Probing depth reduction in Group B had shown statistically

significant difference (poO.05) at all three time intervals from baseline to 3 months 0.13 ±

0.352mm (6.67 %), 3 months to 6 months 0.00 ± 0.(X)mm (0%) and from baseline to 6 months

non

0.13 ± 0.352 mm (6.67%).

a
Intergroup comparison of PD between Group A and Group B at baseline showed .statistically

m
non significant difference (p<0.05) thereby implying that both the Groups (Group A and

Group B) chosen in our study were similar in nature. On comparing the PD reduction between

the two groups(Sroup A and Group B) at different time intervals, non significant difference
(p>0.05) was observed which implies a similar progress in reduction of PD occurs with both

groups.

Intragroup compari.son of Recession depth reduction in Group A from baseline to 3 months

Q
had shown a very high statistically 56.11% significant difference (p<0.(X)l) with

reduction of 13(X) ±0.414 mm (56.11%) whereas no further change was appreciable in the 3

months to 6 months 0.(X)0 ± 0.000 mm (0%) observation. Overall, a very highly significant

Q
change was observed from baseline to 6 months 1.200 ± 0.414 mm (56.11%). These results

a mean
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are in concurrence with the study done by Rehan et al (2018)’'* who also observed a very

highly significant reduction after 6 months (p<0.001). Similar results were also seen in study

iEH
by Irfan et al (2017)” and Mahajan et al (2018)” with significant difference (p<O.OS).

On intragroup comparison of RD reduction in Group B, a very highly significant difference

BQ
with a mean reduction of 1.733 ± 0.594 nun (74.44%) was observed from baseline to 3 months

and a statistically non significant reduction of 0.13 ± 0.352 mm was observed from 3 monttis

B
to 6 months. Overall, a statistically very highly significant difference of 1.87 ± 0.640 mm was

.seen from baseline to 6 months contributing to 75.7% of recession depth reduction (root
E3

coverage). These results are in concurrence with studies conducted bf Bhargavi et al

Both Groups had .shown a very highly significant reduction from baseline to 6 months

.89

implying that they are both effective in the treatn^t of gingival recession.

B
Intergroup comparison between Group A and Group B sites at baseline showed non

significant difference (p>0.05). It means both the groups (Group A and Group B) chosen in

our study were similar in nature.

On intergroup comparison of recession depth reduction in both the groups at various time

Q
intervals statistically significant difference was found from baseline to 3 months (p<0.05).

B
Statistically non significant difference was found (p>0.05) at 3 months to 6 months. Highly

significant difference was found at baseline to 6 months (p<0.01) indicating recession depth

0
reduction is greater in Group B as compared to Group A. This indicates that better recession

coverage was obtained in the Groups treated with  a composite mixture of A-PRF, 1-PRF and

DFDBA (Group B).

B
Intragroup comparison of Clinical attachment level gain in Group A had shown a very highly

Bl B
significant difference (p<0.(K)l) with a mean CAL gain of 1.60 ± 0.737 mm (43.56%) fixMn

baseline to 3 months and a statistically non significant difference (pt>0.05) was observed 0.00

B
± 0.000 mm. from 3 months to 6 mcxiths. Overall,  a very highly significant change (p<0.001)

was observed from ba.seline to 6 months mean CAL gain of 1.60 ± 0.737 mm. These results
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are in accordance with studies of Mahajan et al (2018)’^ showing significant difference
Q
(P<0j05) at baseline to 3 months and baseline to  6 mentis; and Rehan et al (2018)’'' with

highly significant difference (p<0.001) at byline to 6 months.

On intragroup comparison of CAL gain in Group B, statistically it very highly significant

difference (poO.OOl) was observed from baseline to 3 months 1.8(X) ±0.862 mm (51 %) and a

statistically non significant difference!p>0.05) of CAL gain was observed from 3 months to

m
6 months 0.000 ± 0.000 mm. Overall a highly significant difference of mean CAL gain was

obfwrved from baseline to 6 months 1.93 ± 0.884mm, These results are in concurrence with

study showing statistically significant CAL gain at ba.seline to 6 months!p<0.01) conducted

by Dholakia et al (2020)’* and Chekurthi et al (2021).’° Both groups had shown a very highly
m

significant CAL gain from ba.seline to 6 months implying that they are both effective in the

treatment of gingival recession.

B
Intergroup comparison between Group A and Group B sites at baseline showed non

m
significant difference !p>0.05). It means both the groups (group A and group B) chosen in

our study were similar in nature.

e
On comparing the CAL gain between the two groups (Group A and Group B) at different time

intervals, non significant difference (p>0.05) was observed which implies a similar CAL gain

occurs in both the groups.

On intragroup comparison of Keratinized tissue width in group A, highly significant

B
difference (p<0.01) was observed with mean KTW gain 0.667 ± 0.488 mm (27.22 %) fiom

baseline to 3 months. A non significant difference (p>0.05) was seen between 3 to 6 months

0.00± 0.000 mm (0%). Overall, a irtatistically highly significant difference (p<0.01) was

observed from baseline to 6 months 0.667 ± 0.488 mm (2722 %). These results ate in

concurrence with study showing statistically significant KTW gain from baseline to 3 months

95conducted by Priyanka et al (2019).
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m
On the other hand Group B had shown a very highly significant difference (p<0.(X)l) from

13
baseline to 3 months with mean KTW gain of 0.867  ±0.352mm (32.22 %) and statistically

non significant difference (p>0.05) was observed fiptwa 3 months to 6 montiu in KTW gain

m
0.00 ±0.000 mm (0%). And overall, very highly significant difference (gwiO.OO 1)' was observed

in KTW gain from ba.seline to 6 months 1.933 ± 0.844 (3222%). These results are in

concurrence with study showing a statistically very highly significant KTW gain from

baseline to 6 months conducted by Bhargavi et al (2021).

On comparing both the groups individually we found that Group B had shown greater

a
percentage of KTW gain from ba.seline to 3 months and baseline to 6 months in comparison

to group A.

89

a
On comparing the KTW gain between the two groups (Group A and Group B) at different

time intervals, non significant difference (p>0.()5) was observed which implies a similar
a

KTW gain occurs in both the groups.

On intragroup comparison of Gingival thickness gain in Group A, highly significant

a
difference was observed (p<0.001) from ba.seline to 3 months 0.3267 ± 0.1100 mm (33.46 %

) 3 months to 6 months 0.113 ± 0.0834 mm (8.30%) and from ba.seline to 6 months 02133±

0.0834 mm (22.0%). These results are in concurrence with study showing statistically

significant increa.se in gingival thickness by Mahajan et al (2018).

m
On the other hand GT gain in Group B also shows a highly significant difference (p<0.001)

from ba.seline to 3 months 0.3467 ± 0.0743 (35.1%), from 3 months to 6 months 0.12(X) ±

73

EO
0.0775 mm (8.7%) and from baseline to 6 months 0.2267 ±0.1033 mm (23.4%) Which is in

acomdanoe with the .study by Bhargavi et al**^ i||hich jihpw| a statistically very highly
Zl
s^tuficant increase in ^agtval thickness from baseline to 6 month^. This indicates that

Q
gingival thickness gain is appreciable in both the groups.

Intergroup compari.son cd GT gain between Group A and Group B demonstrated non

Q
significant difference (p> 0.05) at baseline, 3 months and 6 months. On comparing the GT
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s
gain between the two groups (group A and group B) at different time intervals, non significant

difference (p>0.05) was observed. This result shows similar amount of gingival thickness gain

occurs in both the Groups.

El
On intragroup comparison of CBCT for buccal bone level gain in Group A, highly significant

difference!p<0.01) was observe from baseline to 6 months 0367±0.1496 mm (10.91%).

CO
On the other hand, buccal bone level gain in Group B also shows a highly significant

e
difference (p<0.()l) from baseline to 6 months 0.273 ±0.0961 mm (7.82%) which is in

accordance with the study bj' Ogat a et al (2017)*^ and Bhargavi et al (2021 )*’ showing a highly

significant increase in labial plate thickness from baseline to 6 months. These results indicates

that buccal bone level gain is appreciable in both the groups.

On comparing the CBCT for buccal bone level gain between the two Clroups (Group A and

Group B) at different time intervals, non .significant difference (p>0.05) was observed. This

shows that both the groups are equally efficacious in bone regeneration.

Q
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Conclusion

CONCLUSION

s
This single blind prospective randomized controlled clinical study evaluated and compared

the efficacy of amniotic membrane and DFDBA using coronally advanced flap (Group A)

m
versus composite mixture of A-PRF, 1-PRF and demineralized freeze-dried bone allograft

0
using coronally advanced flap technique (Group B) for the treatment of Miller's Class 1 and

m
II gingival recession over a period of 6 months. The clinical parameters evaluated at baseline.

3 months and 6 months were probing depth, recession depth, clinical attachment level,

=1 OS
keratinized tissue width and gingival thickness. The radiological parameter was used to

0
evaluate the change in buccal bone level at baseline and at 6 months.

01
The present study resulted in no post-operative discomfort to the patients. All the patients

m
showed good compliance and po.st-operative healing was uneventful in both the gioups. It

was observed that regenerative materials used in the study in both the groups were well

tolerated by the patients. The PI score was less than 1 at various time points of 3 months and

6 months post operatively, thereby indicating favorable environment for healing of the

periodontium throughout the period of study.

Q
On Intergroup comparison between Group A and Group B, statistically non significant results

(p>0.()5) were observed at all time intervals for most of the parameters (PD, CAL, KTW, GT,

BBL). Except for the recession depth which showed statistically significant difference from

baseline to 3 months (p<0.05) and highly significant difference from baseline to 6 months in

Group B (p<O.OI). Thus we can conclude that group  B results in better root coverage, which

may be attributed to additional anti-inflammatory effects, natural scaffolding property, bone

growth and maturation, haemostasis, and the presence of growth factors in the composite

m
mixture of A-PRF and l-PRF when used along with DFDBA, which is also supported by

literatures.

m
Within the limitatioas of this study, it can be concluded that both treatment modalities (Group
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1
A and Group B) are efficacious and resulted in statistically significant improvement in clinical

and radiological parameters. However, Group B in our study resulted in more recession depth

reduction. With this we conclude that use of composite mixture of A-PRF, I- PRF and

m
DFDBA is more jBcdictable method for treatment of recession defects.

m
However, further long term studies with larger sample size are required to confirm the efficacy

and therapeutic effects of amniotic membrane and DFDBA versus composite mixture of A-

PRF, 1- PRF and DFDBA.
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Summary

SUMMARY

ID
Gingival recession (GR) is defined as the displacement of the soft tissue margin apical to the

cementoenamel junction (CEI) with exposure of the root surface. Untreated GR may result in

aesthetic compromise, dentinal hypersensitivity, increased risk of cervical abrasions, root

caries, poor plaque control, and/or a combination of the above.

m
Several surgical techniques have been reported fi w the treatment of multiple adjacent GR

defects with variable degrees of success. These primarily include a conventional coronally

positioned flap (CPF) procedure, a modified coronally advanced flap procedure, and the tunnel

technirpie (TUN).

0
Guided tissue regeneration based root oovoage frocedures has emerged as a promising

treatment modality for treating gingival recession. Various non resorbable and resorbable

barriers have been used as GTR membranes. Non-resorbable first generation barriers like e-

PTFE membranes were replaced with bioabsorbable second generation barriers like collagen

membrane, synthetic membranes due to the need for removal of non-resorbable barrier

membrane.

Q
Recently, amniotic membrane, a third gei^ration barrier membrane with growth factors has

m
been introduced for periodontal regeneration. AM creates an almost native sctffold fw self-

seeding in tissue engineering as the epithelium retains reservoir of stem cells. AM can

modulate angiogenesis and promote wound healing.

DFDBA is an allograft that posse.sses osteoconductive and osteo-inductive properties. It has

the potential for osteo-induction due to increased expression of bone morphogenetic protein

(BMP). GTR techniques have shown added advantage of space maintenance, clot stability.

guided cell population, epithelial cell occlusion and the combination therapies.

m
PRF has been tagged as a healing biomaterial.PRF is a second-generation platelet concentrate

widely used to accelerate soft and hard tissue healing by increasing the concentration of
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growth factors. PRF may act as a biologic adhesive to hold the particles together, facilitating

the manipulation of the bone grafts.

Cone beam oompoted tomography (CKTI^ has been recommended as a fairer means of

m
assessment of regeneration that mimics the bone moiplKdogy radiographically. CBCT

displays two dimensional and three dimensional images that are necessary for the diagnosis

and treatment plannii^ of buccal and lingual bone morphology.

B
Thus, the purpose of our study was to evaluate and compare the efficacy of amniotic

membrane and DFDBA versus composite mixture of A-PRF, I-PRF and DFDBA using

Q
coronally advanced flap technique in the treatment of Miller’s class 1 and class II gingival

reces.sion defects clinically and radiologically.

Thirty sites with Miller’s class I and 11 gingival recession defects, were selected for the study

m
after completion of phase 1 therapy and were randomly allocated by toss of a coin into two

groups having IS sites each. In group A sites were treated with amniotic membrane and

B
DFDBA using coronally advanced flap technique and group B sites were treated with

composite mixture of A-PRF, I-PRF and DFDBA using ccx-onally advanced flap technique.

The clinical parameters evaluated at baseline, 3 months and 6 months were jwobing depth.

recession depth, clinical attachment level,keratinized tissue width and gingival thickness. The

m
radiological parameter (buccal bone level) was evaluated at baseline and at 6 months.

On intragroup comparison it was found that both the Groups i.e. A and B Performed well

tSI

individually showing significant results from baseline to 6 months. On Intergroup comparison

between Group A and Group B, statistically non significant results (p>0.05) were observed at

all time intervals for all parameters (PD, CAL, KTW, GT, BBL) except for the recession

depth which showed statistically significant difference from baseline to 3 months (p<0.05)

B
and highly significant difference (p<0.01) from baseline to 6 months (p<0.01) indicating

recession depth reduction is greater in Group B as compared to Group A, which mi^ be

attributed due to the property of A-PRF and 1-PRF helps in wound healing, protecting the
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suifical site, promoting soft tissue repair, when mixed with bone graft it may act as a

“biological connector" which attracts stem cell, favors the migration of osteoprogenitor cells

to the center of the graft, and provides neo-angiogenesis. In addition. PRF may act as a

biologic adhesive to hold the particles together, facilitating the manipulation of the bone

grafts. DFDBA possesses osteoconductive and osteoinductive properties. It has the potential

for osteoinduction due to increased expre.ssion of bone morphogenetic protein (BMP).

Thus, we summarize that amniotic membrane and DFDBA versus composite mixture of A-

ISI
PRF, I-PRF and DFDBA improved clinically significant outcomes and showed promising

results in management of gingival recession. With respect to root coverage, composite mixture

Q
of A-PRF, 1-PRF and DFDBA showed the better percentage of root coverage as compared to

amniotic membrane and DFDBA.

El
However, fudho' long term studies with larger sample size are required to confirm the efficacy

and therapeutic effects of amniotic membrane and DFDBA versus composite mixture of A-

PRF, 1- PRF and DFDBA.
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ABSTRACT

TITLE

A comparative evaluation of physical properties of denture base resins with addition of

fillers -an in vitro study.

INTRODL'CTION

The Denture Bases are subjected to various stresses during function; these include

compressive, tensile and shear stresses. Some of the factors responsible for denture fracture

include stress intensification, increased ridge resorption leading to an unsupported denture

B
base, flexural fatigue of acrylic due to cyclic stress, deep incisal notching at the labial

frenum, sharp changes at the contours of the denture base, deep scratches and induced

processing stress.

re have been continuous efforts to improve the poly-methyl methacrylate regarding the

enhancement of strength, surface hardness and abrasion resistance. To enhance

mechanical properties of denture base resin there is a need of structural modifications to

the composition, such as the addition of fillers.

Hence, this study is being undertaken to study the ct of addition erf" glass fibers,

zirconium oxide and aluminum oxide nanoparticles on the transverse strength, surface

m
hardness and water sorption of self-cure and heat cure denture base resin.

VIII



ABSTRACT

OBJECTIVES

•  To evaluate and compare the transverse strength of Denture Base Resin (Heat Cure

and Cold Cure) reinforced with 5 wt% Zr02 nanoparticles, 5 wt% Al:03

nanoparticles, 2.5 wt% glass fibers,

. 9,o evaSiate sid compare the swface harness of Denture Base Resin (Heat-Cure
and Self-Cure) reinforced with 5 wt% ZrO: nanoparticles, 5 wt% AlKJs

nanoparticles, 2.5 wt% glass fibers

• To evaluate and compare water sorption of Denture Base Resin (Heat-Cure and

Self-Cure) reinforced with 5 wt% Zr02 nanoparticles, 5 wt% AI2O3 nanoparticles.

2.5 wt% glass fibers.

iATERIALS AND METHODOUK’.V

H total of, 12# specimens were prepared. For evaluation of transverse strength and surface

hardness of ̂ id Cure and H«t Cure Denture Base Resin 80 specimens were prepared
using standard mold measuring ̂ mm x 10 mm x 2.5 mm as per ADA Specification No.
12. 80 specimens were equally divided into two equal groups A and B (n=40) of Cold Cure

and Heat Cure Denture Base Resin respectively. Group A was f urther divided into 4 sub

groups (Ai, A2, A3, A4)and similarly. Group B was also sub divided into 4 sub-groups (Bi,

B2, B3, B4) (n=10) consisting of control, plus three experimental groups reinforced w-ith

three different fillers (Zr02 nanoparticles, AI2O3 nanoparticles and Glass fibers)

For evaluation of water sorption in Cold Cure and Heat Cure Denture Base Resin 40

specimens were prepared using standard mold measuring 50 mm x 0.5 mm as per ADA

Specification No. 12 and which was divided into two equal groups C and D (n=20) of Cold

IX



ABSTRACT

Cure and Heat Cure denture base resin respectively. Group C was further divided into 4

sub-groups (Cl, C2, C3, C4) and similarly. Group  D was also sub divided into 4 sub-groups

(Di, D2, D3, D4) (n=05) consisting of control, plus three experimental groups reinforced

with three different fillers (Zr02 nanoparticles, AI2O3 nanoparticles and Glass fibers).

RESl'LTS

Both s., cure and cold cure denture base resin showed increase in transverse strength and
surface hardness after addition of fillers. Highest transverse strength and surface hardness

m

was found to be in Heat Cure and cold cure reinforced with Zt02 Nano Particles followed

by glass fiber and then AI2O3 Nano Particles whereas highest water sorption was found to

be in Heat Cure Control group and towest in Cold Cure Zr02 Nano Particles group.

CONCLl'SiON

einforcement of both denture base resins by addition of fiber and fillers increased the

transverse strength and surface hardness. Highest transverse strength and surface hardness

was found to be in Heat Cure 2^02 Nano Particles group and lowest in Cold Cure Control

group whereas highest water sorption was found to be in Heat Cure Control group and

lowest in Cold Cure Zr02 Nano Particles group.

KEYWORDS

Denture base resin, Resin reinforcement, ZrOi nanoparticles, AI2O3 nanoparticles, glass

fibers, transverse strength, surface hardness, water sorption.
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RODl'CTION

Edenlulism is defined asTBe' toss'drt&llj which may be partial (loss of some teeth)

complete (Ires of all feetliV and is (he outcome df multi factorial proasss involving
tUtffiSgical process (dental caries and pctriodontaldisease, trauma) as well as non-biological

factors related to dental ITOcedurcs (access to carj. affordability etc).|

or

Q
According to world health organization (WHO) study on global ageing and adult health,

e overall prevalence of complete edentulism was 1 1.7% in six countries, with India,

OD
Mexico and Russia exhibiting greater prevalence rate (16.3% - 21.7%) than China, Ghana

and South Africa (3.0% - 9.0%). Among the age groups, the prevalence increases from 2%

in 35-44 years of age group to 26% in 65-74 years of age group.^ According to National

io of people in 65-74 years of age group in IndiaOral Health Survey 2002-03, nearly

were completely edentulous.^

Loss of teeth been associated with several socio-demographic, behavioral and medical

factors. Complete edentulism leads to changes in food choices and nutritional changes that

may contribute to medical problems and may have a negative impact on emotions and

social wellbeing.'* Therefore, rehabilitation of complete edentulism is of utmost

importance.

After a patient has become completely edentulous, two treatment options are available for

replacement of teeth which includes conventional complete dentures and implant supported

over denture.

1



INTRODL'CTION

Conventional complete dentures are often chosen as a treatment modality because of

multiple factors such as cost, treatment time and patient’s unwillingness to undergo

surgical procedure and bone factors etc.*

means of replacing missing tooth structure by artificial (denture base) materials

continues to account for a large part of the application of material scieiKes. Denture base

materials have always been a matter of research in the field of dental materials.

.1 DENTLRE BASE MATERIALS

se w. first dental prosthesis was believed to be constructed in Egypt about 2500

medieval times, dentures were seldom considered as a treatment option. They were hand

carved and tied in place with silk threads which had to be removed before eating.

During

Alexis Duchateau (1774) was the first to fabricate porcelain dentures. Such dentures were

very well shaped to ensure intimate contact with the underlying tissues. Porcelain dentures

exhibited good dimensional stability, smooth glazed surface and can be tinted. However,

IBB
orittnthese dentures had drawbacks of increased igiisgrawtij^

polishin|.* Later, vulcanite was introduced as a denture base material which exhibited

m
better fit of the ridges, so that dentures could be worn with greater comfort. Other

advantages of this material included increased durability, light weight and ease of wofk.

However, vulcanite-based dentures had drawbacks of being dimensionally unstable and

unhygienic due to bacterial proliferation. Also, these dentures had poor taste, odor and poor

esthetics.’

2



INTRODUCTION

POLVMETHVL METHACRYLATE

Poly-methyl-methacrylate (PMMA) was first introduced by Rohm and Hass (1936) in

sheet form followed by Nemours (1937) in powder form. Dr. Walter Wright (1937)

introduced Poly-methyl-methacrylate as a denture base material.*

ymethylmethacrylate (PMMA) resin is the material of choice today for fabrication of

dentures because it possesses a combination of favorable characteristics such as ease of

laboratory manipulation, light weight, cost effective, stability in the oral environment.

8esthetic and bio-compatibility.

Properties of P.MM.A

MA is one of the «|Bi^iliOUS |it)1yi1iers't1iat befong fd ramlly.Tt fs f cle^,

ariorless pelymer with a glass transition KWpwature range of lOO^C to 130‘’i to prevent

softening and distortion during use.’ It has a density as low as 1.20 g/cm’ which makes the

denture light and therefore comfortable for the patient. It

known to withstand t«8yei»tures as high as 709|’ without much of distortion because of

low thermal conductivity (6 x 10"‘cal/ sec /m’)'® which enables the denture wearer to

IS good thermal stability and is

maintain a healthy oral mucosa and to retain a normal reaction to hot and cold food.

As far as mechanical strength of PMMA is concerned, it has a high Young’s Modulus

(3.5GPa) and a low- elongation (2.5%) at breakage. Thus, it does not shatter upon rupture,

and is one of the hardest thermoplastic materials with high scratch resistance. However, it

IIhas a low resistance to chlorinated and aromatic hydrocarbons, esters or ketones.

3
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INTRODl'CTION

10Table I: Physical and mechanical properties of PMMA

1-15nsity

Water Abs(»t)ti0n 0;3%-2%

linear Shrinkigi 0.003 - 0.0065 cm/cm

Hardness 63 - 97 KHN

Tensile Strength T7 - 79 MPa

Tensile Modulus 2.2-3.8GPa

Flexural Modulus 3 - 3.5 GPa

Flexural Strength 1.5 GPa

W ater Sorption

8ne of the properties of acrylic resins is Weddf ̂ dfplion and releaser‘WTfrgTf"?Susi&

dimensional instability, th“ the material to iittcriiil stresses mat mSjTftSull

jn crack formation and evenluaN^fractuni of the denture.12

4



tNTRODUCTION

e
Water molecules once absorbed by the PMM A; spread the macromolecules of the polymer.

forcing them apart to decrease the dimensional stability of the material.

It has been estimated that for each 1% increase in weight produced by water sorption.

13acrylic resin expands to 0.23% linearly.

Tensile strength

m
The tensile strength of PMMA is dependent on many factors such as the composition of

resin, processing technique and degree of polymerization etc. As the degree of

10polymerization increases, the strength of resin also increases.

Compressive strength

The compressive strength of acrylic denture resin is about 80-100 MPa (sufficient to resist

fracture caused by application of a high masticatory load).'® Regardless of their relatively

low values, the clinical performance of acrylic resins as a denture base material is adequate

in most respects.

Flexural strength

It isknown by several names such as modulus ofrupture or transverse strength. It is defined

as the amount of stress in a material just before it yields in a flexure test. Flexural strength

of conventional PMMA is 101.18 MPa'®

Fatigue Strength

It represents the numberofcycles before (ailureofcertain stresses. PMMA has an adequate

fatigue strength of 1 x 10® Cycles at 17.2 MPa. The fatigue strength of denture base resins

5



INTRODl'CTION

is important as the dentures are subjected to large number of cyclic stresses during

14
mastication.

IQ
Acrylic resin has a poor resistance to fatigue fracture which is mainly responsible for targe

number of denture fracture.'®

Hardness

ID
The hardness of this material is rather low (I5-18KHN)'® This predisposes the acrylic

denture bases to wear, caused by abrasive foodstuffs and particularly abrasive dentifrice

cleaners. fRhe patient develops the habit of frequently removing his denture and allowing
it to dry out, the constant cycle of water absorption followed by drying may develop

sufficient tensile stresses at the surface to cause crazing. Thus, patients are instructed to

keep their dentures moist all the time.15

10Table 2: Composition of PMM A.

Powder

CHEMICAL FL'NCTION

Polymer Poly-methyl-methacrylate Main component

Initiator Benzoyl peroxide Initiate polymerization

6



INTRODUCTION

Plasticizers Dibutylphthalate Reduces stiffness, hardness and

sofien the material

Pigments Cadmium sulfide, mercuric Provide shades similar to oral

sulphide & ferric oxide tissue

Opacifiers Titanium oxide/ Zinc oxide Make the denture opaque

Liquid

CHEMICAL FUNCTION

Monomer Methyl-methacrylate Main constituent

Inhibitor Hydroquinone Increases shelf life

Dibutyl phthalatePlasticizers Reduces stiffness, hardness

and softens the material

Cross linking Ethylene glycol Decreases solubility, water

dimethacrylate sorption and crazing.agent

7



INTRODl'CTION

I.!?:LASSIFICATION OF DENTURE BASE MATERIAL BASED ON METHODS
OF POLYMERIZATION

leat activated PMMA

These are supplied in powder-liquid fonn and their composition is given in Table 2.

Advantage of these materials involves ease of manipulation, convenience of fabrication.

good adaptability to the tissues, higher dimensional stability, lower residual monomer

10content and minimal color change. However, the major drawback of this material is

16increased porosity and poor flexural strength.

lemicallv activated P.VIMA

In 1947, chemical activators were used to induce denture base polymerizafibn at room

temperature. These were also referred to as cold<ure resins, self-curing or auto-

polymerizing resins. Chemical activation is accomplished through the addition of a tertiary

amine, such as di-methyl-para-toluidine to the monomer which upon mixing causes

decomposition of benzoyl peroxide. This releases free radicals to initiate polymerization.17

Benefit of this material is greater dimensional accuracy due to reduced polymerization

IS
shrinkage. The disadvantages of this material are incomplete polymerization leading to

greater amount of unreacted monomer in the denture base causing decreased transverse

18Strength and the unreacted monomer which is a potential tissue irritant.

ight activated Denture Base Resin

It consists of urethane dimethacrylate matrix with an acrylic copolymer, micro-fine silica

fillers, high molecular weight acrylic resin monomers, photo-initiatpr (camphoroquinone)

8
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16and visible light as an activator. Denture base resins are available as a single-component,

which are dispensed as premixed sheets having clay like consistency and is packed in light

proof pouches to prevent inadvertent polymerization.19

These resins show- less porosity and reduced polymerization shrinkage in comparison to

chemically activated denture base resin. Drawbacks of these resins include that they cannot

be flasked in conventional manner as investing media rather prevent passage of light

1

I

1

t6thereby making this system technique sensitive.
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INTRODUCTION

1.3 ST.ATEMENT OF THE PROBLEM

IS
The denture bases are subjected to various stresses during Function; these include

Some of the factors responsible for denture

fracture include stress intensification, increased ridge resorption leading to an unsupported

m
denture base, flexural fatigue of acrylic due to cyclic stress, deep incisal notching at the

labial frenum, sharp changes at the contours of the denture base, deep scratches and inducej

20compressive, tensile and shear stresses

21processii^.

ITie fracture of complete denture is quite common which is not only troublesome for the

patient but also challenge for the dentist.

Among fractures, a midline fracture of single maxillary complete denture is quite
Q

It is an inevitable problem especially in those patients who have retained their

le maxillary dentures are subjected to bending deformation on

tensile stress occurring at the labial and palatal aspect of incisors,

in latter there is increased stress commonly resulting in midline fracture of maxillary

denture.” In addition, flexural and impact forces also contribute to the fracture of denture.

22
common.

natural mandibular teeA.

IFjil
withthe polished surface

One of the factors for fracture of a denture is flexural fatigue. It occurs due to constant low

and short repeated stress on a material which eventually fractures over a period of time.

Although if a force of such a low magnitude is applied once, there will be no detrimental

effect on the denture but if applied repetitively over an area of stress concentration micro

Q
cracks will propagate which ultimately weakens the material This catastrophic failure

ihfeults from EtflnatToading cycle Thai will exceed the mechaiical limits of the (•emaininf

sound portion of the material.

24
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INTRODUCTION

m
The problem of ag^jic resin frac^Be can be reduced improving the flexural strength cf

resins.* A newer and suitable method has to be employed during denture base fabrication.

This can be achieved by reinforcing with different materials which enhances the

mechanical properties of denture base.27

There have been continuous efforts to improve the pdy-methyl methacrylate regarding the

enhancement of strength, surface hardness and abrasion resistance.

Q Q
To enhance the mechanical properties of denture base resin there is a need of structural

modifications to the composition, such as the addition of fillers.* Thereby enduring

structural modification, fillers like zirconium oxide nanoparlicles{Zr02), Aluminum oxide

nanoparticles (Al’Oj) and glass fibers can be incorporated into denture base resin.

B
ZrOi particles have crystalline structure and have been reported for having high mechanical

properties, it possesses excellent toughness, strength, biocompatibility, high abrasion and

29 Further, their transparent color makes them usef ul for esthetics.corrosion resistance.

B
Being the hardest among any other oxides, they are able to withstand crack propagation as

10well.

search of literature reveals that the addition of varying amount of metal fillers such as

30powdered silver, copper and aluminum to PMMA at various concentrations not only

gives it an advantage of increased strength, improved thermal conductivity but also makes

the material radiopaque and reduces polymerization shrinkage and warpage.]i

AI2O3 is a chemical compound of trfuminum and oxygen with strong ionk bond, giving

rise to its desirable material characteristicj.^^ Its high hardness and good thermal properties

n
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make it the material of choice for wide range of applications. It is also know n for it*

excellent size and shape capabilities with high strength.33

01
Glass fibers are aesthetically stable and possess high degree of stiffness,^ toughness and

ES
strength.^’ It may improve the flexural strength of denture base resins.

As, w e know that denture base resin is material of choice for f abrication of denture but its

longevity is hampered due to its insubstantial mechanical properties. Addition of fillers

Q
may improve the transverse strength, surface hardness and impact strength of denture base

resin.

oral conditions, it is likely that jmiher polymerization reaction and water uptake

mechanisms occur simultaneousl|(.
03

36 Water absorbed into polymerized resins could also

act as a plasticizer, thereby altering their mechanical properties.” Considering that durii^

clinical use, the dentures are immersed in saliva and during storage they are soaked in

solutions of denture cleansers or water, it is important to assess the inflirence of water

immersion on the mechanical properties of the acrylic resins.

Hence, this study is being undertaken to study the et tf addition of glass fibers,

zirconium oxide and aluminum oxide nanoparticles on the transverse strength, surface

hardness and water sorption of self-cure and :at cure denture base resni

12
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AIMS AND OBJFXTIVES

AIM

1e aim of the study is to evaluate and compare the physical properties of heat &

chemically activated denture base resin with addition of fillers.

OBJECTIVES THE STUDY

•  To evaluate and compare the transverse strength of Denture Base Resin (Heat-

Cure and Chemically Cured) reinforced with 5 wt% ZrO: nanopariicics, 5 wt%

AbOj nanoparticles, 2.5 wt% glass fi bers.

. ?,o evaluate and ccNonqure the swfacc haminess rtf Denture Base Resin (Heat-

Cure and Chemically Cured) reinforced with 5 wt% ZrO: nanoparticles, 5 wt%

AbOi nanoparticles, 2.5 wt% glass fibers.

. ̂ evaluate and compare water sorption of Denture Base Resin (Heat-Cure and

Chemically Cured) reinforced with 5 wt% Zr02 nanoparticles, 5 wl% AI2O3

nanoparticles, 2.5 wl% glass fibers.

13
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REVIEW OE LITERATtRE

o
An in- vitro study was conducted to evaluate the water sorption and solubility of heat-

cured and chemical-cured glass fiber (GF) PMMA composite used in dentures/** The

test specimens (n= 5) were fabricated from experimental, unidirectional, continuous

GF reinforcement; the GF concentration of the test specimens was approximately 1 1%

by weight. W ater sorption and solubility were tested in accordance with International

Standards Organization specification No. 1567. The results revealed that the type

of acrylate had more of an effect on water sorption than did the presence of GF

0
reinforcement in the test specimen (p = 0.001 and  p = 0.049, respectively). In the GF-

reinforced test specimens the type of PMMA also affected the water sorption values

{p = 0.006). GF reinforcement affected the solubility values of the test specimen {p =

0.002), but the type of acrylate had no effect on solubility {p =s. 0.585). The results of

this study suggest that the water sorption and solubility of unreinforced PMMA and

PMMA reinforced with GF are in accordance with International Standards

38Organization specification No. 1567.

%fecIn an experimental study

jenture base agylic resin material was evaluated.*’ Imp*ct str«Bgth, transverse strenfft

t of 5 fibw strengtheners on tfce fracture resistance of

and eiasfictfy ifiadtsTtii vaitfer oraiii^^

reTtirofcerW^-p(^:‘*«aWdfi,“1WrrTCe vlaf;■

woven fonn \i»’errmimerTmrinjig|^iia^ frstn^Ht s^^

wovetl nbefs wra TaWcat^'^TOWtrijJillllfcMsfSRIPIIIi^^

ti Bef 'reintof ceinehrFor TRe i mpacTstfengffi' fesf,'a|Pi||8S||||P|FS^^T«fefwas*^tt

I ransverse stfghpTWar a 5-tfdfttfW^ tesl'W

Inehanical testing machine. Ten specimens were used for each tolj. The|[ighest impac^
test values were | ' >1|l||illl|fll|rffltTrr“'‘‘T1f^ T - -~iT
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obtained (rom specimens containing no fibers. There were significant difTerences

among the test groups, but no significant differences in transverse strength were found.

I he lowest transverse strength values were obtained for specimens strengtheited w ith

polyethylene fibers, which aIs6“uistgnin&arttTy~*cixased TranSv»se "^stref^^ of the

aoylic resin. Thestudy conclude that impact strcn|^of denturebisc a<rp}ic resins w*s

increased with f!heTs“Tn woveifnjfiil. Tcst^ fitWJ^fB^nbrhrv^

transverse stren|tt||.

a
An in-vitro study was perfonned to determine whether the flexural strength of a

commercially available, heat-polymerized aciylic denture base material could be

improved through reinforcement with 3 types of fibers.^® Ten specimens of similar

dimensions were prepared for each of the 4 experimental groups; conventional acrylic

resin and the same resin reinforced w ith glass, aramid, or nylon fibers. Flexural

strength was evaluated with a 3-point bending test. The results were analyzed w ith a 1 -

way analysis of variance. All reinforced specimens showed better flexural strength than

the conventional acrylic resin. Specimens reinforced with glass fibers showed the

highest flexural strength, followed by aramid and nylon.

mThe effect of incorporating alumina oxide on the flexural strengdi of heat polymerizing
Bin

acrylic resin was evaluated in an in-ifitrpstudji.'’' In w hich specimens were divided into

five group coded as A-E, Group A as control and remaining group (B-E) were

reinforced with 5%, 10%, 15%, 20% by weight of aluminum oxide powder. The result

concluded that flexure strength of acrylic resins was increased for all the 4 group,

maximum strength was with 15% alumina oxide powder.

15
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In a comparative study, effect of reinforcing high-impact acrylic resin (Metrocryl HI)

with zirconia powder in two different concentrations on the transverse strength, impact
0

42strength, surface hardness, water sorption and solubility was evaluated. Fifteen

specimens were prepared for each test, five from Metrocryl HI resin as control, five

others were prepared from the 5% zirconia-modified Metrocryl HI resin, and another

five specimens were prepared from the 15% zirconia-modified Metrocryl HI resin.

Transverse strength was assessed with a 3-point bending test using a screw-driven

testing machine. For the impact strength, a Charpy tester was used. Surface hardness

testing was conducted using Vickers tester. The water sorption and solubility test was

perfonned according to International Standards Organization specification No. 1567

for denture base polymers. Micro-structural examination of two specimens, one

representing each Zr02 concentration group, was carried out using scanning electron

microscopy. As determined by ANOVA and Bonferroni multiple comparison tests, the

addition of zirconia resulted in a highly significant increase in transverse strength of

high-impact acrylic resin (P < 0.001). This increase was proportional to the

concentration of zirconia. No significant difference was detected in each of impact

strength, surface hardness and water solubility (P > 0.05). Although a significant

increase in water sorption was demonstrated (P <0.05), still its mean value lies within

the specification limits. Results show Reinforcement of high-impact acrylic resin with

zirconia powder increases its transverse strength significantly.

In a comparative study effect of addition of modified nano zirconium oxide on some

properties of heat cured acrylic denture base material was evaluated."*^ Zr02

0
nanoparticles were incorporated into (PMMA) denture base by free radical bulk

polymerization. Nanoparticles coated with layer ofwere

trimethoxysilypropylmethacrylate before dispersed and sonicated in monomer in

16
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different percentage 2%, 3%, 5% and 7% by weight. Then mixed with acrylic powder

as general conventional method.^SS specimens were prepared for this study, they were
divided into 6 groups according to test used. The test was impact strength, indentation

hardness, surface roughness, transverse strength, radio opacity and microscope test for

each test five subgroups (one control and four for nano-ZrO:). The size and shape

distribution of nano zirconium oxide particles were estimated using electronic

microscope and atomic force microscope. Highly significant increase in impact and

transverse strength occur in acrylic reinforcement with 5 wt% but no significant

increase was observed at 7 wt% when compared to control group.

Q
To observe the reinforcing ef fects of three types of fibers at various concentrations and

in different combinations on flexural properties of denture base resin an experimental
■" I

Glass (GL), polyaromatic polyamide (PA) and ultra-high
B

44study was carried.

molecular weight polyethylene (PE) fi bers were added to heat-polymerized denture

base resin with volume concentrations of 2.6%, 5.3%, and 7.9%, respectively. In

addition, hybrid fi ber-reinforced comprosite (FRC) combined with either two or three

types of fibers were fabricated. The flexural strength, modulus and toughness of each

group were measured with a universal testing machine at a crosshead speed of 5

mm/min. In the single fi ber-reinforced composite groups, the 5.3% GL and 7.9% GL

had the highest flexural strength and modulus; 5.3% PE was had the highest toughness.

Hybrid FRC such as GL/PE, which showed the highest toughness and the flexural

strength, was considered to be useful in preventing denture fractures clinically.

0To evaluate the effects of adding 0.5-5 wt% aluminium oxide (AbOs) powder on the

flexural strength, surface hardness, and roughness of a conventional heat-polymerized

acrylic resin an experimental study was conducted.
ID

45 In total, 50 spKimens werf

17
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prepared for each test. Specimens were divided ihToTivei|p»^BP s 10) coded A to E.

Group A was the control group (without addtr^ AliOs). SpiSctescns in the other four

groups were reinforced with AbOjst loadings of and 5 wt%. Flexural stra^tfi

was assessed with a three-pomr ̂ Muig‘ test iisThg a'unTvereat testmg machine.

Hardness testing was conducted Using a Vickers hafcfiilSs tester A sUrface-foi^

test was perTormcd with a'protTIometer. Data aftaTyses'usiiig aiiaty^ and

Tukey’s honest apificarit difTerence tests Sftbwed that" AI2O3

l^lNneilitfy increased thc'fTexur'al strength compared to the cdntfia|ig|^|p (PZO.OOO).

lie. .Yicisctsil^rtlugsijijjnificantljr iricreasedfP < O.OS^after incbHBmtion of 2.5 aij

5 yit% AI2O3. Ito sijjiificant difference fP > (jl()5) was detected in surface-ro^hli|iij

lewtil ^xwps.

o
An experimental study was conducted to evaluate the elTect of various metal oxides on

impact strength (IS), fracture toughness (FT), water sorption (WSP) and solubility

(WSL) of heat-cured acrylic resin.'** Fifty acrylic resin specimens were fabricated for

each test and divided into five groups. Group I was the control group and Group 2, 3,

4 and 5 (test groups) included a mixture of |% Ti02 and I % ZrOa, 2% Al^Oj, 2% Ti02,

and 2% Zr02 by volume, respectively. ReiAai^lar unnotched specimens (50 mm x 6.0

mm X 4.0 mm) were fabricated and drop to impact testing machine was used to

determine IS. For FT, compact test specimens were fabricated and tests were done with

a universal testing machine with a cross-head speed of 5 mm min. For WSP and WSL,

disc shaped specimens were fabricated and tests were performed in accordance to ISO

1567. ANOVA and Kruskal-Wallis tests were used for statistical analyses. IS and FT

values were significantly higher and WSP and WSL values were significantly lower in

test groups than in control group (P < 0.05). Group 5 had significantly higher IS and

FT values and significantly lower WSP values than other groups {P < 0.05) and

18

CO

CL



REVIEW OF LITERATL'RE

provided 40% and 30% increase in IS and FT, respectively, compared to control group.

Significantly lower VVSL values were detected for Group 2 and 5 {P < 0.05).

Modification of heat-cured acrylic resin with metal oxides, especially w ith Zr02, may

be useful in preventing denture fractures and undesirable physical changes resulting

from oral fluids clinically.

0
To evaluate the effect and compare the transverse strength, impact strength; surface

hardness and w'ater sorption of 10% and 20% zirconium oxide reinforced l^h inpact
acrylic resin with that of high impact acrylic resin a study w as conducted."*’ There were

30 specimens in each of the four tests, amounting to a total of 120 specimens. Each of

the tests had 10 specimens fabricated from high impact acrylic resin (control); 10

specimens fabricated from 10% zirconia (Zr02) and 10 specimens fabricated from 20%

zirconia {Zr02) reinforced high impact acrylic resin. Specimens were subjected to the

test of transverse strength in Universal Testing Machine, impact strength in Izod

pendulum impact testing machine and surface hardness by Vickers Microhardness

tester according to ISO Specification No. 1567. Water sorption was assessed according

to ADA Specification No. 12. Data were analysed by means ofa one-way ANOVA and

Bonferroni multiple comparison test. A significant increase in the transverse strength

w'as observed in the reinforced specimens w hen compared to the control group. Impact

strength and surface hardness were found having lesser values compared to the control

group. Water soiption was found to increase on the addition of 10% and 20% zirconfa

(Zr02) but the value lied below 0.8 mg/cm’ i.e., within the limit of ADA Specification

No. 12.

19
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A study was conducted to evaluate some mecfianic<d prflpci#Es of heat cure

after the addition ctf salinated aluminium sflicate AbSiOs filler in different

m
ConcentratiOip * A total 124 specimens were constructed, 30 specimens were prepared

from heat cure PMMA without additives (control) and 90 specimens were prepared

from heat cure acrylic resin with the addition of salinated AbSiOj composite filler

which divided into 3 test groups according to different percentage (3%, 5%, 7%). Each

group was divided into 10 sub-groups according to the test performed which was impact

strength, surface hardness and surface roughness. Also, for each group, 4 specimens

were prepared for FTIR test. The results of addition salinated AbSiOs particles to

PMMA record a highly significant increase in impact strength, surface hardness and

surface roughness. For impact strength test, the highest mean value was for specimens

containing 3% AbSiOs. While for surface hardness test and surface roughness test.

there is a marked increase in the mean values as the concentration of fillers increase It

10
was concluded tfaM the addition of 3% Aluminium silicate fo heat cure acrylic denture

me rnaleTfSI impro^^KWrf^cTsrrtltmViiii^s with slight increases the surface

foulness.

To compare^e hybrid reinforcement effects of zirconium oxide nanoparticles (nano-
ZrOi) and glass fibers (GFs) at different ratios on the flexural and impact strengths of

a Polymethyl methaacrylate (PMMA) denture base an experimental study was
Q

performed.'” A total of 160 specimens were fabricated (fom heat-polymerized acrylic

resins using the water bath technique. For the control group, the specimens did not

receive any additions; for the test group, different concentrations of nano-Zr02/GFs at

5% of the PMMA polymer w'cre added. The concentrations of nano-ZrO’/GFs were as

follows; 5%, 0%; 4%, 1%; 3%, 2%; 2.5%, 2.5%; 2%, 3%; 1%. 4% and 0%, 5%. The

flexural strength was measured using the three-point bending test. The impact strength

20
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was measured using the Charpy impact test. Results were tabulated and analysed using

one-way analysis of variance (ANOVA) and the Tukey-Kramer multiple comparison

test. The flexural and impact strengths of PMMA-nano-Zr02 GF composites were

significantly improved when compared with those of pure PMMA. The maximum

B
flexural strength and impact strength were obtained with PMMA (2.5%) nano-

Zr02 * 2.5% GF mixtures and could be used for removable prosthesis fabrication.

9o evaluate the impact strength and dimensional accuracy of heat-cured poly methyl
methacrylate (PMMA) on reinforcement with Zr02 nanoparticles an in vitro study was

0
perfonned.-'** Conventional heat-cure denture base resin (control) and the polymer

reinforced with 3, 5, and 7 wt% of Zr02 nanoparticles were prepared and used in this

study. Forty bar-shaped specimens were prepared and tested for impact strength using

Charpy’s type impact tester. Forty denture bases were fabricated and checked for

dimensional accuracy by measuring the distance between the denture base and the cast

in two different sections using the travelling microscope. The impact strength decreased

with increased concentration of Zr02 and found to be least at 7 wt% concentration ?he

distance between the denture base and the cast significantly decreased both in the

posterior palatal seal region (0,06() ±0.007 cm) and mid-palatine section region (0.057

± 0.006 cm) with Zr02 nanoparticles reinforcement and was found to be least at 7 wt%

concentration.

