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INTRODUCTION




Dental caries is a localized chemical dissolution of the tooth surface caused by metabolic
events taking place in the biofilm covering the affected area. Biofilm is a prerequisite for the
carious lesion to occur. Any shift in the ecology and metaboligigctf the biofilm can cause
an imbalance in the equilibrium between the tooth minerals and the biofilm in the form of pH
fluctuations. The shift in the pH can influence the chemical composition of the tooth structure.
The tooth surface apatites are lebbd such chemical modifications on countless events from the
very moment of eruptiofr. Hydroxyapatite is the maicomponent oEnamel(95%) and dentine
(75%). The crystals of hydroxyapatite are hexogonal in cross section which are arranged to form
enamel rods. The solubility of hydroxyapatite is the primary determinant of dissolution of

enamel and it is related to pA.

The enamel surface is in a state of dymanequanimity with its surrounding
environment®When the pH in the surrounding medium drops down, the solubility of the apatite
crystals increasésresulting in demineralization phase. During this phase, environment of the
oral cavity becomes undersaited with mineral ions compared to the minerals content of the
tooth> The reverse takes place when the pH increases and remineralization takes place in the
interface between biofilm and the tooth surf&t&hen the demineralization phase prolongs,
excesive loss of mineral ions takes place making the enamel surface sufficiently porous to be
seen clinically called as white spot lesion (WSL). This appearance has also been desarbed as
early, initial or incipient lesio® This process may progress figththat eventually leads to
cavitation and total destruction of the tooth. Thus formation of caries is an ubiquitous, natural
process. It is impossible to prevent the formation of the biofilm and its metabolic activity, but the
progression of the diseasancbe controlled® As dental caries is a slow process, during early

stages noiinvasive interventions can convert the initial lesion from an active to inactivé%tate.



Traditionally, the management of dental caries is thraugbicatrestorative appro#c It
involves diagnosis of carious lesions followeddoygical interventiorto remove and restore the
affected part of the tooth. It is known that restoring the carious tooth alone might not stop the
disease process. Thissuls in replacement of largeand larger subsequengstorations and
shorter associatedurvival times, resulting in anore invasive procedures over time. It is
estimated that 71% of all restorative treatments are performed on previously restored teeth, with

recurrent carious lesiorss a predomindrcause’

The preventive approach of identification, conservative,-nestorative treatment of

incipient caries saves both dental manpower for profession as well as expense and suffering for
the patient3 Thusthe concept of minimahtervention dentistry has changed the perspective

caries managemerftomfie xt ensi on f or preveBlatkiTodapodasc Pviot
preparation is designed to preserhe health of the tooth ovéfetime. The goal of modern

dentistry is tomanage nostavitated carious lesions namvasively through remineralization in

an attempt to prevent disease progression,tandiprove strength, esthetiesxd functon of

teeth?? Diagnosis of carious lesions at earlier stages and its remineralizasoecto new era

in the modern preventive dentisff.

Remineralization is defined as the process whereby calcium and phosphate ions are
supplied from a source external to the tooth to promote ion deposition into crystal voids in
demineralized enamel, foroduce net mineral gafd.For the past 60 years fluoride has been
used as a gold standard treatment for remineralizing $&&the topical application ofuoride
agents, including dentifrices, mouthwash solutions, gels, and varnisaes help in
remineralization of initial enamel carious lesfSrit results in the formation of calcium fluoride

like layer on the enamel surface thus preventing the subsequent acid attack and partially reduces



the enamel mineral lod8Intake of fluorice during tooth formation systemically has been found

to be effective in prevention of caries.

According to recommended daily allowances, a dose of 0.1mg fluoride/kg body weight
/day in children up to 8 years of age are considered to be safe causirgnifioasit form of
fluorosis in permanent teeth. However it is crucial to consider the amount of fluoride in water,
tooth paste, dietary supplements and topical applications which have been identified as source of
enamel fluorosis. Moreover, the probablgitodose of fluoride is 5 mg/kg of bodyweight which
triggers therapeutic intervention and hospitalizatfa®ince most of the dental products contain
sufficient amount of fluoride, there is a high chance of chronic consumption of these products by
young ildren which could result in exceeding the toxic dffeesearch has been looking for

an alternative caries remineralizing agents which should be as effective as fluoride.