In an experimental study the effect of titanium dioxide and zirconia nanoparticles on

transverse strength of heat cure PMMA resin routinely used for complete denture

fabrication was evaluated.*' One hundred samples of PMMA resin were made and

divided into five groups (20 samples (breach group). The test specimens were divided

into five groups depending on the concentration of reinforcing nanoparticles as Group

21
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1,^3,4 and 5; Group 1: PMMA urreinforced (control group). Group 2: PMMA

reinforced with 2.5% Nano zirconia. Group 3; PMMA reinforced with S% Nano

zirconia. Group 4: PMMA reinforced with 2.5% titanium dioxide nanoparticles, and

Group 5: PMMA reinforced with 5% titanium dioxide nanoparticles.  Universal testing

machine was used to conduct a three-point bending test and evaluate the transverse

strength of samples. Comparison of mean transverse strength for various groups was

carried out by employing one-way analysis of variance and Bonferroni post hoc tests.

The highest and lowest mean transverse strength were observed in Group 3 and 1,

respectively. Bonferroni post hoc test showed increase in transverse strength after

reinforcement to be statistically significant between all the groups (/’s .05) except

between the samples of group Gl and G5 and G2 and G3. Addition of nanoparticles in

all concentrations significantly increased transverse strength of heat cure PMMA resin

as compared to control group. The best result was obtained after adding 5% of nano

zirconia particles to the conventional heat polymerized acrylic resin.

22
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MATERIALS AND METHODOLOGY

This study was conducted in the Department of Prosthodontics and Crown & Bridge.

Indcrprastha Dental College and Hospital, Sahibabad, Uttar Pradesh with the prior

approval of Institutional Ethical Committee of the college (IRB No. 091).

was done to evaluate the effect of fillers (Zr02 nanoparticles, AhOs nanoparticles and

o
glass fibers) on flexural strength, surface hardness and water sorption of heat cure and

IIS study

self-cure denture base resin.

EQUIPMENTS USED FOR THE STUDY

S.NO. EQUIPMENTS DETAILS

Stainless steel mold1 . Customized (65mm x 10mm x 2.5mm)

(ADA Specification No. 12)

2. Metal disc mold Customised (50mm x 1.5 mm)

(ADA Specification No. 12)

3. Dental flask Varsity flask, India

Weighing machine4. Docbel-Baun (500gms. Capacity)

5. Hydraulic press unit Sirio, Italy

6. Acrylizer Unident, India

7. Universal testing machine INSTRON 3365, Instron Corp, Canton, Mass

8. Dewaxing unit Unident, India

23
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9. Vernier Caliper Whitworth, USA

10. Incubator Yarco Incubator (Yarco Scientific Industries,

Pvt. Ltd)

Vikers microhardness tester Dwell, GermanyII.

12. Electronic Balance Precisa, Germany

MATERIALS USED FOR THE STUDY

S.NO. MATERIALS DETAILS

1. eat cure denture base resin DPI, India

Cold cure denture base resin2. DPI, India

3. Modelling wax DPI, India

Separating medium4. Cold mold seal, Pyrax, India

5. Dental Plaster Kalabhai Karson Pvt. Ltd., India

6. Aluminium oxide nanoparticles Nano research labs, Jharkhand, India

7. Zirconium oxide nanoparticles Nano research labs, Jharkhand, India

Glass fibers8. Nano research labs, Jharkhand, India

9. Distilled water Cesium products Pvt. Ltd.
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FABRICATION OF STAINLESS-STEEL MOLDS

PART- A

Stainless Steel Mold for Transverse Strength and Surface hardness

The stainless-steel reetangular mold was prepared according to ADA Specification

number 12. The dimensions of the mold were ̂  mm x 10 mm x 2.5 mm (Fig I). It
had two compartments, the upper compartment with locking keys and the lower

compartment with a detachable wall. This wall had  a key at both the ends and the

corresponding keyholes at the other segmented part.

PART- B

Stainless Steel Mold for Water Sorption

A custom-made stainless steel circular mold as per A Specification No. 12

prepared for fabricating the study specimens (Fig 2), The dimension of the mold

50 mm X 1.5 mm. Tlie mold had a ring (riser) around its periphery to contain wax

was

was

pattern and stainless-steel lid to press the wax pattern.

Fabrication of Specimen for Part A and Part B of the study

Fabrication of wax pattern

Modelling wax was melted in the wax water bath under a controlled temperature. It

Iwas then poured into stainless steel mold of dimension mm X 10 mm x 2.5 mm and

of dimension 50 mm x 1.5 mm as per ADA Specification number 12 and was allowed

to cool. After the wax solidified, the upper compartment was removed followed by

Q
removal of the wall of the lower compartment, then the specimen was retrieved from
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the stainless-steel mold (Fig 3 and Fig 4) and checked for proper margins and

dimensions with the help of vernier caliper.

Invesimeni of wax patterns

m
Accurately weighed dental plaster was mixed in watCT fol towing manufacturer

instructions with a water powder ratio of 0.45 using a vacuum mixer (or 25 seconds

and mix was poured in the lid of a dental flask and the wax patterns were invested

(Fig. 5 and Fig. 6). le plaster was allowed to set for 30 minutes after which cold

mold seal was applied using a camel hair brush and the second pour was done, by

Q
mixing the plaster in water and w as allowed to set.

Den<axinf( prtKedure

Upon completion of the setting process, after 30 minutes, the denture flask was

immersed in boiling water for 5- 10 minutes. The flask was then removed from the

w'ater, and appropriate segments were separated (Fig 7 and Fig 8). e residual wax

sticking on to the mold cavity was carefully removed using hot water.

Application of separatinf> medium

An appropriate separating medium (^Id mold seal, Pyrax, India) was applied onto

the walls of the mold cavity. This medium prevents^ect contact between the denture
base resin and mold surface.

Incorporation of Zr02 nanoparticies, AWs nanoparticles and f(lass fibers in

PMMA

ZrOi nanoparticies, AI2O3 nanoparticies were taken in 5% concentration by weight

and were mixed with polymer of PMMA (Fig. 5)
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whereas, glass fibers were taken in 2.5 wt%. Concentration was calculated in wt %,

Weight of solute (Zr02and AI2O3 nanoparticles and glass fibers)
weight % =

U’eight of powder (polymer of PMM A)

Packing and curing of specimens of Chemically activated DBR/ Cold Cure

?.old mold seal was applied onto the mold cavity, preventing pooling of the solution

and the solution was permitted to dry. PMMA cold cure denture base resin (Fig. 11)

was mixed in the polymer to monomer ratio of 2.5:1 by weight (weighed on Weighing

m
machine (Fig. 14)] in a porcelain mixing jar and fi llers (5 w't% Zr02 nanoparticles, 5

wt% AI2O3 nanopartieles, 2.5 wi% glass fibers) (Fig.l3) w'ere added separately for

0
each sub group and was allowed to reach the dough like consistency. The resin was

then removed from the mixing jar and placed into the mold cavity. A polyethylene

sheet was placed over the resin and the Mask was reassembled. The flask assembly

was then placed into hydraulic press and pressure was applied incrementally, until the

denture flask was firmly closed. The flask portions were then separated and the

Q
polyethylene packing sheet was removed and flash was eliminated. After which

definitive closure of the flask was done without polyethylene sheet.

Packing of specimens of Heat Cure DBR

IMA heat cure denture base resin (Fig. 12) was mixed in the polymer to monomer

ratio of 2.5:1 by weight [weighed on Weighing machine (Fig.14) in a porcelain

mixing jar and fillers (5 w't% Zr02 nanoparticles, 5 w't% AI2O3 nanoparticles, 2.5 wt%

Q
glass fibers) were added separately for each sub group and was allowed to reach the

dough like consistency for Groups B. /hen the resin reached dough stage, it was

packed into the mold and sheet of polyethylene was placed over the resin. The two

27
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MATERIALS AM) METHODOLOGY

halves of the flask were placed together and subjected to pressure on hydraulic press

Q
(Fig. 15), with a minimum pressure of 1100 pascal. The halves of the flask were

separated, the polyethylene sheet was removed and excess resin or flash was carefully

0
removed. The flask was then closed and was kept on bench press unit for bench

IQ
curing for 30 min and then cured. Curing of specimens was done for 8 hours at 74®C

followed by 1 hour at I00“C. Before deflasking, polymerized specimen was
m

allowed to cool to room temperature so as to prevent formation of internal stresses

within the prepared specimen.

Finishing and pnHshing of specimens

Finishing and polishing was carried out using acrylic bur followed by 400 grit size

silicon carbide paper (Fig. 9 and Fig. 10).
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SPECIMEN DISTRIBLTION

A total of 120 specimens were prepared.

For evaluation of transverse strength and surface hardness of

Cure Denture Base Resin 80 specimens were prepared using standard mold measuring

'!d_Cu remand

mm X 10 mm x 2.5 mm as per ADA Specification No. 12. 80 specimens were

equally divided into two equal groups A and B (n=40) of Cold^ire aod Heat Cure
Denture Base Resin respectively. Group A was further divided into 4 sub-groups (At,

A’, As, A4) and similarly. Group B was also sub divided into 4 sub-groups (Bi, B2, B3,

B4) (n=10) consisting of control, plus three experimental groups reinforced with three

different fillers (Zr02 nanoparticles, AI2O3 nanoparticles and Glass fibers), as shown

in the flowchart I.

For evaluation of water sorption in Cold Cure and Heat Cure Denture Base Resin 40

m
specimens were prepared using standard mold measuring 50 mm x 0.5 mm as per

ADA Specification No. 12 and which was divided into two equal groups C and D

Cure and Meat Cure denture base resin respectively. Group C was(n=20) of

further divided into 4 sub-groups (Ci, C2, Cs, C4) and similarly. Group D was also sub

divided into 4 sub-groups (Di, D2, Ds, D4) {n=05) consisting of control, plus three

experimental groups reinforced with three different fillers (Zr02 nanoparticles, AbOs

nanoparticles and Glass fibers), as shown in the flowchart 2.
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DIEFERENT GROUP UNDER STUDY

GROUP A (n= 40)

Sub- group AI - Concrol (Cold Cure Denture Base Resin)

•  A1.1 - T ransverse strength

•  A1.2 - Surface hardness

8Sub- group A2 - Cold Cure 0enture Base Rean reinforced wldi ZrOi nanopartictes

•  A2.1 - Transverse strength

•  A2.2 - Surface hardness

Sub- group A3 - Cold Cure Denture Base Resin reinfercaj wiiii AbOjaanojarticles

•  A3.1 - Transverse strength

•  A 3.2 - Surf ace hardness

Sub- group A4 - Cold Cure Denture Base Resin reinforced with glass fibers

•  A4.1 - Transverse strength

•  A4,2 - Surface hardness

GROUP B (n= 40)

Sub- group B1 - Control (Heat Cure Denture Base Resin)

•  B1.1 - Transverse strength

•  B 1.2 - Surface hardness

30
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MATERIALS AND METHODOLOGY

Sub- group B2 -H^iITure Denture Base Resin reinforced with ZrOjnanoparticles

•  B2.1 - Transverse strength

•  B2.2 - Surface hardness

Sub- group B3 -Sat Cure Denture Base Resin reinforced with AI3O3 nanoparticles

•  B3.1 -Transverse strength

•  B3.2 - Surface hardness

Sub- group B4 - Heat Cure Denture Base Resin reinforced with glass fibers

•  B4.1 - Transverse strength

•  B4.2 - Surf ace hardness

GROLIPC (n= 20)

Sub- group CI - Control (Cold Cure Denture Base Resin)

•  CI. I ^ Water Sorption

Sub- group C2 - Cold Cure Denture Base Resin reinfororf with ZrO: nanopartictes

•  C2.1 - Water Sorption

Sub- group C3 - Cold Cure Denture Base Resin reinforced widi AI3O3 reinqjarticles

•  C3.1 - Water Sorption

Sub- group C4 - Cold Cure Denture Base Resin reinforced with glass fibers

•  C4.1 - Water Sorption
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MATERIALS AND METHODOLOGY

GROUP D (n=20)

Sub- group DI Control (Hat Cure Denture Base Resin)

•  Dl .l Water Sorption

iSub- group D2 - Heat Cure Denture Base Resin reinferced widi Zr02 nanoparticles

*  D2.1 - Water Sorption

tCure Denture Base Resin reinforced with AbOsianoparticIcsSub- group D3

•  D3.1 - W'ater Sorption

Sub- group D4 - Heat Cure Denture Base Resin reinforced w'ith glass fibers

•  D4.1 - Water Sorption
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MATERIALS AND METHODOLOGY

Testing of specimens

Evaluation of surface hardness of both heat cure and cold cure denture base

resin specimens

itaiiwd witfi a Vickers hardness tester (Fig. 16),

DTamonTm3enFer p'oirif "ri"the sTiaj^^Fa'^Taare-based pyramid was used tor

Hardness measurement was

m
measurit^ lardness. It was measured under a 20-gram load and 30 seconds

penetration period.

A total of five indentations were made at different points for each specimen.

and the means of individual specimens were averaged. The test machine

operator took readouts of the lengths of the diagonals immediately afier each

indentation, allowing a minimal (as short as 10 s) time interval to eltpie

between making and reading die indentations. It was assumed that due to the

short time elapsed between makil^ the indentation and reading them, the

viscoelastic recovay of the diagonals afier indentation was minimal.

Vickers Hardness Number = Test force / surf ace area of indentation

Eva!nation of transverse strength of both \t cure and cold cure denture base

resin specimens

9he flexural strength of the specimens was tested using Universal Testing Machine
0 i(Fig.l7). All the specimens were marked in the center. A customized jig was

positioned on the universal testing machine and the specimens were loaded at that

time. Load was applied at the center of the specimen at a cross head speed of

5mm/min, until it fractured (Fig. 18).
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point Flexure Test

fn'WifM'f a specimen wTITf round, feclangulaf^ TFaF cf^s-secTioh was placed on two

parMtn''supp6rfinrpirTRrt(5rmfffitti« was iiMIttt tKe middle’by iiKans of

loading pin (Fig. 19).

The“supporrmg^nd loading piir^ were tfSoimfcd in  a way, allowing tl'eTr"rree"'rola(rori

about;

xi: ri :o in axis;

axis parallel to linen axis.

TBTrmTTgufSfTon^FovTaeTunTIonriijai^^

"Y 'ir T~rianr-~>wii^i Tn»i*iii~inn n-mi'M ■■ nr rr III r ̂  I n i ■ • ~ .

between Tne specimen anaTne supporting pins.

Calculations

fe flexural strength S was'caTc^uTSed“irTli'’fPaTTorairipecimens from ihe Equalmn

given below.

3 PI

S =

:bd-

P = maximum load,^ich is applied to tlic center of the specimen to fracture it.

I =Span length (50mm)

b = Width of specimens (tOmm)

d = Height of the specimen (3mm)
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MATERIALS AND METHODOLOCV

Evaluation of Mater Sorption of both ̂ at cure and cold cure denture base
rm

resin specimens after immersion in distilled Mater for 7 days at 37'’C in

incubator.

HO
Sorption was measured by electronic balance (Fig. 21). Water sorption is a

measure of a matenal’s liability to absorb fluids such as water or saliva. It is

the amount of increase or decrease in mass per unit volume (pg/mm^).

The standard method of measuring water sorption or solubility according to

ISO 20795-1:2013 is by storing specimens immediately after manufacture in a

desiccator containing silica gel to remove moisture gained from everywhere

(Fig. 20). Specimens were repeatedly weighed until a constant weight (Wo) was

obtained and then the volume (V) was calculated. Then, specimens were

immersed * water for 7 days. After removal from water, the specimens were
03

weighed immediately to obtain (W'l). fhen (he specimens were placed back ki

the ifesTccatofJanl weighed in the same way as before immersion until a

^ater sorption can be calculated accordingconstant weight (W'2) was obtained.

to the following equations;

Water sorption =W'i-W2/V

W'l = Weight after absorption

W2 = Final weight after desiccation.

V = Volume of the specimen
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MATERIALS AND METHODOLOGY

STATISTICAL EVALUATION

Q
The SPSS 19.0 software was used for statistical analysis. Mean and Standard

deviation were estimated from the results obtained from each specimen for

each study group. The values of the test result were statistically analysed using

one way - ANOVA and post hoc Bonferroni.
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OBSERVATION AND RESULTS

m
STATISTICAL ANALYSIS:

The statistical procedure was carried out in 2 steps.

I. Data compilation and presentation

1 Statistical analysis

1. Data compilation and presentation:

The data obtained was compiled systematically, transformed from a pre-coded proforma

to a computer and a master table was prepared. The total data was distributed meaningfully

and presented as individual tables along with ̂ aphs

2. Statistical analysis:

Inferential statistical analysis has be«i carried out in the present study. Results on

continuous measurements are presented on Mean ± SD (Min-Max). Significance is

assessed at 5% level of significance. ANOVA with post hoc bonferroni for multiple

comparisons tests has been used to find the significance of study parameters on ordinal

scale between more than two groups.

Mean

y .V
.V

II

Where, Z x is the sum of measurements, and n is the total subjects in the sample.
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Standard Deviation,

.V
1

I  I

Where x, = Observed Value, X = Mean, n = number of subjects examined.

A NOVA

Parametric test used to compare means of more than two groups.

Variance between Groups:

LetS^B represent the sample variance between groups:

4 =
B

dfs

This statistic, also called the Means Square Between (MSB), is a measure of the variability

of group means around the grand mean. The SSb (sum of squares between) is

/-I

w here n, represents the size of group i, x, represents the mean of group i, and x represents

the grand mean.
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This statistic has degrees of freedom;

dfs^k-\

where k represents the number of groups.

Variance within Groups:

The variance within (S^w) quantifies the spread of values within groups. In the jargon of

ANOVA, the variance within is also called the Mean Square Within (MSW) and is

calculated:

2
% -

ifw

where the sian of squares within (SSw) is:

k

V

J-l

and the degrees of freedom within is;

= N-k

An alternative formula for the variance within is;
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wher s^i represent the variance in group i and dfi represent the degrees in the group (df, =

n, - 1). This alternative formula shows the variance within as a weighted average of group

variances with weights determined by group degrees of freedom.

ANOVA Table and F Statistic

The statistics describe thus far are arranged to form an ANOVA table as follows:

lU^rvcAol Irvcdoni \\ i*uii S(|tiuri'NSou I CC S11 III (ft S<|(IUTCN

4,s.s.Btflvseen dfy k SS. .11,

si SS, I Jl,\\ ilhin SS, df. k

df dfs ♦ df.SS, SS,^SS,T oia 1

IBB

The ratio of the variance between (S^B) and the variance within (S^W) is the ANOVA F

statistic:

2
SB

%

Post-hoc ̂ ts (or post'hoc comparison tests) - Bonferroni test

1, Post-hoc Bonferroni test was used for multiple comparisons after the application

of the ANOVA test for comparison within the groups.

2. Multiple testing correction refers to re-calculating probabilities obtained f rom a

statistical test which was repeated multiple times.
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OBSERVATION AND RESULTS

3. The Bonferroni tesi isow of the post-hoc test that simply calculates a new pair

wise alpha to keep the family wise alpha value at O.OS (or another specified value).

The formula for doing this is as follows:

a
rwt

a
B

c

'W here

•  QB is the new alpha based on the Bonferroni test that should be used to evaluate

each comparison or significance test.

•  «KWE is the family wise error rate as computed in the first formula, and c is the

number of comparisons (statistical tests).

Significant Figures

Not significance (p value p > 0.05),

Significant (p value: O.OK P < 0.05),

Highly significant (p value; p < 0.01)

Very highly significant (p value: p <0.001)

Statistical Software:

statistical software namely SPSS 19.0 was used for analysis of the data and Microsoft

excel have been used to generate graphs, tables, etc.

49

Co



OBSERVATION AND RESL'LTS

Table I transverse Strength of heat and cold cure resin reinforced with ZrOj
nanoparticles, AhOj nanoparticles and glass fibers

Group Sub Group Transverse Strength

Mean SD

Control 85.18 1.01

Zr02 Nano Particles 90.78 1.51

Cold Cure AI2O3 Nano Particles 85.33 1.41

1

Glass Fiber 87.68 1.85

I

Control 89.26 1.30

ZrOjNano Particles 95.88 1.08

Heat Cure AI2O3 Nano Particles 90.52 0.99

Glass Fiber 91.42 2.59

ANOVA (F) 25.727

<floi IVIIslp - Value
I

SIT'" ■siareraTOTW’oiaTiofrx^fs 'mry rngnty^ninrafu
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Table 1(a): Multiple Comparisons (post hoc bonferroni)

Group p- V'alue

Control vs ZrO: Nano Particles <0.001 (VHS)

fHoo(NS)Control vs AI2O3 Nano Particles

Cold Cure 0.441 (NS)Control vs Glass Fiber

2^0:Nano Particles vs AbOj Nano <0.001 (VHS)

Particles

0.096 (NS)ZrOiNano Particles vs Glass Fiber

AI:03 Nano Particles vs Glass Fiber 0.630 (NS)

<0.001 (VHS)Control vsZrO’Nano Particles

Control vs AI2O3 Nano Particles 1.000(NS)

0.976 (NS)Heat Cure Control vs Glass Fiber

<0.001 (VHS)Zr02 Nano Particles vs AI2O3 Nano

Particles

ZrO’Nano Particles vs Glass Fiber 0.002 (IIS)

1.000 (NS)AI2O3 Nano Particles vs Glass Fiber

Control Cold Cure vs Heat Cure 0.006 (IIS)

51



OBSERVATION AND RESULTS

<0.001 (VIIS)ZrO: Nano Cold Cure vs Heat Cure

Particles

< 0.001 (VHS)A1:03 Cold Cure vs Heat Cure

NanoParticles

Cold Cure vs Heat CureGlass Fiber 0.016 (S)

Cold Cure Control vs Heat Cure ZrO: Nano Particles < 0.001 (VHS)

Cold Cure Control vs Heat Cure AlrOj Nano Particles <0.001 (VIIS)

<0.001 (VHS)Cold Cure Control vs Heat Cure Glass Fiber

Cold Cure ZrO: Nano Particles vs Heat Cure Al:0} Nano 1.000 (NS)

Panicles

Cold Cure ZrO: Nano Particles vs Heat Cure Glass Fiber 1.000 (NS)

Cold Cure A1:03 Nano Particles vs Heat Cure Glass Fiber <0.001 (VHS)

1.000 (NS)Heat Cure Control vs Cold Cure ZrO: Nano Particles

0.010 (S)Heat Cure Control vs Cold Cure A1:03 Nano Particles

1.000 (NS)Heat Cure Control vs Cold Cure Glass Fiber

<0.001 (VHS)Heat Cure ZrO: Nano Particles vs Cold Cure Al:03 Nano

Particles
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OBSERVATION AND RESULTS

Heat Cure Zr02 Nano Particles vs Cold Cure Glass Fiber <0.001 (VHS)

Heat Cure AI2O3 Nano Particles vs Cold Cure Glass Fiber O.I88{NS)
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Graph 1.1: Transverse strength of Heat cure resin and cold cure resin

Table I and Graph 1.1 shows transverse strength of heat cure and cold cure denture base

resin reinforced with Zr02 Nano Particles. AI2O3 Nano Particles and glass fibers.

Q
Transverse strength of heat cure and cold cure denture base resin was found to be increased

in following order-

lieat Cure ZrOz Nano Particles (95.88) > Heat Cure Glass Fiber (91.42) > Cold Cure

ZrOj Nano Particles (90.78) > Heat Cure AhOj Nano Particles (90.52) > Heat Cure

Control (89.26) > Cold Cure Glass Fiber (87.68) > Cold Cure AI2O3 Nano Particles

(85.33) >Cold Cure Control (85.18)
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Graph 1.2: Intra group multiple comparisons for transverse strength (Cold-cure)

W.raph 1.2 represents multiple comparison of mean value of transverseTable I and

strength of cold cure resin reinforced with ZrOj Nano Particles. AIiOb Nano Particles and

glass fibers.

Very highly significant difference was fomd to be in between Cold Cure Control and cold

cure ZrOj Nano Particles group.

Non-significant difference was found to be in between Cold Cure Control and cold cure

AI2O3 Nano Particles group.

Non-Significant difference was found to be in between Cold Cure Control and glass fibers

group.
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Very highly significant difference was found to be in between cold cure ZrOi Nano

Particles group and AbOj Nano Particles group.

Non-significant difference was found to be in between ZrO: Nano Particles group and glass

fibers group.

Non-significant difference was found to be in between AbOj Nano Particles group and

glass fibers group.
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Graph 1.3: intra group multiple comparisons for transverse strength (Heat-cure)

Table 1 and Graph 1J represents multiple comparison of mean value of transverse

strength of heat cure resin reinforced with Zr02 Nano Particles. AhOj Nano Particles and

glass fibers.

Very highly significant difference was found to be in between Heat Cure Control and Heat

cure Zr02 Nano Particles group.

Non-significant difference was found to be in between Heat Cure Control and heat cure

AI2O3 Nano Particles group.

Non-Significant difference was found to be in between Heat Cure Control and glass fibers

group.
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OBSERVATION AND RESULTS

Very highly significant difference was found to be in between Zr02Nano Particles group

and AbOj Nano Particles group.

Highly significant difference was found to be in between ZrO: Nano Particles group and

glass fibers group.

Non-significant difference was found to be in between Al:!03 Nano Particles group and

glass fibers group.
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OBSERVATION AND RESULTS

Table 2: Surface Hardness of heat and cold cure resin reinforced ssilh ZrOj

nanoparticles, AI2O3 nanoparticles and glass fliers

Group Sub Group Surface Hardness

Mean SD

Control 15.36 0.93

ZrO: Nano Particles 17.23 0.86

Cold Cure AI2O3 Nano Particles 16.16 1.14

Glass Fiber 16.82 0.76

Control 17.32 1.19

Zr02 Nano Particles 19.18 0.66

Heat Cure AI2O3 Nano Particles 18.52 0.67

0.75Glass Fiber 18.98

ANOVA(F) 11.717

p - Value <0:001 (VHS)

SD-^rtiiiiiiriatrdir^
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Table 2(a): Multiple Comparisons (post hoc bonferroni)

Group p- Value

Control vs ZrO: Nano Particles 0.062(S)

^00Control vs AI2O3 Nano Particles (NS)

Cold Cure Control vs Glass Fiber 0.3% (NS)

Zr02Nano Particles vs AbOj Nano 1.000 (NS)

Particles

ZrOz Nano Particles vs Glass Fiber 1.000 (NS)

i,A1:>03 Nano Particles vs Glass Fiber 1.000(

Control vs ZrO: Nano Particles 0.065 (S)

Control vs Al:03 Nano Particles 1.000 (NS)

Heat Cure Control vs Glass Fiber 0.165 (NS)

Zr02 Nano Particles vs Al:03 Nano 1.000 (NS)

Particles

Zr02 Nano Particles vs Glass Fiber 1.000 (NS)

1.000 (NS)AI2O3 Nano Panicles vs Glass Fiber

Control Cold Cure vs Heat Cure 0.041 (S)

60



OBSERVATION AND RESULTS

ZrOz Nano Cold Cure vs Heat Cure 0.043 (S)

Panicles

AI:03 Cold Cure vs Heat Cure 0.006 (HS)

NanoParticles

Cold Cure vs Heat CureGlass Fiber 0.015(S)

Cold Cure Control vs Heat Cure Zr02Nano Particles <O0I (VHS)

Cold Cure Control vs Heat Cure AI2O3 Nano Particles <0.001 (VHS)

Cold Cure Control vs Heat Cure Glass Fiber <0.001 (VHS)

Cold Cure ZrO: Nano Particles vs Heat Cure Ab03 Nano 0.799 (NS)

Particles

0.109(H)Cold Cure ZrO: Nano Particles vs Heat Cure Glass Fiber

Cold Cure AbOs Nano Particles vs Heat Cure Glass Fiber 0.001 (HS)

1.000 (NS)Heat Cure Control vs Cold Cure ZiCh Nano Particles

Heat Cure Control vs Cold Cure AbOs Nano Particles 1.000 (NS)

Heat Cure Control vs Cold Cure Glass Fiber 1.000 (NS)

Heat Cure ZrOi Nano Particles vs Cold Cure AlijOt Nano <0.001 (VHS)

Particles
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Heat Cure Zr02Nano Particles vs Cold Cure Glass Fiber 0.006 (IIS)

0.137 (NS)Heat Cure Al:r03 Nano Particles vs Cold Cure Glass Fiber
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Ea
Table 2 and Graph 2.1 shows surface hardness of heat cure and cold cure denture base

resin reinforcad with Zr02 Nano Particles, AI2O3 Nano Particles and glass fibers.

^rface hardness of heal cure and cold cure denture base resin was found to be increased

in following order-

Heat Cure ZrOz Nano Particles (19.18) > Heat Cure Glass Fiber (18.98) > Meat Cure

AliOj .Nano Particles (18.52) > Meat Cure Control (17.32) > Cold Cure ZrOj Nano

Particles (17.23) > Cold Cure Glass Fiber (16.82)  > Cold Cure AIzOj Nano Particles

(16.16) > Cold Cure Control (15.36)
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Graph 2.2: Infra group multiple comparisons lor surface hardness (Cold-cure)

Table 2 and Graph 2.2 represents multiple comparison of mean value of surface hardness

of cold cure resin reinforced with ZrO: Nano Particles. AhOj Nano Particles and glass

fibers.

Significant difference was found to be in between Cold Cure Control and cold cure ZrOi

Nano Particles group.

Non-significant difference was found to be in between Cold Cure Control and cold cure

Al’Os Nano Particles group.
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OBSERVATION AND RESULTS

Non-Significant difference was found to be in between Cold Cure Control and glass fibers

group.

Non-significant difference was found to be in between cold cure ZrO: Nano Particles group

and AbOs Nano Particles group.

Non-significant difference was found to be in between ZrO: Nano Part ides group and glass

fibers group.

Non-significant difference was found to be in between AbOs Nano Particles group and

glass fibers group.
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Graph 2.3: Infra group multiple comparisons for surface hardness (Heat-cure)

Table 2 and Graph 2J represents multiple comparison of mean value of surface hardness

of heat cure resin reinforced with ZrOi Nano Particles, AbOj Nano Particles and glass

fi bers. I

Significant difference was found to be in between Heat Cure Control and Heat cure ZrOi

Nano Panicles group.

Non-significant difference was found to be in between Heat Cure Control and heat cure

AbOi Nano Particles group.

Non-Significant difl'erence was found to be in between Heat Cure Control and glass fibers

group.
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OBSERVATION AND RESULTS

Non- significant difference was found to be in between Zr02Nano Particles group and

AbOsNano Particles group.

Non-significant difference was found to be in between Zr02 Nano Particles group and glass

fibers group.

Non-significant difference was found to be in between AI2O3 Nano Particles group and

glass fibers group.
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OBSERVATION AND RESULTS

Table 3: ater Sorption in heat and cold cure resin reinforced w ith ZrO:

nanoparticies, AI2O.1 nanoparticles and glass fibers

Water SorptionSub GroupGroup

SDMean

13.75 1.02Control

12.22 1.07ZrOz Nano Particles

Cold Cure 12.57 1.34AI2O3 Nano Particles

0.97Glass Fiber 13.32

1.56Control 20.58

Zr02 Nano Particles 17.52 0.69

Heat Cure AliiOs Nano Particles 18.22 0.70

Glass Fiber 19.72 0.89

50.063ANOVA (F)

p - Value <0001 (VHS)
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OBSERVATION AND RESULTS

Table 3(a): Multiple Comparisons (post hoc bonferroni)

p- ValueGroup

0.863 (NS)Control vs ZrO; Nano Particles

Control vs Al:03 Nano Particles 1.000 (NS)

Cold Cure 1.000 (NS)Control vs Glass Fiber

1.000 (NS)Zr02Nano Particles vs AbOa Nano

Particles

ZrOiNano Particles vs Glass Fiber 1.000 (NS)

A1:K33 Nano Particles vs Glass Fiber 1.000 (NS)

Control vs Zr02 Nano Particles 0.002 (HS)

Control vs AbOs Nano Particles 0.041 (S)

Heat Cure Control vs Glass Fiber 1.000 (NS)

Zr02Nano Particles vs AbO} Nano 1.000 (NS)

Particles

Zr02Nano Particles vs Glass Fiber 0.076 (NS)

0.952 (NS)AI2O3 Nano Panicles vs Glass Fiber

Cold Cure vs Heat CureControl <0.001 (VHS)
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SULTSOBSERVATION AND

<001 (VHS)ZiOj Nano Cold Cure vs Heat Cure

Particles

< 0.001 (VHS)Cold Cure vs Heat CureAI:03

NanoParticles

Cold Cure vs Heat Cure < 0.001 (VHS)Glass Fiber

Cold Cure Control vs Heat Cure Zr02Nano Particles <0.001 (VHS)

Cold Cure Control vs Heat Cure Al’Os Nano Particles <0.001 (VHS)

Cold Cure Control vs Heat Cure Glass Fiber <001 (VHS)

Cold Cure ZrO: Nano Particles vs Heat Cure Al;0} Nano < 0.001 (VHS)

Particles

Cold Cure ZrOi Nano Particles vs Heat Cure Glass Fiber <0.001 (VHS)

Cold Cure AliOj Nano Particles vs Heat Cure Glass Fiber <0.001 (VHS)

Heat Cure Control vs Cold Cure ZrO: Nano Particles 1 (VHS)<

Heat Cure Control vs Cold Cure AI2O3 Nano Particles < 0.001 (VHS)

Heat Cure Control vs Cold Cure Glass Fiber <0.001 (VHS)

Heat Cure ZrO: Nano Particles vs Cold Cure AhOj Nano <0.001 (VHS)

Particles
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Heat Cure Zr02 Nano Particles vs Cold Cure Glass Fiber <0.001 (VHS)

Heat Cure AbOj Nano Particles vs Cold Cure Glass Fiber <0.001 (VHS)
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Graph 3.1: Water sorption in Meat cure resin and cold cure resin

cure denture tase resinTable 3 and Graph 3.1 shoss s water sorption in cold cure and

reinforced wiA ZtOj Nano Particles. AI2O3 Nano Particles and glass fibers.

id cure and heat cure denture base reinforced with fillers was found inWater sorption in

following order-

tleat Cure Control (20.58) > Heat Cure Glass Fiber (19.72) > Heat Cure AhO.s Nano

Particles (18.22) > Heat Cure ZrOr Nano Particles (17.52) > Cold Cure Control (13.75)

> Cold Cure Glass Fiber (13.32) > Cold Cure AhtTi Nano Particles (12.57) > Cold

Cure ZrOi Nano Particles (12.22)

72

t



OBSERVATION AND RESULTS

14

13.5

13

12 5Y

J I  I
12

ll5
'Y.

m1 r“w +

Y. e i S I
O o2 ft) Cl

2r- ^m

X c c
1S1O  c

u
X.o o

u •107•7
c.a. a. o. &

o o o o  CJo o
cc c

107 z z zz

O .
t

Po 9 -i
•tsi

< <

COLD CURfc

Graph 3.2: Intra group multiple comparisons for water sorption (Cold-cure)

Table 3 and Graph 3.2 represents multiple comparison of mean value of water sorption

in cold cure resin reinforced with ZrO: Nano Particles, Al’Oi Nano Particles and glass

fibers.

Non-Significant difference was found to be in between Cold Cure Control and cold cure

ZrO’ Nano Particles group.

Non-significant difference was found to be in between Cold Cure Control and cold cure

AI2O3 Nano Particles group.

Non-Significant difference was found to be in between Cold Cure Control and glass fibers

group.
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OBSERVATION AND RESULTS

Non-significant di fference was found to be in between cold cure Zr02 Nano Particles group

and AI2O3 Nano Particles group.

Non-significant difference was found to be in between Zr02 Nano Particles group and glass

fibers group.

Non-significant difference was found to be in between AI2O3 Nano Particles group and

glass fibers group.
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Graph 3.3: Infra group multiple comparisons for water sorption (Heat-cure)

Table 3 and Graph 3J represents multiple comparison of mean value of water sorption

in heat cure resin reinforced with Zr02 Nano Particles. AI2O3 Nano Particles and glass

fibers.

Highly significant difference was found to be in between Heat Cure Control and Heal cure

ZrOi Nano Particles group.

Significant difference was found to be in between Heat Cure Control and heat cure AbOi

Nano Particles group.
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OBSERVATION AND SLLTS

Non-Significant difference was found to be in between Heat Cure Control and glass fibers

group.

Non- significant difference was found to be in between Zr02 Nano Particles group and

AbOj Nano Particles group.

Non-significant difference was found to be in betw een ZrOa Nano Particles group and glass

fibers group.

Non-significant difference w-as found to be in between AbO.i Nano Particles group and

glass fibers group.
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DISCUSSION

,aeBe it partial or complete ntulism has been a matter of great concern to a number of

people. Replacement of teeth by artificial substitutes plays a vital role in leading a

normal life.’^ Alveolar ridge resorption is a gradual process affected by multiple factors

categorized as anatomie, mechanical and metabolic. This leads to an irregular

resorption pattern e  resUual alveolar ridge, resuitjng in an unevenly supported

53prosthesis.

PMMA denture base resin currently is the material of choice for denture base

fabrication‘s because of its favourable working characteristics,  processing ease,

accurate fit, low solubility. Stability in the oral environment anjl cost effectiveness.”

pite many advantages, this material exhibits certain limitations which render failure1

to fulfil mechanical requirements for dental applications, like low strength, brittle on

impact, poor conductivity, high coefficient of thermal expansion and comparatively

56low modulus of elasticity that leads to the deformatiog of the material at low stresigl.

In spite of the material’s popularity, assessments of the clinical longevity of dentures

fabricated with poly- methyl-methacrylate concluded that nearly two-third (64-68%) of

PMMA dentures fracture after a few years of service in the patient’s mouth.*’”

.?!Fractures occur primarily due to two reasons: impact failure i.e. en the denture drops

accidentally on some hard surface or due to fatigue failure, where it is repeatedly

P
undergoing deformation under functional forces i.e., low and repetitive stress which

commonly occurs over a period of time.” An example of the latter is "midlinc fracture"

B
which appears in form of concentric curved ridges originating from a spot at the

junction of the tooth and the base material. This centre is known as origin of the

60
fracture.
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Cold cure material was included in the study because, denture repair is often required

P
urgently when it is fractured. Material of choice for immediate denture repair is self

cure denture base resin. Denture repair material (Self-Cure resin) has almost all

61properties comparable to heat cure denture base material.

1e  main objective of this study was to bring a^t an itT^rovcmcnt ui clinica|y

10
prfevant parameters such as flexural strei^th, surface hardness and water sorption of

boat cuBB and self-cure derUure base resin, as it generally affects the durability.

mechanical perfonnance and the longevity within the functional range of forces of the

dentures.

Ixural strength (also called transverse strength or modulus of rupture) of aThe

62material reflects its potential to resist catastrophic failure under flexural loads.
m

It

Kpw—ia the of loadii^ borne by a denture in the mouth.^^ Relatively small

stresses earned Iqt mastication over a period of time can contribute T6 formation of a

small crack, which propagate through the dmtui 'a‘“‘Tracftifc.iumii

Fractur^ of denture occur essential^ because bfl^ncentration stresses lam)

i^reased flexing.63. 64 A denture base material exhibiting higher flexural strength to

resist cyclic load is usually less prone to clinical failure.

Flexural strength gives better prediction regarding the clinical success of acrylic
IB

dentures as the cyclic or static load can be easily simulated in the testing labs.*’High

flexural strength is important for clinical success of denture, as ridge resorption is a

continuous & irregular process that makes the tissue botne prosthesis inadccpiately

supported, leading to bending or flexing forces in the midline causing fracture of

denture.**
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DISCUSSION

KH

Second parameter included in the study was hardness. Hardness is the resistance of a

material to a permanent surface penetration by a hard indenter. Scratching or abrasion

67 Hardness indirectly predicts how easilyresistance is a function of material hardness.

the material will respond to abrasive and indenting forces and provides an indication of

68.69mechanical properties.

Surface hardness evaluation is important for ease of finishing and its resistance to in-

70service scratching during cleaning procedires.

Last parameter added for evaluation was water sorption. Absorption has a positive

effect that it compensates for processing shrinkage relieving the stress and causing an

r
71insignificant change in shape, as well as a negative effect since it interferes with the

entanglement of polymer chains acting as plasticisers and it also causes hydrolytic

72degradation.

It also increases the likelihood of discolouration or staining, malodour and leaching of

Q
iTherefbra water WHtion of these materials should be ad68.73unreacted components'

74^ pos^siblc.

Commonly Ihere are three ways to improve the mechanical profwitics irf* PMMA;

iepT^lili^lliiKilCwitTi an"atlemMve mafe'rlal (thermoplastics polymers) such as nylon

e g., polycarbonates and polyamides; chemically modifying it by adding rubber phase

reinforcing the PMMA with other materials like fibers.like butadiene styrene

oxides, inserts and wires of the resin materials from such developments exhibit

75an enhanced impact strength, surface hardness and flexural strength.
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DISCUSSION

Q
As far as the substitution of PMM A is concerned, various polymer substitutes such as

vinyl acrylic, polystyrene and acrylic styrene were tried. However, most of them

resulted in dentures with poor accuracy, high cost and disappointing feedbacks from
0

76 As a substitute for PMMA, Polycarbonate has been used quitethe patients.

successfully to produce dentures with increased strength and good clinical

perfonnance; but it has to be injection moulded and therefore it requires more complex

77processing technique and equipment which increases the fabrication cost.

Q
Reinforcement of PMMA has also been tried through chemical modification to produce

graft co-polymers of rubber methacrylate, also known as high impact resin. The

objective of the^^h impact resin is to absoil) greater amount of energy at a bigbCT
arain rate "^Ifbfe^rracfdre tTiafv tbe -mKilgM resin. ly contrast, this material has

comparatively low flexural strength & long-standing fatigue failure.’* Moreover, the

high costs of these materials restrict their widespread use.

^Enforcement of poly-mcthyl-metbaciylate with numerous types of fibers and
m

nanoparticles lik^ glass fibers,” Zr02, Ti02and AI2O3 nanoparticles,*® metal inserts in

the form of wires, plates or meshes *' have been quite successful previously in order to

OUiance its mechanical properties.

In the (Nntsent study Heat Cure and Cold Cure Denture Base Resins were reinforced

with Glass fibers, Zr02 nanoparticles and AI2O3 nanoparticles and their use can be

justified by following reasons.

ianomaterials have captured more and more attention because of their unique

ivstructures and properties. They e small size, large surface area, high surf ace energy.

a large proportion of surfaee atoms and unique effects like, small size effect, quantum

B
size effect and quantum tunnelling effect.*' Studies showed that even natural tooth is

80



DISCUSSION

biological nanomaterial, which is composed of enamel, dentin and cementum with

82,83nanoscale particles.

%re has been an increasing trend toward incorporating nanoparticles intodenture base

acrylic resin as it reduces porosity of the materials, improves transverse strength.

surface hardness and plasticity making its elastic modulus similar to natural bone and

84greatly improves the mechanical compatibility and biocompatibility.

re B a lot of controversy regarding the selection of fillers, that should be embedded

in resin to improve its physical & mechanical properties. e aim of this study w as to

ffSI

do the comparative evaluation of physical properties (transverse strength, surface

hardness and water sorption) of denture base resins with addition of ZrO: nanoparticles.

AbOs nanoparticles and glass fibers.

Zr02 nanoparticles were taken as fillers in the study as they possess variety of beneficial

B
properties, such as excellent toughness, strength, abrasion and corrosion resistance.

B
excellent bioconpatibility as well as their white colour makes them less likely to alter

B
the esthetics.*^ Zr02 nanoparticles have crystalline structure and have been reported for

29having high mechanical property.

lanocomposite denture base lias higher interfacial sliear bond strength between the

resin matrix and nanomaterials,®^ conpared to the conventional resin matrix because

supermolecular bonding covers or shields the nanomaterials and creates thick interface.

which enhances the bond between the resin molecules and creates higher molecular

weight polymers.** Addition of Zr02 nanoparticles in PMMA can improve the

properties of DBR without altering the esthetics.
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DISCUSSION

m
Second filler which was taken in the study was Aluminium oxide (AI2O3), Commonly

k'nbwifas'aTummaTiaTsIfotig' loinc mtef^omTc Bohils"tTia7'lead to several advaniageouii

87qualitiM.

Aluminium ions of alpha phase have small ionic radii which fills two third of the

octahedral voids (there are two classes of interstitial void spaces (i) tetrahedral voids or

(^octahedral voids) forming a close hexagonal packed structure thus improving
IEbI

32plijiical and mechanical fMWfWtties of PMMA resin.

There are additional merits w ith AI2O3 nanoparticles like low cost, ease of handling &
IBB

32 Addition of AI2O3 nanoparticles in PMMA may enhance the mechanicalprocessing.

properties of PMMA denture base.

The particle sizes of AI2O3 nanoparticics and Zr02 nanoparticles were selected between

Q
the range of (20-50nin) for the present study which were much smaller than that of

PMMA powder particles (100-120 pm). Small particle size of AI2O3 nanoparticles and

Zr02 nanoparticles filled interstitial of polymer particles to give a heterogenous

mixture and did not force the displacement of the segments of polymer chain. This kind

of variation in the size of the particles (between the filler & the matrix) helps to achieve

better packing of particles per unit volume that enhances the physical and mechanical

88properties of the PMMA resin.

B
To achieve reinforcing effect with nanoparticles much lower volume fraction of

reinforcing media is needed because nanoparticles w'ith aspect ratio largerthan could

nearly make the reinforcing effect reach saturation.*’ Hence, lower percentage of AI2O3

nanoparticles (5 wt %) and ZrOi nanoparticles (5 wt %) were used in this study.
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DISCUSSION

Q
Third filler which was taken in the study was glass fibers. Glass fibers are known for

90their biocompatibility, acceptable appearance and excellent mechanical properties,

^dulus of elasticity of glass fibers is very high, most of the stresses are received by
Q

them without deformation.” To achieve reinforcing effect with glass fibers much lower

92 because of which 2.5 wl% glassvolume fraction of reinforcing media is needed.

fibers were used in the study.

The glass fibers of thickness 10 to 15 pm and 5mm length were selected for the present

study. Small sized particles of glass fiber, filled the interstitium of polymer particles to

give a heterogenous mixture and helps to achieve better packing of particles per unit

volume.”

IQI
The results of the present study showed that, there was significant increase in transverse

strength and surf ace hardness with addition of fillers (Glass fibers, AbOj nanopartieles

m
and Zr02 nanoparticles) as compared to specimens in the control group.

Three-point bending test was used to record transverse strength. Its principle is similar
IQ

to the load applied on the maxillary denture in situ.'’* An external force is applied to the

67midpoint of a test beam until failure.

The results showed that addition of 5 w1% Zr02 nanoparticles to heat cure and self-cure

resins delivered the greatest improvement in transverse strength followed by glass

m
fibers and then AI2O3 nanoparticles. The maximum increase in transverse strength at 5

wt% of Zr02 nanoparticles can be attributed to the high interfacial shear strength

between nanofiller and matrix due to formation of cross links or supra molecular

e increase in flexural strength couldbonding which covers or shields the nanofillers.

be due to transformation toughening. When sufficient stress develops and a microcrack

begins to propagate, a transformation of nanoparticles from the tetragonal crystalline
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DISCUSSION

phase to the monoclinic phase occurs, depicting the energy of the crack and stopping

its propagation. Similar study revealed increase in transverse strength at 5 of Zr02

51nanoparticles.