Newer tooth remineralizing agents such as calcium phosphate based technoldgies an
biomimetic dental products containing nano sized hydroxyapatite particles are emerging in
modern preventive dentistry. Synthetic nano hydroxyapatite (nHAP) has the physical and
chemical properties similar to apatite structure in en¥nmebking it most mcompatible and
bioactive material. nHAP has strong affinity to tooth and adsorbs strongly on the enamel
surfaces. Nano sized crystals smaller than 100nm imptuweestivity of the agent due to the
increase in the superficialirfacearea and wettaliy of nHAP. It promotes the remineralization
by increasing the saturation level of calcium and phosphate in $aWih advancements in
nanotechnology, incorporation of nano sized biomimetic apatite particles in dentrifices and
mouthrinses have been inased. Since 1980, nHAP has been used in tooth paste in Japan and it
was accepted as anti caries agent in 89&irious invitro and insitu studies in the literature

have proved that nHAP has the potential to remineralize the artificial carious lesgindyA



done by Roveri et al in 2008demonstrated that biomimetic nanosized hydroxyapatite particles
produced an apatitic coating deposition on the demineralized enamel surface. Huang et al in
2009° proved that nHAP had the potential to remineralizeititeal enamel carious lesions in
which 10% nHAP has been proved to be most effective. In an in situ study by Najibfard et al in
20112, nHAP dentrifice caused remineralization comparable to fluoride dentrifice. They

suggested that nHAP dentrifice can Isedias an effective alternative to fluoride dentrifice.

Aclaim® (Group pharmaceuticals Itd) is one of the commercially available nHAP
toothpaste in India. According to the studies done by Verma P et af°281i@8 Singh A et al
20177 Aclaim® has both desensitizing and remineralizing effect. So, the present study attempts
to synthesize nHAP toothpaste at 1% and 10% concentrations and compare its remineralization

efficacy with commercially available ndtuoridated remineralizing paste.



AIMS




The present study was conductedwidllowing aims:

1. To formulateexperimentahHAP tooth pastes with 1% and 10% concentrations

2. To evaluate the remineralization potential efperimentall% and 10% nHAP tooth
paste

3. To compare the remineralization potentialeaperimentall% nHAP with commercially
available nHAP toothpaste using energy dispersiraykanalysiSEDX).

4. To compare the remineralization potentiabaperimentall0% nHAP with commercially
avdlable casein phosphopeptide amorphous calcium phospi@R® ACP) using

scanning electron microscope with energy dispersivayxanalysiSEM EDX).

HYPOTHESIS

The study hypothesis was that experimental nHAP pastes were equally effective in

comparisorwith commercially available pastes and control.



REVIEW OF LITERATURE




Shen P, Cai F, Nowicki A, Vincent J, Reynolds EC (200%)conducted a randomized
controlled cross over igitu double blind study to evaluate the ability of suffae CPP ACP
chewing gum in remineralizingnamel subsurface lesions. A total of 30 human subjects wore
removable palatal appliances with six hurgaramel hakslabs inset containing stdurface
demineralized lesions. The appliances weerted immediatg before gumchewing for 20
minutesand then retained for another 20 oties This was performed 4 times a day for 14 days.
At the completion of each treatment, the enamel-$lalis were paired with their respective
demineralized control hakllabs, embdded, sectioned, and subjected to microradiography and
densitometric image analysis, for measurement of the lewelhoiheralization They found that
addition of CPRACP to either sorbitol or xylitobased gum resulted imancrease in enamel

remineraliation.

Andersson A, Skold-Larsson K, Hallgren A, Petersson LG, Twetman S (2007)
compared the effects of a dental ereaontaining complexes o€PP ACP and fluoride
mouthwashes on thegeession of WSLSA total of 26 healthy adolescents exhibiting 60Heet
with 152 visible WSL sites on incisors and canines were included. Baseline visual scoring and
laser fluorescence measurements were carried out. The patients were randomégd desig/o
different remineraliation protocols A) daily topical applicatiom$ a dental cream containing
CPPACP (Topacal) for 3 months followed by arBonth period of daily toottrushing with
fluoridated dentifrice, or B) daily 0.05% sodium fluoride mouthwash combined with fluoridated
dentifrice for 6 months. The laser fluoresce measurements and visual scoring were repeated at
1, 3, 6 and 12 months. A significant improvemémigression of WSL) of the clinical WSL
scores was found ev time in both groups, but CPRCP showed a statistically significant

difference (p< 0.01) irthe decrease in number of lesions after 12 months. There was no



statistically significant difference in laser fluorescence measurements. They concluded that both
the treatment could promote the regression of white spot lesions, but CPP ACP provided a more

favourable aesthetic outcome.