Increase in transverse strength o f Denture Base Resins were also observed with addition

of glass fibers. It was less than denture base resin reinforced with 5 wt% Zr02

Ie high modulusnanoparticles but more than AI2O3 nanoparticles and control group

of elasticity of glass fibers as well as the strong bond between the matrix and fibers

leads to hindraiKC of crack initiation and propagation under the failure load; resist

tension below the long axis of the specimens, subsequently increasing the flexural

strength. Moreover, the chemical bond between glass fibers and the resin matrix stops

the elongation of the polymer matrix.'” The results of the current study agree with those

which reported that the addition of glass fibers44of a previous study by Yu et al..

increased the flexural strength of the PMMA denture base material.

Increase in transverse strength of Denture Base Resins was also observed with addition

of AI2O3 nanoparticles as compare to controlled group. Increase in transverse strength

occurred because interstitial spaces between polymer particles were filled

heterogeneously without causing any displacement of the polymer chains. This led to a

better packing per unit volume of the AliOsnanoparticles hence, enhancing the physical
B

and mechanical properties of PMMA resin. The results of the current study agree with

nsthose of a previous study by Ayman

m
The Vickers microhardness values indicated that the denture base resins reinforced with

fillers had higher surface hardness than the specimens in the control group.

84



DISCUSSION

In the present study, change in surface hardness were significantly greater in both

denture base resins reinforced with ZrO: nanoparticles followed by glass fibers and then

A1:03 nanoparticles.

The maximum increase in surf ace hardness at 5 wt% of ZrOi nanoparticles can be

attributed to supermolecular bonding, it creates thick interface, which enhances the

bond between the resin molecules and creates higher molecular weight polymers.’’ The

B
results of the current study agree with those of  a previous study by Alhotan et al. which

reported that the addition of Zr02 nanoparticles increased the surface hardness of the

%PMMA denture base material.

Addition of glass fibers also increased surface hardness, though it was less than PMMA

reinforced with 5 wt% Zr02 nanoparticles but was more than AI2O3 nanoparlicles and

controlled group. This increase in hardness was due to a strong bond between the matrix

89and fibers, which was in agreement with the findings in another study.

Addition of 5 wt% AI2O3 nanoparticles showed fghc, surface hardness than the
iis increase in bardaess was doe to inherentspecimens in the control group.

qhiracteristics of tin Al:03 nanopwticles. AI2O3 possesses strong ionic interatomic

bonding, giving rise to its desirable material chafacleristics, that is, hardness and

strength. The most stable hexagonal alpha phase Al:03 js the strongest and stiffest of

the oxide ceramics. Therefore, it is expected that when Al:03 particles disperse in «

matrix, they increase its hardness and strength.’’ Similar study stated i ncrease in surface

45hardness by addition of AI2O3fillers.

r-cure denture base resin. Heat cure denture baseOn comparing both heat cure and si

resin showed higher transverse strength and surface hardness than self-cure resin.

Favourable increased rate of polymerization at higher temperature in heat cure denture
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impact on the mechanical properties of the denture base material. Inbase. an

present study ̂ If Cured PMMA had lower flexural strength and surf ace hardness than
98Heat-Cured PMMA, which was in agreement with the findings in another study.

PMMA-based denture base polymers (heat cure and self-cure) are produced by

polymerisation. The MMA monomer contains carbon-carbon double bond (C=C)

which is relatively unstable and has high energy, but a reaction needs to be stimulated

under suitable conditions.’^ This stimulation can be achieved by activating the material

via different means, either by heat or chemicals predisposing the mixture to pass

through four chemical stages of addition reaction: activation, initiation, propagation

and termination.™

Degree of polymerisation is the average number of monomers which react to form a

chain of mers in each polymer molecule.™ The main concern during polymerisation is

about binding the newly fornied polymer or matrix with pre-polymerised polymer

beads, which in turn affects the mechanical properties. The formation of IPN

(interpenetrating polymer network) Spends on certain factors such as the molecular

weight of bead polymer, the mixing ratio and the contact time between beads and

69monomer before polymerisation depletes the monomer.

Bead cross-linking reduces monomer penetration. The duration of contact between

beads and monomer, before the polymerisation process depletes the monomer, is

important and gives an indication of the differences between heat-cured and cold-cured

67polymerisation.

The resultant polymer chains interact with each other by secondary weak van der Waals

bonds and by ‘entanglement’. The latter increases alongside chain length and this in
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turn increases the transverse strength, surface hardness, solubility resistance and

69dimensional stability.

P
While improving the mechanical properties of a Denture Base Resins, it is also of great

importance not to compromise its physical properties such as water sorption and

solubility. Denture Base Resins are notable for their tendency to absorb water, which

causes corresponding dimensional change and the hydrolytic degradation of

99polymers.

6161
The rate at which the materials absorbed water varied considerably with the type of

material, the amount of plasticizer or filler content, the solution in which they were
m

I no and resin polarity, dictated by the concentration of polar sites available toi mmersed

81fonn hydrogen bonds with water and network topology.

Polymers can be degraded by the physico-chemical process after absorbing a high

amount of water, starting with swelling which causes dimensional distortion.’* This is

then followed by dissolution as water ions weaken the polymer, acting as a plasticiser

77. 78 It also increases its flexibility andand reducing strength, such as flexural strength,

potential to fracture,” reduces hardness.69

aIBl

The results of water sorption of both denture base resins reinforced with fillers after

in water for 7 days were in accordance with ISO specification 1567.immersion

P
According to this specification, water solption should not rxrrrd V fi ii IHHl

lers used in the current study, ZrOi

nanoparticles showed least water sorption followed by AI2O3 nanoparticles and then

1cur^"‘of TeTFcure?"matcfMS. Among all

glass fibers.
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e reasons why nanoparticles added groups exhibited significantly lower water

sorption values than control group can be explained in several ways. During the

polymerization process of acrylic resins, porosity or micro voids can occur among

polymer chains. A high level of porosity or micro voids has been shown to facilitate

fluid transport into and out of polymer by servii^ as sites for molecules to be

sequestered and leading to enhanced solvent uptake and elution.’^ The metal oxides

and could reduce tlie overall volumi of the101used in this study are insoluble in water

\

absorbing polymer

1an heat-cured resin.In present study, self-cured resin showed lower water sorption
ill

102
The chemical nature ofwinch was in agreement with the findii^ in another study,

the polymer versus that of the water molecule directly“afTected the water soqption of

resin. Water is abtorbed into polymers by the polarity of the molecules in the polymers

by unsaturated bontk of the molecules or unbalanced intermolecular forces in the

103polymers.

To summarize, the present study concluded that reinforcement of both denture base

resins with 5 wt% ZrOr nanoparticles delivered greatest improvement in transverse

strength and surface hardness followed by 2.5 wt% glass fibers and then 5 wt % AbOs

nanoparticles. On comparing both denture base resins considered in the study. Heat

cure denture base resin showed higher transverse strength and surface hardness than

self-cure resin.

The results of water sorption of both denture base resins reinforced with fillers were in

accordance with ISO specification. Among all fillers used in the current study, Zr02

nanoparticles showed least water sorption followed by AI2O3 nanoparticles and then
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glass fibers. Self-cure denture base resin showed less water sorption in comparison to

heat cure denture base resin.

Clinically, a high mechanical performance is of prime importance. According to the
results of this study, reinforcement of denture base resins with fillers (ZrO’

nanoparticles, AI2OJ nanoparticles and glass fibers) resulted in better physical

properties.
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Within the limitations of this in vitro study, the following observations can be drawn

leat Cure DBR with 5 wt% ZrOi•  Reinforcement of Cold Cure and

2.5 wt% glass fibers showedhanopirtictes, 5 t@l% AbOj nanoparticles

&icrease|T| transverse strength and surface hardness. However, addition of

fillers did not show significant change in water sorption both in cold cure and

heat cure resin. The effect of fillers on different properties has been elaborated

below:

•  Transverse strength

Transverse strength was found to be highest in Heat Cure DBR reinforced with

ZrOi nanoparticles group and lowest in Cold Cure control group.

Increase in transverse strength was found in the following order-

Heat Cure ZrOjNano Particles > Heat Cure Glass Fiber > Cold Cure ZrOj

.Nano Particles > Heat Cure AljOj Nano Particles  > Heat Cure Control >

Cold Cure Glass Fiber > Cold Cure Al20,r Nano Particles > Cold Cure

Control.

•  Surface hardness

Surface hardness was found to be highest in Heat Cure DBR reinforced with

Zr02 nanoparticles group and lowest in cold cure control group.

Increase in surface hardness was found in the following order-

Heat Cure ZrOjNano Particles > Heat Cure Glass Fiber > Heat Cure AI2O3

Nano Particles > Heat Cure Control > Cold Cure Zr02 Nano Particles >

Cold Cure Glass Fiber > Cold Cure AI2O.1 Nano Particles > Cold Cure

Control.
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• W ater sorption

The results of water sorption of both Denture Base Resins reinforced with fillers

were in accordance with ISO specification

On comparison highest Water Sorption was found to be in Heat Cure Control

group and lowest in Cold Cure ZrO: Nano Particles group.

Water sorption was found to be u^eased in the following order-
Heat Cure Control > Heat Cure Glass Fiber > Heat Cure AI2O3 Nano

Particles > Heat Cure ZrOrNano Particles > Cold Cure Control > Cold

Cure Glass Fiber > Cold Cure AbOj Nano Particles  > Cold Cure ZrOi

Nano Particles.

•  Thus, reinforcement of both Heat Cure and Cold Cure DBR by addition of fibers

Q
and fillers can inhibit undesirable pl^sicat changes resulting from oral fluids

and can prevent denture fractures by enhancing its properties.
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SUMMARY

Amongst the various esthetic concerns of face, complete edentulousness is one of the

P
commoiKst concerns affecting the human beings and  B defined as loss of al permaiKnl

61
teeth'lm3‘‘BTffieTefmIiTaT'^^ oTa'minTffacfbTTan^otfSs ihvmlvFtfgTiToIogic ̂  weB as

various BMT^tol^FISnbrs'fe^Mlo'^ffeitRjlgjSlllilllil- complete edentulism has a

series of deleterious consequences on oral and general health, it needs to be rectified in

time. Depending on the various treatment options available, dentures are widely accepted

treatment among patients, all over the world as it requires no surgical intervention, it is

relatively easy to fabricate and because of its reduced cost.

The fracture of complete denture is quite common which constitutes a challei^e and

remains an unresolved problem. A midline fracture of single maxillary complete denture

base especially inpatients who have retamed their natural manthboter teeth is an inevitable

problem

rmssTTKenafsdenture base resin is subjected to various

compressiWr'13tCTr'Sf8I’'tTrear stretsSr’SoWtifW IdiildM fcSipdlliilBIl' 'ITS 'ilehlurtS

ftaetufgTff!miftK'ttf^grTiit^!sin&itid»;mff&3ggtriiag^

IK uiiTirTri I ill I'liTiin' iTiT'iniiTn'f'''rnTir TnTn~iTriiTrm~|i|||||6M^

the denture base. Flexural and impact forces are two common kinds of forces resulting in

fractures in dentures. Also, increase in surface roughness can result in plaque accumulation

and crack propagation.

^oral conditions, it is likely that fialher polymerization reaction and water uptake
mechanisms occur simultaneous^ fate, abscH'bed into polymerized resins could also act
as a plasticizer, thereby altering their mechanical properties. Considering that during
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clinical use, the dentures are immersed in saliva and during storage they are soaked in

IQ
vMler, it is Impoilant to assess the influence of vvater immersion on the mechanical

properties of the acrylic resins.

m
Various methods have been used to increase the transverse strength and surf ace hardness

of PMMA and decrease water sorptioa thereby increasing the longevity of the prosthesis.

IS
The aimof the study is to evaluate and compare the physical properties of heat & chemical

activated denture base resin with addition of fillers.

f,.. total of 120 specimens were prepared. For evaluation of transverse strength and surface

hardness of ̂Id'Qife a<||SIS[gpifS^enture Base Resin 80 specimens were prepared
mm X 10 mm x 2.5 mm as per ADA Specification No.using standard mold measuring

12. 80 specimens were equally divided into two equal groups A and B (n=40) of Cold
m

and Heat Cure Denture Base Resin respectively. Group A was further divided into 4 sub

groups (Ai, At, Aj, A4)and similarly, Group B was also subdivided into 4 sub-groups (Bi,

B2, B3, B4) (n=10) consisting of control, plus three experimental groups reinforced with

three different fillers (ZrO: nanoparticles, AI2O3 nanoparticles and Glass fibers).

For evaluation of water sorption in Cold Cure and Heat Cure Denture Base Resin 40

m
specimens were prepared using standard mold measuring 50 mm x 0.5 mm as per ADA

Specification No. 12 and which was divided into two equal groups C and D (n=20) of Cold

Cure and Heat Cure denture base resin respectively. Group C was further divided into 4

sub-groups (Cl, C2, C3, C4) and similarly. Group  D was also sub divided into 4 sub-groups

(Di, D2, D3, D4) (n=05) consisting of control, plus three experimental groups reinforced

with three different fillers (Zr02 nanoparticles, AI2O3 nanoparticles and Glass fibers).
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B
flexural strength of the specimens was tested using universal testing machine. All the

specimens were marked in the center. A customized jig was positioned on the universal

testing machine and the samples were loaded at that time. Load was applied at the center

of the sample at a cross head speed of 5mm/min, until it fractured.

1The

below.

3P1

S =

2bd=

i!ich is applied to the center of the specimen to fracture it.P = maximum load.

I = Span length (50mm)

b = Width of specimens (10mm)

d = Height of the specimen (3mm)

ataineJ^ith a Vickers hardness tester.nKwnoadHardness measurement was

w SI ■'tumsrTOSfBfffig

hardmss. It was measured under a 20-gram load and 30 seconds penetration period.

Sorption was measured by electronic balance. Samples were repeatedly weighed

until a fi xed weight (Wo) was obtained and then the volume (V) was calculated.

Then, the After removal fromwaterj

the samples were weighed immediately to obfin (W|). Then the samples were
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placed back in the desiccator and weighed in the same way as before immersion until

a f ixed weight (W2) was obtained.

fater sorption can be calculated according to the following equations;

Water sorption =Wi-\\ 2/V

UTiere, Wi = weight after absorption

W2 = final weight after desiccation.

V = volume of the specimen

mm
Both Heat cure and cold cure denture base resin showed increase in transverse strength and

surface hardness after addition of fillers. Highest transverse strength and surface hardness

was f ound to be in Heat Cure and Cold Cure reinforced with Zr02 Nano Particles followed

by glass fiber and then AI2O3 Nano Particles whereas the results of water sorption of both

Snture Base Resins reinforced with fillers were in accordance with ISO specification. On
comparing groups highest water sorption was found to be in Heat Cure Control group and

lowest in Cold Cure Zr02 Nano Particles group.
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TRANSVERSE STRENGTHGROUP SUBGROUP

Mean
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I
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89.26Control

95.88ZrOz Nano Particles

Heal Cure 90.52.AhOj Nano Particles
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ANNEXLKES

Mean measurement of surface hardness of Heat and Cold Cure Denture Base Kesin

reinforced with ZrOr nanoparticles, AIK)i nanoparticles and glass Bbers

SLRKACE HARDNESSGROUP SLBGROUP

i

Mean

Control 15.36

17.23ZrO’ Nano Particles

Cold Cure .Al20i Nano Particles 16.16

16.82

Control 17.32

y.rO: Nano Particles 19.18
I

Heat Cure 18.52.AljOi Nano Particles

18.98
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>kan measurement of water sorption in Heat and Cold Cure Denture Base Resin

reinforced with ZrOi nanoparticles, AhOj nanoparticles and glass Fibers

W ATER SORPTIONOROIP SUB CROUP

Mean

I

13.75Control

12.22ZrO: Nano Particles

Cold Cure AbOi Nano Particles 12.57

13.32

20.58Control

17.52ZrO: Nano Particles

Heal Cure AWh Nano Particles 18.22

19.72

u

Signature of (lUide
Signature of HOD

115

Paijl
-5'

Q.



CE9!Xl<FIC;i'm

This is to certify that Dr Shaista Munsharif, has carried out statistical analysis for the

dissertation entitled “To evaluate (he effect of fillers on physical properties of dentu re base

resins- An in-vitro study” under my direct supervision and guidance and the results are

authentic to the best of my knowledge and belief

i

Dr. AnisI lar

Ph. 1). (Biostatistics)

w V

'pa/ ‘1?a>

W



Batra Metallurgical & Spectre Station
Instrumental Analysis ot Ferrous & Non-Ferrous Metals & Alloys

DEALING IN LABORATORY EQUIPMENTS

tE/18, lind Floor. Swami Ram Tirath Nagar. New Delhi-t tO 055
Ph 43516704 ( 3 Lmes), 93t2235740

E-mail abalra.4925eyahoocom abatramss ©gmail com

To

The Principal

Inderprastha dental college & hospital

Ghaziabad U P

Date- 28/11/2019

Subject collaboration letter for thesis

I Savneet Batra from Batra lab IE/18 2™" FLOOR JHANDEWLAN EXTN NEW

DELHI - 110055 allow Dr Shaista Munsharif post graduate student from department of

prosthodontics & crown & bridge to use the equipments present m my lab fa their

upcoming thesis fa the next 3 years as and when required

Thanking you

Yoas faithfully

SAVNEET BATRA

«

t



RE-2021-61725-plag-report
ORIGINALITY REPORT

9 7% 9% 8%%

SIMILARIPi'INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

WWW. resea rchgate. net
Internet Source 2%

www.hindawi.com
1%2

Internet Source

www.science.gov
1%Internet Source

repository-tnmgrmu.ac.in
1%4

Internet Source

Bpbsjournals.
Internet Source

com

<1%

0pesquisa.bvsalud.org
Internet Source < %

typeset.io
<17

%Internet Source

www.ncbi.nlm.nih.gov
8 < %Internet Source

l| jap.or.kr
Internet Source



www.scielo.br
Internet Source < %10

doaj.org <1 %11
Internet Source

www.ijds.in
Internet Source < %12

paper.researchbib.com <1 %13
Internet Source

epdf.pub <114 %Internet Source

Submitted to indian institute of Technoiogy,
Kanpur
Student Paper

<115 %

Submitted to Banasthali University
Student Paper <116

%

1library.net
17 < %Internet Source

www.ijpcdr.com
<118

%Internet Source

d.researchbib.com
Internet Source <1 %19

Aj-ips.org
20 < %Internet Source

baadalsg.inflibnet.ac.in
21



Internet Source

< %

onlinelibrary.wjley.com
22 < %Internet Source

covenantuniversity.edu.ng
<1 %

<1 %

23
Internet Source

R Gupta, K Dhanker, NA Ingle, N Kaur. "Oral
Health Status and Treatment Needs of

Inmates in District Jail of Mathura City - A
Cross Sectional Study", journal of Oral Health
and Community Dentistry, 2013

24

Publication

pnrjournal.com
<1 %

<1 %

25
Internet Source

Submitted to Manipal University
Student Paper

26

docksci.com A

27 < %Internet Source

www.Jemds.com A

28 < %Internet Source

cyberleninka.org A

<29 %Internet Source

www.escholar.manchester.ac.uk
Internet Source <1 %30

Oolle

fwww.ijsrp.org 'ey

t
%

sr

\ 9 1 *•



Internet Source

<1 %31

Kusha Thakur, Archana Nagpal, Rajeev Gupta, ^ ̂
Ramit Verma, Rohit Saini, Vishwas Mahajan.
"Evaluation of the Transverse Strength of the

Heat Cure PMMA Resin Reinforced with

Various Concentrations of Two Different

Nanoparticles: An In vitro Study", Journal of
Advances in Medicine and Medical Research,

2019

32 %

Publication

www.Journalcra.com A

<33 %Internet Source

Isma Liza Ali. "Hardness, Flexural Strength,
and Flexural Modulus Comparisons of Three
Differently Cured Denture Base Systems",
Journal of Prosthodontics, 10/2008

A

<34 %

Publication

e-space.mmu.ac.uk
Internet Source <1 %35

Submitted to Teerthanker Mahaveer

University
Student Paper

<1 %36

www.heighpubs.org
Internet Source <1 %37

www.iosrjournals.org A

<38 %Internet Source



Mahroo Vojdani, Rafat Bagheri, Amir Ali Reza
Khaledi. "Effects of aluminum oxide addition

on the flexural strength, surface hardness,
and roughness of heat-polymerized acrylic
resin". Journal of Dental Sciences, 2012
Publication

<1 %39

eprints.usm.my <1 %

<1 %

40
Internet Source

link.springer.com
41

Internet Source

www.researchsquare.com
Internet Source <1 %42

Mohammed Belkheir, Mohamed Alami, Allel

Mokaddem, Bendouma Doumi, Ahmed

Boutaous. "An Investigation on the Effect of
Humidity on the Mechanical Properties of
Composite Materials Based on Polymethyl
Methacrylate Polymer Optical Fibers (POFs)",
Fibers and Polymers, 2022

<1 %43

Publication

beta.space.iknito.com <1 %44
Internet Source

asrjetsjournal.org A

<45 %Internet Source

core.ac.uk A

<46 %Internet Source

'nhriTiiil>al ?
/M/j



<1 %
www.ejmcm.com
Internet Source

47

www.ijbttjournal.org <1 %48
Internet Source

Jieun Lee, Donald Belles, Maria Gonzalez,
Sudarat Kiat-amnuay, Alba Dugarte,Joe
Ontiveros. "Impact Strength of 3D-Printed and
Conventional Heat-Cure and Cold-Cure

Denture Base Acrylic Resins", The
International Journal of Prosthodontics, 2022

A

<49 %

Publication

www.ijhsr.org <1 %50
Internet Source

<1 %www.gssrr.org
Internet Source

51

www.ispcd.org
Internet Source <1 %

<1 %

52

www.journalijar.com
53

Internet Source

Awww.jnps.com.np
Internet Source

<54 %

www.pubfacts.com <1 %55
Internet Source

Priya Verma, Amitha M Hegde. "Digit Ratio
and Dental Caries: A Sexually Dimorphi

<1 %56

w
l(
\ \



Trait", International Journal of Clinical

Pediatric Dentistry, 2018
Publication

Uyar, Tansel, Dilek ̂ okeliler, Mustafa Dogan,
Ismail Cengiz Ko^um, Okan Karatay, and Emir
Baki Denkba?. "Electrospun nanofiber
reinforcement of dental composites with
electromagnetic alignment approach".
Materials Science and Engineering C, 2016.

<1 %57

Publication

Submitted to Savitribai Phule Pune University
Student Paper <1 %

<1 %

58

journalofosseointegration.eu
59

Internet Source

synapse.koreamed.org A

<60 %Internet Source

Varpu M. Miettinen, Pekka K. Vallittu. "Water
sorption and solubility of glass fiber-
reinforced denture polymethyl methacrylate
resin". The Journal of Prosthetic Dentistry,
1997

<1 %61

Publication

www.jpda.com.pk <1 %

<1 %

62
Internet Source

Submitted to Tikrit University
Student Paper

63

w/7
l'P

i^pal 1c?
1 ■j’7/



www.sid.ir
Internet Source <1 %64

Submitted to Queen Mary and Westfield
College
Student Paper

<1 %65

file.scirp.org
<66 %Internet Source

app.trdizin.gov.tr
Internet Source

A

<67 %

eprints.mums.ac.ir <1 %68
Internet Source

opendentistryjournal.com <1 %69
Internet Source

Submitted to Banaras Hindu University
Student Paper <1 %70

<1 %

<1 %

<1 %

<1 %

m.scirp.org
71

Internet Source

nmcth.edu
72

Internet Source

repository.unsoed.ac.id
73

Internet Source

Mohammed Gad, Shaimaa Fouda, Fahad Al-

Harbi, Ritva Napankangas, Aune Raustia.
"PMMA denture base material enhance

74

nial

fS-

I Fr^pal )i,:
%\ / J}: i!/



a review of fiber, filler, and nanofiller

addition". International Journal of

Nanomediclne, 2017
Publication

www.mdpl.com
Internet Source <1 %75

jrad.co.in
Internet Source <1 %76

www.iplnnovative.com
Internet Source

A

<11 %

www.jcdr.net A

<78 %Internet Source

www.sdsJournal.org
<1 %79

Internet Source

Submitted to Brighton Secondary School
Student Paper <180 %

Rajan Rachel, J Vidhya, NS Azhagarasan, S

Jayakrishnakumar, Ramakrishnan Hariharan.

"Evaluation of the effect of titanium dioxide

and gold nanoparticles surface treatment on
the flexural strength of polymethyl
methacrylate heat cure denture base resin".
Journal of Clinical Advances in Dentistry, 2022

<1 %81

Publication

Rama Alla, K Swamy, Ritu Vyas, Anusha
Konakanchi, Vineeth Guduri, Praveen G

82

•I
■

‘^•U0‘aV



"Influence of Silver Nanoparticles
Incorporation on Flexural Strength of Heat-
cure Acrylic Denture Base Resin Materials",
Annual Research & Review in Biology, 2017
Publication

Submitted to University of Bristol
Student Paper <183 %

YU, Sang-Hui, Yoon LEE, Seunghan OH, Hye-
Won CHO, Yutaka ODA, andJi-Myung BAE.
"Reinforcing effects of different fibers on
denture base resin based on the fiber type,
concentration, and combination". Dental

Materials Journal, 2012.

<184 %

Publication

coek.info
Internet Source <185 %

repository.sustech.edu A

<86 %Internet Source

sciencescholar.us <187 %Internet Source

www.slideshare.net <188 %Internet Source

www.wjoud.com <189 %Internet Source

Ali M. Aljafery, Ola M. Al-Jubouri, Zena j. Wally,. 7
Rajaa M. Almusawi, Noor H. Abdulrudha, ~.v\lal

90 %

eo
9“

opal If’irVo.

■  ̂

‘6





















































































































































Inderprastha Dental College & Hospital
46/1, Site-IV, Industrial Area, Sahibabad Ghaziabad-201010 [U.P]

2021-2022

Dr. Swati Tomar

Department ol Paedodontics &

Preventive Dentistry

V



RE-2021-61649-plag-report

Submission date: 06-Dec-2021 01:00AM (UTC-0700)

Submission ID: 1973048190

File name: RE-2021-61649.pdf (3.61 M)

Word count: 26431

Character count: 127695



0
TABLE OF CONTENTS

S. No. Topic Page No.

List of Abbreviations1. i-n

2. List of Tables iii-v

3. List of Figures and Graphs
Vl-VUI

4. Abstract
IX

e
5. Introduction 1-4

6. Aim and Objectives 5

7. Review of Literature 6-15

8. Materials and Method 16-3()

9. Obsen'ations and Result 31-84

10. Discussion 85-93

11. Conclusion 94-95

12. Summary 96-98

13. References 99- 107

14. Annexures 108- 127

1\

iSii
'!i,'
IS:
I c-

Mm
4

/i?//



m
LIST OF ABBREVIATIONS

ASA American society of anesthesiologists

ANOVA Analysis of variance

BPA Bisphenol A

CPU Colony forming units

Cl Confidence inter\'al

Etal. Along with others

ECC Early childhood caries

PRC Pibcr-reinforced composite crowns

GIC Glass lonomer Cement

G1 Gingival index

ICDAS Gingival index

Ltd International caries detection and assessment system

ml Milliliter

Millimetresmm

MSBA Mitis Salivarius Bacitracin Agtir

OHIS Oral hygiene index

PBS Phosphate buffered saline

i

\



Pi Plaque index

PZC Preformed zirconia crowns

S-ECC Severe early childhood caries

S. mutms StreptoaKcm mutms

SSC Stainless-steel crown

SPSS Statistical package for social science

TYCSB Tryptone yeast cystine sucrose bacitracin

m
USPHS United states public health service

WHO World Health Organisation

ZC Zirconia crown

II



LIST OF TABLES

S.No. Table Page No.

Table I. Distribution of patients among three groups. 38

Mean age distribution among the three study groups
Table 2. 38

Table 3. Gender distribution among the three study groups 39

Clinical evaluation of marginal integrity of stainless-steel crown
Table 4. 40

Clinical evaluation of gingival health of stainless-steel crown
Table 5. 41

—GSi
Table 6.

Clinical evaluation of recurrent caries of stainless-steel
42

Clinical evaluation of proximal contact of stainless-steel crown
Table 7. 43

Clinical evaluation of occlusal wear natural tooth against stainless
steel crown

Table 8. 44

Clinical evaluation of marginal integrity of zirconia crown
Table 9. 45

Table 10. Clinical evaluation of gingival health of zirconia crown 46

Clinical evaluation of recurrent caries of zirconia crown
Table 11. 47

Table 12. Clinical evaluation of proximal contact of zirconia crown 48

HI

a
cn \/; ̂

ii

w
W

# ^ v/



Clinical evaluation of occlusal wear of natural tooth against zirconia
crown

Table 13. 49

Clinical evaluation of marginal integrity of reinforced composite
crown

Table 14. 50

Table 15. Clinical evaluation of marginal gingival health of reinforced
composite crown

51

Clinical evaluation of recurrent caries of reinforced composite crown
Table 16. 52

Clinical evaluation of proximal contact of reinforced compo.site
crown

Table 17. 53

Table 18. Clinical evaluation of occlusal wear of natural tooth agaisnt
reinforced composite crown

54

Table 19. Intergroup comparison of clinical evaluation of marginal integrity of
stainless- steel, zirconia and reinforced composite crowns.

55

rajergroup comparison of clinical evaluation of gingival health of
stainless- steel, zirconia and reinforced composite crowns.

Table 20. 56

Table 21. Hfergroup comparison of clinical evaluation of recurrent caries of
stainless- steel, zirconia and reinforced composite crowns.

57

11
Table 22. Intergroup comparison of clinical evaluation of marginal integrity of

stainless- steel, zirconia and reinforced composite crowns.
58

Table 23. mcrgroup comparisvon of clinical evaluation of occlusal wear by
stainless- steel, zirconia and reinforced composite crowns.

59

Table 24 Comparison of plaque scores among three groups (INTER GROUP) 60

Table 25. Comparison of plaque scores among three groups (INTRA GROUP) 61

Table 26. S. mutans count comptiring natural tooth and stainless-steel crown 62

iv

1



Table 27. S. rnutans count comparing natural tooth and zirconia crown 63

Table 28. 5. rnutans count comparing natural tooth and reinforced composite
crown

64

Table 29. Intergroup comparison of S. rnutans count of stainless-steel, zirconia
and reinforced composite crowns.

65

Table 30. Effect of stainless steel on inteiproximal bone level. 66

Table 31. Eflect of zirconia crown on interproximal bone level. 67

Table 32. Effect of reinforced composite crowns on interproximal bone level. 68

Table 33. 69
Intergroup comparison of effects of stainless- steel, zirconia and
reinforced composite crowns.

v

CO/
21 1 m\

jp i:
Xii ■■



LIST OF FIGURES AND GRAPHS

S.No. Figure Page No.

Figure 1 Armamentarium 26

Figure 2 Post- operative pictures of stainless- steel, zirconia and
reinforced composite crowns.

27

Figure 3 Radiographic evaluation of stainless-steel, zirconia and
reinforced composite crowns.

28

Figure 4 Microbiological evaluation of stainless-steel,
zirconia and reinforced composite CTowns.

29

Figure 5 Plaque score evaluation of stainless- steel, zirconia and
figaro crowns.

30

Figure 6 Graphical representation of patient distribution of three
crowns

70

Figure 7 Graphical representation of mean age di.stribution among
the three study groups

70

Figure 8 Graphical representation of gender distribution among
the three study groups

71

Figure 9 Graphical representation of clinical evaluation of
marginal integrity of .stainless-steel crown

72

GrajMctil representation of clinical evaluation of gingival
health of .stainless-steel crown

Figure 10. 72

Graphical representation of clinical evaluation of recurrent
caries of stainless-steel crown

Figure 11. 73

Graphical repre.sentation clinical evaluation of proximal
contact stainless steel crown

Figure 12. 73

Graj^ucal representation of clinical evaluation of occlusal
wear of natural l(X)th against stainless steel crown

Figure 13. 74

VI

1,2c: \\

w

si
I/?
/

vV •



Graphical representation of clinical evaluation of marginal
integrity of zirconia crown

Figure 14. 74

}ra{^cal representation of clinical evaluation of gingival
lealth of zirconia crown

Figure 15. 75

Graphical representation of clinical evaluation of recurrent
caries of zirconia crown

Figure 16. 75

B
Graphical representation of clinical evaluation of proximal
contact of zirconia crown

Figure 17. 76

Graphical representation of clinical evaluation of occlusal
wear of zirconia crown

Figure 18. 76

Graphical representation of clinical evaluation of marginal
integrity of reinforced composite crowns

Figure 19. 77

Grai^ical representation of gingival health of reinforced
composite crowns

Figure 20. 77

Figure 21. Graphical representation of recurrent caries of
reinforced composite crowns

78

Graphical representation of proximal contact reinforced
composite crowns

Figure 22. 78

Graphical representation of occlusal wear of natural tcxith
against reinforced comptrsite crowns

Figure 23. 79

Graphical representation of comparison of plaque scores
among three groups (INTER GROUP)

Figure 24. 79

Graphical representation of comparison of plaque scores
among three groups (INTRA GROUP)

Figure 25. 80

Graphical representation of S.muians couni comparing
natural tooth and stainless-steel crown

Figure 26. 80

Vll

y-
%Ti

1  -t?

Pi
tin

■ M,
I  •,

W o



Graphical representation of 5. rnutans count comparing
natural tooth and zirconia crown

Figure 27. 81

Graphical representation of S. rnutans count comparing
natural tooth and reinforced composite crown

Figure 28. 81

Intergroup comparison of 5. rnutans count of stainless-steel,
zirconia and reinforced composite crowns.

Figure 29. 82

Figure 30. Graphical representation of effect of stainless steel
on interproximal bone level.

82

Graphical representation of effect of zirconia caiwns on
inteiproxinial bone level.

Figure 31. 83

Graphical representation of effect reinforced composite
crowns on interproximal bone level.

Figure 32. 83

Intergroup comparison of effects of stainless- steel, zirconia
and reinforced composite crowns.

Figure 33. 84

Vlll

;f



Abstract

//a-i-
m
01

'<9

\

to

W:\\ ..>\

^N>.-;



ABSTRACT

Title-: Clinical, radiographic and microbial comparison of stainless steel, zirconia and

reinforced composite crowns on supporting tissues of primary mandibular molars -

comparative in vivo study

a

m
Introduction- Selecting an ideal restorative material for restoring a grossly decayed teeth is a

0
challenging task mutilated primary teeth can be restored in order to preserve the integrity of

primary dentition until their natural exfoliation this can be achieved with the help of preformed
0. m

crowns. Stainless steel crowns are always the choice of full coronal restoration. The only major

disadvantage of SSC is their unesthetic appearance The need to meet the demand for aesthetic

0
restorations led to the introduction of Zirconia crowns w'hich are potentially less technique

sensitive when compared to other esthetic alternatives. The potential disadvantages include

need for more tooth reduction, inability to crimp or contour the crown and they are also

expensive. To overcome all these disadvantages reinforced coinptrsite crowns have been

m
recently introduced for full coverage restoration of primtiry teeth.

Objectives of .study- To evaluate changes in clinical, radiographic and microbial parameters

m
on supporting tissues before and after placement of stainless-steel crowns, zirconia crowns and

reinforced composite crowns in primary mandibular molars in children 5-10 years of age

m
Materials and method The study was carried out on 60 primaiy mandibular molars of

children aged 5-10 years. TTie teeth were randomly assigned to all the three groups. After
(Ql

pulpectomy, full coronal restoration was done with three crowns i.e. stainless steel crowns.

s

zirconia crowns and reinforced composite crow'ns after this clinical radiographic and

ca
microbiological analysis was done over a period of 6 months of follow up.

IX
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Results- In the aiirent study overall clinical success rate at 6 months follow up period was

Q
found to be that Pediatric zirconia (933%) and stainless-steel crowns (96.7%) showed gotxl

clinical success rate with no significant difference between the two groups (p=0.317) and

reinforced composite crowns showed the least success and non-remarkable outcomes.

0
Recurrent caries, marginal integrity, occlusal wear, accumulation of plaque and gingival

health were better with zirconia crowns compared to SSC and reinforced composite crowns.

m
Whereas reinforced composite crowns showed statistically significant difference (p=0.()29)

in tenns of marginal integrity and proximal contact (p=().()15) at 6 montlis follow-up.

Adhesion of S. mutan.s was low on the surface of zirconia crowns with a mean CPU count

m

B

3.183 ±0.564, 3.183 ±0.416 mid 3.169 ±0.497 showing a significant decrease when

B
compared to SSC and reinforced composite crowns. Intcrproximal bone resorption was not

significantly affected by cither crown marginal extension or adaptation, preserving tight

proximal contact between molars, oral hygiene level or duration.

Conclusion- The clinical, radiographic and microbiological outcomes of zirconia and

stainless-steel crowns were found to be comparable whereas the group restored with

reinforced compo.site crowns showed interior results.
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Introduction

INTRODUCTION

The word ‘Caries’ (Latin meaning ‘dry rot’) implies slow disintegration of any biological hard

. . . ®tissue as a result of bacterial action. Dental caries is a multifactorial complex process of enamel

demineralization and remineralization due to orgaitic acids produced by microorganisms within

m
the dental placjue resulting from the interplay between enx'ironmental, behavioral and genetic

m
factors. By definition Dental caries is the localized destruction of susceptible dental hard tissue

by acidic by products from bacterial fermentation of dietary carbohydrates.^ Dental carles is

m
highly prevalent major public health problem in the world. It is estimated that nearly 3.5 billion

people tire affected by oral disease in the world. Approximately 36% of tlie world population
iSi

have dental caries. Children are very much susceptible to caries as soon as their first teeth
IBSI

appear in the oral cavity, which usually occurs around at the age of 6 months.

0
Early childhood ctuies is a global epidemic problem affecting majority of preschool children

13
which can lead to deteriorating conditions in primaiy dentition if not treated timely. More than

530 million of children lose their primary teeth due to dental caries. American Academy of

Pediatric Denti,stry defines early childhood caries, as “the presence of one or more decayed,

missing (due to caries), or filled tooth surfaces in any primary tooth in a child 71 months of

m
age or younger”. And severe early childhood caries (S-ECC) is defines tis any sign of a smooth

surface caries in a child younger than three years of age, and from ages three through five, one

or more cavitated, missing (due to caries), or filled smooth surfaces in primary maxillaiy

anterior teeth or a decayed, missing, or filled score of greater than or equal to four (age 3),

greater than equal to five (age 4), or greater than or equtil to six (age 5).3

Another sequalae of caries w'hich is seen in children is the generalized involvement of all the

teeth unlike ECC where mandibular incisors are not affected by the decay. Rampant caries

m
1
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fS
which can occur in primaf>', mixed or permanent dentition. It affects 1 to 12 percent of the

pediatric population in developed countries, and up to 70 percent in underdeveloped countries.'*

Kasteet al. (19%) reixntcd caries incidence of 18% in 2 to 4-year-old and 52% in 6 to 8-year-

old children. This early inoculation of primary teeth to the cariogenic bacteria render the tooth

to early decay and loss of tooth structure.

Preservation of deciduous teeth is of utmost importance as it helps to maintain a balance

between the physiological and anatomical development in a child by maintaining nonnal facial

appearance, mastication, intake of proper diet, formulation of clear speech and pre.serve the

space for permanent dentition.1-2 Etirly childhood caries leads to pain iind premature loss of

teeth, which leads to negative impact on quality of life. In addition extracting a decayed
IPI

m
deciduous tooth can be traumatic experiences for young children and can cause serious

IB
complications.^ Hence, restoration of carious or pulpally treated tooth is a must.

Selecting an ideal restorative material for restoring a grossly decayed teeth is a challenging
m

task. Several dilierent options of materials to restore decayed primary teeth are available,

0including composites and glass ionomer cements. They have shown satisfactory properties but

m
a large number of failures are still re(K)rted, mainly related to .secondary caries. A ten-year

retrospecti%'e study investigated the survival of direct class II restorations, and a .shorter survival

for restorations placed in children was observed, especially in tho.se with higher caries risk.

0
Therefore, mutilated primarj' teeth can be restored in order to pre.serve the integrity of primarv’

0
dentition until their natural exfoliation can be achieved with the help of preformed crowns. Till

date, various pretbrmed crowns have been tried as full coronal restorations for both therapeutic

and preventive treatment.^-^-**

Stainless steel crowns are always the choice of full coronal restoration, as they are easily

available as preformed, pretrirnmed and pre contoured crowns with wide range of sizes and
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m
with proven clinical efficiency.’’ Shunless steel crowns for primary molar teeth were first

0
described in 1950 by Engel and popularized by Humphery Stainless steel CTowns, introduced

by “Rocky Mountain” company which later improved by various manufacturers and they being

used in restoring multi surface caries of primary and young jjermanent dentition, as post

endodontic restoration, abutment for space maintainer and as preventive restoration for special

children.

0
Research supports that stainless-steel crowns are superior over conventional restorations even

when they are used as a preventive strategy for children with medical or dental developmental

disability. The only major disadvantage of SSC is their unesthetic appearance.’ A survey of

pediatric dentists reported that 87% of the parents are concerned about the esthetics even for

0
po.sterior restorations. Litertuure reports that along with parents, children are even more

concerned about esthetics as it influences their p.sychological well-being and physical

i.t
appearance.

The need to meet the demand for esthetic restorations led to the introduction of newer

0
technological advanced material which led to the evolution of preformed Zirconia crowns for

primary teeth, so as to fulfill the esthetic demands, also at the same time promise good

durability.

Zirconia crowns also known as “Ceramic Steel” because it provides strength clo.se to available

stainless-steel crowns as well as colour similar to that of natural teeth. Pediatric zirconia crowns

were first introduced by fiZ-pedo and became commercially available since 2008. Later

preformed zirconia crowns were popularized by many comptmies like Nusmile, Kinderkrowns,

Cheng Clowns, Signature crowns and many more.16 'rhese preformed crowns differed with

respect to size, shape, shade and pattern of retention component.’’ Advantages of prefirrmed

zirconia crowns are its esthetics, full coverage of the treated tooth, no component of the crown

3
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that might debond and potentially less technique sensitive when compaied to other esthetic

alternatives. The potential disadvantages include need for more tooth reduction, inability to

crimp or contour the crown and they are also expensive.18

To overcome all these disadvantages reinforced composite crowns have been recently

introduced for full coverage restoration of primary teeth. Reinforced composite crowns have

advantages over SSCs and Zirconia crowns as they are biocompatible, have superior strength

to withstand grinding and cliewing forces. Along with superior esthetics they are also BPA

(Bisphenol A) and metal free which provide reassunmce for patient's parents and are
CfBI

autoclavable.''* Priimu-ily, there are limited case reports and in vitro studies of reinforced

composite crowns in the literature. In vivo studies with long term follow-up are rare in children.

The purpo.se of this study is to compare the clinical, radiographic and microbial parameters in

children after restoring primary mandibular molars with stainless steel crown, zirconia crown

and reinforced composite crown tmd evaluate the clinical success with 6 months follow up

period.

4
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AIM AND OBJECTIVES

Aim:

To evaluate changes in clinical, radiographic and microbial parameters on supporting tissues

m
before and after placement of stainless-steel crowns, zirconia crowns and reinforced composite

crowns in primary mandibular molars in children 5-10 years of age.

Objectives;

m
To clinically, radiographically and microbially evaluate the effect of stainless-steel crown on

supporting tissues of primary mandibular molars.

9 To clinically, radiographically and microbially evaluate the effect of zirconia crown on

supporting tissues of primary mandibular molars.

3. To clinically, radiographically and microbially evaluate the effect of reinforced composite

crown on supporting tissues of primary mandibular molars.

4. To clinically, radiographically and microbially evaluate and compare the effects of stainless-

steel crown, zirconia crown and reinforced composite crowns on supporting tissues of

prinuiry numdibular molars

5
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m
Early childliood caries (ECC) is a inultifactorial disease wliich has a dominant deteorating

ID
etfect on the life children. It remains to be a global health problem, involving the foremost

carious lesion of the primaiy maxillary incisors, then the mandibular, maxillary first primary

molars and mandibular cuspids.
HH

6-in For the restoration of the pulpally exposed teeth, stainless

ID
steel crowns (SSCs) has been utilized and considered as a “Gold standard" for the restoration

m
of primary dentition atfected by caries." During the past 20 yeais, there was an increased

demand by adults in tlie esthetic restoration of their jeopardized dentures. Equivalently, a

higher esthetic standard is expected by parents for the recovery of their children’s carioas teeth.

More recently, zirconia e.sthetic crowns have been introduced it has mechanical properties

similm to those of metals, and its color is simihir to that of teeth.'-

A literature review of various studies comparing Stainless steel with the esthetic zirconia

crowns is di.scus.sed in the section below on the basis of various clinical and microbial

evaluation criterias

0
Fuks AB, Ram D and Eidelnian E (1999)^® did a clinical study comparing esthetic posterior

crowns to conventional SSC in primary molars. 22 Crowns [ 11 conventional and 11 esthetic

crowns) were placed in mandibular primary molars. The crowns were cemented and reviewed

after 6 months for gingival health, marginal extension, crown adequacy, pro|)er position,

proximal contact, chipping of the facing. At 6-month evaluation all esthetic crowns were intact.

without chipping of the facing. No difference was found for marginal extension, occlusion,

proximal contact, crown adequacy and bone resorption, but a significant difference was found

61
for periodontal health between esthetic crowns and conventional SSC (P < 0.001 .McNemar

test). The study concluded that esthetic crowns assessed had several inconveniences, as they

resulted in poor gingival health, are very expensive, and although not measured, are bulky and

without a pleasing appearance.

6
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0
Rani D, Fuks AB and Eidelnian E (2003)^' conducted an in vivo study on 10 children to

evaluate the performance of esthetic prirmiry molar crowns and conventional crowas using split

mouth technique. The crowns were evaluated for gingival health, marginal extension, proper

occlusion, clipping of the facing.cement removal. Radio graphic evaluation was done to check

crown adequacy and bone resorption. The result suggested that one patient showed gingival

bleeding present on probing of both crowns, the esthetic and tte SSC. All the SSCs and 8

esthetic crowns occluded in a proper position the gingival health was good in both types of

crowns. All the 10 esthetic crowns presented chipping of the estlietic facing and, consequently,

a very poor esthetic appetirance.

# 0
Hickel RE, Kuaden C, Paschos EK et al. (2005)^ reviewed the dental literature of 1971 up

to July 2003 for longitudinal, controlled clinical studies and retrospective cross-sectional

studies to check for longevity and reasons for failure of stainless steel crowns, amalgam, glass-

ionomer, composite and compomer restorations in .stress-bearing cavities of primary molars.

Annual failure rates in stress-bearing cavities of primary molars were determined to be: 0-14%

for stainless steel crowns, 0-35.3% for amalgam restorations, 0-25.8% for glassionomer

0
restorations, 2-29.1 % for atraumatic restorative treatments, 0-15% for composite restorations.

and 0-11 for compomer restorations. The review concluded that Stainless steel crowns are still

the restorative procedure of choice for severely affected primary' molars; however, especially

in smaller cavities, the adhesive technique with compomers and composites can be used in a

great number of cases when the child is ccxjperative. Important parameters such as patients’

cooperation during treatment, caries activity,different material performances w'ithin one group

of restorative materials and operator's experience affect clinical longevity of restorations in

primary molars.