Kumar VL, Itthagarun A, King NM (2008) 3 investigatedthe efficacy oEPP ACP
containing Tooth Mousse on themineralizatiorof enamel lesions and comparedatScacy to
that of a fluoridecontaining toothpaste. A total 60 specimens were prepared from permanent
third molars and were randomly apsd in to 5 groups. Group Aluoridated toothpast
(positive control), Group B, neftuoridated toothpaste (negative controlfooth Mousse
containingCPPACP was tested by theedifferent means: Group C (as a toothpaste); Group D
(as a topical coating ); and Group E (as a topical coating after treating the sectionsowghAGr
paste). All the specimensderwent a pktycling for a period of 10 days with respective groups.
Polaizing light microscopy and microradiography were utilized to record the lesion depth and
the mineral content of each lesion before and after the 10 days of pH cycling. They found that
the lesion depth decreased by 13.1 per cent in Group E and it wascsiatisignificant. They
concluded thaCPP ACP containing Tooth Mouss@owed a higher remineralizing potential

when applied as a topical coating after the

Pai D, Bhat SS, Taranath A, Sargod S, Pai VM (2008)performedanin vitro study to
evaluate the remineralization of incipient enamel lesiontheytopical application of CPRCP
using laser fluorescence and scanning electron microg&iid). Sixty caries free teeth were
randomly divided in to 3 groups; 40 teeth wesed as test sample (CPP ACP), 10 as positive
control (artificial saliva), 10 as negative control (normal saline). The samples were demineralized
and then remineralized ktye topical application of CPRCP for a period of 14 days. The

results showed thaboth laser fluorescence readings and SEM scores of test samples after



remineralization were highly significant (901). They concluded that CREP can prevent

demineralization and also bring about remineralization in enamel lesions.

Yengopal V, Mickenautsch S (2009 did systematic éview with meta analysis to
assesghe caries preventive effect PP ACP. Fiven situ randomized control trials (RCT)
weregpooled for metaanalyses. The results of the clinical in situ trials indicated a -Sont
remireralization effect of CPP ACP. Additionally, in vivo RCT results suggested caries
preventing effect for longerm clinical CPP ACP use. They concluded that further in vivo

randomized trials are needed to confirm these initial results.

Bailey DL, Adams GG, Tsao CE Hyslop A, Escobar K, Manton DJ, Reynolds EC
Morgan MV (2009} conpared the effect of CPRACP on post orthodonti®VSL among
adolescents of 128 years of age for a period of 12 wedksur hundred and eight WSLs in 45
participantswere randomly divided in togfoups CPPACP group and placebo group. Clinical
assessmentsere performed according to International Caries Detection and Assessment System
(ICDAS) Il criteria. They found thatWSLs with severity codes 2 and 3 at baseline had a
significantly greater chance ofgeessing at 12 weeks in the CREP group compared i

those in the placebo group.

Srinivasan N, Kavitha M, Loganathan SC (2009P conducted a #situ study to
compare the remineralization patial of pastes containing CPP ACP and G&HP with 900
ppm fluoride on human enams&ftened by a cola drink. Forfiye enamel specimens obtained
from human third molar teeth were eroded in a cola drink for &tesand then attached to
intra-oral devices worn by five volunteers. The specimens were subjected to three different in

situ remineralzation protocols using: (1) CPRCP (Groupl), (2) CPPACP with 900 ppm


https://www.ncbi.nlm.nih.gov/pubmed/?term=Bailey%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=19887683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adams%20GG%5BAuthor%5D&cauthor=true&cauthor_uid=19887683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsao%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=19887683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hyslop%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19887683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Escobar%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19887683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manton%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=19887683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reynolds%20EC%5BAuthor%5D&cauthor=true&cauthor_uid=19887683
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fluoride (Group II), and (3) saliva (Group Ill, control). Vickers microhardness measurements
were recordedat baselingedemineralization and remineralization stages. The tesalvealed
statistically significant differences in the mean microhardness vdlewveen pastes containing
CPP ACP and CPRCP with 900 ppm fluoride. They concluded that bp#stessubstantially
remineralized th softened enamel, with the CREP and fuoride combination showing higher

remineralization ptential than CPRCP.