Macl^ean JK, Champagne CE, Waggoner WF et al (2007)“ conducled a retrospective study

to explore the clinical outcome of NuSmile Anterior pre-veneered .stainless-.steel crowns. A

7
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total of 226 NuSraile crowns were evaluated in 46 of 49 eligible patients-21 females (46%) and

25 males (54%). Clinical outcomes were assessed by three calibrated examiners at recall,

including presence, chipping, wear; crazing; and marginal location by clinical and radiographic
0

examination. Factors allecting placement such as operator experience and behavior were also

assessed. 91 % of NuSmile crowns retain a good to excellent overall appearance after 6 months.

The study concluded that NuSmile anterior preveneered crowns are a clinically successful

restoration for primary incisors with early childliood caries.

B IB
,4iShaibah \V M, El-Shchaby F.A, EI-l)okky NA et al. (2012)^ did a in vivo study to evaluate

the adhesion of Streptococcus mutans to preveneered and stainless steel crowns (SSCs) and to

evaluate the effects of these restorations on the gingival health and oral hygiene. Twenty
03

patients (age 3-5 yetu's) were selected each tooth was pulpotomy-treated and restored with

either type of crowns (split-mouth technique). Then, ten swabs from the buccal

preveneered crown, and SSC surfaces were taken from each patient. Gingival index (Gl) and

oral hygiene index (OHl-S) were measured at different times during the study. Mitis Salivarius

Bacitracin agar (MSBA) was used as a selective medium for S. mutans growth. Results showed

m
that after 1,2, and 4 weeks, muco.sa and crown swabs of preveneered crown showed statistically

significant higher mean CFU counts than SSC (p=0.()01). The authors also reported

statistically significant positive (direct) correlation between OHI-S, Gl, imd S. mutans counts

m
on both restorations (p=0.00l). The authors comcluded that the adhesion of S. mutans to

prevent'cied crowns was higher than to SSC. Full mouth rehabilitation led to significant

decrease in S. mutans count in the short term. An increase in S. mutaas counts is associated

with an increase in OHI-S and Gl.

mucosa.

IB

Betcliiz Kara N and Yiliiiaz Y (2014)-^ did a randomized, non-blinded prospective controlled

0clinical trial to compare the time-dependent changes in oral hygiene and periodontal health

after restoring primary posterior molars w-ith a traditional stainless steel crown (SSC)
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aesthetic crown using various measures of periodontal health and oral hygiene, 264 crowns of

different types wac fitted onto the first and/or second primary molars of 76 children. The oral

hygiene and the gingival health of the restored teeth and the antagonistic teeth were evaluated

clinically and radiographically at 3- and 6-month intervals for 18 months after fitting the

crowns. Results showed that the periodontal health of the control teeth was better than that of

the remaining 215 restored teeth. The oral hygiene, as measured by the simplified oral hygiene

index, and gingival health, the volume of gingival crevicular fluid, of the restored teeth,
B

irrespective of crown type, progressively increased during the 18-month study period. The
Q

authors concluded that the oral hygiene and gingival health around a restored primary tooth
Bdeteriorate with time. The overall conclusion was made that SSC, an open-faced SSC, or a

NuSmilc pediatric crown should be the prefciTcd crown type for restoring posterior primary

teeth.

#

IBSI 0
Stober T, Bermejo JL, Ranimelsberg P ef al (2014)^ did an in vivo study to evaluate the

enamel wear caused by monolithic zirconia CTOwns and to compare this with enamel wear

caused by contra lateral natural antagonists. Twenty monolithic zirconia crowns were placed

in 20 patients requiring full molar crowns. For measurement of wear, impressions of both jaws

were made at baseline after crown cementation and at 6-month follow-up. Both mean and

0maximum wear were significantly different between the antagonists ot the zirconia crowns and

the antagonists of the contralateral control teeth (mean wear; P = 0.02, maximum wear: P =

0.004. Gender and activity of tlie masseter muscle at night were identified as possible

confounders which significantly affected wear. Under clinical conditions, monolithic zirconia

seem to be as.sociated with more wear of opposed enamel than are natural teeth.crowns

0
Tote J, Gadhane Das G et al (2015)'^ in their review article explained about various

posterior esthetic crowns in pediatric dentistry. This review deals about the different type of

crowns, indication for each type of crown, method of preparation and cementation of each

9
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crown. The author concluded that impact of esthetics should always be considered in treatment

plan as it has vital role in child’s overall general health and psychological well-being. Cun-ent

wide ranges of available estlietic crows help us to meet the parental satisfaction and acceptance

in tenns of esthetics.

Subranianyani D and Gurunathan D (2016)^’ did a study to evaluate the oral hygiene and

microbial adhesion on the 3iM stainless steel CTOwn (SSC) and Kids crown in primary molars.

m
Seven children aged 4-8 years children were included in the study with lower right or left both

first tind second primary molars that required SSC. The teeth were restored with 3M crown and

Kids crown. The swabs were collected before tind Immediately after the cementation of crowns

and after 1 week. Oral hygiene index (OHI) was also evaluated. The swabs were incubated in

mitis sttlivarius bacitracin agar, and the total number of Streptococcus mutans was counted and

expressed in colony forming units. Results showed that there was no stati.stically significant

difference (p=4).457) seen in the microbial count and OHI-simplified between the 3M and Kids

crown and natural teeth. Conclusion was made that the microbial adhesion of plaque and S.

mutiuis was seen higher on the Kids crown. And there was no significant difference between

3M ESPE and Kids crown.

0
Abdulhadi BS, Abdullah MM, Alaki SM et al in (2017)-* in their study compared the clinical

perlbrmancc of zirconia crowns with that of SSC in primary molar teeth. A sample of 120

contra lateral primtuy molars in 26 patients within the age group of 4-8 years was selected. A

split mouth design was followed (i.e) 60 tooth were given SSC and 60 tooth were given zirconia

crowns evaluation of each crown restoration was assessed at the base line. 3,6 and 12 months.

Clinical failure pariuneters were evaluated with visual assessment of the restoration, according

to the United States Public Health Service alpha criteria rating system. I'he gingival health and

plaque index were evaluated. At 3 months follow up, 80% of teeth were zirconia showed no

gingival bleeding, compared to 13% in SSC group. At 12th month, all teeth in both groups

10
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showed no inflammation. Plaque index (Silness and Loe criteria) at the base line showed 100%

absence of plaque in both groups. During 3 month follow up period, 73.3% of teeth c-overed by

zirconia slmwed a plaque film compared to only 53% in SSC group. During 6 month, it was

16.7% in zirconia and 66.7% in SSC group. Finally at the 12 months follow up, 100% no plaque

la
accumulation was seen with zirconia, where it was 75% in SSC group a statistically significant

0
ditference (P <0.001) was observed.All teeth on both groups were presented at the 12 months

follow up without carries and with normal appearance of crowns. The study concluded tliat

zirconia crowns [jerform better in the aspect of esthetics, gingival response and plaque retention

despite its high cost.

Q
Tarank PK and Kaya MS (2018)^* did a study to compare the periodontal health and clinical

success of restoring primary molars with a prefabricated stainless-steel crowm (SSC) or zirconia

crow'ti (ZC). Six- to nine-year-olds children w'ith at least two decayed primary molars were

Q
included. Intact contralateral primary molars were evaluated as controls. A simplified oral

hygiene index (Olll-S), plaque index (PI), gingival index (Gl), and clinical success criteria for

the crowns were evaluated during follow-up. Friedman and Wilcoxon tests were used for

statistical analysis. Fifty-two teeth were evaluated in 13 children for 12 months. The OHl-S

levels were not different at the follow-ups. Teeth restored with ZCs showed low'erGl and PI

scores than those re.stored with SSCs. even among controls The PI and Gl exhibited differences

0
betw'cen the ZCs and their controls from the first month to the 12th month (p<0.()5). All SSCs

were rettiined after 12 months, wlhle two of the ZCs decemented. .Minor staining in one ZC

m
and a fracture on the surface of another ZC were observed. The authors concluded that the

gingival health and placjue accumulation performance of zirconia crowns were better than those

of stainless steel crowns and controls. SSCs are highly retentive and viable restorative option,

although they were associated with a decline in gingival health.

11
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BiBI m
IVabhu S, Krishnamoorthy SH, Sathyaprasad S et al. (2018)’*’ compiircd the gingival health

and periodontal status in priniciry molars restored with stainless steel crowns with unrestored
IQ

contralateral teeth. Study was conducted on 60 children aged 5- 10 years. Statistically 5%

.significance level (p<0.001) was used. In re.sult it was .seen by the authors that
IQ
the teeth restored with stainless steel crown showed lesser plaque and debris accumulation at

three months and six months. Radiographic bone level the control teeth showed higher level of

bone resorption compared to the teeth re-stored w'ith stainless steel crown.

m □
Mathew MG, Uoopa KB, Son! AJ et al. (2020)^' did  a study to evaluate and compttre the

clinical success, parental satisfaction, and child satisfaction of stainless steel and zirconia

crowns in primary molars. Thirty healthy patients aged 6-8 years bilateral pulp therapy treated

primary molars were randomly divided into two equal groups of stainless steel and zirconia
Q

crowns. Patients were evaluated at 6 months, 12 months. 18 months, 24 months, and .f6 months.

Results showed the clinical success for stainle.ss steel crowns and zirconia crowns were similar

with no statistical difference between them. Zirconia accumulated less plaque than stainless

steel crowns (P = 0.047). The parental satisfaction was high with both crowns. A highly

significant statistical difference existed between the 2 groups in relation to the iicceptance of

colour (P < 0.001) and child’s satisfaction (P < 0.001). The overall conclusion was made that

the irconia crowns can be considered as an esthetic alternative in the future.

e
Mathew MG, S, R. Samuel, Soni AJ et al (2020)^^ did a study to evaluate the adhesion of

Streptococcus mutans to preformed zirconia and stainless-steel crowns and compare plaque

accumulation and gingival inflammation over a period of 1 year. Thirty children between 6 to

9 years with pulpectoniised bilateral mandibular primary’ second molars were rruidomly divided

into zirconia/stainless steel groups. Plaque was collected from the crowns using swabs at 3,6,

9, and 12 months. Gingival and plaque index were recorded at all follow-ups. S. mutans was

12
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scultured on tr>’ptone-yeast-cystelne sucrose-bacitracin agai', and organisms were expressed as

0
colony-forming units. In results s. inutans were found in significantly higher numbers on the

stainless-steel crowns as compared with zirconia crowns at all the follow-ups. Gingival

inflammation and plaque index scores were also significantly higher around the stainless-steel

B
crowns as compared with zirconia at the end of 12 months follow-up. PI and G1 scores were

significantly low among those with zirconia crown compared to SSC at all follow-ups (P <

B
0.05). The authors concluded that adhesion of S. mutans to stainless steel crowns w'as

significantly greater when compared with zirconia, and minimal gingival inflammation and

plaque accumulation was found in the tooth restored with zirconia crowns as compared with

stainless steel crowns.

m
Alrashdi M, .Vrdoin J and Liu JA (2021)-’'’ did a systematic review to summarise the clinical

results for PZCs in the primary' dentition, including wear on the opposing dentition, retention,

m
fracture resistance, parental sati.sfaction. gingival health, and cementation materials. 14 studies

m
were included for qualitative analyses. The review concluded that the prefabricated Zirconia

Crowns appetir to be a good alternative to preformed metal crowns in term of esthetics,

retention, resistance to fracture, parent satisfaction, and gingival health.
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Fiberglass crora is the newest entrant in the extra coronal restoration of grossly decayed or

iiendodontically treated primary teeth. The choice of complete coverage restoration for primary

teeth must provide an aesttetic appearance and restoring function and durabilit)'. The most

apparent advantage of Figaro crowns is their acceptable aesthetics, relative flexibility, and

adjustability. In this respect, the fiberglass crown has gained popularity due to its helpful
Q

leatures and esthetic value.^ There is very limited published data on the clinical perfonnance

of these new crowns.

A literature review of the studies comparing standard stainless steel crowns with reinforced

composite crowns on the basis of various clinical tissessment criterias is discussed in the below

section.

Moliainmadzadeh Z, ParLsay 1, Mt-hrabkhani M (2016)’-' did a spilt- mouth randomized clinical trial

B
to evaluate the clinical performance of tooth-colored fiber-reinforced composite (FRC) crowns

B
m pulp-treated second primary mandibular teeth of 67 children between 3 and 6 years with two

primary mandibular second molais requiring pulp treatment. After pulp therapy, the teeth

randomly assigned to stainless steel crown (SSC) or FRC crown groups. Modified United

States Public Health Service criteria were used to evaluate marginal integrity, marginal

discoloration, and secondary caries in FRC crowns at intervals of 3, 6, and 12 months.

Retention rate and gingival health were compared between the two groups. The data

analyzed using Friedman, Cochran, and McNemar’s testsat a significance level of 0.05.Results

showed that the Intact maiginal integrity in FRC crowns at 3,6. and 12 months were 93.2%,

94.8%, and 94.2%, respectively. Marginal discoloration and secondary caries were not found

at any of the FRC crowns. The retention rates of the FRC crowns were 100%, 98.3%, and

89.7% at 3,6 and 12 months, respectively, whereas all the SSCs were found to be present and

intact after 12 months (P = 0.016). There was no statistically significant difference between the

two groups in gingival health. According to the results of this study the authors concluded that

were

were
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when esthetics is a concern, in cooperative patients with good oral hygiene, FRC crowns can

be considered as a valuable procedure.

El-Habashy LM and El Meligy OA (2020 did a spilt- mouth controlled randomized clinical study

e
to evaluate the clinical performance of the fiber glass “Figaro” crowns compared to preformed metal

Q
crowns (PMCs) in puljwtomized primary molars of ten children aged 4-6 years. After pulp therapy the

teeth were rimdtimely assignged to Figaro or PMC. Modified United States Public health service 9

USPHSO criteria were used to evaluate crown retention, marginal integration, crown discolouration.

secondary caries and gingival status at 3 and 6 months. The data was analysed there was no significant

difference between the groups. But during the follow up that Figaro crowns showed changes from intact

Q
crown to either chipped or large loss, whereas all PMCs were found intact (p=0.000). There was also

significant deterioration in Figaro crowns colour after 6 months (p=().tK)4). The authors concluded that

Q
PMCs were more durable than Figaro crowns, which showed significant deterioration after 6 month

follow up period.

Abbas AN (2021)^ did a study to evaluate of fiberglass crown and .stainless steel crown as a full crown

restoration for primary molars. Forty molars teeth which are indicated for bilateral crowns to first or

second primary' molars, one side was restored by stainless steel crowns (group A), and the other side

Q
was restored by fiberglass crowns (group B). Tasth were randomly assigned to Figaro or PMC crown

groups. Modified United States Public Health Service (USPHS) criteria were used to evaluate recurrent

caries marginal integration crown retention and gingival status at 48 hrs 3 and 6 months. Results showed

that after six months of follow-up. the Fiberglass crown showed a significant difference (p= 0.01) in

crown retention than the stainless-steel crowns (SSCs) with recuirent caries and gingival inflammation.

e
The authors concluded that despite their unattractive appearance, slai nless steel crowns are still the ideal

restoration torcompromi.sed primary molar teeth.

15
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MATERIALS AND METHOD

The present study entitled "Clinical, radiographic and microbial comparison of stainless

steel, zirconia and reinforced composite crowns on supporting tissues of primary- mandibular
ii

molars - a comparative in vivo study.” was carried out in the Department of Pedodontics

and Preventive Dentistry, Inderprastha Dental College and Hospital, Ghaziabad.

The aim of this in vivo study was to evaluate changes in clinical, radiographic and microbial

m
parameters on supporting tissues before and after placement of stainless-steel crowns, zirconia

crowns and reinforced composite crowns in primary mandibular molars in children 5-10 years

of age.

Study methodology

il
Ethical clearance

The proposed study wa.s reviewed by the Ethical Committee of Inderprastha Dental College

and Hospital, Ghaziabad and clearance was obtained with reference number IRB no. 099

(Annexure 1).

1. Study population

i. General selection criteria:

e
.58a. Healthy patients belonging to ASA I category

congenital or rheumatic heart disease, leukemia, allergic reactions to substances, such as

local anesthetics and latex and who did not require general anesthesia and sedation

w'ith no history' of disease, such as

-tvb. Co-operative patients (Lampshire 1979)

c. Pediatric patients aged between 5-10 years

d. Patients whose parents have con.sented for the procedure
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ii. Tooth selection criteria:

Patients were first screened clinically under standard conditions for carious primary mandibular
iBa

molars and then selected on the basis of following criteria (Annexure 111);

Inclusion criteria:

01
Patient with at least one carious primary mandibular molar indicated for full coverage restoration.a.

40b. Patient with present ipsilateral opposite tooth within ICDAS (0-4)

c. Teeth with no clinical evidence of mobility.

Exclusion criteria:

a. Patient whose parent/guardian will not consent for the procedure.

ID
b. Children with any of systemic disease or any developmental disturbances of the teeth and jaws.

c. Presence of clinical teeth mobility.

d. Non-restorable teeth.

e. Missing ipsilateral tooth.

2. Sample .size estimation

The study design followed the CONSORT 2010 Statement of updated guidelines for
la

refxirting parallel group randomi/ed trials. The sample size was calculated using the nMaster

2.0 software. ITie power of the study was taken to be 80% and Confidence Interval (C.l.) of

95% was taken. The sample size was estimated to be a minimum of 20 per group. So, the total

sample size was estimated to be 60.
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3. Consent

The study purpose, procedure involved, likelihood of potential discomfort and associated risks

and benefits of the procedure as well as the crowns to be used were explained to the parents in

a language that was best understood by the individual, who then gave their written informed

consent (Annexure 11).

4. Study groups

Q
The primtiry mandibular molars that were indicated for pulpectomy were divided into the

following three groups according to the crowns placed:

m
Group 1: Stainless- steel crowns

Group 2; Zirconia crowns

Group 3: Reinforced composite crowns

0
Alter parental consent, the teeth were randomly allocated to each of the three groups using draw of

lots.

5. ARMAMENTARIUM (Figure 1)

i. Sterilized mouth mirror and probe

ii. Digital radiograph (Vatech RVG,Vatech India Pvt. LTD).

iii. Radiographic Grid

iv. Local ane.sthesia solution 2% lidocaine with 1:80()()() adrenaline

V. Disposable single use syringe (Dispovan, Hindustan syringe and medical devices ltd, India)

vi. Gloves and mouth mask

vii. Airotor hand piece

18
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viii. Wiix sheets

Vernier caliperIX.

Periodontal probe (Calibrated Periodontal Probe)X,

Crown cutting burs (Shofu crown and bridge preparation kit. United Dental Supply Company)XI.

Sterile cotton swab with HDPE tube (Axiom Easy pick sampler. Axiom India)xii.

Stainless steel crawns (Kids crowns pretrimmed and precountoural, Shinhung, South Korea)Xlll.

Zirconia crowns (Kids-e-crowns pretrimmed and precountoured, Kids-e-dental LLP, Mumbai)XIV.

Reinforced comptisite crowns (Figaro crowns pretrimmed and precountoured, Figaro crowns.XV.

Woodbury USA)

Crown adaptation pliers (GDC Fine Crafted Dental Pvi Ltd, India )XVI.

GIC Luting (GC Corporation Tokyo, Japan)xvii.

Suction TipsXVlll.

Cotton RollsXIX.

6. CLINICAL PROCEDURE

Based on the inclusion criteria, teeth were selected and randomly assigned to one of the following

groups.

Group 1-Prcfonned stainless-steel crowns

Group 2-Preformed zirconia crowns

Group 3- Preformed reinforced composite crowns

19
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0
Mandibular primaiy molars in 60 children aged between 5-10 yrs. were allotted randomly to either

preformed zirconia crown group, stainless steel crown group or reinforced composite crown group

following pulp therapy.

0
TtMJth Preparation for Stainless Steel Crowns

Tooth preparation was done with No.330 or tapered diamond bur to reduce occlusal surface by

I - 1.5inm, Care was taken to produce uniform occlusal reduction. Inter proximal reduction was

done mesially and distally with No. 169 L tapered diamond bur in such away that straight probe

passes freely through the contact area. Rounding of line angles done and a knife-edge finish

margin of the proximal surface was obtained. Care was taken to avoid any ledge Ibnnation. An

appropriate size crown was ctiosen according to raesiodistal width of the prepared tooth and

trial fit was carried out before cementation. The crown was crimped using No.8(X)-417 crown

crimping plier. Finally, the crown was luted with type 1 GIC, and fintJ occlusion was checked.

(Figure 2a)

Tooth preparation for Zirconia crovms

After giving Local anaesthesia, the suitable crown siz^e was selected according to the

mesiodistal width of the teeth prepared. Occlusal reduction was done by 1-1.5 mm using pear

m
shaped bur. Tapered diamond bur was used for proximal reduction to permit the chosen crown

to fit passively. The tooth was trimmed circumferentially by 0.5 1.25 mm as per need. For

kd
subgingival reduction the edges were stretched out and polished to a leather-edge to around I-

2 mm sub gingivally on every area so that no undercuts or sub gingival ridges remain. Rounding

ot the line angles was done. Prepared teeth was confirmed to be tree from any blood or residues.

0
saliva and gingival blood. Then the zirconia crown was luted using Type 1 GIC and final

occlusion was checked. (Figure 2b)
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Tooth preparation for reinforced composite crowns

Q
After giving local anesthesia, the suitable crown size was selected (Figaro crowns provide five

m
sizes for each primary' molar from extra-small through extra-large) according to the mesiodistal

B
width of the teeth prepared. Occlusal reduction was done using wheel or flamed bur to achive

occlusal clearance by 1-2 mm. Proximal reduction was done using plane medium flamed

diamond bur giving a feather-end finish line 1mm below the gingival margin. Buccal and

lingual reduction were made by same bur, but to a lesser extent. This was followed by bevelling

of all line angles to remove any sharp edges. Crown try-in was then carried out to assure proper

crown seating with snug fit. Finally, cementation of the crown was done using Type 1 GIC and

final occlusion was checked. (Figure 2c)

Q

7. Evaluation criteria

The evaluation of each crown restoration was assessed at the baseline which is one week after the

placement of the crowns mid the follow-up was done with an interval of 3 montiis and 6 months. The

crowns were evaluated on the basis of following criterias;

A. Clinical evaluation criteria

B
Clinical evaluation was done using the modified United states public health service (USPHS) criteria.

To check for crown retention, marginal integration, crown discolouration, secondary' caries and

gingival status for the crow'n and ipsilateral natural tooth. (Annexure II)

B. Radiographic evaluation criteria

Radiographic examination was done using bitewing radiographs. A standardized angulation of the X-

ray cone was applied using the Rinn XCP positioning device and a radiographic grid was also used.

@
The radiographs were selected on the following basis:

a. Minimal evidence of distortion
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b. Minimal overlapping between the adjacent mohir proximal surlBces

c. A clear image of the cemento-enamel junction and tlie alveolar bone crest between the primary

molars.

Q
The following radiographic criteria was for all the three crowns, the interproximal bone level was

considered nonnal or non-resorbed when the distance between the crest of interdental bone and the

cemento enamel junction was 2 mm or less. Bone was considered resorbed when this distance was

more than 2 mm.''^'*^ (Figure 3)

C. Microbiological evaluation criteria

Q
Sterile cotton swab with HOPE tube (Axiom Easy pick sampler. Axiom India) were used to collect

plaque samples from buccal and occlusal surfaces of SSC,zirconia crowns and reinforced composite

Q
crowns and for the ipsilateral natural tooth of each patient at baseline, .3- and 6-months following

crown placement. Plaque sample collection was performed in the microbiological laboratory of

Q
Inderprastha dented college and Hospital, and the swabs were immersed in 1 niL phosphate buffered

saline immediately. The sample was voilexed for 15 s and serially diluted till 10'^, and using a

micropipette, 0.1 ml (100 pi) of this diluted sample was inoculated and plated on TYCSB (try'ptone-

yea.st-cystine sucrose-bacitracin) agar, a selective media for S. mutans. The plates were incubated in a

candle jar at 37 °C in 5-10% CO2 for 48 h. After 48 h, colony chtiracieristics were studied and the

number of colony forming units (CFU/ml) of S. mutans was counted using a digital colony counter.

(Figure 4)

D. Plaque score

Plaque levels were as.sessed on the buccal and lingual surfaces of all teeth and recorded using the

Plaque Index of Silness & Loe, scoring as follows: 0: no plaque; i: film of plaque adhering to the free

gingival margin and adjacent area of the tooth, the plaque detected only by using an explorer on the

tooth surface; 2: moderate accumulation seen with the naked eye; and 3; abundance of soft debris."*^ A
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m
total plaque score was calculated for the entire group. Mean regional plaque scores were also calculated

for (i) the anterior region; tlie buccal atid lingual surfaces of the four maxillary atid mandibular incisors:

(ii) the posterior region; the buccal and lingual surfaces of the maxillary and mandibular canines and

niohu-s; (iii) the lingual surfaces: all lingual surfaces in either the maxillary or mandibular arch: and

(iv) the buccal surfaces: all buccal surfaces in either the maxillary or mandibular arch. (Figure 5)

8. Stati.stical procedure

Q
The statistical procedure was carried out in 2 steps:

Data Compilation ;ind Presentation

Statistical Antilysis

Data compilation and presentation

The data obtained was compiled systematically and transferred from proforma to a computer and a

m
master table was prepared. (Annexure V).The data collected was entered in the excel spreadsheet

.  . . @using Microsoft Excel Software (Version 21.0) and was transferred to Statistics Package for Social

Sciences (SPSS) version 2.0, IBM Inc. for analysis.

1

11

ii. Statistical analysis

Descriptive statistics was performed by calculating mean and standard deviation for the

continuous variables. Nominal categorical data between the groups were compared using

chi-square goodness-to-fit test.

The software u.sed for the statistical analysis was SPSS (statistical package for .social

sciences) version 21.0 and Epi-info version 3.0.

The statistical tests used were:

Unpaired or Independent t-test is used for compari.son of mean value between 3 groups

when the data follows normal distribution.

❖ Chi-square test is used to investigate whether distributions of categorical variables differ

from one another.
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❖ The p-vsdue was taken significant when less than 0.05 (p-<d).05) and Confidence interval of

95% was taken.

II
The following formulas were employed for calculation for various parameters:

1. Mean/ Average

Mean or Average is defined as the sum of all the given elements divided by the total number

of elements.

Mean = sum of elements / number of elements

It is denoted by the letter X.

X = XX

No. of observations (n)

2. Stiuidard Deviation

The standard deviation of a statistical population, a data set, or a probability distribution is

the squtire root of its variance. Standard deviation is a widely used measure of the variability

or dispersion.

It shows how much variation there is from the "Average” or Mean.

It is denoted by the letter o.
SD =

i n-1
For Small siunples, n<3()

SD =

For Large siunples, n>30

3. Chi-,squure test

The Chi square test statistics was calculated as

X' = 7 (observed frequencies -expected frequencies)-

Expected frequencies

QD

Where, 7 denotes summation and

Expected frequencies = Row total X Column Total

Grand total
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The y: - static follows an %- distribution with degrees of freedom as (r-1) x (C- 1), where r is the

number of rows and c is the number of columns in the tabulated date.

The calculated value is then compared with the theoretical value of y^ distribution for the given

degree of freedom to obtain the level of significance.

m
4. Analysis of variance (ANOVA) test:

It is used to compare means of more than two samples drawn from corresponding normal

populations.

To test whether 4 means differ significantly or not F-test or analysis of variance test has to be

applied.

Start with H'*.

Calculate the sura of squares.

Now split this into two components.

Sum of squares between the classesi)

ii) Sum of squares within the classes

The sum of squares within the cla.sses or groups is found by subtracting sum of squares between

the classes from total sum of squares of the entire sample.

Z)
Compiu-e the calculated F-ratio with the F-table value at df between the classes and df within

the classes at a particular ‘P’ value.

If Cal. F value is greater thtm table value, there is a significant difference. Reject H

S. Level of Significance (p-value)

•The maximum probability of rejecting a correct null hypothesis.

♦In testing a given hypothesis, the maximum probability with which we would be willing to take

risk is called Level of Significance of the Test.

P-value > 0.05 - non-significant

P-vtilue < 0,05 - Significant

(>■

♦I* P-value < 0.01 - Highly Significant
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Figure 1; Arniainentariuni
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Figure 2: Post-operative pictures of stainless-steel, zirconia
and reinforced composite crowns
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30Figure 5: Evaluation of plaque score
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The present study was conducted to evaluate and compare the clinical, microbial and radiographic

outcomes of SSC, zirconia crowns and reinforced composite crowns in primary mandibular molars

at regular interval till 6 months.

A total of 60 teeth were included in the study of which 20 cases each were nuidomly allocated to

Group 1 (SSC),Group II (Zirconia crowns) and Group 111 ( Reinforced composite crowns) (Table

I, Figure 6) after the completion of pulpotomy procedure. After the crown cementation each tooth

was followed up tor clinical, microbial and radiographic evaluation at baseline, 3 and 6 months

respectively.

ifCi
The mean age of the study population was recorded in years. Group 1 (SSC) study subjects had a

mean age of 6.95 ± 1.43 years, Group II study subjects had a mean age of 7.85 ± 1.59 years while

m  m
Group 111 (FC) had a mean age of 7.35 ± 1.03 years. There was no statistically significant

difference among three groups (Table 2, Figure 7).

The gender distribution of the study subjects was Group 1 70% males and 30% females. Group II

had 50% males and 50 % females while Group III had 75% males and 25% females (Table 3,

Figure 8).

For clinical evaluation each crown was evaluated by using modified USPHS criteria and evaluation

iPn.larginal integrity, gingival health, recurrent caries, proximal contact and
occlusal wear comparing with ipsilateral opposing tooth and individual grading as A, B and C was

given. (Annexure III)

was done on the basis

For marginal integrity of SSC at baseline and 3 months the chi square test showed 1(X)% success

rate i.e with no marginal discrepancy in the margins of crowns. Whereas in 6 months of follow-up

the chi square test showed that 10% cases of SSC showed visible open margins when an explorer
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was run around the crown margins (Table 4, Figure 9). And the data was not statistically

significant.

For gingival health of SSC at baseline 15% i.e 3 cases showed presence of clinical inflammation

around the crown margins. At 3 months 15% cases showed gingival inflammation and at 6 months

of follow up 20% cases i.e 4 cases showed clinical gingival inflammation tiround the crown

margins. Confirmed by the chi square test. And the data was not statistically significant. (Table 5,

Figure 10).

IBHI
For recurrent caries of SSC at ba.seline only 5% i.e., one case showed visual evidence of dark deep

e
discoloration adjacent to the restoration. At 3 months and 6 months of follow up 20% cases i.e 2

cases showed discoloration adjacent to restoration. Confirmed by chi-square test. And the data was

not statistically significant. (Table 6. Figure 11) For proximal contact of SSC at baseline,3 and 6

months only 5% i.e one case showed non-adequate contact indicated when confirmed with chi-

square test (Table 7, figure 12). Occlusal wear was not seen in any of the cases in 6 months follow

up. There was 100% success rate in these criteria, confirmed with chi-square test (Table 8, Figure

13).

For clinical evaluation of Zirconia crowns for miu’ginal integrity no marginal discrepancy in any

of the crowns was seen during the complete follow-up period of 6 months. ITiere was 100%

success rate confirmed with chi-square test. (Table 9, Figure 14) For gingival health of ZC at

baseline 10% i.e 2 ca.ses showed presence of clinical inflammation around the crown margins. At

3 months and 6 months of follow-up 20% cases showed clinical gingival inflammation around the

crown margins. Confirmed by the chi square test. And the data was not statistically significant.

a

if

(Table 10, Figure 15).
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For recurrent caries of ZC at baseline no case showed any visual evidences of dark deep

Q
discoloration adjacent to the crown. At 3 months and 6 months of follow up 10% cases i.e 2 cases

showed discoloration adjacent to restoration. Confirmed by chi-square test. And the data was not

statistically significant. (Table 11, Figure 16). For proximal contact of ZC at baseline,3 and 6

months only 5% i.e one case showed non-adequate contact indicated by chi-square test. (Table 12,

B
figure 17). Occlusal wear was seen in opposing natural tooth in 5% cases at baseline and 3 months

and in 15% castes at 6 months tbllow-up indicated by chi-square test. (Table 13, Figure 18).

For clinical evaluation of Reinforced composite crowns in marginal integrity all crowns showed

no marginal discrepancy in luiy of the crowns during the baseline follow-up. At 3 months follow

up 35% showed open crown margins and 5% showed deep penetration of the explorer in crevice

defects. At 6 months follow-up 75% cases showed open crown margins tmd 5% showed deep

t

cervical defects (Table 14, Figure 19). For gingival health of reinforced composite crowns at
IBH

baseline 25% cases showed presence of clinical inflammation around the crown margins. At 3

montlis 40% ca.ses tmd 6 months of follow-up 65% cases showed clinical gingival inflammation

around the crown margins confirmed by the chi square test. And the data was not statistically

significant. (Table 15, Figure 20).

For recurrent caries of reinforced composite crowns at baseline only one case showed any visual

evidences of dark deep discoloration adjacent to the crown. At 3 months 20% cases showed

recurrent caries and at 6 months of follow up 45% ca.ses showed discoloration adjacent to crown.

Confirmed by chi-square test. And the data was not stati.stically significant. (Table 16, Figure 21)

For proximal contact of reinforced composite crowns at ba.seline only one ca.se showed inadequate

proximal contact, at 3 months 45% showed inadeqauate proximal contact and at 6 months 30%

cases showed adequate contact indicated by chi-square test. (Table 11, figure 22). Occlusal wear
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m
was seen in the opposing natural tooth in 5% cases at baseline and 3 months 15% cases at 6 months

follow-up in 25% cases indicated by chi-square test. (Table 18. Figure 23).

Intergroup comparison of clinical evaluation criterias of stainless-steel, zirconia and reinforced

composited crowns showed higher success rate of ZC in terms of marginal integrity, gingival

health, recurrent caries and proximal contact (Table 19,20,21,22) and in terms of occlusal wear

SSC showed higher success late showing no occlusal wear of the opposing tooth (Table 23).

Comparison of plaque score among three groups at baseline, the mean plaque scores for Stainless

steel crown were 1.16 ± 0.437. For zirconia crown were 0.937 ±0.462. For Figaro crown were

1.038 ±1.038. The comparison was done using Kruskal wallis test. At 3 months, the mean plaque

scores for Stainless steel crown 1.20 ±0.340. For Zirconia crown 1.025 ±0.490. For Figaro crown

were 1.448 ±0.343. The comparison was done using Kruskal wallis test. At 6 months, the metui

plaque scores for Stainless steel crown were 1.242 ±().39(). For Zirconia crown were 1.183 ±1.025.

For Figaro crown were 1.46 ±0.343. The comparison was done using Kruskal Wallis test. (Table

24, Figure 24). The intergroup comparison of three crowns didn’t reach the level of significance

when compared a baseline, three months and six nwnths.

When intragroup comparison among three groups was done for stainless steel crown, the plaques

scores were compared using Friedman test. The difference failed to reach the level of significance

at various follow up time periods. For zirconia crown, the plaques scores were compared using

Friedman test. The difference reached the level of significance (p=0.001) at various follow up time

peritxls. On pair wise comparison using Wilcoxon paired t test, significant differences were seen

for plaque scores at baseline and 6 months only. For reinforced composite crown, the plaques

scores were compared using Friedman test. The difference failed to reach the level of significance
tSi

at various follow up time periods. On pair wise comparison using Wilcoxon paired t test.
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significant differences were seen for plaque scores at baseline and 6 months (p=0.001). (Table 25,

Figure 25).

For S. mutiins count comparing natural tooth and stainless steel crown. At baseline, 5. mutans

count Wcis compared between natural tooth and stainless steel crown using Wilcoxon paired t test.

m
The S. mutans count was found to be significantly higher at natural tooth as compared to stainless

steel crown meanCFU count 3.010 ± 0.408 (p=0.025). At 3 months,5. mitto/iv count was compared

between natural tooth and stainless steel crown using Wilcoxon paired t test. The S. mutans count

m
was found to be significantly higher at natural tooth as compared to stainless steel crown mean

CFU 3.141 ± 0.281 (p=0.001). At 6 months, S. mutans count was compared between natural tooth

EO
and .stainless .steel crown using Wilcoxon paired  t test. The 5. mutans count was found to be

significantly higher at natural tooth as compared to stainless steel crown mean CFU 3.197 ± 0.231

(p=0.00()). (Table 26, Figure 26)

0
At baseline. S. mutans count was compared between natural tooth and zirconia crown using

m
Wilcoxon paired t test. The difference tailed to reach the level of significance metin CFU of

0
zirconia crown 3.183 ± 0.564. At 3 months, 5. mutans count was compared between natural tooth

m
and zirconia crown using Wilcoxon paired t test. Tire difference failed to reach the level of

0
significance mean CFU count 3.183 ± 0.416. At 6 months. S. mutans count was compared between

natural ttxrth ttnd zirconia crown using Wilcoxon paired t test. le difference fiiiled to reach the

I) level of significance mean of CFU count on zirconia crown was 3.169 ± 0.497 (Table 27, Figure

0
27). The mean CFU count of ipsilateral opposite tooth when compared a baseline^ months and 6

months showed a statistically significant increase in the metin CFU count.

At baseline, S. mutans count was compared between natural tooth and reinforced composite crown
ifPI

using Wilcoxon paired t test. The S. mutans count was found to be significantly higher at natural
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tooth as compared to reinforced composite crown mean CFU 3.114 ± 0.236 (p=0.(X)6). At 3

months, S. mutam count was compared between natural tooth and reinforced composite crown

using Wilcoxon paired t test. The S. mntans count was found to be significantly higher at natural

tooth as compared to reinforced composite crowns mean CFU 3224 ± 0.120(p=0.050).At 6

months, S. mutam count was compared between natural tooth and reinforced composite crown

using Wilcoxon paired t test. The 5. mutans count was found to be significantly higher at natural

tooth as compared to reinforced compo.site crown 3.287 ± 0.097 (p=0.005). (Table 28, Figure 28)

In intergroup comparison of S. mutans count of stainless-steel, zirconia and reinforced composite

crowns. At ba.seline, the S. mutans level were compared for all the three crowns using Kruskal

m
wallis test, the difference was not found to be significant. At 3 months, the S. mutans level were

4

compared for all the three crowns using Kruskal wallis test, the difference was not found to be

significant.At 6 months, the S. mutans level were compaied for all the three crowns using Kruskal

wallis test, the difference was not found to be significant. .Mean CFU count was lowest of zirconia

ii
crown among all the three groups during the 6 months follow up period. (Table 29. Figure 29)

For radiographic evaluation tlte interproximal bone level was measured. The effect of SSC on

interproximal bone level considerably adequate at baseline where only 25% cases showed

inadequate proximal bone height. At 3 months follow up 30% cases inadequate bone height and at

6 months follow up 35% cases showed inadequate bone height and the values ̂ iled to reach the
level of significance by using chi .square test. (Table 30, Figure 30)

Effect of zirconia crowns on interproximal bone level showed a baseline only 5% cases showed

inadequate bone height. At 3 months 20% cases showed inadequate bone height and values reached

the level of signiticance (p=0.018). At 6 months follow-up 30% cases showed inadequate bone

m
height but values failed to reach the level of significance. (Table 31, Figure 31).
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Effect of reinforced composite crowns on interproximal bone level showed that at baseline 20%

cases showed inadequate bone height and values doesn’t reach the level of significance. At 3

months 55% cases showed inadequate bone height and values reach the level of significance

(p=0001). At 6 months of follow-up 60% cases showed inadequate bone height and again the

values reach the level of significance (p=0.024) by using chi-square test. (Table 32, Figure 32)

On intergroup comparison Reinforced composite crowns showed the most inadequate bone height

at the interproximal area in the subsequent follow-up period when compared with other two crowns

m
using chi square test but the values failed to reach the level of significance. (Table 33. F’igure 33)

If
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Table 1: Distribution of patients among three groups.

N

GROUP 1 STAINLESS STEEL

CROWN: SSC

20 33.3

CROUP II ZIRCONIA CROWN 20 33.3

GROUPin REINFORCED

COMPOSITE

CROWNS

20 33.3

TOTAL 60 100

Table 2: Mean age distribution among the three study groups

MEAN SD

GROUP I STAINLESS STEEL

CROWN: SSC
6.95 1.43

GROUP U ZIRCONIA CROWN
7.85 1.59

(iROUP 111 REINFORCED

COMPOSITE

CROWNS 7.35 1.03
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Obsen'iitions and <Rgsu(t

Table 3: Gender distribution among the three study groups

MALES FEMALES

N % N %

GROUP! STAINLESS

STEEL CROWN:

14 70 6 30

SSC

GROUP ZIRCONIA

CROWN

10 50 10 50

il

GROUP REINFORCED

COMPOSITE

CROWNS

15 75 5 25

11!
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OBservat tons and"‘Rfsu(t

Table 4: Clinical evaluation of marginal integrity of sUunless-steel crown

Stainless- steel crow'ii Natural tooth

N % N %

Marginal integrity: At baseline (p value=not applicable)

APLPHA 20 20100 100

m
BRAVO 0 0 0 0

CHARLIE 0 0 0 0

Marginal integrity: At 3 months (p value=not applicable)

APLPHA 20 100 20 100

BRAVO 0 0 0 0

CHARLIE 0 0 0 0

Marginal integrity: At 6 months (p value=0.244)

APLPHA 18 90 20 100

BRAVO 2 10 0 0

CHARLIE 0 0 0 0

S
Chi square test, level of significana* set at p < 0.05

^statistically significant
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Table 5: Clinical evaluation of gingival health of stainless-steel crown

Stainless- steel crown Natural tooth

N % N %

Gingival health; At baseline (p value=0.669)

APLPHA 17 85 17 85

BRAVO 3 15 3 15

41 CHARLIE 0 0 0 0

Gingival health: At 3 months (p value=0.500)

APLPHA 17 85 16 80

BRAVO 3 15 4 20

CHARLIE 0 0 0 0

Gingival health: At 6 months (p value=0.653)

APLPHA 16 80 16 80

BRAVO 4 20 4 20

CHARLIE 0 0 0 0

m
Chi squiire test, level of significtince set at p  < 0.05

*statistically significant
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Table 6: Clinical evaluation of recurrent caries of stainless-steel crown

Stainless- steel crown Natural tooth

N % N %

Recurrent caries: At baseline (p value=0.756)

APLPHA 9 95 19 95

BRAVO 51 I 5

CHARLIE 0 0 0 0

Recurrent caries: At 3 months (p value=0.500)

APLPHA 18 80 17 85

BRAVO 2 20 3 15

CHARLIE 0 00 0

ReciuTent caries: At 6 months (p value=0.500)

APLPHA 18 80 17 85

BRAVO 9 20 3 15

CHARLIE 0 0 0 0

m
Chi square test, level of significance set at p < 0.05

^statistically significant
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Table 7: Clinical evaluation of proximal contact of stainless-steel crown

Stainless- steel crown Natural tooth

N %% N

Proximal contact: At baseline (p value=0.500)

APLPHA 19 95 20 100

BRAVO 1 5 0 0

CHARLIE 0 0 0 0

Proximal contact: At 3 months (p value=0.756)

APLPHA 19 95 19 95

BRAVO 1 5 1 5

CHARLIE 0 0 0 0

Proximal contact: At 6 months (p value=0.756)

19 95APLPHA 19 95

BRAVO 1 5 1 5

CHARLIE 0 0 0 0

e
Chi squtire test, level of significant'e set at p  < 0.05

*statistically significant
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Table 8: Clinical evaluation of occlusal wear natural tooth against stainless steel crown

Stainless- steel crow'ii Natural tooth

N N %

Occlusal wear; At baseline (p value=not applicable)

APLPHA 20 100 20 100

BRAVO 0 0 0 0

CHARLIE 0 0 0 0

Occlusal wear: At 3 months (p value=not applicable)

APLPHA 20 100 20 100

BRAVO 0 0 0 0

CHARLIE 0 0 0 0

Occlusal w'ear: At 6 months (p value=not applicable)

APLPHA 20 100 20 100

BR.AVO 0 0 0 0

CHARLIE 0 0 0 0

B
Chi square test, level of significttnce set at p  < 0.05

*statistically significant
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Table 9: Clinical evaluation of marginal Integrity of zirconia crown

Zirconia Natural tooth

N % N %

Marginal integrity: At baseline (p value=rnot applicable)

APLPHA 20 100 20 100

BRAVO 0 0 0 0

CHARLIE 0 0 0 0

Marginal integrity: At 3 months (p value=not applicable)

APLPHA 20 100 20 100

M
BRAVO 0 0 0 0

CHARLIE 0 0 0 0

Mtirginal integrity: At 6 months (p value=0.500)

APLPHA 19 100 20 100

H
BRAVO 1 0 0 0

CHARLIE 0 0 0 0

m
Chi squtire test, level of significance set at p  < 0.05

statistically significant*
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Table 10: Clinical evaluation of gingival health of zirconia crown

Zirconia Natural tooth

N % N %

Gingival health: At baseline (p value=0.244)

APLPHA 18 90 20 100

BRAVO 2 10 0 0

CHARLIE 0 0 0 0

Gingival health: At 3 months (p value=0.653)

APLPHA 16 80 16 80

BRAVO 4 20 4 20

CHARLIE 0 0 0 0

Gingival health: At 6 months (p value=0.500)

APLPHA 16 80 15 75

BRAVO 4 20 5 25

CHARLIE 0 0 0 0

a
Chi squtire test, level of signifietince set at p  < 0.05

*statistically significant
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Table 11: Clinical evaluation of recurrent caries of zirconia crown

Zirconia Natural tooth

N % N %

Recurrent caries; At baseline (p value=0.115)

APLPHA 20 100 17 85

BRAVO 0 0 3 15

CHARLIE 00 0 0

Recurrent caries: At 3 months (p value=0.5l7)

APLPHA 18 90 16 80

BRAVO 2 10 3 15

CHARLIE 0 0 5

Recurrent caries; At 6 months (p value=0.177)

APLPHA 17 85 12 60

BRAVO 3 15 7 35

CHARLIE 0 0 I 5

e
Chi square test, level of significtuice set at p  < 0.05

*statistically significant
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Table 12; Clinical evaluation of proximal contact of zirconia crown

Zircon i a Nalural tooth

N % N %

Proximal contact: At baseline (p value= 0.756)

APLPHA 19 95 19 95

BRAVO 1 5 1 5

CHARLIE 0 0 0 0

Proximal contact: At 3 months (p value=0.549)

APLPHA 17 85 17 85

BRAVO 10 3 15

CHARLIE 1 5 0 0

I

Proximal contact: At 6 months (p value=0.300)

APLPHA 17 85 15 75

BRAVO 10 5 25

CHARLIE 1 5 0 0

e
Chi square test, level of significtince set at p  < 0.05

^.statistically significant

48

I



Obsen'iitions and‘Rfsuh

m
Table 13: Clinical evaluation of occlusal wear of natural tooth against zirconia crown

Zircon ia Natural tooth

N N %

Occlusal wctir: At baseline (p value=().50())

APLPHA 20 100 19 95

BRAVO 0 0 1 5

CHARLIE 0 0 0 0

Occlusal wear: At 3 months (p value=0.500)

APLPHA 20 100 19 95

BRAVO 0 0 1 5

CHARLIE 0 00 0

Occlusal wear: At 6 months (p value=0.115)

APLPHA 20 100 17 85

BRAVO 0 0 3 15

CHARLIE 0 0 0 0

s
Chi square test, level of significance set at p < 0.05

♦stati.stically significant
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Table 14: Clinical evaluation of marginal Integrity of reinforced composite crown

Figaro Natural tooth

N % N %

Mtirginal integrity: At baseline (p value=0.500)

APLPHA 20 100 19 95

BRAVO 0 0 1 5

CHARLIE 0 0 0 0

Mtirginal integrity: At 3 months (p value=0.029*)

APLPHA 12 60 19 95

BRAVO 7 35 1 5

CHARLIE 1 5 0 0

Marginal integrity: At 6 months (p value=0.001*'‘)

APLPHA 4 20 16 80

BRAVO 15 75 4 20

CHARLIE 1 5 0 0

m
Chi square test, level of significance set at p < 0.05

*statistically significant
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Table 15: Clinical evaluation of marginal gingival health of reinforced composite crown

Figaro Natural tooth

N % N %

Gingiviil health: At baseline (p viilue=0.091)

AFLPHA 15 75 19 95

BRAVO 5 25 5

CHARLIE 0 0 0 0

Gingival health; At 3 months (p value=().()78)

APLPHA 12 60 17 85

BRAVO 8 40 3 15

CHARLIE 0 0 0 0

Gingival health: At 6 months (p value=0.068)

APLPHA 6 30 13 65

BRAVO 13 65 7 35

CHARLIE 1 5 0 0

m
Chi sqiuire test, level of significance set at p  < 0.05

*siatistically significant
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Table 16: Clinical evaluation of recurrent caries of reinforced composite crown

Figaro Natural tooth

N % N %

Recurrent caries: At baseline (p value=0.756)

APLPHA 19 95 19 95

BRAVO 1 5 1 5

CHARLIE 0 0 0 0

Recurrent caries: At 3 months (p value=0.331)

APLPHA 16 80 18 90

BRAVO 4 20 ~) 10

CHARLIE 0 0 0 0

Recurrent caries: At 6 months (p value=0.374)

APLPHA II 55 13 65

BRAVO 9 45 7 35

CHARLIE 0 0 0 0

Chi square test, level of signiflcanc'e set at p  < 0.05

*statistically significant
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Obsen'atiom and ‘Result

Table 17: Clinical evaluation of proximal contact of reinforced composite crown

Figaro Natural tooth

■ %N % N

Proximal contact: At baseline (p value=0.500)

APLPHA 19 95 18 90

BRAVO 1 5 2 10

CHARLIE 0 0 0 0

Proximal contact; At 3 months (p value=0.055)

APLPHA 10 50 17 85

BRAVO 9 45 3 15

CHARLIE I 5 0 0

f’roximal contact: At 6 months (p value=4).015*)

APLPHA 6 30 15 75

BRAVO 13 65 5 25

CHARLIE 1 5 0 0

m
Chi square test, level of significance set at p < 0.05

♦statistically significantfl
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Table 18: Clinical evaluation of occlusal wear of natural tooth aKaisnt reinforced composite
crown

Figaro Natural tooth

N N %

Occlusal wear; At baseline (p value=0.500)

APLPHA 18 90 19 95

BRAVO 1 10 1 5

CHARLIE 0 0 0 0

Occlusal wear; At 3 months (p value=0.531)

APLPHA 16 80 17 85

BRAVO 4 20 3 15

CHARLIE 0 0 0 0

Occlusal wear; At 6 months (p value=().065)

APLPHA 7 35 14 70

BRAVO 12 60 25-V

CHARLIE I 5 5

a
Chi squttre test, level of significttnce set at p  < 0.05

’"statistically significant
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a
Table 19: Intergroup comparison of clinical evaluation of marginal integrity of stainless-

steel, zirconia and reinforced composite crowns.