Altenburger MJ, Gmeiner B, Hellwig E, Wrbas KT, Schirrmeister JF (2010}
performed an i+vivo study to evaluate the effect of CPP ACP on initial enamel cariei¢s and
fissuresusing DIAGNOden@and visual assessment. A total of 32 volunteers with premolars and
molars showingDIAGNOdent scores between 15 and 20 were randomly assigned in to 2
treatment groups. The intervention period consisted of 3 weeks, first 2 weeks of wpshaut
and third week of treatment period. During a wash period of 2 weeks and during thev@ek
treatment period all subjects used only standard fluoride toothpaste without any oral hygiene
products. During the treatment period, onmeup additionallyapplied a CPFACP containing
cream on the respective fissures f3 minutes, once per day. Aays 1, 8, 15, and 22,
DIAGNOdentmeasurements and a visual assessment of the fisgeresione. They found that
CPPACP group showed significantly lower flu@@ence values at day 15 and day 21 compared
to the control group. There was no significant difference in the visual assessment scores in both

the groups.

Huang S, Gao S, Cheng L, Yu H (2018 investigated the combined effects of
nanohydroxyapatite and Gathinensi§GCE) on remineralation of initial enamel lesion. In
vitro demineralized bovine enamel blocks were subjected to-ayplkhg regime for 12 days.

Each daily cycle included-8 minutes application with one of five treatments: NaF (positive



control), deionised water (negatigentrol), crude queous extract of GGBHAP and GCE with

nHAP. The samples were subsequently evaluated using a microhardness tester, polarised light
microscopy (PLM), Xray diffraction (XRD) andSEM. GCE nHAP combined teatment group
showed significant reduction in lesion dejpitdmore mineral deposition occurred in theite

body. They concluded thadidre was a significant synergistic effect of combined GCEnat#P
treatment on promoting the remineraditzon of iniial enamel lesion.

Brochner A, Christensen C, Kristensen B, Traneeus S, Karlsson L, Sonnesen L,
Twetman S (20119 compared the effect of CPRCP on post orthodontigVSLs among fifty
adolescents. Twenty two belonged to the intervention group @HP and 28n the control
group (standard fluoride toothpaste). The outcome was measured by quantitative light induced
fluorescence (QLF) and visual scores from digital photographs at baseline and 4 weeks. Both the
groups showed a statistically significant regrasdWSL from the baseline, but there was no
difference between the groups. They conclutted topical application of CPRCP resulted in

significantly reduced fluorescence and reduced area in the lesion siz afteks.

Najibfard K, Ramalingam K, Chedjieu |, Amaechi BT (20112 evaluated the
efficacy of nHAP dentifrices on caries remineralization and demineralization inhibition by
conducting a doubtblind randomized crossover in sigtudy. A total of 30 adults womn intra
oral appliance containing 3thineralized enamel blocks and one heatthgmelblock cut from
each of 30 molars, were exposed respectively to dentifrices of A) 5% nHAP, B) 10% nHAP, C)
1100 ppm fluorié, and D) 10% nHAP in 4 phasiesting 28 days per phase. Baseline and-post
test mireral loss and lesion depth were quantified using microradiography. They concluded that

NHAP dentifrice caused remineralization comparable to a fluoride dentifrice, and inhibited caries


https://www.ncbi.nlm.nih.gov/pubmed/?term=Najibfard%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22403978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramalingam%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22403978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chedjieu%20I%5BAuthor%5D&cauthor=true&cauthor_uid=22403978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amaechi%20BT%5BAuthor%5D&cauthor=true&cauthor_uid=22403978

devdopment, thus suggesting that HAP dentifrice can be an effectiaternative to fluoride

toothpaste.