Stainless- steel ZIRCONIA Figaro

crown

N % N % N %

Marginal integrity: At baseline

APLPHA 20 100 20 100 20 100

H.
BRAVO 0 0 0 0 0 0

CHAJ^LIE 0 0 0 0 0 0

Marginal integrity: At 3 months

20 100APLPHA 20 100 6012

m
BRAVO 0 0 0 0 7 35

CHARLIE 0 0 0 0 I 5

Marginal integrity: At 6 months

APLPHA 18 90 19 95 204

BRAVO 0 10 1 5 15 75

CHARLIE 0 0 0 0 1 5

Chi square test, level of significance set at p < 0.05

statistically significant
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Table 20: Intergroup comparison of clinical evaluation of gingival health of stainless- steel,
zirconia and reinforced composite crowns.

Stainless- steel crown ZIRCONIA Figaro

N % N % N %

Gingival health: At base ine

APLPHA 17 85 18 90 15 75

BRAVO 3 15 2 10 5 25

CHARLIE 0 0 0 0 0 0

Gingival hea th: At 3 months

APLPHA 17 85 16 80 12 60

BRAVO 3 15 4 20 408

CHARLIE 0 0 0 0 0 0

Gingival hea th: At 6 months

APLPHA 16 80 16 80 6 30

BRAVO 4 20 4 20 13 65

CHARLIE 0 0 0 0 1 5

t»
0
Chi square test, level of significance set at p < 0.05

^statistically significant
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Table 21: Intergroup comparison of clinical evaluation of recurrent caries of stainless-
steel, zirconia and reinforced composite crowns.

Stainless- steel ZIRCONIA Figaro

crown

N % N % N %

Recurrent caries: At baseline

APLPHA 19 95 20 100 19 95

BRAVO 1 5 0 0 1 5

CHARLIE 0 0 0 0 0 0

Recurrent caries: At 3 months

APLPHA 18 90 18 90 16 80

BRAVO 2 210 10 4 20

CHARLIE 0 0 0 0 0 0

Recurrent caries: At 6 months

APLPHA 18 90 17 85 11 55

BRAVO 2 10 3 15 9 45

CHARLIE 0 0 0 0 0 0

Chi squiue test, level of significtuic'e set at p  < 0.05

Ik
^statistically significant
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Table 22: Intergroup comparison of clinical evaluation of marginal integrity of stainless-
steel, zirconia and reinforced composite crowns.

Stainless- steel ZIRCONIA Figaro

crown

N % N % N %

Proximal contact: At baseline

APLPHA 19 95 19 95 19 95

BRAVO 5 5 1 5

CHARLIE 0 0 0 0 0 0

Proximal contact: At 3 months

APLPHA 19 95 17 85 10 50

BRAVO 1 5 2 10 9 45

CHARLIE 0 0 1 5 1 3

Proximal contact: At 6 months

APLPHA 19 95 17 85 6 30

BRAVO 1 5 2 10 13 65

CHARLIE 0 0 1 5 1 5

B
Chi square test, level of significance set at p < 0.05

*statistically significant
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Table 23: Intergroup comparison of clinical evaluation of occlusal wear by stainless- steel,
zirconia and reinforced composite crowns.

Stainless- steel ZIRCONIA Figaro

crown

N % N % N %

Occlusal wear: At baseline

20APLPHA 100 20 100 18 90

BRAVO 0 00 0 2 10

Si CHARLIE 0 0 0 0 0 0

Occlusal wear: At 3 months

APLPHA 20 100 20 100 15 75

BRAVO 0 0 0 0 204

CHARLIE 0 0 0 0 51

Occlusal wear: At 6 months

APLPHA 20 100 20 100 7 35

it
BRAVO 0 0 0 0 12 60

CHARLIE 0 0 0 0 51

Chi square test, level of significance set at p < 0.05

^statistically significant
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Table 24: Comparison of plaque scores among three groups (INTER GROUP)

95% Confidence

InteiA'al for

Mean

CHI

Std.

Deviatio

Lxiwer

Bonn

SQUARE

VALUE, P

VALUE
m
N

Upper
Bound

Mini

mumPLAQUE SCORES Mean d Maximumn

BASELINE SS 20 1.160 0.437 0.955 1.364 0.250 1.800 1.099

ZIRCO 0.577, NS

20 0.937 0.462 0.720 1.153 0.250 1.500

NIA

FIGAR

20 1.038 0.469 0.818 1.258 0.280 .480

O

3 MONTHS 20SS 1.200 0.340 1.358 0.280 1.5001.041 2.938,

ZIRCO 0.230,NS

20 1.025 0.490 0.795 1.254 0.250 1.800

NIA

FIGAR

20 1.448 0.343 1.2001.287 1.609 2.100

O

6 MONTHS SS 20 1.242 0.390 1.060 1.424 0.320 1.600 0.548,

ZIRCO 0.761,NS

20 1.183 0.525 0.937 1.428 0.160 2.000

NIA

FIGAR

20 1.460 0.319 1.311 1.609 1.160 2.000

O

B
KRUSKAL WALLIS TEST, LEVEL OF SIGNIFICANCE SET AT  P < 0.05

*STAT1ST1CALLY SIGNIFICANT
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Table 25: Comparison of plaque scores among three groups (INTRA GROUP)

95%

Confidence

InteiA'al for

Me:in

CHI pair

wise

compari
SQUAR

E

Std.

Deviati

Min

imu

Max VALUE son

Lower

Bound

Upper
Bound

,Pimu

PLAQUE SCORES N Mean VALUEon m m

STAINLE AT 2.304,

0.316,

not
0.2 1.80

SS STEEL BASE

LINE

20 1.160 0.437 0.955 1.364 applicab
50 0

NS le

AT 3
0.2 1.50

.MONT 20 1.200 0.340 1.041 1.358
80 0

HS

AT 6
0.3 1.60

MONT 20 1.242 0.390 1.060 1.424
20 0

HS

ZIRCON 1 AT 14.632,

0.001*,

at

A BASE

LINE

0.2 12)0 baseline

< at 6

months

20 0.937 0.462 0.720 1.153
50 0 SIG

AT 3
0.2 1.80

MONT 20 1.025 0.490 0.795 1.254
50 0

HS

AT 6
0.1 2.00

.MONT 20 1.183 0.525 0.937 1.428
60 0

HS

FIGARO AT 14.911,

0.{X)1*.

at

BASE

LINE

baseline

< at 3

months,

0.2 1.48 SIG
20 1.038 0.469 0.819 1258

80 0

at 6

montlis

AT 3
1.2 2.10

MONT 20 1.448 0.343 1.288 1.609
00 0

HS

AT 6
1.1 2.00

MONT 20 1.460 0.319 1.311 1.609
60 0

HS

FRIEDMANN TEST“, LEVEL OF SIGNIFICANCE SET AT P< 0.05

WILCOXON PAIRED T TEST *STAT1ST1CALLY SIGNIFICANT
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Table 26: S. mutaiis count comparing natural tooth and stainless-steel crown

Mean Std. p value

Deviation

Stainless steel crown 3.010 0.408 0.025*

ba.seline

Natural tooth 3.197 0.231

Stainless steel CTOwnat 3 3.141 0.281 0.001*

months Natural tooth 3.248 0.211

at 6 Stainless steel crown 3.197 0.231 0.000*

months Natural tooth 3.305 0.218

fB
WILCOXON PAIRED T TEST ̂  LEVEL OF SIGNIFICANCE SET AT P < 0.05

*STAT1STICALLY SIGNIFICANT
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Table 27: S. inutans count comparing natural tooth and zirconia crown

Mean Std. p value

Deviation

Zirconia crown 3.183 0.564

Baseline

Natural tooth 3.169 0.497 0.133

Zirconia crown 3.183 0.416

3 months

Natural tooth 3.250 0.416 0.188

Zirconia crown 3.169 0.497

6 months

Natural tooth 3.219 0.399 0.068

WILCOXON PAIRED T TEST ̂  LEVEL OF SIGNIFICANCE SET AT P < 0.05

♦STATISTICALLY SIGNIFICANT
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Table 28: S. mutans count comparing natural tooth and reinforced compositecrown

Mean Std. p value

Deviation

Figciro crown 3.114 0236

baseline

Natural tooth 3.287 0.007 0.006*

Figaro crown 3.224 0.120

3 months

Natural tooth 3.281 0.140 0.050

Figaro crown 3.287 0.097

6 months

41 Natural tooth 3.370 0.103 0.005*

Q
WILCOXON PAIRED T TEST ̂  LEVEL OF SIGNIFICANCE SET AT P < 0.05

* STATISTICALLY SIGNIFICANT
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Table 29: Intergroup comparison of 5. mutans count of stainiess-steel, zirconia and

reinforced composite crowns.

95% Confidence

Inten'al for

Mean

Std.

Deviati

Lower

Bonn

CHI SQUARE

VALUE, P

VALUE

m Upper
Bound

Minim Maxim

i  S. mutans count N Mean don urn um

BASELINE SS 2.819 0.415,

0.81341s
20 3.0102 0.4080 3.2011 2.1827 3.7268

2

ZIRCO 2.919
20 3.1829 0.5637 3.4467 2.1240 4.1827

NIA 1

EIGAR 3.003
20 3.1144 0.2361 3.2249 2.4534 3.5425

O 9

3 MONTHS SS 3.009 1.994,0.369 41S
3.140820 0.2811 3.2723 2.4022 3.7268

2

ZIRCO 2.988
20 3.1832 0.4164 3.3781 2.2925 4.0959

NIA 3

FIGAR 3.167
20 3.2235 0.1197 3.2795 3.0331 3.4445

O 5

; 6 MONTHS SS 3.088 4.507,0.102.118
20 3.1965 0.2307 3.3045 2.7268 3.7268

5

ZIRCO 2.936
20 3.1690 0.4973 3.4017 1.7604 4.0959

NIA 3

FIGAR 3.241
20 3.2868 0.0974 3.3324 3.0959 3.4850

O

Q
KRUSKAL WALLIS TEST, LEVEL OF SIGNIFICANCE SET AT  P < 0.05

^STATISTICALLY SIGNIFICANT
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Table 30: Effect of stainless steel on interproxiinal bone level.

Stainless steel Natural tooth

N % N %

Radiographic evaluation; At baseline (p value=0.500)

ADEQUATE 15 75 16 80

INADEQUATE 5 25 4 20

Radiographic evaluation; At 3 months (p value=0.054)

ADEQUATE 14 70 18 90

# INADEQUATE 6 30 2 10

Radiographic evaluation; At 6 months (p value=0.597)

ADEQUATE 15 75 16 80

INADEQUATE 5 35 4 20

8
Chi squiire test, level of significance set at p  < 0.05

^statistically significant
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Table 31: Effect of zirconia crown on interproxinial bone level.

Zirconia Natural tooth

N % N %

Radiographic evaluation: At baseline (p value=().5()0)

ADEQUATE 19 95 18 90

INADEQUATE 1 5 2 10

Radiographic evaluation: At 3 months (p value=0.018*)

ADEQUATE 16 80 16 80

INADEQUATE 4 20 4 20

Radiographic evaluation: At 6 months (p value=0.580)

ADEQUATE 14 70 14 70

INADEQUATE 6 30 6 30

B
Chi squttre test, level of significtince set at p  < 0.05

^statistically significant
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Table 32: Effect of reinforced composite crowns on interproxiinal bone level.

Figaro Natural tooth

N % N %

Radiographic evaluation: At baseline (p value=0.053)

ADEQUATE 16 80 20 100

INADEQUATE 4 20 0 0

Radiographic evaluation: At 3 months (p value=0.0001*)

II ADEQUATE 9 45 16 80

INADEQUATE 11 55 4 20

Radiographic evaluation: At 6 months (p value=0.024*)

ADEQUATE 4 35 II 55

INADEQUATE 16 60 9 45

s
Chi squtire test, level of significtuice set at p  < 0.05

♦statistically significant
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Table 33: 40

Stainless steel Zirconia Figaro

N % N % N %

Radiographic evaluation: At baseline

ADEQUATE 15 75 19 95 16 80

INADEQUATE 5 25 I 5 4 20

Radiographic evaluation: At 3 months

# ADEQUATE 14 70 16 80 9 45

INADEQUATE 6 30 204 II 55

Radiographic evaluation: At 6 months

ADEQUATE 15 75 14 70 4 35

INADEQUATE 355 6 30 6016

m
Chi square lest, level of signillctutce set at p  < 0.05

^statistically significant
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Figure 6: Graphical representation of patient distribution of three crowns
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Figure 7: Ciraphical representation of mean age distribution among the thrt*e study groups
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Figure 8: Graphical representation of gender distribution among the three study groups
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m
Figure 9; Graphical representation of clinical evaluation of marginal integrity of stainless

steel croHii
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Figure 10: Graphical representation of clinical evaluation of gingival health of stainless-
steel crown
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Figure 11: Graphical representation of clinical evaluation of recurrent caries of stainless-
steel crown
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Figure 12: Graphical representation clinical evaluation of proximal contact stainless steel
crown
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Figure 13: Graphical representation of clinical evaluation of occlusal wear of natural tooth

against stainless steel crown
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Figure 14: (Graphical representation of clinical evaluation of marginal integrity of zirconia

crown
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Figure 15: Graphical representation of clinical evaluation of gingival health of zirconia

crown
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Figure 16: Graphical representation of clinical evaluation of recurrent caries of zirconia

crown

100%

100% 90%
■85%

90%

so%

70%

60%.

50%
735%

40%

30%
151;15% 15%

20%
5% 5%

10% 0%D% Si.0%

APLPHA BRAVO CHARLIE APLPHA BRAVO CHARLIE APLPHA BRAVO CHARLIE

Baseline 3 months 6 months

■ Zirconia ■Natural

75

/'
7^

7;O'

.7/V



OSsenatious and ‘RgsuCt

m
Figure 17: Graphical representation of clinical evaluation of proximal contact of zirconia

crown
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Figure 18: Graphical representation of clinical evaluation of proximal contact of zirconia
crown

Occlusal wear
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Figure 19: Graphical representation of clinical evaluation of miu-ginal integrity of
reinforced composite crowns
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Figure 21): Graphical representation of gingival health of reinforced composite crowns
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Figure 21: Graphical representation of recurrent caries of reinforced composite crowns
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Figure 22: Graphical representation of proximal contact reinforced composite crowns

Proximal contact
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Figure 23: Graphical representation of occlusal wear of natural tooth against reinforced

composite crowns
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Figure 24: Graphical representation of comparison of plaque scores among three groups
(INTER GROUP)
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Figure 25: Graphical representation of comparison of plaque scores among three groups
(INTRA GROUP)
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Figure 26: Graphical representation of S. mutans count comparing natural tooth and
stainless-steel crown
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Figure 27: Graphical representation of S. mutans count comparing natural tooth and
zirconia crown
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Figure 28: Graphical representation of S. mutans count comparing natural tooth and
reinforced composite crown
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Figure 29: Intergroup comparison of S. mutans count of stainless-steel, zirconia and

reinforced composite crowns.
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Figure 30: Graphical representation of effect of stainless steel on interproximal bone level.
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Figure 31: Graphical representation of effect of zirconia crowns on interproxiinal bone
level.
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Figure 32: Graphical representation of effect reinforced composite crowns on
interproxiinal bone level.
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Figure 33: Intergroup comparison of effects of stainless- steel, zirconia and reinforced

composite crowns.
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DISCUSSION

m
Preservation of deciduous dentition in a healthy condition is as important as for the wellbeing of a

child so as to attain proper masticatory function, esthetics, phonetics, space maintenitnce. Other

m
major concerns are the development of abnormal oral habits, psychological problems, reduced

masticatory efficiency and loss of vertical dimension of occlusion. Owing to these problems, the

utmost important step is to restore the decayed crowns to preserve the integrity of the primary

.?-7dentition until its exfoliation and eruption of pennanent teeth.

Numerous treatment approaches have been proposed to address the esthetics and retention of

restorations in primarj' teeth. Out of which stainless-steel crown are always the choice of full

coronal restorations. But as far as esthetics are concerned SSC doesn’t meet the needs because

m
over the last two decades there has been an explosive interest by adults in esthetic restoration of

m
their compromised dentition. Similarly, a higher esthetic standard is expected by parents for

restoration of their child’s carious teeth.

Esthetic full coverage restorations are available for anterior and posterior primary teeth, which

preserx'e the functions of primary teeth until their exfoliation in healthy state. This leads to the

development of preformed zirconia crowns and the reinforced composite crowns which promised

m
more advantages than that of stainless-steel crowns for primary teeth. There are very few published

data on the clinical success of the newer crowns which can guarantee and give reassurance of their

perfonnance. Therefore, the present study aimed to evaluate and compare the clinical, radiographic

and microbial parameters in children after restoring primary mandibular molars with stainless steel

crowns, zirconia crown and reinforced composite crowns and their clinical success was evaluated

Q
over a period of 6 months of follow-up.
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m
The study was conducted on 60 primary molars in children aged between 5-10 years visiting the

Department of Pedodontics and Preventive Dentistry at Inderprastha Dental College and Hospitd,

Ghaziabad. Uttar Priidesh.

m
Co-operative children aged between 5-10 years having deep carious primaiy' mohirs requiring

pulpectomy were selected for the study, irrespective of their sex, race or economic background.

This is because lack of co-operation of child patient can interfere with an effective procedure and

m
older children will have prominent physiologic root resorption. To draw a definite conclusion,

follow up till 6 months was taken into account. Post pulpectomy according to draw of lots method

s
the teeth were divided into three groups of 20 each and restored with three different crowns and

evaluated on the basis of three different criteria’s-:

1. Clinical evaluation

For the clinical evaluation the modified USPHS criteria was used which is a standardized method

e
t^linically evaluate the clinical performance of direct and indirect dental re.storalions. This

criteria was developed by Ryge in the 1970s and was developed based on lunalgam restoration

which was commonly used that time. (Bayne & Schmalz, 2005)“*^. These criteria have been

modified by many authors to adapt to the newer restorative materials that are being introduced.

ID
In our study, for evaluation of each crown we have considered four criteria, namely marginal

10
integrity, gingival health, recurrent Ciuies,proximal contact and occlusal weiir similar to the study

done by Abdulhadi B et al. (2017)**’ where clinical eviiluation between zirconia luid SSC was done

m

using these criterias and also recent studies by Abbas AN et al. (2021)” and Laila M et al. (2020)•36

m
on fiberglass and pre-formed metal crowns (PMC) clinical evaluation was done on the basis of the

clinical criteria similar to our study.
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m
Our data showed that none of the teeth covered with zirconia crowns and SSC showed recurrent

caries during the entire follow up (Table 6). In contrast, teeth restored with reinforced composite

10 BEI

crowns developed recurrent ciiries in the 6-months follow up (Table 16). Importiuit factors that

intluence development ofctiries may be due to poor oral hygiene, inadequate preventive measure
10
and high cariogenic diet consumed by the patients included in the study.

,45This was in corcondance w'ith the study done by Laila .M et al. (2020) w'here in a follow-up

peritxl of 6 months, four cases of Figaro crowns out of 20 showed reccurent caries and it was seen

that secondary' caries were seen seen in those patients only who have had a poor oral hvgiene and

10
dietary habits. Johnsen et al. (1988)'** stated that patients diagnosed with ECC had higher tendency

to develop recutrent caries after treatment. Anotlier study done by Almeida et al (2000) found that

young patients with ECC, w'ho were managed under general anesthesia to receive resin composite

strip crown restorations exhibited significantly higher caries rates versus the control group who

w'ere caries free originally this states that hygiene also playes a great role in the success of the

restoration.

The marginal integrity of reinforced composite crow'ns showed the least success in the terms of

adaptation, out of 20 crow'iis, 6 crowns w-ere found to be decemented during the time of Ibllow-up
IBSl

.15(Table 14). Which is consistent witli the study of Mohammad Z et al. (2016) where six custom-

made Fiber reinforced composite crowns (FRC) were lost due to decementation from primary

#
molars after 1 year follow up period. But this is inconsistent to the study done by Laila M et al.

(2020) W'here Reinforced composite crowns showed superior maginal integrity. During the entire

follow-up period there was no decementation reported in cases of SSC and Zirconia (Table4().45).

IQ m
Regarding tlie zirconia crow'ns.the success rate in a study done by Sumer m et.al (2020) was 98.3%

by the end of the 12 months follow up as only two crowns failed due that too due to trauma which
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IS
led ro higher success rate of zirconia and SSC. Stainless steel crowns showed better results

regarding tooth wear of tlie opposing tooth as there was no wear noticed in the 6 months of follow-

m
up (Table 8) which was similar to the studies of Walia et al*^ who also reported only 10% tooth

wear of the opposing teeth. Wheieas Zirconia crowns showed 15% tooth wear in opposing teeth

at the end of 6‘'’ month follow up (Table 13). These results were simikir to the study of Aly G et al

7  13(2016)'*’ who too concluded that more severe wear in primary teeth is caused by mechiinical

mismatching between zirconia crown and natural enamel. The mechanical properties of zirconia

crown having flexural strength > lOOO MPa, elastic modulus 210 GPa, and hardne.ss 10 GPa. are

far above then that of human enamel with ilexural strength 280 Gpa. elastic modulus 94 GPa, and

hardness 3.2 GPa, which could be the reason for primary teeth wear.

B
After 6 months of follow up, the Figaro crowns showed significant failure in crown retention it

B
was found that only 70% of the crowns were intact after the 6-month follow up period (Table 14).

B
This was not in accordance with the manufacturers. As they claim that Figaro crowns shows higher

fracture resisttmce scores than PMC, as in their test PMC failed with ductile fracturing at 160

pounds and Figaro crown did not fail until force of 199 pounds was applied .■*** The justification for

the different present findings could be the difference between the outcomes of in vivo and in vitro

studies. Results are consistent with the study done by Laila M (2020) where only 38% Figaro were
ipH

intact over a period of 6 moths of follow up and on the other hand these results were inconsistent
B

to the study done by Mohammadzadeh et al. (2016), who compared custom-made fiber glass

. . . careinforced composite crowns (FRC) and PMCs on primary teeth over a period of 12 months of
B

follow up. The results showed that only one FRC crown out of 67 showed fracture compared to

none of the PMC. The difference in tlie results here, as custome made crowns were used and the

tooth preparation was different comparing to our study.
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2. Microbial evaluation

e
For the microbial evaluation miund three crowns, S. mutans was chosen in our study as it is one

of the pioneering organisms in plaque formation which leads to two important biofilm mediated

49infection i.e dental caries and periodontitis,

dental plaque and is regttrded as one of the major causative agents for dental caries Adhesion of

S. mutans to dental restorative materials is an important component in the etiology of secondar)'

caries formation.-^' The isolation of S. mutans in this study was done with a sterile cotton swab in

accordance with the report of Motisuki et al. (2()16)‘’‘ who found that there was no significant

Moreover, S. mutans has been discovered in early

Q
difference between swab samples and pooled plaque techniques for the detection of bacterial count

in the oral cavity. Swabs were collected from the occlusal and buccal surfaces as these surfaces
m

htabor more microorganisms and tire also more prone to caries.^^ The most frequent sites of attack

54are the occlusal surfaces of the fi rst and second permanent molars.

e
TYCSB agar was used as the selective media for S.mutans. The addition of optimal levels of

sucrose (20%) and bacitracin (0.2 U/mL) enhanced TYCSB agar’s selectivity' while maintaining

its sensitivity. TYCSB has added advantages of being least supportive of non S. mutans and

detecting S. mutans even in low CFU units. In the present study, reinforced composite crowns

exhibited significantly higher microbial adhesion with a significant increase in mean CFU count
Q

3.114 ± 0.236,3.224 ±0.120 and 3.287 ± 0.097 at baseline3 months and 6 months follow-up when

compared with SSC 3.010 ± 0.408, 3.141 ± 0.281 and 3.197 ± 0.231 and zirconia crowns 3.183

±()..564,3.183 ±0.416 and 3.169 dtO.497 (Table ). The role of surface properties of the crowns such

as chemical composition, surface free energy, and surface roughness influences the adhesion of S.

mutans, and this explain the difference in the count of S. mutans on reinforced composite crowns.

SSC and zirconia.-^
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Scheuemicxn et al. (2013)” stated that the irregularities of polymeric surfaces promote bacterial

adliesion and biofilm deposition, whereas the ultra-smooth surface does not favor bacterial

adhesion and biofilm deposition. Zirconia is glazed and poli.shed compared to SSC which prevents

the adhesion of microorganisms. Myers cl al. (1980)’** reported that plaque will readily form on
Q

the surface of SSC regardless of the polishing procedures this could be due to physicochemical

interaction through electrostatic and viui der Waals forces between the surface of the restoration

and microorgani.sms. The characteristics of SSCs such as surface roughness and surface energy

B
influence the microbial growth, therefore, oral hygiene instructions should be emphasized to

minimize the accumulation of plaque.57

Q
5SWang et al. (2014) stated that wlien enamel is coated with saliva, the ability to attract oral

colonizers increa.ses. Because when tooth is expo.sed to saliva, it undergoes constant environmental

changes, imd a biofilm is formed. The pre.sence of a bacterial-derived matrix that envelopes the

bacteria help to facilitate the foimation of multicellular .structures that become firmly attached to

the dental hard tissue.’** The extracellular polymeric substance formed on tooth pellicle and

bacterial surfaces provide binding sites for subsequent microorganisms.

Poor gingival health and greater plaque accumulation was found to be as.sociated with reinforced

composite crowns with a significant increase in mean plaque score 1.038 ± 0.469, 1.448 ± 0.343

and 1.460 ± 0.319 when compared with mean plaque score of SSC 1.160 ± 0.437, 1.200 ± 0.340

and 1.242 ± 0.390 tind mean plaque score of zirconia crowns 1.038 ±0.469,1.448 ±0.343 and 1.460

B
±0.319. Long term predictable periodontal health around crowned teeth is associated with good

marginal integrity, and absence of luting cement remnants in the sulcus, all of which relate to

plaque accumulation. In primary teeth, subgingival margin placement is not preferable; however,

retention of full coverage crowns generally requires subgingival adaptation.31 In our study the
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B
crowns were placed by a single trained expert hence, the chance of operator variability affecting

periodontal outcomes is significantly reduced.

Both SSC and /.irconia preparation techniques followed a simihir level of subgingival placement

in our sample. Fhe surtace roughness created by trimming, crimping and cutting of the stainless-

steel crown is a significant factor in biofilm accumulation, which in turn perpetuates periodontal

disea.se. Reinforced compo.site crowns were also trimmed before cementation which accounts for

the miuginal roughness and eventually causing more plaque accumulation and greater microbial

B
count. Whereas preformed zirconiacrowns were not adjusted thereby protecting the surface fini.sh

to prevent microbial tuid plaque adhesion, as found in the results of our study.

Taran et al. (2018)^ investigated the periodontal health associated with SSC and zirconia crowns

among 7-8-year-old children and reported zirconia crowns to have better periodontal health and

lesser plaque retention. This finding was corroborating with our results. Similarly, Walia et al,

(2014)*^’' reported significantly less plaque accumulation on preformed zirconia teeth due to its

superior polished surface. The biofilm formed on zirconia is reported to be thin, tmd the plaque

accumulation over zirconia surface in our study was significantly less compared with SSC and

B
reinforced composite crowns. This finding could be attributed to the crown manipulation and

B
adjustment procedures as the surtace texture is modified for proper adaptation, and it could be the

primary factor contributing towards plaque accumulation between the three crowns tested in our

study.

3. Radiographic evaluation

B
In our present study alveolar bone lo.ss was as.ses.sed by measuring the interproximal bone level

height from the crest of interdental bone to the CEJ and it is to be associated with inadequately
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Q
placed crown margins and gingivitis as in agreement with Beimstein et al. (1996)'’^ who reported

an association between alveolar bone resorption and inadequately placed stainless steel crowns

and also in sites adjacent to proximal caries. Guelman et al. (1983)*^ stated that a well-adapted

crown in second primaiy' molar does not facilitate the appetirance of marginal alveolar bone loss

on the adjacent first permanent molar. However, the number of inadequate crowns in our study

was compiu-atively low therefore, other factors may have played a role in causing bone resorption.

Another finding showed that crown extension and adaptation or even maintaining intact contact

between teeth had no effect on interproximal bone level which again agrees with published work

that did not confirm a direct coixelation between stainless steel cTowns and inteiproximal bone

64-67resorption.

Q
In present study during the entire follow-up period it was seen that there was no significant effect

on either the gingival condition or the interproximal bone level in zirconia and SS crowns but the

cases showing bone inadequacy increases around reinforced composite crowns the percentage

increase in the inteiproximal bone inadequacy increases from 20% at baseline to 60% in 6 months

and this could be due to increased gingival plaque accumulation and inflammation around

reinforced composite crowns as the mean plaque .score also increa.ses from 1.038 ± 0.469,1.448 ±

0.343 and 1.460 ± 0.319 in a tbllow-up period from baseline, 3 months and 6 months. But this

piu ticular finding needs further clinical evaluation and studies to prove.

Considering the individual evaluation criteria outcomes, zirconia crowns ciune out be a good

reliable option when compared with SSC and reinforced composite crowns on the basis of lesser

plaque accumulation, no gingival inflammation, no recurrent caries, le.sser microbial count in the

entire 6 months of follow up. Both SSC tmd zirconia crowns are an excellent choice for posterior

primary teeth as their clinical performance was very satisfactory comparing to the reinforced
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'Discussion

composite crowns which was not up to the mark. However, stainless steel is still considered as

gold standard when it comes to full coronal restoratioas in primary' teeth. But when esthetic is the

prime concern zirconia crowns is a good call.

Limitations of the study were less follow-up period and .single crown was used in one patient which

might have affected tlie results considering the different ortd hygiene levels of different patients.

□
Further studies are recommended following a split mouth design, testing different brands of

commercially available zirconia crowns with varied level of polish, gloss and morphological

variations for a longer duration to get more valuable information on the clinical performance of

preformed zirconia crowns. Further studies are recommended to test the crowns efficiency in

vtu-ied clinical scenarios, .such as crowded dentition, dentition with occlusal vtiriation and

Qplacement of zirconia and SS crowns. Also, further clinical and laboratory trials are needed to

examine the durability and fracture-resistant properties of reinforced composite crowns as these

are the major limitations for their clinical use and success.
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Condusion

A randomized controlled clinical trial was concluded to evaluate and compare the success of three

different crowns i.e., SSC, zirconia crowns and reinforced composite crowns on the basis of

clinical, radiographic and microbial evaluation with definite clinical and radiographic inclusion

m
and exclusion criteria. Plte study was carried out in out-patient post- graduate Department of

Pedodontics and Preventive Dentistry, Inderprastha Dental College and Hospittil, Ghaziabad.

Based on this study’s result. The following conclusions can be made-:

0
1. Pediatric zirconia (93.5%) and stainless-steel crowns (96.7%) showed good clinical

rate with no significant difference between the two groups (p=().317) and reinforced composite

success

crowns showed the least success and non-remarkable outcomes.

9 Recurrent caries, marginal integrity, occlusal wear, accumulation of plaque and gingival health

were better with zirconia crowns compared to SSC and reinforced composite crowns. Whereas

reinforced composite crowns showed statistically significant difference (p={).029) in terms of

marginal integrity and proximal contact (p=0.015) at 6 months follow-up.

0
3. Both stainless steel crowns and zirconia crowns showed no opposing tooth wear and fracture.

also established good proximal contact through-out the study period whereas 60% reinforced

composite crowns showed occlusal wear and fracture after a follow-up period of 6 months.

B
4. Adhesion of S. mutans was low on the surface of zirconia crowns with a mean CPU count

3.183 ±0.564, 3.183 ±0.416 and 3.169 ±0.497 showing a significant decrea.se when compared

to SSC and reinforced composite crowns.

5. Interproximal bone resor})tion was not significantly affected by either crown marginal

extension or adaptation, preserving tight proximal contact between molars, oral hygiene level

or duration.
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Q
6. Oral hygiene level has to be monitored and controlled as it poses the main risk factor on the

health of the gingiva surrounding any type of crown.

0
Clinical performance of zirconia and stainless-steel crowns was good. The choice of the crowns

during treatment plan can be made specific to each child based on the demands of the parents and

m
the clinical scenario. Further laboratory studies are needed to reassure the clinical performance of

a
reinforced composite crowns because as the most important requirement of restoration in children

is a durable, long-lasting treatment to save the child from unnecessary subsequent visits and

uneasiness.
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Summaiy

A randomized controlled clinical trial was concluded to evaluate and compare the success of

three different crowns i.e. SSC, zirconia crowns and reinforced composite crowns on the basis

of clinical, radiographic tind microbial evaluation with definite clinical and radiographic

inclusion and exclusion criteria. The study was carried out in out-patient post-graduate

m
Department of Pedodontics and Preventive Dentistry. Inderprastha Dental College and

Hospital, Ghaziabad.

Restoration of a pulpally treated teeth is still  a challenging task for a dental practitioner.

Q
Preformed metal crowns i.e SSC are alw'ays been considered as the gold standtird for primary

molars after pulpotomy and pulpectomy treatment. However, their advantages in all the

domains could not compensate for their poor esthetics. Considering this various esthetic

alternatives have been introduced, like zirconia crowns and reinforced zirconia crowns. Studies

compiling the clinical, microbial and radiographic success of these newer crowns w'ith the

benchmark setter SSC are still limited.

In our study 60 pulpectomised primary mandibuhu- molars were randomly allocated and

restored with three crowns i.e. SSC, zirconia and reinforced composite crowns over a period

of six months. On evaluation of the crowns, on the basis of three criteria, the results showed

o
that zirconia and stainless-steel crowns presented good clinical success when compared witli

reinforced composite crowns.

II
Clinical evaluation wtts done on the basis of USPHS criteria. Evaluation of the three crowns

was done on the basis of their marginal integrity, proximal contact, occlusal wear, gingival

inflammation and recurrent caries. Zirconia and SSC showed better outcomes comptired to

reinforced comptisite crowns w'hich showed statistically significant difference (p={).()29) in

tei-ms of marginal integrity and proximal contact (p=0.015) at 6 months follow-up. Both SSC
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0
Mid zirconia crowns showed no opposing tooth wear and fracture, they also established a good

proximal contact throughout the study period, whereas 60% reinforced composite crowns

showed occlusal wear and fracture after a follow-up period of 6 months.
ITSl

For microbial evaluation swab samples from the occlusal and buccal surfaces of the crowns

were taken and cultured for the evaluation of S. Mutans in a selective culture media, i.e TYCSB

agar, the plates were incubated and after 48hrs colony characteristics were studies and number

B
of CFU w'ere counted. Adhesion of S. mutans was low on the surface of zirconia crowns when

compared to SSC and reinlorced comjxisite crowns. However, the difference was not

significant. Also the plaque accumulation around zirconia crowms was less when compared to

the other two crowns in the study, owing to the surface characteristics of zirconia crowns as

smooth, glazed and non-adherent to the oral microbiota.

Evaluating the crowns radiographically by measuring the interproximal bone height from crest

of the bone to the CEJ. A bite-wing radiograph along with a radiographic grid w'as taken to

ease out the measurement of adequate and in-adequate bone height.

m
During the evaluation it was noted that the interproximal bone resorption was not significantly

affected by either crown marginal extension or adaptation, preserving tight proximal contact

between molars, oral hygiene level or duration. It’s the oral hygiene of a patient which affects

the ultimate outcome of any crown.

m
In the present study, zirconia and stainless steel crowns showed the great clinical outcomes

comparing the reinforced composite crowns. Literature support for stainle.ss steel crowns is

very much evident but in today’s era of aesthetic outreach, consideration towards zirconia

crowns is more and our study also advocates the use of zirconia crowns as an aesthetic full
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Summary

coronal restoration for pulpectomised primary mandibular teeth. However, extenstive research

is to be carried to support the final conclusion.
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ANNEXUKEII

DEPARTMENT OF PEDODONTICS AND PREVENTIBE DENTISTRY

INDERPR.\STIIA DENTAL COLLEGE AND HOSPITAL, SAHIBABAD, GHAZIABAD, UP

Clinical, radiographic and microbial comparison of stainless steel, zirconia and reinforced

composite crowns on supporting tissues of primary mtindibuhir molars - a comparative in

vivo study.

CONSENT FORM

SR. no. OPD no. Name of patient Father’s /Guardian’s

name

Tooth no. Type of crown

1 have been informed about my child’s involvement in the

study and the treatment procedure has been explained to me in the language that 1 can

understand.

1 agree to give personal details of my child like name, age, sex etc. and the details

required for the study to the best of my knowledge.

1 will co-operate with the dentist for the explained treatment procedure for the tooth.

1 permit the operator to utilize the information given by me and the results obtained

from this study for presentation and publication.

1 will not claim any returns for my co-operation in the study, even if it is being

sponsored by any agency. 1 am participating with my ow'ii will and wish.

1 have read, gone through and understtxtd the above information given by the doctor

about the study.

Name of the Parent / Guardian

Date
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ANNEXURE III

DEPARTMENT OF PEDODONTICS AND PREVENTIVE DENTISTRY

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL, GHAZIABAD, UP

Clinical, radiographic and microbial comparison of stainless steel, zirconia and reinforced

composite crowns on supporting tissues of primary mandibulitr molars - a comparative in

vivo study.

PATIENT SELECTION PERFORMA

SR. no. OPD no. Name of patient Father’s /Guardian’s

name

Tooth no. Type of crown

Sex: M/FAge: yrs.
Address:

Date of selection:

Date of birth:

Contact no:

1. Chief complain
2. H/0 present illness
3. Past dental history
4. Medical history

5 INCLUSION CRITERIA VERIFICATION YES NO

a) Patient within the age group of 5-10 years

I b) Carious primary mandibular molar

I c) A restorable tooth with crown

d) lp.silateral tooth (ICDAS 0-4)

e) Healthy and cooperative patient (Lampshire 1)

Signature of Chief Researcher

Signature of The Co-Guide

Signature of Guide

Signature of Head of Department
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FOIXOVV UP EVALUA'l ION SHEET

SR. no. Name of patient Father’s name Tooth no. Crown typeOPD no.

Clinical success USPHS Criteria

Stainless- less steel crown/Zirconia crown/Reinforced composite crownGroup

Follow-up Baseline 3 months 6 months

Category A B C A B C A B C

1.Marginal integrity

2. Gingival health

3. Recurrent caries

4. Proximal contact

5.Occlusal wear

Group Natural tooth (Control)

Follow-up Baseline 3 months 6 months

Category A C A B CB A B C

1.Marginal integrity

2. Gingival health

3. Recurrent caries

4. Proximal contact

5.Occlusal wear

Signature of chief

Researcher

Signature of Guide/Co-

Guide

Ryge G. Clinical criteria. Int Dent J 1980; 30(4): 347-58. 11
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SR. no. OPD no. Name of patient Father’s name Crown typeTooth no.

Kadiu^’raphk criteria

Group Stainless .steel crown/Zirconia crown/Reinforced

composite crown

Follow-up Baseline 3 months 6 months

Adequate/In
adequate

Group Natiurtil tooth (control)

Follow-up Baseline 3 months 6 months

Adequate/ln-
adequate

Signature of Chief
Researcher

Signature of

Guide/Co-Guide

Microbiological criteria

Colony forming units (CFU)

Groups

Baseline 3 months 6 months

Stainless steel

crown/Zirconia

crown/Reinforced

composite crown

4
Natural Tooth (Control)

Signature of chief

researcher

Signature of Guide/Co-

Guide

Sharaf .AA, Farsi NM, A clinical and radiographic evaluation of stainless steel crowns for
primary' molars. J Dent 2()()4;32;27-33
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Name of patient Father’s name Tooth no. Crown typeSR. no. OPD no.

Clinical succes-s criteria

Baseline - Stainless sleel/Zirconia crown/Reinforced composite crow'n

PLAQUE SCORE: (According to Silliiess and Lix: 1964)

Deciduous denlilion.

55 .54 53 52 51 61 62 63 64 65

85 84 83 82 81 71 72 73 7574

Mixed dentition

52 6416

32 3684

Platiue index score (According to nuxlified Sillness and Loe 1964) =

PLAQUE SCORE: (According to Sillness and Loe 1964)

Deciduous dentition

55 .54 53 52 51 61 62 63 64 65

85 84 83 82 71 72 73 7481 75

Mixed dentition

5216 64

32 3684

Plaque index score (acatrding to moditied Sillness and Lt)c 1964) =

Koroluk LD. Hoover JN, Komivtuna K. Factors redatetl to plaque distribution in a group of Canadian prcschtKtl

children, bit J Paediatr Dent. 1994 Scp;4(3): 167-72,
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SR.no. OPD no. Name of patient Father’s name Tooth no. Crown type

Clinical .succe.ss criteria

3 months - Stainless sleel/Zirconia crown/Reinforced composite crown

PLAQUE SCORE: (According to Silliiess and Loe 1964)

Deciduous denlilion.

55 .54 53 52 51 62 6361 64 65

r

85 83 8284 81 71 72 73 74 75

Mixed dentition

16 52 64

84 32 36

Plaque index score (According to nnxlified Sillness and Loe 1964) =

PLAQUE SCORE: (According to Sillness and Loe 1964)

Deciduous dentition

55 .54 53 52 51 62 6361 64 65

85 84 83 82 81 71 72 73 74 75

Mixed dentition

a 16 52 64

32 3684

Plaque index score (iictording to intxlifled Sillness and L(K' 1964) =

Koroluk LD. Hoover JN. Komiyamu K, Factors related to plaque distribution in a group ol'Canadian preschtKil
children, hit J Paediatr Dent. 1994 Sep:4(3):167-72.
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I SR. no. OPD no. Name of patient Father’s name Tooth no. Crown type

Clinical .success criteria

6 months - Stainless steel/Zirconia crown/Reinforced composite crown

PLAQUE SCORE: (According lo Sillness and Loe 1964)

Deciduous dcnlilion.

.S5 54 55 .52 51 61 62 63 64 65

1
1

t

j.

85 84 83 82 81 71 72 73 74 75

Mixed dcnlilion

41 16 52 64

84 32 36

Phitiuc index score (According to modified Sillness and Loe 1964) =

PLAQUE SCORE; (According lo Sillness and Loe 1964)

Deciduous dentition

55 54 53 52 51 61 62 63 64 65

T

I

85 84 83 82 7181 72 73 74 75

Mixed dentition

0
16 52 64

84 32 36

Plaque index score (according lo modified Sillness and Loe 1964

Koroluk LD. Hoover JN. Koraiyama K , Factors related to plaque distribution in a group of Canadian prc.sdnK)l
children. Int J Paedialr Dent. 1994 Sep;4(3); 167-72.
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ANNEXURE IV

Inderprastha Dental College D Itospital

46/1, Site-lv, Industrial Urea, Sahlb^ad

Ghaziabad-201010(y.P.)

1'

I

TO WHOMSOEVER IT MAY CONCERN

This is to certify that the microbiological analysis for the study titles ‘’Clinical, radiographic

and microbial comparison of stainless steel, zirconia and reinforced composite crowns on

supporting tissues of primary intuidibular mohu's  - a comparative in vivo study by Dr.

Swati Toniar, Postgraduate student, Inderprastha Dental College and Hospital was conducted

under iny direct supervision and guidance. The microbiological analysis was done using

TYCSB agar for which CPU count was done for three different crowns for a period of six

months. The results tire authenticated to the best of my knowledge and belief.

Dr. Sandeep Mishra

Professor and Head

Department of micrabiology

1
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ANNEXURE V

I®
MASTEKSHKET EVALUATION Op PLAQUE SCORE

SK OPD NO. NAMK AOK/SKX rOOTH C'ROWN

r\PYi

PUAQVU SCORE
SO SO.

BASHJNh h

MOMUS ■MOMHS
I 201215951 JIIANVI 7/F «5 yjKCONLA 1-5 I K

201215009 AAROm 5/F R5 yjKroNiA 02^7 0 5 0.58
.5 1901145.5 HlMANSMl' 7/M 85 /{RCOMA I 29 108 1.56
4 201215009 AAROMI 5/H 75 ZIHCX7NIA 0 57 0,8} 0.6
5 20121559.5 ■SUNNY 7/M 85 23 RCONIA 0.25 025 0..5

2012161686 HiJNC H 7/M 85 ZIRCONIA 057 028 0.69
7 2102.1075 SAMASii 5/M 74 ZJRCONIA 0,47 1.6

21022H95 VUD.ANSH 7./M8 75 ZIRCONIA 1.25 1,4 l.«
210559919 ANUSilKA 9.'M H5 ZIRCONIA 025 125 1.3

10 20125148 VANSH 9/M 74 ZIRC’ONIA 1.48 1.5 1.5
2U13349711 W.AVI 7/E 74 ZIRCONIA 1.29 1.1 1.48

12 21037526 KUY.AI'I 7/h' 75 ygRcxiNiA 0.47 05 0-57
13 181241675 my A 6/F 85 Zi RCONIA 1.29 1.48 I.-1
14 20109147 .\NANYA 6/F 75 ZIRCONIA 1.4 1 2 1.2<i
15 21023634 CHM1AT 9/F 85 ZIRCONIA 0.36 058 l.(X>
16 210512118 ATII.ARVA 5/M ZIRCX3NIA84 1.28 1-3 14

17 210717531 HARSH 8/M 85 ZIRCONIA 056 0.4 0.16
18 211)613898 DEEFU 6/M 85 ZIRCONIA 1.3 15 1.56
19 210819256 ROAIK UVM 84 ZIRCONIA 128 l 36 1.48
20 210819216 AOREY 7/M 85 ZIRCt)MA 1.3 0.8 I .Z5

1 19011453 niMANSHO 7/M 75 S.S 1.29 1 ^ 1.28

2102261? AVINESH 9/M 85 S.S 025 1.1
3 2101671 ApASHI 7/M 75 S5 05 0.28 0.32
4 2U>239(K1 .VANYA 7/1* 74 S.S 0.65 128 1.48
S 21024779 IXVYA 8/F 75 S S l.H 1 4 1 ,5
6 20109345 NlKHlt. 7/M 75 S..S 0 89
7 21011807 KAFLSH 9/M 84 S..S 129 15 1.42
8 21023960 YUVRAJ 7/M 84 S5 1.48 15 1.6
9 J9<,)72.1207 DiVYANSHJ UVF 84 S5 124 12 0.4

10 2103545 SAtRABH 9/M S.S84 129 15 142
21023(Rt9 .ALEX lO/M 85 S-S 025 0.28 1.2

12 21011.189 KAYANA 5/F 85 S.S 157 1.4
13 C- rVISHA 10/F 75 S.S 1.29

201215595 15 1.42
14 C- pV13n YA 9^M -S-S84 125

161230383 I 5 1 .4
15 21051218 AT I LARVA 5/M 74 S.S 1.29 15 1.42
16 21(RH43ri HARSniT 8/F 75 S.S 1.8 14 1,5
17 21012089 JAIKC.VIAR 9/F- 74 S.S 124 12 0,4
18 21051086.1 klVANSH 8/M 85 S.S 129 156 1.32

21071647?19 ■ARILAM lU/M 75 X.S 1.48 15 1.32
20 201113266 AARYAN 5.^M 74 S-S 125 12 1.6

210124451 AN.SH 7/M 85 FKiARO I  16 1.28 1.3
2 2102442 Ml.KTA S/F 74 FIGARO 055 12 1.16
.3 1911.15072 S.AA13HYA 7/F 84 FIGARO 028 126 1.28

0 4 21024615 ,‘VNSHl 5/M 85 1-KjARO 148 2.1 1.9H
5 21024615 ANSIU; .5/M 75 FIGARO 148 2.1 1.98

21WH4K456 Yl.VRAJ 7/M 74 FIGARO 1.16 128 1 ,3
7 210613926 ILARRY 6/M 85 FIGARO 126

PAL 154 1.48
21024<KH8 Momr 7.M 85 FlGARt) 1.16 128 1.3

21W*132529 SOM 8/M 75 FIG.ARO 028 12b 1.28
If) 210511744 MSI IAN 8/M 74 FIGARO 1,28 1 5 l..Vi
11 210719.328 llAKSHI 8/M 74 FIGARO 14 15 1.2K
12 210511744 AGRHY 7/M 85 riGARO 148 158 1.2
1.3 210718018 ABHISIll K 8/M 74 FIGARO 1.36 I 2 1 2
14 210819246 RITV'IK 7/M 85 FIGARO 0 28 12 1.4
15 210819.397 RICIU 8/M 74 FIGARO 1.2 14 1.3
16 210819243 PRANAV 8.-M 85 FIGARO 0.28 I 2 1,28
17 2iai7297. SWATI 7/F 74 FIGARO 055 12 1.16
18 210819264 RIYANSH K/M 75 FIGARO 1.48 2.1 1.98
19 21071753 DAKSII 8/M 75 FIGARO 1.48 2.1 1.98
20 210717.5,11 HARSH 9 M 85 inGARO 1.16 128. S
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ANNEXURE V

MASTERSHEET EVALUATION OF MICROBIOLOGICAL COUNT

s TYPE

OF TOO MICROBIOLOGICAL

EVALUATION (NATURAL

TOOTH)

R.

AGE/S CROW TH MICROBIOLOGICAL

COUNT (CFU/ML)

N OPD

NO. NAME EX N NO.O

6 3 63

BASEL! MONT MONT BASELI MONT MONT

NE HS HS NE HS HS

201215 ZIRCO 23X10 30XA0 34X10 62X10 40X10 38X10

7/F 85 -3 -3 -3 -3 -3 -31 931 JHANVI NIA

26X10 28X10 29X10201215 ZIRCO 18X10 24X10 28X10

5/F -32 009 AAROHI NIA 85 -3 -3 -3 -3 -3

30X10 36X10190114 HI MANS ZIRCO 21X10 28X10 38X10 35X10

7/M -3 -3 -33 53 HU NIA 85 -4 -3 -4

ZIRCO 18X10 25X10 28X10 28X10 30X10 30X10201215

5/F009 AAROHI NIA 75 -3 -3 -3 -3 -3 -34

25X10 28X10 30X10201215 ZIRCO 11X10 25X10 24X10

7/M -3 -35 595 SUNNY NIA 85 -3 -3 -3 -3

43X10 50X10 69X10 50X10 60X10201218 ZIRCO 49X10

7/M -3 -3 -3 -36 188 PRINCE NIA 85 -3 -3

210230 SAMAS ZIRCO 39X10 40X10 42X10 1.26X1 30X10 45X10

5/M -3NIA 74 -3 -3 -3 0-3 -37 75 H

68X10 40X10 42X10210228 VEDANS ZIRCO 33X10 30X10 30X10

8/M -3 -3 -3 -3 -3 -38 95 H NIA 75

ANUSH ZIRCO 15X10 25X10 30X10 24X10 26X10 29X10210359

9/F9 91 NIA 85 -3 -3 -3 -3 -3 -3KA

1 210251 ZIRCO 39X10 14X10 20X10 22X10 25X10 28X10

9/M -30 48 VANSH NIA 74 -3 -3 -3 -3 -3

62X10 80X10 75X10 65X101 210234 ZIRCO 74X10 60X10

7/FPRAVI -4 -4 -41 97 NIA 74 -4 -4 -4

210375 ZIRCO 25X10 39X10 38X10 35X10 40X10 40X101

7/F2 26 KHYATI NIA 75 -3 -3 -3 -3 -3 -3

it 38X10181241 ZIRCO 38X10 38X10 36X10 36X10 40X101

6/F3 675 DIVA NIA 85 -3 -3 -3 -3 -3 -3

32X10 36X101 201091 ANANY ZIRCO 28X10 30X10 32X10 30X10

6/F4 47 A NIA 75 -3 -3 -3 -3 -3 -3

210236 ZIRCO 28X10 30X10 32X10 30X10 32X10 38X101 CHAHA

9/F5 34 85 -3 -3 -3 -3 -3 -3T NIA

1 210512 ATHARV ZIRCO 36X10 38X10 40X10 40X10 38X10 44X10

5/M6 118 NIA 84 -3 -3 -3 -3 -3 -3A

38X101 210717 ZIRCO 30X10 32X10 36X10 35X10 36X10

8/M -37 531 HARSH NIA 85 -3 -3 -3 -3 -3

34X10 40X10 42X101 210613 ZIRCO 38X10 39X10 36X10

6/M -3 -3 -3 -3 -3 -38 898 DEEPU NIA 85
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1 210819 zmco 60X10 60X10 60X10 56X10 66X10 68X10

10/M9 246 RITVIK NIA 84 -3 -3 -3 -3-3 -3

2 210819 zmco 36X10 38X10 38X10 35X10 39X10 40X10

7/M0 216 AGREY NIA 85 -3 2 -3 3 -3 -3

190114 HI MANS 19X10 24X10 26X10 33X10 24X10 26X10

7/M1 53 HU S.S 75 -4 -4 ■4 -4-4 ■A

210226 AVINES 39X10 30X10 22X10 32X10
2 9/M S.S17 H 85 -3 -3 -3 -3

210167 23X10 26X10 30X10 37X10 26X10 30X10
3 7/F1 AASHI S.S 75 -3 -3 -3 -3 -3 -3

210239 99X10 90X10 90X10 102X1 90X10 90X10
4 00 7/F S.SAANYA 74 -3 -3 -3 0-3 -3 -3

202477 13X10 31X10 31X10 81X10 31X10 32X10
5 8/F9 DIVYA S.S 75 -3 -3-3 -3 -3 -3

201093 17X10 17X1 32X10 69X10 34X1 36X10

7/M6 45 NIKHIL S.S 75 -3 0-3 -3 -3 0-3 -3

210118 29X10 29X10 30X10 22X10 30X1029X10

7 07 9/M S.SKAPISH 84 -3 -3 -3 -3 -3 -3

210239 99X10 40X10 42X10 58X10 40X10 42X10

7/M8 60 YUVRAJ S.S 84 -3 -3 -3 -3 -3 -3

190723 DIVYAN 24X10 24X10 30X10 37X10 24X10 30X10

10/F9 207 SHI S.S -3 -3 -384 3 -3 -3

2103341 SAURAB 42X10 54X10 56X10 57X10 54X10 56X10
0 5 9/MH S.S 84 -3 -3 -3 -3 -3 -3

1 210230 64X10 34X10 38X10 68X10 34X10 38X10

10/M1 69 ALEX S.S 85 -3 -3 -3 -3 -3 -3

1 210113 36X10 38X10 33X10 38X10 38X1

5/F2 89 S.SXAYANA 85 -3 -3 -3 -3 0-3

C-

1 201215 50X10 48X10 42X10 56X10 48X10 42X10

3 595 TVISHA 10/F S.S 75 -3 -3 -3 -3 -3 -3

C-

1 161230 26X10 26X10 26X10 32X10 26X10 26X10
9/M4 383 ADITYA 5.5 -384 -3 -3 -3 -3 -3

2105121 ATHARV 24X10 30X10 32X10 28X10 30X10 32X10
5/M5 18 A S.S 74 -3 -3 -3 -3 -3 -3

210614 HARSHI 29X101 30X10 32X10 29X10 30X10 32X10
8/M6 311 T S.S 75 -3 -3 -3 -3 -3 -3

2101201 JAI 36X10 38X10 30X10 30X10 38X10 30X10
7 9/F89 KUMAR S.S 74 -3 -3 -3 -3 -3 -3

1 210S10 RIYANS 86X10 80X10 82X10 86X10 80X10 86X10

# 8/M8 863 H S.S 85 -3 -3 -3 -3 -3 -3

1 210716 26X10 30X10 30X10 28X10 30X1030X10
9 477 ARHAM 10/M S.S 75 -3 -3 -3 -3 -3 -3

2 201113 24X10 26X10 30X10 32X10 26X10 30X10
5/M0 266 AARYAN S.S 74 -3 -3 -3 -3 -3 -3

210124 FIGAR 23X10 30X10 38X10 22X10 30X10 38X10
1 45 ANSH 7/M 0 85 -3 -3 -3 -3 -3 -3

210124 FIGAR 31X10 32X10 36X10 36X1018X10 40X10
2 42 MUKTA 8/F 0 74 -3 -3 -3 -3 -3 -3

191135 SAADHY FIGAR 21X10 28X10 30X10 55X10 56X10 58X10

7/F3 072 A 0 84 -3 -3 -3 -3 -3 -3 '
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210246 FIGAR 30X10 36X10 38X10 32X10 36X10 38X10

5/M4 15 AN SHU 0 85 -3 -3 -3 -3 -3 -3

210246 FIGAR 30X10 36X10 38X10 32X10 32X10 38X10

5/M5 15 ANSHU 0 75 -4 -3 -3 -4 -3 -3

210614 FIGAR 49X10 40X10 38X10 50X10 40X10 38X10

6 845 7/MYUVRAJ 0 74 -3 -3 -3 -3 -3 -3

210613 HARRY FIGAR 30X10 38X10 38X10 38X10 40X10 42X10

7 926 PAL 6/M 0 85 -3 -3 -3 -3 -3 -3

210240 FIGAR 28X10 30X10 32X10 30X10 32X10 36X10

8 91 MOHIT 7/M 0 85 -3 -3 -3 -3 -3 -3

210613 FIGAR 30X10 32X10 38X10 38X10 32X10 38X10

8/M9 252 SOM 0 75 •3 -3 -3 -3 -3 -3

1 210511 FIGAR 28X10 30X10 36X10 38X10 30X10 38X10

0 8/M744 NISHAN 0 74 -3 -3 -3 -3 -3 -3

1 210719 FIGAR 32X10 30X10 34X10 36X10 30X10 34X10

1 328 8/FHARSHI 0 74 -3 -3 -3 -3 -3 -3

1 210511 FIGAR 38X10 34X10 32X10 40X10 36X10 42X10

2 744 AGREY 7/M 0 85 -3 -3 -3 -3 -3 -3

1 210718 ABHISH FIGAR 40X10 42X10 44X10 44X10 42X10 44X10

3 018 8/MEK 0 74 -3 -3 -3 -3 -3 -3

1 210819 FIGAR 28X10 32X10 36X10 38X10 36X10 38X10

246 RITVIK 8/M4 0 -385 -3 -3 -3 -3 -3

1 210819 FIGAR 36X10 38X10 40X10 36X10 38X10 40X10

5 397 RUCHI 8/F 0 74 -3 -3 -3 -3 -3 -3

1 210819 PRANA FIGAR 40X10 44X10 46X10 44X10 46X10 46X10

8/M6 243 V 0 85 -3 -3 -3 -3 -3 -3

1 210372 FIGAR 36X10 38X10 40X10 36X10 38X10 40X10

7 7/F97 SWATl 0 74 -3 -3 -3 -3 -3 -3

1 210819 RIYANS FIGAR 28X10 30X10 32X10 36X10 38X10 40X10

8 264 8/MHU 0 75 -3 -3 -3 -3 -3 -3

1 210717 FIGAR 36X10 38X10 38X10 36X10 38X10 44X10

9 8/M53 DAKSH 0 75 -3 -3 -3 -3-3 -3

2 210717 FIGAR 32X10 38X10 40X10 34X10 38X10 44X10

0 531 HARSH 9/M 0 85 -3 -3 -3 -3 -3 -3

♦

GUIDE HEAD OF THE DEPARTMENT
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ANNEXURE V

MASTERSHEET EVALUATION OF RADIOCJRAPHIC EVALUATION

: NAME !

TO TYPE; OF

; THE

I PATiE

OT OF RADIOGRAPHIC

EVALUAT10N{NATURAL

TOOTH)

SR. i OPD
NO I NO.

AGE j H
/SEX I NO.

CRO RADIOGRAPHIC

EVALUATIONi NT WN

# 3 6 63

BASELI MONT MONT BASED MONT MONT

NE HS HS NE HS HS

20121

5931

ZIRC ADEQU ADEQU ADEOUJHAN ADEQU ADEQU ADEQU

2&. 85 ONIA ATE ATE1 VI ATE ATE ATE ATE

20121

5009

AARO ZIRC ADEQU ADEQU ADEQU ADEQU ADEQU ADEQU

S/F2 Hi 85 ONIA ATE ATE ATE ATE ATE ATE

19011 HIMA

NSHU

ZIRC ADEQU ADEQU INSDEQ

UATE

ADEQU INADE

QUATE

INADE

QUATE7/M3 453 85 ONIA ATE ATE ATE

20121

5009

AARO ZIRC ADEQU ADEQU ADEQU ADEQU ADEQU ADEQU

m.4 75 ONIAHI ATE ATE ATE ATE ATE ATE

20121

5595

SUNN ZIRC ADEQU ADEQU ADEQU ADEQU ADEQU ADEQU

7/M5 Y 85 ONIA ATE ATE ATE ATE ATE ATE

20121 PRINC ZIRC ADEQU ADEQU ADEQU ADEQU ADEQU INADE

QUATE7/M6 6188 E 85 ONIA ATEATE ATE ATE ATE

21023 SAMS ZIRC ADEQU INADE

QUAT

INADE

QUATE

INADE

QUATE

INADE

QUATE

INADE

QUATE5/M7 075 H 74 ONIA ATE
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21022 VEDA 21RC INAOE

QUATE

INADE

QUAT

INADE

QUATE

ADEQU ADEQU ADEQU

8 895 NSH 8/M 75 ONIA ATE ATE ATE

21035 ANUS ZIfiC ADEQU ADEQU ADEQU ADEQU ADEQU INADE

QUATESIL9 991 85 ONIA ATE ATE ATE ATEHKA ATE

i ADEQU21025 VANS ZIRC ADEQU ADEQU ADEQU ADEQU ADEQU

:  10
[

9/M 74 ONIA ATE ATE ATE148 H ATE ATE ATE

i

21023 ZIRC ADEQU ADEQU INADE

QUATE

ADEQU ADEQU ADEQU

7/F:  11
I

497 PRAVI 74 ONIA ATE ATE ATE ATE ATE

21037 ; KHYA ZIRC ADEQU ADEQU ADEQU ADEQU ADEQU ADEQU

2IL\  12 526 Tl 75 ONIA ATE ATE ATE ATE ATE ATE

18124

1675

ZIRC ADEQU ADEQU ADEQU ADEQU ADEQU ADEQU

ML13 85DIYA ONIA ATE ATE ATE ATE ATE ATE

I

20109 ANAN ZIRC ADEQU ADEQU ADEQU ADEQU ADEQU ADEQU

!  14
I

6/F147 YA 75 ONIA ATE ATE ATE ATE ATE ATE

21023 CHAH ZIRC ADEQU ADEQU ADEQU ADEQU ADEQU ADEQU

634 MLIS AT 85 ONIA ATE ATE ATE ATE ATE ATE

21051

2118

ATHA ZIRC ADEQU ADEQU ADEQU INADE

QUATE

INADE

QUATE

INADE

QUATES/M16 RVA 84 ONIA ATE ATE ATE

21071 HARS

7531 . H

ZIRC ADEQU ADEQU ADEQU ADEQU ADEQU ADEQU

8/M17 85 ONIA ATE ATE ATE ATE ATE ATE

o
21061

33898

DEEP ZIRC ADEQU INADE

QUAT

INADE

QUATE

ADEQU ADEQU ADEQU

i., 18 6/MU 85 ONIA ATE ATE ATE ATE

10/21081

9246

ZIRC ADEQU INADE

QUAT

INADE

QUATE

ADEQU INADE

QUATE

INADE

QUATE19 RITVIK M 84 ONIA ATE ATE

21081 ACRE ZIRC ADEQU ADEQU ADEQU ADEQU ADEQU ADEQU

7/M20 9216 Y 85 ONIA ATE ATE ATE ATE ATE ATEL
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19011 HIMA

NSHU

INADE

QUATE

INADE

quAT

AOEOU ADEOU ADEQU ADEQU

453 7/M 75 S.S ATE1 ATE ATE ATE

21022 AVINE ADEQU ADEQU ADEQ ADEQU ADEQU ADEQ

UATE9/M2 617 SH 85 S.S ATE ATE UATE ATE ATE

!  21016 ADEQU ADEQU ADEQU INADE

QUATE

INADE

QUATE

INADE

QUATE3 71 AASHi 7/F 75 S.S ATE ATE ATE

21023 AANY ADEQU ADEQU ADEQU ADEQU ADEQU ADEQU

7/F S.S4 900 A 74 ATE ATE ATE ATE ATE ATE
!“■

21024 ADEQU ADEQU ADEQU ADEQU ADEQU ADEQU
5 779 DIVYA 75 S.S ATE ATE ATE ATE ATE ATE

20209 ADEQUNIKHI INADE

QUATE
INADE

QUATE
INADE

QUATE

INADE

QUATE

INADE

QUATE7/M6 345 I 75 S.S ATE

21011 KAPIS INADE

QUATE
INADE

QUAT
ADEQU ADEQU ADEQU ADEQU

9/M7 807 H 84 S.S ATE ATE ATE ATE

21023 ADEQUYUVR INADE

QUATE
ADEQU ADEQU ADEQU ADEQU

7/M8 960 AJ S.S ATE ATE84 ATE ATE ATE

19072 DIVYA ADEQU ADEQU ADEQU INADE

QUATE
ADEQU ADEQU

8/F9 3207 NSHI 84 S.S ATE ATE ATE ATE ATE

I 21033 SAUR

45 ABH

ADEQU ADEQU ADEQU ADEQUINADE

QUATE

ADEQU
9/M10 84 S.S ATE ATE ATE ATE ATE

10/21023 ADEQU INADE

QUAT
INADE
QUATE

INADE

QUATE

INADE

QUATE
INADE

QUATES.S11 069 ALEX M 85 ATE

21011 KAYA INADE

QUATE

INADE

QUAT
ADEQU ADEQU INADE

QUATE12 389 NA 85 S.S ATE ATE

C-

20121 TVISH ADEQU ADEQU ADEQU ADEQU ADEQU ADEQU
10/F13 5559 A 75 S.S ATE ATE ATE ATE ATE ATE
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16123 ADITY ADEQU ADEQU ADEQU ADEQU ADEQU ADEQU
I

9/M14 0383 A 84 S.S ATE ATE ATE ATE ATE ATE

21051 ATHA ADEQU INADE

QUAT

INADE

QUATE

ADEQU ADEQU INADE

QUATE5/M15
i

218 RVA 74 S.S ATE ATE ATE

21061

4311

HARS ADEQU ADEQU ADEQU ADEQU ADEQU ADEQU

HIT 8/M 75 S.S ATE ATE ATE;  16 ATE ATE ATE

JAI
I

21012 KUMA ADEQU ADEQU ADEQU ADEQU ADEQUADEQU

9/M17 089 R 74 S.S ATE ATE ATE ATE ATE ATE

21051 RIYAN ADEQU ADEQU INADE

QUATE

ADEQU ADEQU INADE

QUATEII 8/M:  18 0863 SH S.S ATE85 ATE ATE ATE

I

10/21071

6477

ARHA ADEQU ADEQU ADEQU ADEQU ADEQU ADEQU
i
19 M M 75 S.S ATE ATE ATE ATE ATE ATE1

20111 AARY ADEQU ADEQU ADEQU ADEQU ADEQU ADEQU

5/M20 3266 AN 74 S.S ATE ATE ATE ATE ATE ATEL
1

i

21012 FIGA ADEQU INADE

QUAT

INADE

QUATE

ADEQU ADEQU ADEQU

7/M1 445 ANSH 85 RO ATE ATE ATE ATE

21012 MUKT FIGA ADEQUINADE

QUATE

INADE

QUAT

INADE

QUATE

ADEQU ADEQU

8/F2 442 74 ROA ATE ATE ATE

19113

3 I 5072
SAAD i

HYA i 7/F I 84
FIGA ADEQU ADEQU INADE

QUATE

ADEQU ADEQU ADEQU

RO ATE ATE ATE ATE ATE

it
T

21024 ANSH FIGA INADE

QUATE

INADE

QUAT

INADE

QUATE

ADEQU ADEQU ADEQU

4 61S U 5/M 85 RO ATE ATE ATE

21024 ANSH FIGA INADE

QUATE

INADE

QUAT

INADE

QUATE

ADEQU ADEQU ADEQU

5/M5 615 U 75 RO ATE ATE ATE

21061

4845

YUVR FIGA ADEQU ADEQU INADE

QUATE

ADEQU ADEQU INADE

QUATE
I

7/MAJ6 74 RO ATE ATE ATE ATE
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21061 HARR

Y PAL

FIGA ADEQU INADE

QUAT

INADE

QUATE

ADEQU ADEQU ADEQU
7 3926 6/M 85 RO ATE ATE ATE ATE

21024 MOHI FIGA ADEQU INADE

qUAT

INADE

QUATE

ADEQU ADEQU INADE

QUATE7/M8 091 T 85 RO ATE ATE ATE

21061 FIGA ADEQU ADEQU INADE

QUATE

ADEQU ADEQU INADE

QUATE9 3252 SOM 8/M 75 RO ATE ATE ATE ATE

21051

1744

NISHA FIGA ADEQU ADEQU ADEQU ADEQU ADEQU ADEQU

10 N 8/M 74 RO ATE ATE ATE ATE ATE ATE

21071 HARS FIGA ADEQU INADE

QUAT

INADE

QUATE

ADEQU ADEQU ADEQU

At 11 9328 8/MHI 74 RO ATE ATE ATE ATE

21051

1744

ACRE FIGA ADEQU INADE

QUAT

INADE

QUATE

ADEQU INADE

QUATE

INADE

QUATE12 7/MY 8S RO ATE ATE

21071 ABHIS FIGA INADE

QUATE

INADE

QUAT

INADE

QUATE

ADEQU INADE

QUATE

INADE

QUATE8/M13 8018 HEK 74 RO ATE

21081 FIGA ADEQU INADE

QUAT

INADE

QUATE

ADEQU INADE

QUATE

INADE

QUATE8/M14 9246 RITVIK 85 RO ATE ATE

21081 FIGA ADEQU ADEQU ADEQU ADEQU INADE

QUATE

INADE

QUATE15 9397 RUCHI 8/M 74 RO ATE ATE ATE ATE

21081 I PRAN

9243 I AV
FIGA ADEQU ADEQU INADE

QUATE

ADEQU ADEQU INADE

QUATE16 8/M 85 RO ATE ATE ATE ATE

21037 SWAT FIGA ADEQU ADEQU INADE

QUATE

ADEQU ADEQU INADE

QUATE17 297 7/FI 74 RO ATE ATE ATE ATE

21081

9264

RIYAN FIGA ADEQU ADEQU ADEQU ADEQU ADEQU ADEQU
18 8/MSHU 75 RO ATE ATE ATE ATE ATE ATE

21071 DAKS FIGA ADEQU INADE

QUAT

INADE

QUATE

ADEQU ADEQU ADEQU

8/M19 7533 H 75 RO ATE ATE ATE ATE
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21071 BARS FIGA ADEQU ADEQU ADEQU ADEQU ADEQU ADEQU

9/M20 7531 H 85 RO ATE ATE ATE ATE ATE ATE

i)

o

GLIDE HEAD OF THE DEPARTMENT

126

rv\

VtP \\\

■H

S'I mi; <?



ANNEXUREVl

CERTIFICATE OF STATISTICIAN

TO WHOMSOEVER IT MAY CONCERN

This is to certify that Dr. Swati Tomar, MDS lir‘‘ year post graduate student from the

Department of Pedodontics and Preventive Dentistrv', Inderprastha Dental College &

Hospital & Hospital,Ghaziabad has conducted the thesis on "CLINICAL .AND

RADIOGRAI’HIC AND MICROBIAL COMPARSION OF STAINLESSSTEEL,

ZIRCONIA AND REINFORCED COMPOSITE CROWNS ON SUPPORTING

TISSUES OF PRIMARY MANDIBULAR MOLARS- A COMPARATIVE IN VIVO

STUDY’". Data was analysed using Statistical Package for Social Sciences (SPSS) version 21,

IBM Inc. Descriptive data was reported for each variable. Summarized data was presented

using Tables and Graphs. Data was not normally distributed as tested using the Shaperio-Wilk

W test (p-value was less than 0.05). Non parametric tests; Kruskal wallis groups) and Wilcoxon

paired t test (Intra group for two groups), Chi square test (categorical variables) required as per

the study was done under my guidance. All the statistical reports and analysis is to the best of

my knowledge.

Dr. Sakshi Kaiaria

BDS,MDS

(Public Health Denti.stry)
Reader

Sudha Rustagi Dental College and Hospital
Faridabad
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6.1 INTRODUCTION

The history of implants goes back to Egyptian civilization in 3000 B.C., to where first copper
o

stud was used in the oral cavity'. In 1900s a revolution was seen in dental implants and

various materials were used such as porcelain, cobalt-chromium-molybdenum, titanium etc.'
s

Since then, efforts have been made to develop a dental replacement that can be implanted into

the bone.

P.l Branemark and collaborators during the 1960s bring about the revolutionary changes by

B
introducing osseointegration in dental implant.^ Osseointegration was defined as a direct

contact between living bone and the surface of a load-carrying im|4ant at the histological

level.^ It can also be defined as “ A process whereby clinically asymptomatic rigid fixation

of alloplastic material is achieved and maintained in bone during functional loading" -

“Functional ankylosis”^ Or “It is the direct anchorage of an implant by the formation of

bone directly on the surface of an implant without any intervening layer of fibrous

tissue."* Osseointegration is accepted as a histological term denoting direct bone apposition on

the implant surface with no interposition of soft tissue."*

Implant stability is a requisite characteristic of osseointegration. Without it, long-term success

cannot be achieved. Continuous monitoring in a quantitative and objective manner is

important to determine the status of implant stability^. Osseointegration is also a mea.sure of

implant stability which can occur in two stages: primary and secondary. Primary stability

mostly occurs from mechanical attachment with cortical bone. Secondary stability offers

biological stability through bone regeneration and remodelling. Primary stability is affected

by bone quality and quantity, surgical technique and implant geometry (length, diameter,

surface characteristics). Secondary stability is affected by primary stability.*



Various techniques and devices have be introduced to measure the implant stability for e.g.

implant tapping , insertion torque measurement, removal torque analysis and the Periotest*’.

However , the sensitivity of these methods are poor and their results are not objective, and

most of them are not repeatable.’ Therefore, the need for a user friendly, non-invasive,

reliable, and clinically af^licable technique to measure implant stability lead to the

development of resonance frequency analysis (RFA) by Meridith and co-workers in 1996,

which is based on vibration and a principle of structural analysis.’Quantitative analysis of

implant stability using RFA is reliable and predictable technique for the assessment of

success.**FcH- this measurement, a transducer was placed on the fixtures. The resonance

frequency (RF) transducer consisted of two piezoceramic elements attached to an offset

cantilever beam. Stimulation of the elements causes vibration of the beam. The stimulating

signal is a sinusoid wave with frequency of 5 to 15 Hz and amplitude peak of 1 V. RF values

are recorded as Implant Stability Quotient (ISQ) on a scale from 1 to 1(X).’ Higher ISQ values

10are reportedly associated with greater implant stability and osseointegration.

One of the latest innovations in advanced surgical dentistry is the use of platelet concentrates

form v/v’otissue engineering applications. Two types of such platelet concentrates are

available; (1) platelet-rich plasma (PRP) and (2) platelet-rich fibrin (PRF). These are

concentrated suspension of growth factors found in platelets that act as bioactive surgical

IIadditives when applied locally to induce wound healing.

Platelet-rich plasma (PRP) is a first generation platelet concentrate. It is a platelet-rich fraction

of plasma and is clinically used to deliver growth factors in high concentrations to the site of

12 However, use of bovine thrombin as anbone defect or a region requiring augmentation.



anticoagulants for PRP preparation has been a major concern because it is associated with

development of antibodies to clotting factors V, XI and thrombin, which has occasionally led

to life threatening coagulopathies'^. Also Monov et al and Ergun et al applied PRP during

implant surgery and compared the stability of these implants with implants placed with

conventional protocols and concluded that PRP application did not enhance the stability of

13,14.the implants.

Platelet Rich Fibrin (PRF) is a second-generation autologous platelet concentrate and is a

fibrin mesh consisting of leukocytes and cytokines. In 2001, it was developed in France by

Choukroun et al.'* '* PRF is a natural Fibrin based biomaterial prepared from an anticoagulant

free blood harvest without any artificial biochemical modification (no bovine thrombin is

12required) that allows obtaining fibrin membranes enriched with platelets and growth factors.

Also PRF activates the vascular system and angiogenesis and releases growth factors

slowly over a period of 7 or more days like PEXjF, insulin like growth factor, vascular

15.16.endothelial growth factor, and TGF, which are involved in soft and hard tissue healing.

Platelet-rich fibrin improves bone regeneration and also helps in faster titanium implant

o.sseointegration which in turn improves the stability and maintenance of dental implants by

17.18.increasing Bone to implant proximity. The PRF releases growth factors, favors cell

19.20.21migration and accelerates the process of bone regeneration. PRF membrane acts as a

Scaffold and forms a 3D architecture which is able to integrate with different cells types

12including circulating stem cells.

Advanced platelet rich fibrin (A-PRF) was first described in 2014 as a new concept of cell-

based tissue engineering, by decreasing the rpm and increasing the centrifugation time as
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compared to standard platelet rich fibrin (PRF). This method provides more platelet

concentrate as a part of top layer and hence been termed as A-PRF.‘’^‘^^A-PRF release

significantly higher total quantities of growth factors when compared to traditional PRF*-'*^.

Therefore, further studies are needed to evaluate the advantage of using A-PRF along with

dental implants so as to assess its role in osseointegration and faster healing.
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AIM

A comparative evaluation of secondary implant stability with and without the

use of advanced platelet rich fibrin using resonance frequency analysis - a

randomized controlled clinical study.

OB.IECTIVES OF THE STUDY:

1. To clinically evaluate secondary implant stability after implant placement

in posterior mandible by assessing implant stability quotient using

Resonance Frequency Analysis at baseline, 1,2 ,4 ,6,8, and 12 weeks.

2. To clinically evaluate secondary implant stability after implant placement

with Advanced Platelet Rich Fibrin (A-PRF) in posterior mandible by

assessing implant stability quotient using Resonance Frequency Analysis

at baseline, 1,2 ,4 ,6,8, and 12 weeks.

3. To clinically evaluate and compare secondary implant stability after

implant placement with and without use of Advanced Platelet Rich Fibrin

(A-PRF) in posterior mandible by assessing implant stability quotient

using Resonance Frequency Analysis at baseline, 1,2 ,4 ,6 ,8, and 12

weeks.
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REVIEW OF LITERATURE

Studies related to the use of platelet-rich concentrates -

1. Monov and Fuerst (2005)^ conducted a study to determine the effect of Platelet

Rich Plasma (PRP) upon implant stability measured by resonance frequency analysis

in the lower anterior mandibles. A total of 34 implants were iaserted in 10 edentulous

mandibles. All implants were followed with repeated stability mea.surements by means

of resonance frequency analysis at different time interval: 0, 4, 8, 12, 16, 20, 24, 28,

32, 36, 40, 44 days. In quadrant III platelet-rich plasma (PRP) was instilled locally

before implant placement, while no PRP was added in quadrant IV to serve as control

group (split-mouth design). Results showed no stati.stically significant difference

between the two groups and concluded that the instillation of PRP during implant

placement in the lower anterior mandible did not add additional benefit.

2. He, Lin and Hu (2009)“conducted a comparative study of platelet-rich fibrin (PRF)

and platelet-rich plasma (PRP) on the effect of proliferation and differentiation of rat

osteoblasts in vitro. In the investigation blood samples were collected from 14 healthy

volunteers (7 male) with a mean age of 232 ± 2.24 years. PRP and PRF were prepared

with standard protocols. The exudates of PRP and PRF were collected at the time

points of 1,7, 14, 21, and 28 days. The levels of platelet-derived growth factor AB

(PDGF-AB) and transforming growth factor betal (TGF-betal) were quantified in

PRP and PRF. Then the exudates of PRP and PRF were used to culture rat calvaria

osteoblasts. The biologic characteristics of osteobla.sts were analyzed in vitro for 14

days. They concluded that PRF released autologous growth factors gradually and

expre.ssed stronger and more durable effect on proliferation and differentiation of rat

osteoblasts than PRP in vitro.

3. Ergun and Egilmez (2013) ̂ ^conducted a study to evaluate the effect of local

application of platelet-rich plasma (PRP) on the outcome of early loaded implants.

Two implants were placed in the posterior region or bilaterally symmetric to the



median line of the maxilla. Then, PRP was either applied or not applied to the implant

sockets. Stability of individual implants was assessed manually and with a resonance

frequency analysis device. The implant stability quotient (ISQ) was recorded on the

operation day, on postoperative day 4, and at postoperative week 1. At the end of the

first postoperative week, implants with ISQ values of 60 were early loaded on day 7

with metal-ceramic crowns. Measurements were repeated at postoperative weeks 2,3,

and 4 and at postoperative months 6, 12, 24, and 36. Statistical analysis revealed

significant differences between ISQ values of PRP and non-PRP implants on the

operation day. Moreover, no statistically significant differences were found between

ISQ values of PRP and non-PRP implants in the follow-up periods (P > 0.05). No

appreciable clinical effect was observed when using PRP in the maxilla.

4. Ased , Athraa and Al-Hijazi (2013)^*’conducted  a study to evaluate the effect of

Autolougus Platelet Rich Fibrin Matrix on osseointegration of the titanium implant

immunohistochemical evaluation for PDGF-I & IGF-A. They observed more rapid

healing process and bone formation in implants placed with PRF than in the control

implant, as proved by histological examination. Immunohistochemical findings

revealed a high positive expression for IGF and PDGF in implants placed with PRF in

comparison to control one.

5. Georgakopoulos and Tsantis (2014) ̂conducted a .study to determine the impact of

Platelet Rich Plasma (PRP) in osseointegration of oral implants. Thirty eligible

patients are randomly assigned to two groups. The test group received PRP application

around new implants, while in the control group no PRP treatment was made. The

bone-to-implant contact region was analyzed in a clinical sample of 60 Digitized

Panoramic Radiographs, 30 corresponding to immediate implant loading (Class-I) and

30 after an 8 month follow-up period (Class-ll).The study provides evidences that PRP

application may favor bone formation around loaded dental implants that could

modify the dental treatment planning.

6. Elif and Emine(2015(“conducted a study to compare the stability of dental

implants inserted in a one stage surgical protocol with or without PRF application.

In this investigation twenty healthy patients with adequate alveolar bone and two or
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more adjacent missing teeth extracted at least 6 months previously were included in

this study. A minimum of two tapered implants were placed in each patient. After

surgical preparation of the implant sockets, PRF that had been prepared

preoperatively was placed randomly into one of the sockets (PRF+). The acellular

plasma portion of PRF was used to wet the implant placed into the PRF-coated

socket. Resonance frequency measurements were made after implant placement

and at 1 week and 1 month postoperatively. They observed that mean implant

stability quotients (ISQs) of the PRF+ implants was 69.3 ± 10.5, and mean ISQs

for the PRF- implants was 64.5 ± 12.2 at the end of the first week. The mean ISQs

at 4 weeks postoperatively were 77.1 ± 7.1 for the PRF+ group and 70.5 ± 7.7 for the

PRF- group. Thus, they concluded that PRF application increased implant stability

during the early healing period, as evidenced by higher ISQ values. Simple

application of this material seems to provide faster osseointegration.

7. Eizaburo et al (2016)'“conducted a study to compare growth factor release over time

from platelet-rich plasma (PRP), platelet-rich fibrin (PRF), and a modernized protocol

for advanced-PRF (A-PRF). Eighteen blood samples were collected from six donors (3

samples each for PRP, PRF, and APRF) and assessed for growth factor release at 15

min, 60 min, 8 h, 1 day, 3 days, and 10 days. They observed that PRP is the release of

significantly higher proteins at earlier time points whereas PRF displayed a continual

and steady release of growth factors over a 10-day period. They also concluded that

the new formulation of PRF (A-PRF) released significantly higher total quantities of

growth factors when compared to traditional PRF.

8. Arora and Bali (2016)^conducted a study for comparative evaluation of immediate

implant placement in fresh extraction socket with and without the use of Platelet-rich

Fibrin. In this investigation, a total of 20 sites were selected and randomly divided into

two groups. Of these, 10 immediate implants were placed with platelet-rich fibrin

(PRF), while the other 10 immediate implants were placed without any similar adjunct.

The patients were prospectively evaluated clinically and radio- graphically using cone

beam computed tomography. They observed that the patients in test group are favored

with rapid soft tissue regeneration, diminished vertical bone loss, and improve with

early wound closure, which helps in achieving an esthetic outcome and better patient



acceptance. It can be used to fill horizontal defect distance or jumping distance for

complete resolution of the space. Thus they concluded immediate placement of

implants with PRF lead to stimulation and acceleration of bone regeneration and show

tendency toward rapid soft tissue regeneration and reduced peri-implant pain and

inflammation.

9. Elif Oncii (2018)'*® Did a study to evaluate wether the L-PRF-induced

os.seointegration and bone-implant contact (BIC) in an experimental animal model.

Material and methods included Twelve 4-m(Mith-old New Zealand white rabbits were

used. Following general anesthesia, 3-5 mL of blood was obtained from the central

artery in rabbit ear and L-PRF was prepared. Two implant cavities (5 mm long and 3

mm in diameter) were created in each tibia with a total of four cavities in each animal.

Two of these cavities were selected and covered with PRF (test group). The remaining

L-PRF was used to soak the implants placed into the L-PRF covered sockets. Other

cavities were left as controls. In total, 48 implants were placed. Animals were

sacrificed after two, three, or four weeks. Hi.stological samples were (Atained and peri-

implant tissues were histomorphometrically evaluated for bone-to-implant contact and

new bone formation Jlesults came out to be that Histomorphometric analyses of the

defects revealed the L-PRF was detectable up to the second week. Application of L-

PRF increased the rate and amount of new bone formation in the experimental group

compared to the control group. Bone-to-implant contact was enhanced when the

surface was pre-wetted with L-PRF (p<0.01)Author Concluded that results of this

study demoastrated that L-PRF application may increases amount and rate of new

bone formation during the early healing period and provides a faster osseointegration

around implants.

lO.Tabrizi and Arabion (2017)“conducted a study to evaluate the stability of implants

placed in the posterior maxilla, with or without the use of PRF, during the healing

period. In this investigation, implant stability was assessed by resonance frequency

analysis (RFA) at 2, 4, and 6 weeks after placement. Significant differences in RFA

were found between the groups at 2 weeks, 4 weeks and 6 weeks after placement. The

study results suggest that the use of PRF may enhance the post-insertion stability of

dental implants placed in the posterior maxilla during the healing period.



ll.Hussien, Hussien and Al-Hussaini (2017)”conducted a study to evaluate the effect

of local application of PRF on stability of dental implants. The study included nineteen

healthy patients with adequate alveolar bone with two or more adjacent missing teeth

and/or bilaterally symmetric to the midline (split-mouth design) missing teeth

participated. Each patient received at least two dental implants. After surgical

preparation of the implant sockets, the PRF was applied randomly into one of the

implant socket befOTe the placement of implant fixture (study group), while the second

implant was inserted without PRF (control group). The implant stability was measured

by resonance frequency analy.sis (RFA) using Osstell

(primary stability), and at 4,8 and 12 weeks postoperatively (secondary stability).They

observed that, the mean implant stability quotient (ISQ) in the study group was higher

compared to the control group, this elevation was .statistically  not significant. On the

other hand. PRF showed a significant effect on implants stability by 2.367 folds for

implants that achieved primary stability > 70 and maintained this stability after 12

weeks. They concluded that there was no statistical beneficial effect on implant

stability. No significant correlation was found between local bone density and implant

stability in both groups.

TM ISQ, at the time of surgery

12.Sehgal (2018)'*- The aim of the article was to present the clinical application of

immediate implant placement with L-PRF and immediate prosthetic loading in

anterior esthetic region. A 24-year-old healthy female patient reported with a chief

complaint of poor esthetics in the upper front tooth region with retained deciduous

teeth. On oral examination, there were retained deciduous teeth (52, 53, and 63) with

congenitally mis.sing permanent successors. The retained deciduous teeth were

extracted, and immediate implant placement was done in the extraction .sockets along

with L-PRF membranes in one surgical session under local anesthesia. Immediate

temporization was performed with composite crowns on immediately placed dental

implants. After 3 months of the healing period, the final implant-level impressions

were made and the temporary composite crowns were replaced with the final zirconia

porcelain crowns. A 12-month follow-up was made, and satisfactory esthetic and

functional results were obtained.



Studies related to determine the stability of dental implants by use of RFA.

1. Meredith et al (1998)^’ conducted a study to establish the parameters necessary to

monitor successful implant placement and osseointegration. This was the first study

that established ISQ parameters to measure implant stability. The authors noted that

the Implant stability is considered to play a major role in the success of

osseointegration. Primary implant stability at placement is a mechanical phenomenon

that is related to the local bone quality and quantity, the type of implant and placement

technique used. Secondary implant stability is the increase in stability attributable to

bone formation and remodelling at the implant/tissue interface and in the surrounding

bone. A non-invasive test method using resonance frequency analysis has been

described that uses a small transducer attached to an implant and results in a

reproducible and highly repeatable sy.stem. The transducer is excited by a steady state

signal, and its response is measured. Early in vitro and in vivo investigations showed

that the technique to be non-invasive, easy to use clinically, and capable of eliciting

quantitative information related to implant stability and stiffness.. Resonance

frequency analysis also has potential applications as a research technique and may

prove to be valuable in studying the behaviour of implants in compromised tissue, in

addition to identifying the effect of variations in implant geometry, type, and surface

characteristics. The authors concluded that stability both at placement and during

function is an important criterion for the success of dental implants. Quantitative

methods, including resonance frequency analysis, can yield valuable information.

2. Barewal and Oates (2003)^' conducted a study to determine the changes in stability

as a reflection of early healing around single-stage, roughened-surface implants in

humans utilizing resonance frequency analysis (RFA). Twenty patients had 1 to 4

implants placed in the posterior maxilla or mandible. RFA was used for direct

measurement of implant stability on the day of implant placement and consecutively

once per week for 6 weeks and at weeks 8 and 10. Twenty-seven ITI SLA implants

placed in the premolar and molar regions of the maxilla and mandible were evaluated.

The lowest mean stability measurement was at 3 weeks for all bone types. The



percentage decrease in stability from baseline to  3 weeks was highest for Type 4 bone

(8.6%), as was the percentage increase in stability from 3 to 10 weeks (26.9%). The

study demonstrated the lowest values for implant .stability at 3 weeks after placement

for all bone types. This effect was statistically significant and most pronounced in

Type 4 bone. They concluded that there was no significant difference in the pattern of

stability changes among different bone types after 5 weeks of healing.