Ferrazzano GF, Amato |, Cantile T, Sangianantoni G, Ingenito A (201%)

investigated the remineraing effect of GC Tooth Mousse on early dental enamel lesions using

SEM analysis. 40 vohteers were randomly dividedto two groupsin group (CPPACP group

two demineralied enamel specimens were placed on the buccal surfaces of the first molars and

were instructed to apply GC Tooth Mousse only on the sgled specimen and a placebo

mousse on the left, for 1 montin. Group B (control groupjwo enamel specimens wepéaced

into the mouth without any intervention. The results of SEM analysis revealed a diffuse and

homogenous mineral coating reducing the surface alteratiGRIRACP group. They conabed

that CPP A® wasable to promote remineralization of early enamel lesions.

Tschoppe P, Zandim DL, Martus P, Kielbassa AM(2011f? performed anifvitro

study to evaluate the effects of nHABothpastes othe remineralization of bovine enamel and

dentine subsurfacesions.A total of 70 enamel specimens were randomly divided in 5 groups

and exposed to anaqueous remineralizingsolution for two and wgekse (37 -

C).Brushingprocedures were performed with the respective toothpasigéstsolution slurry
twice dailyl) storag in remineralizing solution only; 2) additional brushing wath weigh%
zinc carbonate ano hydroxyapatite, ZnGIMHAP; 3) 24 weight% ZnCg¢n-Hap; 4) 0.14
wei ght % amine puor i de; Differgnced in mireragldss (BDZp hefore
and after storage/treatment were microradiographically evalualdtky concluded that
toothpastes containing nHAPeveal ed hi gher reminerali zi

toothpastes

ng

nHAI

ef



Zhang Q, Zou J, Yang R, Zhou X (2012 conducted an hvitro studyto evaluate the
remingalizing effect of CPP ACP creawn the artificial enamel lesion of th@imary teeth
ando assess its caries prevention efficiency. A total of 90 enamel specimens were randomly
divided in to 3 grops: group A: distilled and deionizesater, group B: CPP ACP, group C:
sodium fluoride solution. The enamel surface microhardness was measured before, after
demineralization and 30 days after remineralization. The enamel specimens were also subjected
to SEM analysis. They found that thereswna significant increase in microhardness in all the
groups. On comparison between the groups, CPP ACP group showed significant increase in
microhardness than sodium fluoride group. The results of SEM analysis revealed CPP ACP
group exhibited more homogeum® arrangement of crystals than sodium fluoride groungyT
concluded that CPP ACP creatffective in remineralizing enamel lesions in primary teeth.

Hegde MN, Moany A (2012) quantitatively evaluated the remineralization potential of
CPP ACPpaste on eemel subsurface lesions usiBgM EDX analysisA total of 90 spemens
were randomly assignedtantwo groups group 1 contained 15 specimens (control group) and
group 2 contained 75 specimens (study group). The study group was subdivided into five groups
of 15 specimens per group. Each subgroup was treatedemitineralizing paste [10% CRATCP
paste seven days (subgroup 2a), 14 days (subgroup 2b), 21 days (subgroup 2c), 28 days
(subgroup 2d), and 35 days (subgroup 2e)édvdaily for three minutes. SEFDX was done to
measure mineral content before, after demineralization and remineralization procedure. They
found that all the study groups showed very highly ificant differences between Calcium
phosphorugratios of the demineralized and remineralizainples. There was no significant

difference seen in the control group. They concluded that the remineralization achieved was



dosedependent as the remineralizing rate increased with the timeof exposure of enamel to CPP
ACP paste.

Comar LP, Souza BM, Gradndo LF, Buzalaf MA, Magalhdes AC(2013}* conducted
an invitro trial to evaluatehe preventive potential of experimenpastes containing 10% and
20% nHAR with or without fluoride, on dental demineralizatioAccording to the surface
hardness, tivine enamel (n=15) and root dentin (n=15) speans were divided into 9 groups :
control (without treatment), 20 Nanop paste (20% HAP), 20 Nanop paste plus (20% HAP +
0.2% NaF), 10 Nanop paste (10% HAP), 10 Nanop paste plus (10% HAP + 0.2% NaF), placebo
paste Without fluoride and HAP), fluoride paste (0.2% NaF), Mkfe (CPP ACP), and Ml paste
plus (CPPACP + 0.2% NaF)AIl the specimens were subjected to pH cycling model for 7 days
and thedental subsurface demineralizat ion was analyzed using cressctional hardness
They found that 0.2% NaF significantly reduced the loss of enamel and dentin sub surface
hardness. ¥perimental Nanop pastes, regardless of the additiofiuofide, were unable to
reduce demineralization-witro