3. Ersanli Karabuda Beck and Leblebicioglu (2005)^ did a study with an aim

of to determine whether RFA can be integrated into the routine clinical

evaluation of initial healing of dental implants. Thirty-one patients (18 female

and 13 male; mean age of 51.7 years) were included into this study. A total of

122 implants and three different, but comparable, implant designs were

evaluated by using RFA. The specific transducer for each implant system was

used. ISQ (implant stability quotient) readings were obtained for each implant

at the time of surgery, 3 and 6 weeks postoperatively, and at the time of loading

(3- or 6-months following surgery). Data were analyzed for different healing

times, various anatomical locations, implant length, and type. Average time in

function was 12 months. Two implants failed during healing. Implant stability

was higher on the mandible compared to the maxilla for each implant system

studied (Mann-Whitney test, P <0.01). ISQ readings decreased significantly at

3- and 6-weeks post-surgery compared to readings obtained at surgery

(Wilcoxon matched pairs sign-rank te.sts, P <0.01). A recovery to the initial ISQ

levels was noted at the time of implant loading..Results of this study supported

the need for a clinical tool to evaluate dental implant stability prior to loading,

especially for implants placed in the maxilla. It appears that implant stability is

weakest at 3 to 6 weeks in one-stage non-loaded dental implants. ISQ readings

can be used to determine different healing pha.se.s and the stability of dental

implants.. The authors also suggested that further studies were needed to

compare the early changes seen in immediately loaded dental implants and to

determine whether there is any time in which the total recovery in ISQ levels

may occur.



4. Oates (2007)’^conducted a study to examine changes in stability for implants with a

chemically modified SLA surface and to compare their outcomes to those of control

implants. A randomized controlled trial was conducted with 31 patients. Each patient

received 2 implants with the same physical properties but with surfaces that were

chemically different. The control group had a standard SLA surface, while the test

implants had a chemically modified surface. Resonance frequency analysis (RFA) was

assessed weekly over the first 6 weeks following implant placement. A shift in implant

stability from decreasing stability to increasing .stability, occurred after 2 weeks for the

test implants and after 4 weeks for the control implants. Conclusion: The findings

from this study provide clinical support for the potential for chemical modification of

the SLA surface to alter biologic events during the osseointegration process and

demonstrate levels of short-term clinical success similar to those observed for implants

with an SLA surface.

5. Lopez and Martinez (2008pmeasured the implant stability quotient (ISQ) values

during the os.seointegration period, and determine the factors that affect implant

stability. To measure implant stability, resonance frequency analysis (RFA) was

performed in 24 patients (12 women, 12 men) with  a total 64 implants. Bone type was

classified according to the Lekholm and Zarb index (52 type II bone, 12 type 111). RFA

was used for direct measurement of implant stability on the day of implant placement

and consecutively once a week for 8 weeks and at week 10. The results concluded

that mean ISQ of all measured implants was 62.6. The lowest mean stability

measurement was at 4 weeks for all bone types (60.9) and in relation to location within

the dental arch, statistical analysis showed higher ISQ values for anterior implants

than posterior fixtures (p<0.05).

6. Han, Lulic and Lang (2010)'” monitored the development of the stability of

Straumann’s tissue-level implants during the early phases of healing by

resonance frequency analysis (RFA) and to determine the influence of implant

surface modification and diameter. A total of twenty-five 10mm length

implants including 12 SLA RN +4.1mm implants, eight SLActive RN +4.1mm

implants and five SLA WN -f4.8mm implants were placed. Implant stability

quotient (ISQ) values were determined with Osstell mentor at baseline, 4 days.



1, 2, 3, 4, 6, 8- and 12-weeks post-surgery. During healing, ISQ decreased by

3-4 values after installation and reached the lowest values at 3 weeks.

Following this, the ISQ values increased steadily for all implants and up to 12

weeks. No significant differences were noted over time.. At placement, the

mean ISQ values were 72.6, 75.7 and 74.4, respectively. The mean lowest ISQ

values, recorded at 3 weeks, were 69.9, 71.4 and 69.8, respectively. At 12

weeks, the mean ISQ values were 76.5, 78.8 and 77.8, respectively. The mean

ISQ values at all observation periods did not differ significantly among the

various types. Single ISQ values ranged from 55 to 84 during the entire healing

period.The authors concluded that all ISQ values indicated the stability of

Straumann’s implants over a 12-week healing period with surface modifications

not causing significant differences. All implants showed a slight decrease after

installation, with the lowest ISQ values being reached at 3 weeks. ISQ values

were restwed 8 weeks post-surgically. It is recommended to monitor implant

stability by RFA at 3 and 8 weeks post-.surgically. However, neither implant

surface modifications (SLActive) nor implant diameter affect the stability as

revealed by RFA values.

7. Gultekin and Sirali (2011)^conducted a study to evaluate the stability during healing

and before loading of implants placed at two different supracrestal levels according to

their collar texture using RFA analysis. This retrospective study included patients who

received posterior implants with the same macro design. Implants with a machined

collar were placed 0.3 mm above the crestal bone (M group), while those with a laser-

microtextured collar were placed 1 mm above the crestal bone (L group). Implant

stability quotient (ISQ) values were determined using resonance frequency analysis

immediately after implant placement during .surgery and after 1,4, 8, and 12 weeks

after surgery. Their results suggest that submerging implant more inside bone may

only influence primary stability. Moreover, the implant diameter and site of placement

influence primary and secondary stability before loading.

8. Shokri and Daraeighadikolaei (ZOU)"*® measured the stability of dental implants

before loading the implants, using a Resonance Frequency Analysis (RFA) by the



means of Osstell Mentor device, to determine changes in stability during early healing

following implant placement in different type of bone qualities. 10 healthy and non-

smoker patients over 40 years of age with at least six months of complete or partial

edentulous mouth received 1-4 screw types ITI dental implants by 1-stage procedure

in mandible bone density of D2 or D3 as classified by Lekholm and Zarb index

(1985).RFA measurements were obtained at surgery, 1, 2, 3, 4, 5, 7, and 11 weeks

after implant surgery. Fifteen threaded SLA coated ITI implants were evaluated. The

lowest mean stability measurement was for four weeks after surgery for all bone types.

At placement, the mean ISQ obtained with the magnetic device was 77.2 with 95%

confidence interval (Cl) =2.49, then it decreased until the 4“' weeks to 72.13 (95% Cl=

2.88), and at the last measurement the mean implant stability significantly (p-

value<0.()5) increa.sed and were recorded higher values to 75.6 (95% Cl=l .88),at 11th

weeks. Changes indicated a pattern of decreased mean stability from the surgery date

to 4 weeks post-placement, and significantly incTeased mean stability from 4 to 11

weeks after surgery and tended to increase with time. The re.sults of the present study

proved the lowest value of implant stability at 4 weeks post-surgery, which was

statistically significant, and may be indicative of a period of time when loading might

be disadvantageous following imphmt placement. There were no significant

differences in stability changes pattern among two bone types after four weeks of

healing; It seems that either iminediate or post-early implant placement loading are

suitable in terms of sufficient stability.

9. Legnano et al (2013)'’* did an in vitro investigation to study the relationship

between resonance frequency analysis (RFA) and lateral displacement

measurements of dental implants. A total of 30 implant sites were prepared in

nine fresh bovine bone specimens. Dental implants were then inserted during

continuous registration of insertion torque. RFA measurements were perfumed

in perpendicular and parallel to the long axis of the specimens. The bone blocks

were embedded in plaster and fixated in a specially designed rig for

displacement measurements. There was a significant inverse correlation

between RFA and lateral implant displacement (Im) measurements and between

RFA measurements and the flex constant in both perpendicular and parallel

if
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directions in bone. There was a linear relation between load and displacement.

Unloading resulted in gradual repositioning of the implant to its initial position,

except in three cases of low density where the loading test in perpendicular

direction permanently deformed the site. Thus, a second test in parallel

direction could not be performed in these three sites. In spite of this, the

load/displacement plot showed linearity up to the point of deformation.

Regression analysis was applied to calculate the flex cratstant for each site and

test. Correlation analysis showed a significant inverse linear correlation

between ISQ and displacement measurements and between ISQ and the flex

constant in both perpendicular and parallel directions. Also, bone density in

Hus correlated significantly with ISQ and inversely with displacement and flex

coastant measurements. Moreover, both RFA and displacement measurements

correlated with bone density. The authws found that RFA measurements reflect

the micro mobility of dental implants, which in turn is determined by the bone

density at the implant site.

10. Guler et al (2013>*‘conducted a study to measure the 208 Straumann dental implant

stability quotient (ISQ) values during the osseointegration period, and determine the

factors that affect implant stability.! 64 of the implants inserted were standard surface

and 44 of them were SLActive surface. In order to determine implant stability as ISQ

values, measurements were performed at the stage of implant placement and healing

periods by the Osstell mentor. ISQ values ranges showing a significant increase during

healing period. Except initial measurement, posterior maxilla had the lowest ISQ

values and there was no .significant difference among anterior mandible, posterior

mandible and anterior maxilla(p<.05). implant length did not have a significant

influence on ISQ value (p>.05). When comparing SLA and SLactive surface implants

there were no significant difference for insertion measurements, for second

measurements SLActive was significantly higher (p=0) and for final measurement

there was no significant difference. Thus concluded that repeated ISQ measurements

of a specific implant have some diagnostic benefit and the factors which effecting the

implant .stability during the healing period were pre.sented.



11. Gupta and Padmanabhan (2013)^conducted a study to check interexaminer

reliability and repeatability of the RFA device. Two blind in vivo studies were

conducted involving 3 operators in 50 implant cases. In the first clinical study,

interoperator reliability for the RFA device was undertaken. In the second clinical

study, implant stability was measured by the same curator using the RFA device for

each implant 3 times on the same day with a 15-min interval, to check the repeatability

of the RFA device. They concluded that RFA device demonstrated a high degree of

interoperator reliability and repeatability.

12. Kanth et al (2014)'''' evaluated the implant stability determined by Osstell

Mentor® resonance frequency analysis unit during initial healing period with

different bone density and whether resonance frequency analysis (RFA) can be

integrated into the routine clinical evaluation to determine the implant stability.

To measure the implant stability, 24 patients with an age group of 20 yrs. to 40

yrs. were included in the study. In all patients’ implants were placed by one

stage technique using life care dental implants. RFA was measured at the time

of implant placement, 2, 4, 8, and 12 weeks by using Osstell Mentor® device.

Bone density was classified according to Lekholm and Zarb index. The overall

mean minimum RFA value at the time of implant placement was 66.25 + 9.6

which gradually decreased to 63.25 + 11.4 at 4 weeks and gradually increased

to 68.50 + 102 after 3 months. Mandibular implants showed higher values

ranging from 68 to 72 compared to maxillary implants which ranged from 62 to

65. Type II bone showed higher values than type 111 bone. The authors

concluded that RFA by using Osstell

intraoral method designed to reflect the bone/implant interface and hence may

be useful in documenting clinical implant stability and outcome of implant

treatments. This test has been proven reliable for detecting alterations in

implant .stability during early healing and is sensitive enough to identify

differences in implant stability based on bone density at the implant recipient

site.

TM
mentor device is a non-invasive

13. Kwak and Kim (2015)‘'* evaluated the influence of implant contact ratio and



stiffness of implant-surrounding materials on the resonance frequency analysis

(RFA) values. Seventy resin blocks that had the different amounts (100,50,30,

15%) of resin-implant contact (RIC) were fabricated. Ten silicone putty blocks

with 100% silicone-implant contact were also made. The implants with 05.0

mm X 13.0 mm were placed on eighty specimen blocks. The RFA value was

measured on the transducer that was connected to each implant by Osstell

Mentor. Kruskal-Wallis and Scheffe’s tests (a=.05) were done for statistical

analysis. The control resin group with 100% RIC had the highest RFA value of

83.9, which was significantly different only from the resin group with 15% RIC

among the resin groups. The silicone putty group with 100% contact had the

lowest RFA value of 36.6 and showed statistically significant differences from

the resin groups. Within the limitations of their in vitro study 4he authors found

that there was no significant difference in the RFA values among the resin

groups with different RlC’s except when the RIC difference was more than

85%. A significant increase in the RFA value was observed related to the

increase in stiffness of material around implant.

14. Velasco et al (2015)‘” evaluated the micro mobility of dental implants under

occlusal loading in relation to stability measurements of resonance frequency

analysis and insertion torque. The sample comprised of 24 implants inserted in

12 fresh cow ribs, lasertion torque and Osstell implant stability quotient (ISQ)

measurements were recorded. An “ad hoc” acrylic premolar was made on a

temporary abutment and screwed to each implant, and a force of 100 N was

subsequently applied at an angle of 6 degrees, implant micromotion was

measured using a (Juestar microscope with a resolution of 2 mm and an image

analysis program. Data showed a statistically significant inverse cwrelation

between the ISQ values and implant micromotion under a load of 100 N (R2 14

0.86, P, 0.(X)01). The same relationship was found between in.sertion torque and

implant micromotion, although the relationship is linear up to 34 Ncm and

becomes exponential for higher values (R2 !4 0.78, P, 0.(X)01). A direct

correlation is established between insertion torque and ISQ values. The authors

concluded that there was an inverse relationship between both ISQ and

insertion torque values and implant micromotion under a load of 100 N.



15. Yoon et al (2016)®® compared the impact of implant surface treatment on the

stability and osseointegration of implants in dog mandibles. Six adult dogs

received a total of 48 implants that were prepared using four different surface

treatments; resorbable blast media (RBM), hydroxyapatite (HA), hydrothermal-

treated HA, and sand blasting and acid etching (SLA). Implants were installed,

and dogs were separated into 2- and 4-week groups. Implant stability was

evaluated via Periotest M, Osstell Mentor, and removal torque analyzers. A

histomorphometric analysis was also performed. The stability evaluation

showed that all groups generally had satisfactory values. The

histomorphometric evaluation via a light microscope revealed that the HA

surface implant group had the highest ratio of new bone formation on the entire

fixture. The hydrothermal-treated HA surface implant group showed a high

ratio of bone-to-implant contact in the up^r half of the implant area. The

authors concluded that the hydrothermal-treated HA implant improved the

bone-to-implant contact ratio on the upper fixture, which increa.sed the implant

stability.

16. Gallardo, Ibanez and Ibanez (2016)®' did a retrospective study and tried to

establish correlation between (I) stability quotient values (ISQ) and insertion

torque values (IT) at implant placement (2); to determine which of these values

were more related to success or failure; and (3) to determine the influence of

bone type and implant length, diameter and shape in the study results. The

insertion torque and resonance frequency values of 279 double acid etched

implants (Osseotite, Biomet 3i, Implant Innovations Inc., Palm Beach Gardens,

USA), with conical and parallel walls, and of different diameters and lengths,

were tested at the moment of insertion in 90 patients of different age (18- 82

years of age/ average: 60.89 years) and of both genders (58 females and 32

males). Collected data were processed and subjected to stati.stical analysis. The

mean ISQ value was 70.54, showing no\ statistical significance between

successful and unsuccessful implants. The mean IT value was 44.l8.However,

statistically significant differences were found in relation to bone type, shape

and length of the implants in IT as well as ISQ values. In the former case (IT

II



values), the differences were only related to diameter. The authors concluded

that there was a correlation between ISQ and IT values; with no significant

difference concerning success or failure. The variables analyzed showed

statistical difference except for diameter, which was only significant for IT.

17. Acil et al (2017)®* evaluated the correlation between resonance frequency

analysis (RFA) values and the histomorphometric bone-implant contact (BIC)

immediately after iasertion of the implant. Additionally, it was examined to

define which extent peak insertion torque (PIT) was correlated with the latter

measurements. 15 Xive® S plus root from dental implants were inserted in

fresh porcine frontal bones. The insertion torque was measured with the Kavo

Intrasurg 300 surgical unit. RFA connector was coupled to the implants and the

mean value of 20 consecutive RFA measurements was calculated via Osstell®

ISQ device. The implants were removed with the adjacent brrne with a band

saw. The blocks were processed for undecalcified histology. Two perpendicular

longitudinal middle sections of the implant were made and stained with

toluidine blue and the BIC was assessed by histomorphometry. The correlation

coefficient (Spearman) between RFA and BIC was R  = 0.579 (p = 0.026, F

test). The correlation between PIT and BIC (0.33,  p > 0.05) and PIT and RFA

(0.153, p > 0.05) was not statistically significant. The present data confirmed a

moderate and statistically positive correlation between RFA and BIC. No

correlation between BIC and PIT and PIT and RFA was observed.

18. Carmo Filho et al (2018)*® did a randomized clinical trial and evaluated the

insertiontorque (IT), primary, and secondary stability of dental implants

withdifferent .surface treatments during the osseointegration period.Nineteen

patients with bilateral partial edentulism in the posteriormandibular region were

randomly allocated to two implant brandgroups and received implants with

different surface treatments inthe opposite site of the arch; Osseotite and

Nanotite or SLA andSLActive. During implant placement, the maximum IT

was recordedusing a surgical motor equipped with  a graphical user

interface.The implant stability quotient (ISQ) was as.sessed immediately after

the IT, and was measured weekly via resonance frequency analysisduring 3

s
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months. The data were analyzed by a one-way ANOVA, theBonferroni test,

paired t tests and Pearson’s correlation coefficient. ThelT values were similar

(p > 0.05) for all implant types ranging from43.82 ± 6.50 to 46.84 ± 5.06. All

implant types behaved similarly untilthe 28th day (p > 0.05). Between 35 and

56 days, Osseotite and SLActiveshowed lower ISQ values (p < 0.001)

compared to Nanotite and SLAimplants. After 56 days, only Osseotite

maintained significantly lowerlSQ values than the other implants (p < 0.05).

After 91 days the ISQvalues were significantly higher than the baseline fra- all

four implanttypes (p < 0.001). The ISQ and IT values were significantly

corrclatedat the baseline and at the final evaluation for Osseotite, Nanotite,

andSLActive implants (p < 0.001). After 91 days, ISQ and IT values wereonly

significantly correlatedfor the Osseotite implants (p < 0.05). Allimplants types

exhibited acceptable primary and secondary stability.

19. Sargolzaie and Samizade (2019)^conducted a study to compare primary and

secondary stability measured by resonance frequency analysis (RFA) between

different bone types and compared implant stability at different time points during 3

months of follow-up. The study included 65 implants (BioHorizons Implant Systems)

with 3.8 or 4.6 mm diameter and 9 or 10.5 mm length in 59 patients. Bone quality was

a.ssessed by Lekholm-2^rb classification. After implant insertion, stability was

measured by an Osstell device using RFA at three follow-up visits (immediately, 1

month, and 3 months after implant iasertion).ANOVA test was used to compare

primary and secondary stability between different bone types and between the three

time points for each density type. They observed Stability values decreased in the first

month but increased during the following two months in all bone types. Statistical

analysis showed no significant difference between RFA values of different bone types

at each follow-up or between stability values of each bone type at different time

points. Thus concluded that implant stability was not affected by bone density.
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A. SOURCE OF DATA

The study was conducted on 24 patients visiting outpatient department of Periodontology at

Inderprastha Dental College & Hospital, Sahibabad. Both male/female patients aged between

18 to 60 years with no relevant medical history with at least one edentulous site in mandibular

posterior region, who would benefit from Implant supported tooth restoration and were

willing to give informed written consent were enrolled in the study. Ethical committee

approval was obtained by the institutional review board of Inderprastha Dental College.

SELECTION CRITERIA

Inclusion criteria for the patients in the study were:

Patients aged between 18 to 60 years with at least one edentulous space in posterior

mandible region.

Extraction socket which was completely healed.

Adequate bone quantity at the implant site.

Patients maintaining good oral hygiene and having plaque index score < 1.

Co-operative patient, willing to participate in study and willing to give written

informed consent.

REA value of more than 47, immediately after placing the implant, to be included in

the study.

Exclusion criteria for the patients in study were:

• Medically compromised or patients taking any immunosuppressive  drugs which may

complicate the treatment outcome.

•  Subjects younger than 18 years of age.

•  Patients with history of any bleeding disorder or on anticoagulant therapy.



•  Physically challenged / patients with special needs.

•  Smokers.

• History of bruxism / parafunctional habits.

•  Pregnant / lactating mother.

B. MATERIALS USED

IMPLANTS:

•  The Bredent SKY® Implant System - blueSKY will be used in the study.

ABUTMENTS: SKY® Aesthetic gingiva former.

DEVICE FOR A-PRF PREPERATION:

•  For A-PRF preparation - REM I R-8C with REMl Swing Out Head, R 81 will be used.

DEVICE FOR ISQ READINGS:

PenguinRFA^’by Intergration Diagnostics Sweden AB

TMPenguinRFA™measures the resonance frequency of the reusable MulTipeg with a non

contacting technique. The frequency is displayed as an ISQ-value (Implant Stability Quotient)

from 1-99. The technique is Resonance Frequency Analysis (RFA) and the measurement unit

is Implant Stability Quotient (ISQ). The peg is excited by magnetic pulses and vibrates due to

the stiffness in the contact area between the bone and the implant surface.

Once attached to an implant, magnetic pulses cause the MulTipeg^'^ to vibrate. The

instrument measures the frequency of the vibration and translates it to an ISQ scale value

between 1 and 99. The higher the ISQ value, the better the stability. RFA measures implant

stability as a function of interface stiffness, which correlates with implant displacement, i£.

Q.
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micro-mobility. The local bone den.sity determines the ISQ value, and is influenced by factors

such as the implant placement technique, implant design and healing time.

The Procedure:

By mounting a MulTipeg™ the measurement is made in a second. PenguinRFA unit is aimed

for the magnet on top of the MulTipeg^*^. It is a Non-invasive, objective, accurate and

repeatable procedure.

ARMAMENTARIUM

Surgical procedure

Mouth Mirror.

Explorer.

Tweezer.

Straight Probe.

UNC-15 Periodontal probe (HU FRIEDY, U.S.A).

Patient Drape.

Mouth mask and Head caps.

Surgical Gown and Surgical Gloves.

Betadine soaked and sterile gauze swabs.

Large and small cotton pellets.

Suction with metal & disposable suction tips.

Disposable Syringes 2,5,10 ml.

Kidney tray.

Metal dishes.



Cheek retractor.

IV cannula set.

Normal saline [Sodium Chloride Injection IP (0.9% w/v)}.

Bard-Parker handles, 15 «& 12 no. blade.

Periosteal elevator (PBQ 6 & PB 24).

Needle holder.

Suture cutting Scissors.

Suture Material: 3-0 silk thread (LOTUS, 26mm 3/8 Circle Reverse Cutting).

COTn suture plier.

TM 200,40.{X)0 RPM, W&H Austria) with water pump forPhysio dispeaser (Osseo Set

pressurized saline irrigation and 1:16 contra angle 1:20 reduction handpiece with

external irrigation.

Handpiece- W&H. WI-75E/KM

SKY OP-Tray 100 Basic REF SKYOTIOB SURGICAL KIT

o  F>recision & Tapered twist drills.

o Depth gauge and paralleling pins.

o Drill extension shaft.

o  Implant drivers.

o SKY Healing abutment

o Torque Wrench.

ANAESTHESIA:

All patients were operated under local anaesthesia using 2 % xylocaine hydrochloride with

adrenaline 1:80,0{X).



MEDICINES:

a) Antibiotic: Cap amoxicillin 500 mg thrice a day for 5 days, if allergic to penicillin

another substitute drug was prescribed.

b) Analgesic and anti-inflammatory drug: Ibuprofen (S-O-S)

CLINICAL EVALUATION

After insertion of the implants for Group A and Group B ,the baseline ISQ value was recorded

using the MulTipeg™ of PenguinRFA™, subsequently followed by the placement of healing

abutments.

C. CLINICAL PARAMETERS

TMThe Implant Stability was measured by recording ISQ values using PenguinRFA

D. METHODOLOGY

STUDY DESIGN

The study was single blind randomized controlled clinical trial. Subject recruitment was

accomplished between November 2019 and July 2021. An informed written consent.

confirmed by the Committee on Human Studies Inderp-astha Dental College, was obtained

from ail the subjects enrolled in the study after they fulfilled the .selection criteria.

22 Patient were randomly selected with a toss of  a coin and assigned to either of the two

groups.

Group A (12 patients) - Implant placement without Advanced Platelet Rich

Fibrin (A-PRF). (CONTROL GROUP).

(I)



Group B (12 patients) - Implant placement with Advanced Platelet Rich Fibrin

(A-PRF). (TEST GROUP).

(11)

PRE - SURGICAL PROCEDURE:

Dental implant treatment will be followed 2 weeks after phase 1 therapy comprising of

full mouth scaling, root planing, and patients maintaining good oral hygiene having

plaque index <1 throughout the span of the study.

Orthopantomograms and/or intra oral peri-apical radiographs were taken to assess the

quantity of bone and for evaluation of surrounding anatomical landmarks and to check

for any infections.

Informed written consent was obtained after explaining the nature of the study.

Routine blood investigations were done before the surgery.

PreDeration of concentrated growth factors; Advanced Platelet Rich Fibrinl A-PRF)

•  Preparation will start 30 minutes before surgery.

• A 24-gauge needle will be used for venipuncturing of patient’s antecubital vein for blood

collection. At the time of surgery 10 ml of whole blood will be drawn from the patient in

10 ml of sterile silica coated glass-based vacuum tubes i£. A-PRF vacuum tube .

• These tubes will be placed into Remi centrifuge machine and another tube filled with

water will be placed in diagonally opposite tube slots/ compartments in order to maintain

the balance during centrifugation.

• Centrifugation will be carried out at 1500 rpm for 14 minutes. After centrifugation, tube

contains 3 layers.



I. The most upper layer is platelet poor plasma.

2. The middle layer is fibrin buffy coat containing polymerized fibrin block with

concentrated growth factors, and

3. The bottom layer is the red blood cells.

•  Middle buffy coat layer will be retrieved after removing the upper and lower layers

and this layer constitutes A-PRF.

•  The A-PRF will be transfer to a PRF box and will be compressed to obtained PRF

membrane.

•  Serum (A-PRF liquid) obtained during compression of the fila-in clot will be transfered

to a syringe, so that the related implant can be thoroughly riased with

liquid before placement.

A-PRF

SURGICAL PROCEDURE:

•  Appropriate antibiotic therapy will be given 1 hour prior to surgery and it will

continue for 5 days post operatively.

• The patient will be instructed to do presurgical rinse for 60 sec with 02%

chlorhexidine.

• The areas will be anesthetized using appropriate local anesthetic agent (2%

lignocaine hydrochloride with 1 in 80,000 adrenaline bitartrate ).

• After crestal incision on a healed residual ridge a full thickness mucoperiosteal flap

will be raised.

•  A small round bur will be used to mark the osteotomy site.

•  Pilot drill will be used to establish the depth and align the long axis of the implant

osteotomy.

•  Then series of drills will be used sequentially, according to the implant selected to

widen the osteotomy site.

•  After osteotomy site will be prepared, the A-PRF membrane will be inserted into

the implant osteotomy site. Then, the related implant will be thoroughly rinsed

with A-PRF .serum and implant will be placed at the site.(Test implants, A-PRF

group).

•  Fot the Control group, after osteotomy site will be prepared, the implants will be

placed at the osteotomy site without A-PRF application (A-PRF group).

§
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•  The healing abutment will be placed in both the groups.

•  Flap will be approximated using 3-0 non resorbable braided black silk suture.

•  Post surgical medications and instructions will be given to the patients.

•  Suture removal would be done after 7 to 10 days of surgery.

POST SURGICAL PROCEDURE:

Resonance Frequency Measurements

Primary stability will be measured using a RFA device.

An implant-specific Multipeg™ will be screwed into the implant.

For recording ISQ reading, tip of the instrument will be held close to the top of

Multipeg™. The instrument will emit a beeping sound when it will be mea.suring and

another sound when ISQ value will be on the display of the instrument.

All measurement will be taken repeatedly till three same values are obtained , to

ensure the accuracy of recorded readings.

All measurements will be performed immediately after implant placement and at

baseline, 1,2,4,6, 8, and 12 weeks post implantation.

The patient will be followed for 12 weeks after surgery during which they will not be

allowed to wear any provisional prostheses or insert any load to the fixtures.

CLINICAL EV.\LL'AT10N:

Patients in both Group A and B will be evaluated at baseline and 1,2, 4, 6, 8, and 12 weeks

for Implant Stability Quotient Values using Resonance Frequency Analysis respectively

POST OPERTIVE EVALUATION PHASE:

ISQ readings were recorded for both groups at baseline and then atl, 2,4, 6, 8 and 12 weeks

post implantation.



Photograph 1: Armamentarium For Surgical Procedures

Photograph 2: Patient Preparation For Surgery
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Photograph 5: The Bredent Sky® Implant System - Bluesky

\

1.. t

Photograph 6: Sky Op-Tray 100 Basic Ref SkyotlOb
Surgical Kit
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Photograph 7: Penguin RFA™ Device

Photograph 8: Multipeg™ and Driver

'b

«9

pal |ic:j

{ i



“ Vv. - w^

!r*>*C’

a
m

i  •> * • 5

‘tC-

II
X

•'V

!

f •. ■UsS^ir-^ '1,i

• •w• • ’jg» •
I#
«

• •

■i4i
'  i

!
i

V/T-
r T’'”f 1^• • • • sr

•X »»

0k ♦;/

I
pt

Photograph 9: Armamentarium For A-Prf Preparation
Including Prf-Box And A-Prf Tubes.

Photograph 10: The REMI R-8C Centrifugation
Machine



Photograph 11: Pre Operative View

Photograph 12: Adequate Ridge For Implant Placement.
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Photograph 15: Full Thickness Mucoperiosteal Flap Reflected

I

Photograph 16: Preparation Of Osteotomy Site.



Photograph 17: Osteotomy Site Of Desired Length And Diameter Completed

Photograph 18: Phlebotomy Is Done To Withdraw blood.



Photograph 19: Centrifugation Of Bkxid To Make A-Prf
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Photograph 20: A-PRF Prepared

IQ

<5

LAa\to
r3

o

a A



ipaljl
sr

CO

CL

y



Photograph 23: A-Prf Membrane Being Inserted Into The Osteotomy Site.

Photograph 24: Implant Being Placed Directly Into The Osteotomy Site With A-Prf
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Photograph 25: Implant Placed.

Photograph 26: Isq Value Being Recorded In Non Contact Mode

And Displayed On The Device.
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Photograph 27: Immediate Post Operative Rvg
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Photograph 28; Sutures Given And Healing Abdutment
Placed.



ISQ VALUE FOR BOTH THE

GROUPS
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Group A (Control Group) Group B (Test Group)

Photograph 29,30: ISQ Value At The Baseline
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Photograph 31,32; ISQ Value At 1 Week

Group A (Control Group) Group B (Test Group)
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Group A (Control Group) Group B (Test Group)

Photograph 33,34: ISQ Value At 2 Week

Group A (Control Group) Group B (Test Group)

Photograph 35,36: ISQ Value At 4 Week



Group B (Test Group)Group A (Control Group)

Photograph 37,38: ISQ Value At 6 Week

Group B (Test Group)Group A (Control Group)
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Phot(^raph 39,40: ISQ Value At 8 Week



GROUP B (TEST GROUP)GROUP A (CONTROL GROUP)

I

Photograph 41^2: ISQ Value At 12 Week
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Results & Observations
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The current study was carried out in the Department of Periodontology, Inderprastha Dental

College and Hospital, Sahibabad, for Comparative evaluation of the secondary implant

stability with and without the use of advance platelet rich fibrin using resonance frequency

analysis. A total of 24 subjects with edentulous site in posterior mandibular region were

recruited and randomly distributed equally (N=12) in two groups. Group A (Implant

placement without Advanced Platelet Rich Fibrin CONTROL GROUP) and Group B (

Implant placement with Advanced Platelet Rich Fibrin TEST GROUP).

The outcome measures of the study were ISQ values, recorded at Day 0 i.e. immediately after

implant placement and then at week 1, week 2, week 4, week 6, week 8 and week 12. All

Implants, osseointegrated succes.sfully and were well tolerated by all the subjects with no

adverse tissue reaction, infection or impaired healing during the study.

The collected data of both the groups (A & B) was entered in MS Excel format, tabulated to

form the master chart. Statistical test of .significance using SPSS version 16 were applied for

descriptive analysis.
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STATISTICAL ANALYSIS

All the data collected and entered in MS excel and analysed using SPSS 16.0 for windows

(SPSS Inc, Chicago, IL, USA, 2001). The normality of data was tested by Shapiro Wilks test

and data was found to be normally distributed, thus parametric test was used to analyse the

observations. Descriptive statistics, including the mean and S.d. S£Af. were calculated for all

measurements.

The test of significance difference of parameter between groups (Inter group comparison) was

tested by t- test fw two independent groups and within group between two times intervals

(Intra group comparison) was done by paired t- test. The 95% C.I. and 5% level of

significance was used for analysis of data.

p values were as follows:

Significant p<0.05.

Highly significant p<0.01

Very Highly significant p<0.001

Not significant p>0.05



FORMULA USED FOR THE ANALYSIS

Mean: To obtain the mean, the individual observations were first added together and then

divided by the number of observations.

UC
X =

N

Where:

X = the data set mean

X = the sum of

X = the scores in the distribution

N = the number of scores in the distribution

Standard Deviation

Standard Deviation is a mea.sure that is used to quantify the amount of variation ot dispersion

of a set of data values. A low standard deviation indicates that the data points tend to be close

to the mean (also called expected value) of the set, while a high standard deviation shows that

the data points are spread out over a broader range of values.

The simplified .standard deviation fwmula

KSD =1 N

Where:



SD = the standard deviation

^ = the sum of

X = the obtained score

X = the mean score of the data

JV = the number of scores

Confidence Interval:

It is the range in which true mean lies.

If my study is repeated 100 times in same environment than 95 times my mean parameters

would be between the two values. (Upper bound and Lower bound)andmay differ by only 5

times.

Confidence interval =

S

{df = ft- 1)X±!
allMf In

t-test (for paired samples):

The t - test assesses whether the mean of the two groups are statistically significant from

each other. In simple terms, the t-test compares the actual difference between two means in

relation to the variation in the data (expressed as the standard deviation of the difference

between the meaas). The t- test looks the t- statistic, t di.stribution and degrees of freedom

to determine a p value(probability) that can be determine whether the population meaas

differ.
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The t-test is one of a number of hypothesis tests, ‘t’- test for two population means (method of

paired comparison) is used to compare means value between the two groups and such mean

comparison will be done by using student’s t- test (paired sample). If significant value (p

value) is less than 0.05, then we can say that there is significant difference between the mean

value of group at 95% confidence value (mark as *) and if p value is more than 0.05, mean

difference is considered as non-significant (mark as significant mean difference here mean

that if we generalize the result on the population even in that case the mean breaking strength

is varying significantly.

D
t
obt

D

Where:

^obt = obtained t

D = mean of the difference scores

o = standard error of the difference scores

This test is used only when the two population variances are assumed to be different (the two

samples sizes may or may not be equal) hence must be estimated separately.

t-test for independent ( unpaired) samples:

The independent sample t- test is used when 2 separate set of independent and identically

<f

At€0
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distributed samples are obtained, cme from each of the two population being compared. In this

test there two independent samples and unpaired form of the t-test is used.

X^-X2
t
obt 1

IIn n.I

Where:

= obtained I

Xi and ^2 = means for the two groups

2  2

■^1 and ''^2 = variances of the two groups

'*1 and = number of participants in each of the two groups

Level of significance! p):

p > 0.05 Non-Significant

Significant (*)p < 0.05

p<0.01 Highly Significant (**)

Very Highly Significant (***)p< 0.001
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Implant Stability Quotient (ISQ values)

The mean score of ISQ value ascertained clinically at baseline,then at week 1, week 2, week

4, week6, week 8 and week 12 for Group A and Group B were tabulated and graphically

represented in Table I and Graph I. The mean Score (± standard deviation) of the ISQ

valuein Group A at Baseline,Week 1, Week 2, Week 4, Week 6, Week 8 and Week 12 were

75.17±1.115, 72.83±1.115 , 70.50±l.314, 72.83±1.115, 75.17± 1.115, 78.50±1.567,

8().00±1206 respectively. The mean Score (± standard deviation) of the ISQ value in Group

B at Baseline, Week 1, Week 2, Week 4, Week 6, Week 8 and Week 12 were 73.92±2.021,

74.00±2296, 70.17±2.623, 70.17±2.552, 74.67±1.923, 78.33±2.103, 81.50±1.567

respectively.

The mean score of change in ISQ value between different time intervals a.scertained clinically

between baseline and 1 week, baseline and 2 weeks, baseline and 4 weeks, baseline and 6

weeks, baseline and 8 weeks , baseline and 12 weeks, 1 week to 2 weeks, 2 weeks to 4 weeks.

4 week to 6 weeks, 6 week to 8 weeks and between  8 weeks to 12 weeks for Group A and

Group B were tabulated and graphically represented in Table III. The mean Score (± standard

deviation) of the ISQ value in Group A for baseline and 1 week, baseline and 2 weeks.

baseline and 4 weeks, baseline and 6 weeks, baseline and 8 weeks , baseline and 12 weeks, 1

week to 2 weeks, 2 weeks to 4 weeks, 4 week to 6 weeks, 6 week to 8 weeks and between 8

weeks to 12 weeks were 2.33±.492 , 4.66±.778, 233±1.15, 000±120 -333±1.15, -

4.833±1.40,2.33±1.154, -233±1.66, -2.33±.778, -3.33±1.15and -1.50±1.16 respectively.

The mean Score (± standard deviation) of the ISQ value in Group B for baseline and 1 week.

baseline and 2 weeks, baseline and 4 weeks, baseline and 6 weeks, baseline and 8 weeks ,

baseline and 12 weeks, 1 week to 2 weeks, 2 weeks to 4 weeks, 4 week to 6 weeks, 6 week to

8 weeks and between 8 weeks to 12 weeks were -.0833±2.39, 3.75±3 278 , 3.75±2.95, -



-7^8±2.31 , 3.83±2.51 , .000±2.41, -4.500± 1.0871, -3.66±1.073,.75±2378, -4.41 ±2391

and -3.1667±1.403 respectively

On Intragroup comparisonin Group A, a very highly significant difference was observed

between baseline and 1 week, baseline and 2 weeks, baseline to 4 weeks, baseline to 8 weeks.

baseline to 12 weeks, week 1 and week2, week2 and week 4, week 4 and week 6, week 6 and

week 8 and week 8 and week 12. (p<0.005) and the difference was non-significant for the

intervals between baseline and week 6. lespestively (Table V)

On Intragroup comparisonin Group B, a very highly significant difference was observed

between baseline and 2 week, baseline and 4 weeks, baseline to 8 weeks, baseline to 12

weeks and week 1 and week 2, week 4 and week 6,week6 and week8, week8 and week 12.

(p<0.005) ,and non-significant for the intervals between baseline and weekl, baseline 6 week.

week 2 and week 4 tespestively.( Table VI)

On Intergroup comparison for ISQ values between Group A and Group B, a non-significant

difference was observed at baseline, 1 week, 2 weeks, 6 weeks and 8 weeks

significant difference was observed between the two groups at 12 weeks and a highly

significant difference was observed at 4week. (p<0.05)(Table II)

On Inter-group comparisonfor change in ISQ values, a highly significant difference was

observed for change between baseline to 1 week, baseline to 12 weeks, and for 2 weeks to 4

weeks ,4 week tobweek and 8week to 12week, (p<0.001) whereas non-significant difference

whereas a

was found for interval between baseline to 2 weeks, baseline to 4 weeks, baseline to 6,

baseline to 8 weeks, and between 1 week to 2 week and 6week to 8week respectively. (Table

IVand Graph II)



Table I: Distribution of Mean & Standard Deviation of ISQ values in GROUP A &

GROUP B at different time intervals .

Std. Deviation Std. Error MeanGroup N Mean

BASELINE Group A 32212 75.17 1.115

38373.92 2.021Group B 12

WEEK 1 Group A 1.115 32212 72.83

2296 .66312 74.00Group B

Group AWEEK2 .37970.50 1.31412

2.623 .757Group B 12 70.17

WEEK 4 Group A .32212 72.83 1.115

.73770.17 2352Group B

Group A

12

WEEK 6 .32275.17 1.11512

1.923 35512 74.67Group B

WEEK 8 Group A .45212 78.50 1367

78.33 2.103 .60712Group B

WEEK 12 Group A .34812 80.00 1206

.45212 81.50 1367Group B



Table II :Inter group Comparison of mean, of ISQ values among two groups at

different time intervals by independent t-test.

Levene’sTest

for Equality of

Variances t-test for Equality of Means

95% Confidence

Interval of the

Difference

Std. Error

Difference

Mean

Differencedf P value Lower UpperF Sig. t

BASELINE
.013 1.876 22 .074^ .666 -.132 2.6321.2507.326

WEEKl
.110 -1.583 22 .128'^ -2.695 .361.737-1.1672.768

WEEK2
22 .698^ -1.423 2.090.847.3332.617 .120 .394

WEEK 4
.999 4.334.003** 2.667 .8047.144 .014 3.317 22

WEEK 6 .444 NS -.831 1.831.500 .6422.056 .166 .779 22

WEEK 8 NS -1.404 1.737.757.204 .220 22 .828 .1671.716

WEEK 12
-2.684 -.316.015* -1.500 .5711.517 .231 -2.628 22

NS Highly significant p<0.01,Not significant p>0.05,* Significant p<0.05,

♦♦♦Very highly significant p<.001

♦♦



Table III: Distribution of Mean & Standard Deviation of change in ISQ values between

two groups at different intervals.

Sid. Error

MeanStd. DeviationN MeanGroup

.142132.3333 .49237Group A 12Change Baseline to 1 Week

.69039-.0833 2.39159Group B 12

.77850 .2247312 4.6667Change Baseline to 2Week Group A

3.27872 .9464812 3.7500Group B

.333332.3333 1.15470Change Baseline to 4Week Group A 12

.853913.7500 2.9580412Group B

.3333312 -33333 1.15470Change Baseline to 8Week Group A

.69039-4.4167 2.39159Group B 12

.348161.2060512 .(XKX)Change Baseline to 6Week Group A

2.37888 .6867212 -.75(X)Group B

1.40346 .4051412 -4.8333Group AChange Baseline to

12 Week .66809-73833 2.31432Group B 12

.333332.3333 1.15470Change 1 Week to 2Week Group A 12

2.51661 .72648Group B 12 3.8333

1.66969 .4820012 -2.3333Change 2Week to 4Week Group A

.69631.0000 2.41209Group B 12

.22473-2.3333 .77850Group A 12Change 4Week to 6Week

.313821.08711Group B 12 -4.50{K)

.333331.1547012 -3.3333Change 6Week to 8Week Group A

1.07309 .30977-3.6667Group B 12

.337101.1677512 -1 50{X)Change 8Week to 12Week Group A

1.40346 .4051412 -3.1667Group B



Table IV: Inter group comparison of mean of change in ISQ values between two time
intervals among two groups by independent t- test.

Levene's Test

for Equality of

Variances t-test for Equality of Meaas

95% Confidence

Interval of the

DifferenceStd. Error

Difference

Mean

UpperDiffoence Lowerdf P valueSig.F t

Change Baseline to

IWeek
.70487 .95485 3.878482.41667.071 3.429 22 .002**3.600

Change Baseline to

2Week

NS 2.93413.9728022 .356 .9166711.033 .003 .942
1.10080

Change Baseline to

4Week

NS .48438-1.41667 .9166722 .1374.771 .040
3.317721.545

Change Baseline to

8Week
.172^5 2.673271.08333 .76665 -.50660222515 .123 1.413

Change Baseline to

6Week

NS -.84675 2.34675.75000 .76994.974 22 .3413.780 .065

Change Baseline to

12Week
1.12962 4.37038.78133.002** 2.75000.049 3.520 224350

Change 1 Week to

2Week

NS .79931 .15766-1.5000022 .0742.865 .105
3.157661.877

Change 2Week to

4Week
-.57705-2.33333 .8468622 .0122.316 .142

4.089612.755

Change 4Week to

6Week
2.96717.38599 136617.000*** 2.16667.443 5.613 22.611

Change 4Week to

8Week
130584 3.49416.479375.215 22 .000*** 2.500001.717 .204

Change 6Week to

8Week

NS -.61038 127705.472 .33333 .45505.733 22.278 .603

Change 8Week to

12 Week
.57364 2.759691.66667 .527053.162 22 .005*.440 .514

Highly significant p<0.01, ***Very highly significant p<.001NS Not significant p>0.05, * Significant p<0.05.



Table V: Intra group comparison of means of ISQ values between two time

intervals Group A by paired t-test

Paired Samples Test

Paired Differences

95%

Confidence

Interval of the

DifferenceStd.

Std. Error

Deviation Mean df P valueLower Upper tGroup Mean

Group A BASELINE -

WEEKl
.000***142 2.020 2.646 16.416112.333 492

BASELINE -

WEEK2
.000***225 4.172 5.161 20.765114.667 778

BASELINE -

WEEK 4 .000***333 1.600 3.067 7.000 112.333 1.155

BASELINE -

WEEK 6
1.000^5000 1.206 348 -.766 .766 .000 11

BASELINE -

WEEK 8
.000***-4.067 -2.600 11-3.333 1.155 333

10.000

BASELINE -

WEEK 12 .000***-4.833 1.403 405 -5.725 -3.942 11
11.930

WEEKl-

WEEK2
.000***7.0002.333 1.155 333 1.600 3.067 11

WEEK2 -

WEEK 4
-2.333 1.670 482 -3.394 -1.272 -4.841 11 .001

WEEK 4-

WEEK6
.000***225 -2.828 -1.839 11-2.333 778

10.383

.000***WEEK 6-

WEEK8
-3.333 1.155 .333 -4.067 -2.600 11

10.000

WEEK 8 -

WEEK 12
.001**-2.242 -.758 -4.450 11-1.500 1.168 .337

NS Not significant p>0.05, * Significant p<0.05, ** Highly significant p<0.01,

*Very highly significant p<.001



Table VI: Intra group comparison of means of ISQ values between two time intervals

Group B by paired t-test

Paired Samples Test

Paired Differences

95% Confidence

Interval of the

DifferenceStd.

Error

Mean

Std.

df P valueGroup Mean Deviation Lower Upper t

BASELINE -

WEEK 1

Group B
NS

.906-.083 2.392 .690 -1.603 1.436 -.121 11

BASELINE -

WEEK2
002**1.667 5.833 3.962 113.750 3.279 946

BASELINE -

WEEK 4
.001**5.629 4.392 113.750 2.958 .854 1.871

BASELINE -

WEEK 6
.298'®-2.261 .761 -1.092 11-.750 2.379 .687

BASELINE -

WEEK 8
.000^.417 2.392 .690 -5.936 -2.897 -6.397 11

BASELINE -

WEEK 12 .000***-7.583 2.314 .668 -9.054 -6.113 11
11.351

WEEK 1 -

WEEK2
3.833 2.517 .726 2.234 5.432 5.277 11 .000

WEEK2-

WEEK4

1.000.000 11.000 2.412 .696 -1.533 1.533

.000WEEK 4 -

WEEK 6
-3.809 11-4.500 1.087 .314 -5.191

14.339

.000WEEK 6-

WEEK8
-3.667 1.073 .310 -4.348 -2.985 11

11.837

WEEK 8-

WEEK 12

.000
-3.167 1.403 .405 -4.058 -2.275 -7.816 11

NS Not significant p>().05, * Significant p<0.05,

***Very highly significant p<.00l

*♦ Highly significant p<0j01,



GRAPH 1: The comparison of Mean ISQ values in GROUP A & GROUP Bat
different time intervals.



GRAPH II; The comparison of change in Mean ISQ values in GROUP A & GROLIP B
at different time intervals.
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The concept of Osseointegration given by Branemark and co-workers in Europe in 1950 said

that chambers made of the metal titanium could become permanently incorporated with bone.

That is, the living bone could become so fused with the titanium oxide layer of the implant

that the two could not be separated without fracture.^ Br^emark introduced the term

"Osseointegration" to describe this modality for stable fixation of titanium to bone tissue and

this revolutionized the dental implant history. The Branemark technique utilized

biocompatible titanium-alloy implants that were atraumatically iaserted into the alveolar

process. This has come to be known as Branemark’s theory and the concept of

osseointegration flouri.shed rapidly in the 1980s. He defined “Osseointegration” as a direct

contact between living bone and the surface of a load-carrying implant at the histological

level .2-^

Today, dental implants are used fcM- supporting fixed prosthetic rehabilitation and removable

overdentures. For a successful osseointegration of an endo.sseous dental implant placed in

mandible atleast 3 months without loading is important. (Adell et al 1981; Branemark et al

1985).^ As the patients desire a shortening of this period of waiting for the final prosthesis,

various research on different shapes, materials and altering surface topography of endosseous

dental implants have been done to increase the bone-to-implant contact (BIC) which would

further accelerate osseointegration without compromising the mechanical outcomes and tissue

integration.54

Different implant systems exist at present that vary in shape, dimension, surface materials,

surface topography, surface chemistry, wettability, thread design, bulk, implant abutment

connection and surface modifications. Altering surface characterstics implies that the surface

would be more biocompatible, thereby increasing the bioaffinity of the hard tissue and

accelerating the bone response to the surface.The implant surface topography plays a key role

in the early stages of bone-to-implant contact (BIC); peri-implant bone formation depends on

the healing capacity of the bone. Modification of the surface properties of the implants by

chemical methods such as incorporation of inorganic phases on or into the titanium oxide

layer and physical enhancement of the materials by increasing the level of roughness have

successfully increased the BIC.54

Another way to reduce the osseointegration time has been the modulation of the healing



response after the implant placement. This has been accomplished by biologically active

molecules during implant placement to induce osteoconductivity, increase osteoblastic

differentiation and enhance healing of peri-implant bone. Growth factors, bone-specific

proteias, bone morphogenetic proteins induce better osseointegration through replication and

differentiation of osteqjrogenitor cells and interfacial tissue maturation*'*.

Platelet-based preparations from patient’s own blood provide an inexpensive alternative to

commercially available bioactive materials. Activated platelets secrete a wide range of

proteins and growth factors including. Bone Morphogenetic Protein (BMP), Platelet-Derived

Growth factor (PDGF), Insulin-like Growth FactOT (IGF), Vascular Endothelial Growth

Factor (VEGF), Transforming Growth Factor-pi (TGF-pi) and Transforming Growth Factor-

p2 (TGF-P2), which play key roles in bone healing.^’^ey attract undifferentiated

mesenchymal cells to the injured site and facilitate angiogenesis, chemotaxis and cell

proliferation. Growth factors also control the synthesis and degradation of extracellular matrix

proteins, enhance osteogenesis and potentially accelerate peri-implant wound healing and

osteointegration.The clinical use of PRP has been proven to enhance the soft and hard tissue

healing rates, and PRP has been used to supply growth factors to surgical sites, in order to

increase the rate of bone deposition and improve the quality of regenerated bone. To this

effect, a study by Kundu and Rathee** done on 30 implants treated with PRP reported an

increase in implant stability and bone healing.

Platelet-rich fibrin (PRF), an autologous blood substrate was first described by Choukroun et

ah (2001). Its essence is a fibrin matrix in which the platelet cytokines and cells are trapped

and may be delivered after a certain time (Mosesson 2005). These cytokines could be shown

to stimulate the mitogenic response of the periosteum during early stage of bone repair

(Gruber et al 2003) and in general are strongly associated with the bone healing process (Lind

1998). It has been known that osteoblasts are essential for synthesis and mineralization of

extracellular bone matrix and thus the cultivation of these cells on different kinds of scaffold

materials seems to be of special interest for soft and bone tissue engineering^’.

PRF has advantages over PRP and PRGF by having a strong fibrin structure and not requiring

any biochemical modification through bovine thrombin or anticoagulants. Also in an animal

study, it was observed that more rapid healing process and bone formation was observed in

endoosseous implants placed with PRF than in the control implant, as proved by histological

15. P V.



examination. In addition, immunohistochemical findings revealed a high positive expression

for IGF and PDGF in implants placed with PRF in comparison to control one.^*

Recently a new protocol for PRF where centrifugation procedures have been altered to further

improve tissue regeneration was researched. While standard PRF is centrifuged at 27(K) rpm

for 12 min, the Advanced platelet-rich fibrin (A-PRF) is centrifuged at slower speeds (1500

rpm. 14 min).^^ This modification to centrifugation protocol has previously been shown to

increase platelet cell numbers and monocytes/macrophages behaviour as also confirmed by a

study by Eizaburo Kobayashi/'* Additionally, previous studies reported that local application

of PRF increased the amount of newly formed bone around the implant and increased bone

density.

As reported by Oncu and Alaaddinoglu^^ the application of PRF improved implant stability

during the early healing period using RFA values for confirmation. Moreover, this was

histologically supported and proven by a study done by ElifOncu*’" et al in 2016 who found

that L-PRF application increases the amount and rate of new bone formation during the early

healing period and provides a faster osseointegration around implants as bone-to-implant

contact was enhanced when the .surface was fH'e-wetted with L-PRF. Also Tabriz! et al

^'founded similar results when they researched on whether the use of platelet-rich fibrin

increase the stability of implants in the posterior of the maxilla or not and concluded that the

use of PRF may enhance the post-insertion stability of dental implants placed in the posterior

maxilla during the healing period.'

()i

61

Also, there are studies as done by Amjed Eouad H and Alt H*’ in context of finding the

effect of platelet-rich fibrin on implant stability. Their study concluded that implant stability

when measured by resonance frequency analysis (RFA) using Osstell

surgery (primary stability), and at 4, 8 and 12 weeks postoperatively (secondary stability) did

not exhibited any statistical beneficial effect of PRF on implant stability."* Moreover, a similar

study done by Monov G et al*’' to find the effect of PRP upon implant stability measured by

resonance frequency analysis(RFA) in the lower anterior mandibles found that the instillation

of PRP during implant placement in the lower anterior mandible did not add additional

benefit.^ Following this an in vivo study by Weibricb et al*'* to find the effect of platelet

concentration in platelet-rich plasma on peri-implant bone regeneration was done on 20 white

TM ISQ, at the time of
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rabbits and the author concluded that platelet concentration required for a positive PRP effect

on bone regeneration seems to span a very limited range. Advantageous biological effects

seem to occur when PRP with a platelet concentration of approximately 1.000XXX)/A1 is used.

At lower concentrations, the effect is suboptimal, while higher ccmcentrations might have a

paradoxically inhibitory effect. Possible reasons could be unwanted inhibitory and cytotoxic

effects of growth factors at such high concentrations. On the other hand, the effect of this type

of platelet concentrate was not beneficial to accelerate the osseointegration of endosseous

dental implants.*

The stability of the implant at the time of placement and during the development of the

osseointegration process are the two major issues governing the implant survival. Implant

stability is a mechanical phenomenon related to local factors such as bone quality, quantity,

type of placement technique and type of implant used. The application of a user-friendly,

clinically reliable, non-invasive method to assess implant .stability and the osseointegration

process is considered highly desirable. Resonance frequency analysis (RFA) developed by

Meredith et al in 1996 is one such method which shows almost perfect reproducibility and

repeatability after statistical analysis.’ It works on the principle of a vibrating fcwk i.e. when a

frequency of audibility range is repeatedly vibrated onto an implant, depending on the bone-

implant interface, resonance occurs. The stronger interface, the higher the frequency.’

Histomorphologic studies report that the RFA value has a high correlation with the

bone-implant contact.* Results showed RFA value decreases during the first 2 weeks after

implant placement, and this change can be related to early bone healing such as biological

change and marginal alveolar bone resorption.* Another study done by Herrcro et al** in

2012 to test the reliability, repeatability and reproducibility in the Osstell Mentor system

using statistical methods concluded that RFA system renders almost perfect reproducibility

and repeatability, as proven by statistical analysis. Hence RFA measurements can be used to

assess the stability of implant immediately after placement and to monitor the stability during

the healing periods, moreover it benefits the patient as in terms of early loading of implant

restorations.

To the best of our knowledge, there are previous studies done to check the stability of an

endosseous dental implant when placed with and without the u.se of L-PRF using RFA and

05



found that af^lication of L-PRF improves the stability of dental implants during early healing

periods.*’ However, in contrast other studies showed no stastistical significant results on

application of L-PRF with implants.'62

In our study a better version of L-PRF i.e.,the Advanced platelet-rich fibrin (A-PRF) was used

hypothesising that A-PRF releases a significantly higher amount of growth factors compared

with L-PRF and would further improve early healing and fa.ster osseous integration of

implants, as according to the studies in A-PRF the number of leucocytes includes more

neutrophils, which can help in differentiation of mtmocyte/macrophage. Also, A-PRF has

higher amounts of platelets and releases a significantly higher quantity of growth factors as

TGF-/?, PEXjF, VEGF, and chemotactic molecules compared to the original PRF.*'* This is

due to the low speed of centrifugation which can clinically translate into an increased

concentration of growth factors and neoangiogenic potential.®’ Therefore, A-PRF was

considered as an excellent material for this study.

In our study, we conducted a comparative study to evaluate the secondary implant stability

with and without the use of Advanced platelet-rich fibrin u.sing resonance frequency analysis

at time intervals of baseline, Iweek, 2weeks, 4weeks, 6weeks, Sweeks and 12 weeks,

respectively.

The study had a total sample size of 24 patients with at least one tooth missing and otherwise

healthy individuals. They were randomly as.signed to Group A in which implants were placed

without Advanced Platelet Rich Fibrin and Group B in which implants were placed with

Advanced Platelet Rich Fibrin. Similar to a study by Marcello et al®**, to standardize the

sample population for confounding factors, we selected homogenous bone site i.e. implants

were placed only in posterior mandibular region and implants on both the groups had a similar

implant surface and design. ASA type 1 patients without any biochemical, physiological,

psychiatric illness and non .smokers were selected for the study. Also similar to the study done

by Hart CN et al®’ two inclusion criteria .selected for study were the delayed implant

placement at the completely healed site and achieving adequate implant stability at the time of

in.sertion. Apparently all the implants achieved good to excellent primary stability, as

documented by high ISQ value(75.17 for Group A and 73.92 for Group B ) when placed in

the healed sites without any deficiencies hence fulfilling both the inclusions criterions.



The mean ISQ values at the baseline was 75.17±1.115 for Group A, which started to reduced

with a statistically very highly significant dip at 1 week with ISQ of 72.83±1.115 and

continued to dip till week 2 ISQ of 70.50±1314 which was again a very highly significant

difference. But on week 4 a significant increase with ISQ value of 72.83±1.115 to very highly

significant increase from week 6, week 8 and highly significant increase at 12 week with ISQ

values of 75.17±1.115, 78.50±1.567 and 80.00±1.206, respectively was observed. These

results were in accordance with the study done by Aleksaetal’*’ in 2011 with mean ISQ of

65.10±3.03, 64.27±3.53, 63.43±3.43, 66.6±2.19 and 68.20±1.81 at baseline, 1 week, 2 week,

6 week, and 12 week respectively when they used similar Bredent Sky implant system as in

our study Group A (Control group). Moreover, if we observe change from baseline to 12

week, ISQ of -4.833±1.403 was seen that was again statistically a very highly significant

increase.

For Group B, the mean ISQ values at baseline was 73.92±2.02l followed by a statistically non

significant slight increase in values to 74.00±2.2296 noticed at week 1. This was in

accordance to the study done by Gabriel Monov et af’ in which the ISQ values increased in

intial 4 days on placing implant with PRP but there changes were not significant. Our trend

then continued with a very highly significant dip at week 2 with mean ISQ of 70.17±2.623

maintaining this state with a non significant change at week 4 i.e.70.17±2352. Statistically

very highly significant improvements in the ISQ values were then seen at week 6, week 8 and

week 12 with mean ISQ of 74.67±1.923, 78.33±2.106, 81.50±1.567, respectively. Also,

change from baseline to 12 week was statistically very highly significant increase with mean

ISQ value of -7.583±2.314. This was in accordance with the study done by Amjed Fouad et

who found the mean ISQ value of 73.15±8.41 at baseline following decline in ISQ value

of 68.10±732 at week 4 and then increased at week  8 and week 12 with ISQ value of

71.75±8.08 and 74.46±8.06, respectively. So this indicates that although at baseline similar

values were observed (p>0.05 value was non-significant) but the behaviour was different for

both the groups at different time intervals clearly at week 1 and week 4 and week 12. In both

the Groups there was an initial decline of primary .stability as osteoclastic bone resorbtion is

biologically seen in this time period from 2-4 week, which was then followed by ri.se in

secondary stability which is a biological stability (secondary stability) occurring due to

deposition of bone by osteoblasts.72



So the inference can be made that for Group A there was initial decrease in implant stability

from baseline at week 2, where as for Group B slight increase in week 1 can be seen followed

by a decline at week 4 when compared from baseline. Afterwards ISQ values started to rise

from week 2 to week 12 for Group A and for group  B the rise started much later i£. from

week 4,6 week onwards till 12 week.

On Intergroup comparison of mean ISQ values among two groups at baseline, week 1, week

2, week 4, week 6, week 8, week 12 respectively, it was evident that a highly significant

difference was observed between mean values at week 4 (p <0.01) i.e. the mean ISQ values of

Group A increased appreciably at week 4 as compared to control Group B indicating that use

of A-PRF did not add any beneficial effect to improve stability during healing period at 4

week. It was in accordance with the other studies done by Amjed Found et al “ and

another study done by Gabriel Monov et al.^^ However, this was followed by a sharp rise in

secondary stability of Group B as is appreciable by an increase in ISQ values of Group B

which is statistically significant more than ISQ of Group A at week 12 evaluation. Further

looking at the change from time of implant placement to week 12 a highly significant

difference (p<0.01) can be noticed with mean difference of 2.750±0.781 between the two

groups indicating achievement of better secondary stability in the A-PRF incwporated group.

This could be explained by the fact that A-PRF contains more platelets and neutrophilic

granulocytes. These cells contributed to the slight increase in total growth factor accumulation

after a period of 10-day period ’’ and it may be hypothesised that due to higher concentration

of platelets in A-PRF might have a paradoxically inhibitory effect but with the time there is a

decrease in release of growth factor and platelet concentration in A-PRF, this might reach to

the concentration so as to cause suboptimal effect that lead to increase in ISQ values and

implant stability at 12 weeks. This hypothesis has also been explained by Weibrich et al “

Our results were in contra.st with previous studies done by Oncu, E, & Alaaddinoglu, that

showed PRF application significantly increase implant stability during the early healing

period (1st month after implantation), and stated that simple application of this material seems

to provide faster osseointegration. Another study by Yosif A®* showed that more rapid healing

process and bone formation in implants with PRF was seen than in the control implant, as
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proved by histological examination. Beside immunohistochemical findings revealed high

positive expression for insulin like growth factor (IGF) and platelet derived growth factor

(PDGF) in experimental implant in comparison to control one.

The explanation for our results and for the absence of significant changes in implant stability

except for the first week is that the mandible, owing to its high bone density, is characterized

by high resonance frequencies at baseline which preclude further increases from primary

stability throughout healing to complete osseointegration (Friberg et al. 1999).’^ Second

possible reason could be unwanted inhibitory and cytotoxic effects of growth factors at such

high concentrations in platelet concentrates in A-PRF, this effect was also explained in the

study by Weibrich el al.*"'

Another possible explanation could be that the squeezing process could influence the quality

and clinical effectiveness of the PRF preparations which may damage the platelets and

significant quantities of valuable growth factors which was required to bring the change. In

addition, considerable quantities of growth factors, which are believed to be involved in tissue

regeneration, are removed by pressing. Therefore, the squeezing process could influence the

quality and clinical effectiveness of the PRF preparations as stated by AH Hussien.62

To conclude, significant results were obtained at end of week 12 in Group B indicating that

use of A-PRF might have a long term benefit. Since our sample size was small and duration of

study was less further clinical and histological studies are required to get more precise results

about the effect of PRF on osseointegration.
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in order to reduce the Osseointegration time of dental implants a larger Bone to Implant

contact(BlC) is required this can be achieved by chemical methods such as incorporation of

inorganic phases on or into the titanium oxide layer and physical enhancement of the

materials by increasing the level of roughness. Adding biologically active molecules such as

growth factors Jione morphogenic proteins etc can be alternative method to accelerate the

osseointegration in initial healing phase.

Therefore use of Platelets derivatives like PRP, PRF that secrete a wide range of proteins and

growth factors including. Bone Morphogenetic Protein (BMP), Platelet-Derived Growth

factor (PDGF), Insulin-like Growth Factor (IGF),and Transforming Growth Factor-(32 (TGF-

P2) and others can be use as an biological molecules. Platelet rich fibrin (PRF), is a fibrin

matrix in which the platelet cytokines and cells are trapped and may be delivered after a

certain time. Adding a newer Advanced Platelet Rich Fibrin(A-PRF) have shown that it

contains more living progenitor cells and platelets than L-PRF and subsequent significant

increase in total protein release may therefore present additional advantages for clinical use.

This study evaluated and compared the change in secondary implant stability of endosseous

dental implants when used with and without the of use of A-PRF in 24 edentulous sites.The

prospective design of this clinical study includes evaluation of ISQ values at different time

points to understand the pattern of healing.

The results of the study indicates that in both the Groups implants were successfully

osseointegrated at end of 12 weeks but with the use of A-PRF with implants a slight increase

in stability was observed at Iweek but which was not significant demonstrating that adding

A-PRF did not add any beneficial advantage in early healing periods. Thereafter highly

significant drop in stability was observed at 4 week in comparision to implant placed without

A-PRF . However the results were significantly higher when comparing change from baseline

to 12 week for the A-prf group, hence it was concluded that using A-PRF can have a long

term benefits on Osseointegration of dental implants.

However, it must be noted that to reach a more definitive conclusion further long-term clinical

trials with larger sample size is required.
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Osseointegration of endosseous titanium dental implant surface is dependent upon both

chemical and physical properties. The influence of physical properties such as surface

topography and surface activity have resulted in shorter healing time from implant placement

to restoration. In addition to promote the healing of endosseous oral implants, several

techniques were designed to improve and accelerate osseous healing by increasing the bone-

to-implant contact, this include the application of autologous growth factors. Also, the use of

PRF has histologically shown that in the early healing phase i.e. in the first 6 weeks both

bone-to-implant contact and new bone formation were significantly increased by application

of PRF. In our study we used A-PRF as it contains more living progenitor cells and platelets

and subsequent significant increase in total protein relea.se over the period of more than 10

days results in early healing and faster osseous integration of implant

At the time of implant placement the initial primary stability is achieved by bone to implant

contact , proper preparation of osteotomy site and .several other factors responsible for

implant stability .Following this Secondary implant .stability is the re.sult of formation of

secondary bone contact of woven and followed by lamellar bone. During the healing period

initially, primary stability is decrea.sed followed by increase in secondary stability. A non

invasive realiable method that measures the stability of dental implants is by the use of RFA

i.e Resonance Frequency Analysis. RFA measures implant stability in terms of Implant

Stability Quotent (ISQ) Values ranges from 0-100  , higher the value, the more stable is the

implant. . If the value is 70 ISQ or above, immediate restoration is po.ssible. If the value is

below 55 ISQ, the implant must undergo submerged healing. .

This prospective ,Single -blind randomized controlled clinical trial was designed to evaluate

the changes in secondary implant stability of Implants placed with and without the use of A-

PRF over the time period of ba.seline to 12weeks.

Twenty - Four healthy subjects were selected and implants were placed in posterior

mandibular region. Patients were assigned to either of the two groups . For both groups,

similar surgical procedure was performed . In Group A, dental implants were placed without

the use of A-PRF and in Group B implants were inserted with A-PRF placed in the socket

and the implants were rinsed with the serum collected from compression of A-PRF while

making the membrane.
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Clinical examination was performed immediately after implant placement (baseline), 1 week,

2 weeks, 4 weeks, 6 weeks, 8 weeks and 12 weeks by recording ISQ values by RFA using

PenguinRFA™ device.

Tables and bar Graphs illustrated descriptive statistics tests using the SPSS (Statistical

package for social science) version 16.0 statistical analysis software. Intergroup comparison

was assessed using unpaired t Test while the Intra-grmip comparison was analyzed by paired t

test.

On Inter group comparison of mean ISQ values among two groups at baseline, week 1,

week2, week4, week6, week8, week 12 respectively, it was observed that a very highly

significant difference was ob.served in mean value between both the groups at week 4 (p

value<0.01) i.e. the mean ISQ values of Group B declined at week 4 as compared to control

group A, indicating that ase of A-PRF did not added any beneficial importance to improve

stability during healing period at 4 week. However on further comparison a significant

difference (p value<0.05) was observed at week 12 indicating that use of A-PRF induced

better healing as compared to implants placed without A-PRF (Test Group A) .Therefore

concluding that A-PRF added a significant change in healing for a longer duration..

However, Future investigations to study the effects of PRF on implants surface is needed

with a larger sample size and FOR LONGER DURATION to evaluate the long term

benefits.'
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ANNEXURE II

DEPARTMENT OF PERIODONTOLOGY

INDERPRASTHA DENTAL COLLEGE & HOSPITAL

CONSENT FORM

I have been fully informed of the procedure/ procedures to be utilized, the risks and benefits
of the study. I have had an opportunity to ask any questions. 1 may have in connection with
the study:
After thorough deliberation, I hereby

I

Consent

Do Not Consent

To the performance implant surgery has been explained to me during consultations as well.
To the performance of additional or alternative procedures as may be deemed necessary in the
best judgment of my Clinician.

1 consent to the photographing, recordings and publication of the operation/ procedures to be
performed, including appropriate portion of my body, for medical, scientific or educational
purposes.

Consent

Do not consent

I CERTIFY THAT 1 HAVE READ & FULLY UNDERSTOOD THIS DOCUMENT:

(If I have elected not to proceed with recommended treatment 1 fully accept the possible
results of such a decision to mine alone.)

Signature of patientDate:

Full Name of patientSignature with Full Name of witness
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ANNEXURE III

E)epartment of Periodontics

Inderprastha Dental College & Hospital

46/1. Site-IVJndustrial Area, Sahibabad Ghaziabad .

DATE:-OPDJlEG^tO.

Age/Sex.Name of The Patient.

Address & Contact No. 1

Treatment Procedure to be Carried Out

Qudranl/Areh tt) be operated upon.

This procedure will include-

GALA Sedation

(1) "I have been explained the intended benefits of the procedure”
YES/NO

(2) "I understand the risks involved with this procedure and have been informed the foUowedcomplicatkins might occur”

-Allergic reaction to local anaesthesia........

-Increa.sed tooth sensitivity due to possible exposure of crown margins and roots

•Shrinkage of gums after healing.............

-Pain, Bmshing & Swelling................

.v.v.v. tJ i .•.v.v.t:

.YES/NO

YES/NO

.............YES/NO

YES/NO

(3) "1 Understand the consequences of inadequate home care agree to accept the respcmsibility to be acxvtherapist for this
YES/NOtreatment”........................,...

(4) "1 understand that negligence on my pare could result in the failure of periodontal therapy".
Y

kV.V

ES/NO

(PATIENT’S NAME)

VOLUNTARILY CONSENT TO PERIONDONTAL PROCEDURE.WHICH HAS BEEN

RECOMMENDED TO ME.I have been informed that plaque, calculus, diseased soft tissueand possibly

diseased hard tissue will be removes from around my teeth, "all my questions related to procedure have

been answered to my satisfaction .1 hereby give permission on to the Dentists/ Periodontist to perform this
procedure on me.

SIGNATURE (DENTAL STAFF)SIGNATIIRE (PATIENT GUARDIAN)

SIGNATURE (WTTNE-SS)



ANNEXURE IV

PROFORMA

Name: OJ»J) No:

Age: Sex: Date:

Address

Telephone no:

Occupation:

Chief complaint:

Past Dental History:

Past Medical History:

Intraoral Examination:

Group Allotted:

Selected Site



ANNEXURE V

EVALUATION PARAMETER (ISO) RECORDING CHART

ISO VALUE

BASELINE

IWEEK

2 WEEK

4 WEEK

6 WEEK

8WEEK

12 WEEK
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Certificate

This is to certify that I, Dr. Manoj Kumar Sharma have carried out the statistical

analysis of the study titled “A comparative evaluation of secondary implant

stability with and without the use of advanced platelet rich fibrin using

resonance frequency analysis - a randomized controlled Single Blind clinical

study”. The results are authentic to the bestof my knowledge and belief.

rv.\iS Sharma
B.Ed.

Dr. Manoj Kr. Sharma

M.SC, MCA. Ph.D

Associate Professor
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ISO VALUES AT ALL TIME POINTS

BASELINE i WEEK1 I WEEK2 1 WEEK4 ! WEEKS ; WEEKS  ! WEEK12
rSiroup A

75 79 7977 74 73 73

78 7971 70 73 7474

8073 69 74 77 7975

74 76 7974 72 70 71

75 78 8175 73 70 72

77 7976 73 72 73 76

7973 73 75 7977 74

73 74 78 7974 71 70

74 77 79 8075 73 69

74 76 7974 72 70 71

78 8175 73 70 72 75

■■■ 8276 74 71 74 76 81

j:Group B I If II" II

72 69 70 75 79 8372

70 74 77 8273 73 71

78 82 8376 75 7477

76 8074 70 68 7472

69 68 72 77 8176 71

69 79 8277 76 66 74

73 75 78 8273 74 68

8372 76 8076 72 69

77 8273 73 71 70 74

82 8373 79 75 74 78

70 68 74 76 8076 74

67 72 77 7971 71 69Jts
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RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

PREAMBLE

The Research Cell of Inderprastha Dental College and Hospital represents the research

interests and activities of the institution and aims to initiate, nurture, design and execute the

quality research in the organization.

The policy includes initiation, facilitation, integration and support of research projects

conducted by Faculty, Post Graduates and Undergraduate students of Inderprastha Dental

College and Hospital.

The students, scholars, researchers and faculty are required to have ethical and moral

values when it comes to pursuing the research, and are expected to produce and submit

genuine research work that is conducted according to the principles of originality,

academic excellence, professionalism, accountability along with the integrity and proper

code of ethics.

Keeping in mind the fundamental principles of research, Inderprastha Dental College and

Hospital has formulated a research policy and research guidelines with an objective of

ensuring highest standards of research work, safe guarding the integrity, dignity, safety and

wellbeing of research participants and no tolerance for plagiarism.

3



RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

PURPOSE OF THE RESEARCH POLICY

The purpose of the policy is to attain the excellence in research activities and promote

innovations within a meticulous ethical background. The policy put forwards the guidelines to

execute the ethical research, publish the research output and file the patents with the ultimate

goal of benefitting the society at large and further enhancement of knowledge and scope of

dental sciences.

4



RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

SCOPE OF THE RESEARCH POLICY

This policy shall apply to all the research aspirants of the institute such as

•  Faculty

•  Post graduate students

•  Undergraduate students

This policy shall apply to all the research related activities of institute such as

•  Research activities including basic and applied research undertaken either to fulfill the

requirements of academic degrees or in search of new initiative to address clinical

issues.

•  Creative activities involving innovations, new ideas, new designs, new surgical

techniques or classifications leading to enhancement of knowledge.

5



RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

OBJECTIVES OF THE RESEARCH POLICY

Following are the objectives of research policy

1. To strategically plan the research areas to be conducted in the Inderprastha Dental
College and Hospital.

2. To create conducive environment in the Institute to foster research culture and to
provide required support.

3. To maintain the originality and promote the quality, integrity and ethics in research
work.

4. To serve as a facilitator for the necessary infrastructure, technical and financial
support during the research.

5. To establish genuine, transparent, merit based decision-making systems for the

approval of research projects and allocation of financial and other support for

research.

6. Provide guidelines for the conductance and publication of the research work.

7. To encourage interdisciplinary collaborations nationally and globally.

8. To encourage genuine, original inventions with potential for

commercialization and patenting and Intellectual Property Rights.

6



RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

COMPOSITION, FUNCTION, POWER AND ROLES OF

RESEARCH CELL

Members of the Research Cell

1. Chairperson - Princ ipal

2. Organizing secretary - senior academician(s) from faculty to be nominated by the

principal

3. Member - 4 senior academician(s) from faculty to be nominated by the principal

4. Member - 2 Faculty Member(s) to be nominated by the principal.

The tenure of the committee shall be for 3 years.

Roles and responsibilities of Research Cell

To formulate and update the research policy and operational procedures which shall

assist in setting out research priorities, securing funding, planning research and

monitoring research projects;

To supervise the implementation of the research policy;

To review the quality measures and improvement measures for continuous up-

gradation of research related infrastructure and technique;

To encourage the faculty and students to undertake research projects;

To scrutinize and approve the research projects;

To ensure the ethical standards of the research projects through the institutional

ethical committee;

To review the need of financial support for projects and facilitating funding for

research thereby;

To coordinate researeh by facilitating the sufficient infrastructure;

To encourage the collaborative research with other institutes and laboratories;

10. To promote publications in journals with good impact factor;

1.

2.

3.

4.

5.

6.

7.

8.

9.

7



RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

11. Assistance and encouragement towards filing patents.

Authority and power of the Research Cell

1. The research cell has the authority to approve or reject or suggest an improvement in

the proposed research project depending on its feasibility and future applications.

2. The research cell has the authority to scrutinize, approve or reject or suggest an

improvement in the applications for research project funds.

3. The Research Cell shall investigate cases of plagiarism as per the provisions

mentioned in regulations.

4. The Research Cell shall follow the principles of natural justice during any

investigation in case of the allegation of plagiarism and misconduct of the research

against the research scholar and shall have the power to recommend penalties with

due justification. The investigation shall be fair, transparent and thorough.

8



RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

NORMS AND STANDARDS FOR SUBMISSION OF

RESEARCH PROPOSAL

Research proposal submission

The research proposal should be submitted in the format provided by the Research Cell; for

Research projects by Faculty, Post Graduate Thesis, short studies. Undergraduate Research

projects and for projects applying for extramural grant. The proposal includes 6 forms to be

filled by the principal investigator and to be submitted to Research cell prior to the

commencement of the study along with the brief synopsis in both hard and soft copy.

Form 1 -Research Proposal Letter - includes project and the investigators details

Form 2- Research Approval Letter - will be given by the Research Cell after

sanctioning the approval of the project

1.

2.

Form 3 - Undertaking by the research scholar - to abide by the terms and conditions of

research policy

3.

Form 4 - Final report of the research project - to be submitted at the completion of

research project

Form 5 - The certification of plagiarism check - the plagiarism to be verified at the

time of synopsis and the final project submission level - to be submitted at the

completion of the project

Form 6 - Declaration of authorship - to be submitted at the time of publication of
research work

4.

5.

6.

Synopsis Guidelines

The synopsis should include the brief plan of the proposal in following manner

Investigation details:

9



RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

Name of investigator:

Designation/ Department:

Address; phone no. & email id:

Date of Submission:

Name of Guide:

Name of Co investigators/ co guides:

Protocol details

Title:

Type of proposal:

Drug trial

Prospective clinical study on medical/ surgical patients or blood/pathology specimen

Epidemiological study

Retrospective study.

Details:

Abstract

Introduction

Review

Aims & objectives

Null Hypothesis

Materials & methods

References
%
ST/
C5 O.

gEthical consideration involved in the project
5
% /*
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RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

Guide

Co-Guide

Role of Principal investigator

The Principal Investigator shall be responsible for all academic activities and he/she

shall be expected to complete the project within the stipulated period.

The principle investigator must conduct the research with the principles and code of

ethics.

The results of the study on the project supported by the Institute may be published by

the Investigators with a due credit to Institution. In all such cases, the investigator/s

shall acknowledge the support received from the College.

1.

2.

3.

11



RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

REVIEW PROCESS FOR ACCEPTANCE OR REJECTION

OF RESEARCH PROPOSAL

Preliminary approval

In the first stage, applicants submit research proposal which will be scrutinized.
Preliminary proposals are reviewed by the research cell based on the following criteria:

Clarity of the research objectives and their significance to the field; research must
address a recognized and justified problem

Adequacy of literature review

The methodological approach in the research

Clarity and importance of the knowledge gaps that the research will fill.

Future implications of the research findings for both theory and the originally
identified problem.

Feasibility of the research projects and adequacy of financial resources.

1.

2.

3.

4.

5.

6.

Ethical approval

Those advancing to the second round will be invited to submit a research proposal to the

institutional ethics committee, wherein the project’s ethical backgrounds will be verified.

Final approval

Those clearing the second round will be given the Institutional Ethics Committee Approval

letter and a Research Cell approval letter (Form 2).

Rejection of the Research proposal:

1. Lack of institutional ethical committee letter.

2. Lack of future implications of the research findings.
3. Inadequate sample size.
4. Inappropriate methodology.

5. Lack of feasibility of the project.

12



RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

RESEARCH SUPPORT/FUNDING BY INDERPRASTHA

DENTAL COLLEGE AND HOSPITAL

Inderprastha Dental College and Hospital, has designed the proactive policy to promote the

research, thus motivating the faculty members and students to undertake the activities by

adopting the guidelines of policy promoted by IPDC. The purpose of seed money is to enable

the researcher to carryout preliminary work. The data obtained from this preliminary work

could be utilized for attracting extramural research funds from funding agencies such as

ICMR, CSIR, DBT, DST or foreign funding agencies. The following special norms are given

for research:

1. Research funding will be provided as seed money for the projects.

2. Amount of seed money sanctioned will be 20% of the total expenditure of the project.

However, it can be increased or decreased depending on decision of screening

committee in order to ensure quality of project.

3. Seed money will be provided by IPDC to Principal Investigators (Pis) who desire to

undertake the research.

4. Principal Investigator (PI) of the project is supposed to give the detailed budget for

the project and supposed to fill the utilization certificate for the funds used before

receiving the subsequent installment.

5. The Equipment and accessories bought for the project from seed money will be

retained in the laboratory, department/college and is to be made available to other

researchers as well. It becomes the property of IPDC after the completion of the

project.

13



RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

NORMS AND STANDARDS FOR SUBMISSION OF

RESEARCH GRANT PROPOSAL

Research grant proposal submission

The research aspirants who wish to obtain the grants/funding from the institute shall apply

research grant proposal in the format provided by the Research Cell. The proposal includes 7

forms to be filled by the principal investigator and to be submitted to Research cell along

with the brief synopsis in both hard and soft copy.

1. Form 1 -Research Proposal Letter - includes project and the investigators details

2. Form 2- Research Approval Letter - will be given by the Research Cell after

sanctioning the approval of the project to be attached for grant application along with

institutional ethics committee approval letter

3. Form 3 - Undertaking by the research scholar - to abide by the terms and conditions

of research policy

4. Form 4 - Final report of the research project - to be submitted at the completion of

research experiment/ investigation

Form 5 - Utilization Certificate - will be stating utilization of the funds during the

project execution - to be submitted at the completion of the project

5.

6. Form 6 - The certification of plagiarism check - the plagiarism to be verified at the

synopsis and the final project submission level - to be submitted at the completion of

the project

Form 7 - Declaration of authorship - to be submitted at the time of publication of

research work

7.

o

I'O
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RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

Synopsis Guidelines

The synopsis should be including the brief plan as mentioned in the research proposal.

Role of Principal investigator

1. The Principal Investigator shall be responsible for all academic activities and shall be

expected to complete the project within the stipulated period.

2. The funds earmarked under the particular heads shall be utilized for that purpose only.

3. All the outputs/assets generated out of the funds for the project including articles,

equipment, books and journals shall be the property of the IPDC.

4. The results of the study on the project supported by the College/Institute may be

published by the Investigators with a due credit to Institution. In all such cases, the

investigator/s shall acknowledge the support received from the College.

5. It is the duty of the Principal Investigator to ensure that all research funds,

intramural/extramural are used with honesty, integrity and accountability.

6. The investigator shall acknowledge the support by Institution, in all published works/

conference presentations resulting from his or her Research, all Agencies and other

public and private funding sources which supported his or her Research.

15



RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

REVIEW PROCESS FOR ACCEPTANCE OR REJECTION

OF RESEARCH GRANT PROPOSAL

The applicants can submit research grant proposal which will be subjected to double-blind
peer review. The proposals are reviewed by the research cell based on the following criteria:

Applicability of the research in fulfilling the role of benefitting the society at large
and further enhancement of knowledge and scope of dental sciences.

Readiness for application of the eventual research findings.

Future implications of the research findings for both theory and the originally
identified problem.

Adequacy of justifications stating the requirement of financial support.

1.

2.

3.

4.

Rejection of the Research Grant Proposal

The Grant proposal can be dismissed on following grounds

1. Lack of institutional ethical committee approval letter

Lack of justification regarding requirement of funds

The funds can be stopped in the middle of the project if the progress of the project is
not satisfactory

Lack of the ability of the research to fill the knowledge gap or up-gradation in the
existing literature or clinical techniques.

2.

3.

4.

16



RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

EXTRAMURAL FUNDING

Inderprastha Dental College and Hospital encourages research aspirants to apply for

extramural research grants from government and non-government organizations. The

principal investigator needs to send the research proposal with the details of funds required to

the research cell. Only after approval from research cell and institutional Ethical committee,

the principal investigator can apply for the extramural funding.

The institute shall bear the expenses for applying the extramural grant for the selected

projects.

Research proposal is to be submitted to the respective funding agency through Head of the

Department and Head of the institute for applying for the grant.

17



RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

TIMELINE FOR

CONDUCTING THE

RESEARCH PROJECT

Accepted list
will be

displayed on
notice board

Results will be

displayed on
notice baord in

1 week• Submission

of the

Proposal to
Research

• Application for the
Intramural /

Extramural grant
• Rejecting or
acceptance• Application to

Institutional

Ethics

Committee

of
Results wi 1 be

displayed on
notice baord in

1 week

Results will be

displayed on notice
board in 2 weeks

intramural

grant

Filling up the research
forms after completion
of the project within 2

weeks

• Plaigerism check and
decision on authorship
of research paper

Apptica&n ̂or "
publication within 1

month and

submission of

publication copy to
L  lOAC

* Conducting the
Research Project • Completion of the

research project

Following the
committed time

duration of the project
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RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

GENERAL GUIDELINES IN PUBLISHING THE

RESEARCH OUTPUTS

Following points should be considered before sending the manuscript for review to the

journal

1. Ethics approval

Inderprastha Dental College ensures a complete review of various ethical aspects of

the project proposals received and execute the same without bias and influence.

All publication from the institution must essentially have prior ethical approval. The

research protocol should have been approved by the Institutional Ethics Committee

(lEC).

2. Research misconduct - data manipulation

Any project that involves fabrication of data, falsification of results, ill-treatment to

research subjects in any form is considered as research misconduct will be dealt with

strict disciplinary action by IPDC.

3. Plagiarism

IPDC provides access to the plagiarism check software like Tumitin, iThenticate,

Urkund to all the research aspirants. The institute encourages check on plagiarism at

all the levels of the research project, i.e. at the synopsis submission, at the project

completion, at the time of manuscript publication; in MDS dissertations/ library

dissertations.

4. Simultaneous submission:

Submission of a manuscript that is already under review at another Journal is termed

as simultaneous submission. If submissions of the same manuscript simultaneously to

more than one Journal are noticed, the group of authors will be held responsible &

strict disciplinary action will be taken by the institute.

5. Duplicate submission :

Submission of an already published manuscript in another Journal is termed as

19



RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

duplicate submission. If authors are found guilty of duplicate publication, the authors

will need to withdraw the paper in addition to other disciplinary actions by IPDC.

6. Conflicts of interest

IPDC encourages all authors to declare any prior financial, social, personal interests

that may be seen as conflicting with the research conducted. In case of non

declaration of Conflicts of interest by any will invite strict disciplinary actions.

7. Choice of journal for publication

•  It is encouraged to publish the articles in journals indexed in

Scopus/PubMedAVeb of Science and UGC approved, preferably with high

impact factor.

•  The investigators/ authors are instructed to beware of predatory journals.

•  Authors may decide the journal depending upon subject of the work.

8. Ethics of authorship

The authors are advised to follow standard practices ensuring all those who have

contributed are named on the manuscript and no non contributor should be given

credit for the work. IPDC strictly discourages unethical authorship practices such as

guest authorship, ghost authorship, and gifted authorships.

•  A person can be included as author if he/she fiilfills at least one of the

following criterion:

a) Contribution in conceiving the idea and designing of the study;

b) Contribution in acquisition, analysis or interpretation of data;

c) Contribution in conducting the investigation.

•  The consent should be obtained from all the authors for the publication and

their contribution is free from plagiarism.

•  The order of authors must be directly proportional to the contribution towards

the research work.

•  Due credit should be given to the IPDC in the publication in the

acknowledgement section.

Note: A copy (both in hard and soft copy format) of the publication should be submitted to

the IQAC cell.

20



RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

PENALTIES

Penalties in the cases of plagiarism shall be imposed on students pursuing research studies

only after academic misconduct on the part of individual has been established and the

individual in question has been provided enough opportunity to defend himself/herself in a

fair and a transparent manner.

Penalties in case of plagiarism in the submission of thesis and dissertations The Research

Committee shall impose penalties on research scholars considering the severity of plagiarism.

In general, the following guidelines for the penalty will be followed as per the UGC

notification of 2018:

Level 0; Similarities upto 10% - minor similarities, no penalty,

ii. Level 1: Similarities above 10%-40% - The student(s) shall be asked to

submit a revised script within a stipulated time period.

Level 2: Similarities above 40% - 60% - The student will receive an

automatic fail result in the course.

Level 3: Similarities above 60% - The student will receive an automatic

fail result in the course and disciplinary actions will be instituted as deemed

fit by the Research Cell.

NOTE: Penalty in case where the degree/credit has already been obtained If plagiarism

is proved on a date later than the date of award of degree or credit obtained, as the case may

be, their degree/credit shall be put on hold, pending enquiry. If proved to have committed

plagiarism, the degree granted shall be revoked.

1.

11.

111.

IV.

Penalties in case of plagiarism in academic and research publications

Level 0: Similarities up to 10% - minor similarities, no penalty.

Level 1: similarities above 10% - 40%

(a) Shall be asked to withdraw the manuscript.

Level 2: Similarities above 40% - 60%

1.

11.

111.
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(a) Shall be asked to withdraw the manuscript

(b) Shall be denied the right to one annual increment

(c) Shall not be allowed to be a supervisor to any new PG student, for a

period of two years.

Level 3: Similarities above 60%

(a) Shall be asked to withdraw the manuscript

(b) Shall be denied the right to two successive increments

(c) Shall not be allowed to be a supervisor to any new PG student, for a

period of three years and will be liable for termination of services to the

college.

IV.

NOTE: Penalty in case where the benefit or credit has already been obtained If

plagiarism is proved on a date later than the date of award of degree or credit obtained, as the

case may be, then their degree/credit shall be put on hold, pending enquiry. If proved to have

committed plagiarism, disciplinary action shall be initiated, including termination of services

to the college.

22



RESEARCH CELL

INDERPRASTHA DENTAL COLLEGE AND HOSPITAL

POLICY REGARDING PATENTS AND

INTELLECTUAL PROPERTY RIGHTS J

A patent is an exclusive right granted to the inventor for an invention or innovation which can

be a product or a process that offers a novel approach or a technical solution.

Requisites for an innovation to be registered as  a patent are

• Novelty: The innovation should be new i.e. it should not be already publically known.

•  Utility: The innovation should be useful

•  Inventive step: the innovation must be an inventive solution and not obvious to the

manufacturer.

IPR: Intellectual Property Rights are the exclusive rights given to the creator for the

creation or product of the human intellect including inventions, creativity concepts,

trademarks etc. for a certain period of time.

To encourage the researchers to take the innovative research projects and to provide the

general guidelines for making innovations available to the general public for the benefit

of the general populace at large, the institute has policy regarding Patents and Intellectual

Property Rights:

1. It is the policy of the Institute that there will be joint ownership of the institute and the

inventor for all patents, outputs generated, innovations, trademarks, and trade secrets

in the course of research at the Institute.

2. The inventor will be the sole owner of the patent/ intellectual property if he/ she has

not used the institute’s resources and the time for the said invention.

3. The patent publication or disclosure in public domain must be done only after filing of

patent protection. The confidentialitj' of the invention must be maintained at all the

levels while securing IP rights of an invention.

4. Once the IPR is ensured, the inventor is encouraged to publish the patent along with

the consultation with the institute and must provide the due credit to the institute.
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CONCLUDING REMARKS

The Inderprastha Dental College & Hospital Research Policy looks forward to nurture the

research culture in the institute and encourage the students and faculty to initiate and execute

research projects to find the innovative solutions to existing issues.

This research policy aims to create a synergistic environment in the institute which will

further holistically motivates the researchers to undertake the research projects at both

national and international levels and publish it at a recognized platform.
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INTRODUCTION 

Halitosis means diseased or abnormal breath.1 It .n oral malodour perceivedby 

the patient himself and other individuals, due to t e (jegri;i,q~~\911 offood particles a:rio 
s?Jlya,ry pr9t~in$:~y(faerobic f)~(;f$~l~. H This egradati~n leads to rupture of amino 

acids which forms voli3Jil~' $t:Hph1;1tcompou i::ls (VSGJ'. such as methyl mercaptan, 

gen sulphide and cadaverine. 

age and seems to be closely related to 

dental caries and periodontilis.4 Accor ng to the American Dental Association, it is 

reported that globally 50 °/o c;ldlllt po rlation has occasional halitosis and 25% have 

chronic halitosis. 1 

Halitosis is a common complaint ong orthodontic5 or prosthetic patients with fixed 

and removable prosthesis. removable appliances are made up o! melal 

as well as auses halitosis due lo plaque accumulation.2,rn 

were found to be higher ,due salivary 13 

degradatlon.2 

In lhe fixed prosthesis wearer, the cause of . halitosis is reporled t(J be foocl 

lodgement, plaque formation and gingival int!ammation.J Alzoman et a! 

investlgated the presence ot halitosis by oral 

which was found to be 65.9°1;, and only 32. 

The probable cause was subgingival, (!,),over contouring, and leaky crowns.20 

The measure to control plaque for 

plaque control like mouthwash. And mecha 

m~sis wearer includes chemical 

by brushing, tongue scaper~d . 

Qhemid~lly, 

ill. concluded that daii mouthwash result redtJction 
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