Rallan M, Chaudhary S, Goswami M, Sinha A, Arora R, Kishor A (2013}°
determinedhe effect of three remineraiiy agents on eroded enamel of human prinaatgrior
teeth. A total of 4Qrimary anterior teeth were randomly divided in to 4 gro@®up |: CPP
ACP, Group Il: CPPACP with fluoride (CPP ACPFand Group |1 1: buori dat
Group | V: ar t iy ciiralhyer sfaespeoctive paste wemppliedooh the enafnelt h
surfaceand left undisturbed for 3 minutesnd t hen st ored i oursdhetiyci a
Knoop microhardness of the labial surface of enamel was measured at baselineysafieraad
after the remineralationprocedures. They found that CREPF showed significant increase in

microhardness compared to the other groups.



de Carvalho FG, Vieira BR, Santos RL, Carlo HL, Lopes PQ, de Lima BA (2014}
analyzed the protective effect of remineralizing agents on enamel caries lesions. An in vitro
study conducted using 48 human enamel specimens were randomly divided in to 4 groups: (1)
control (without agent); (2) fluoride varnish (Duraphat); (BJAP paste (DesensibilidanoP);
and (4) CPP ACPIpaste (Ml Paste Plus). Artificial carious lesion were developed in all the
specimens and subjected to cariogenic challenge (pH cycling) for 7 days. uflaees
microhardness was evaluated at baseline, after artificial caries lesion formation and after pH
cycling. The percentage of surfaggcrohardness recovery (%SMHR) was performed, and the
surface morphology was evaluated by atomic force microscopy (AFM)y found after the pH
cycling, the nHAP group showed significantly higher Knoop hardness number (KHNJ
%SMHR values than varnish whereas CREEP group showed no increase in KHN. On
evaluation by AFMnanoHAP group showed protective layer formatioithwglobular deposits
on the surface antbncluded thabhHAP paste s protective effect againstuitro enamel caries

development.

Haghgoo R, Rezvani MB, SalehiZeinabadi M (2014%°> compared sodium fluoride
mouthrinseand nHAP at different concentrationf8-2-5-10%) for remineralization of initial
enamel carious lesionA. total of 60 human premolars were randomly divided and subjected to
microhardness evaluation at baseline, post demineralization and remineralization. They
concluded that nHAP and Ramouthrinses can greatly enhance remineralization and increase

tooth microhardnegkhough the results were not statistically significant.

Vano M, Derchi G, Barone A, Covani U(2014f3 conducted a double blind randomized
controlled trial among 105 subjects ¢compare the efficacy in reducing dentin hypersensitivity.

The subjects were divided into 3 groups receiving treatment, 1) nHAP 15% tooth paste fluoride



free; 2) fluoride toothpaste 3) placebo. By using air blast and tactile test dentin hypersensitivity
was evaluated at baseline and after 2 weeks and 4 weeks. In addition, subjective evaluation using
visual analog scale (VAS) was also used. The results showed statistically significant lower
values for sensitivity and VAS scores for group 1. They conclutlatl ftuoride free nano
hydroxyapatite is considered as an effective desensitizing agent providing quick relief from

symptoms of sensitivity after 2 and 4 weeks.

Mielczarek A, Michalik J (20140 performedan invitro study comparingoothpaste
containingnHAP and 1,450 ppm Ftoothpaste containing 1,450 pphR) and Placebo group
(distilled water). Ninety human enamel specimens were randomly diwded3 groupsand
subjected to demineralization and remineralization phases. The surface microhardness of each
specimen were mea®d at each phase. They concluded surface microhardness increased

significantly in all the groups but none of the group reached the baseline level

Memarpour M, Fakhraei E, Dadaein S, Vossoghi M (2015%° conducted a 1 year
randomized controlled trial amgnl46 preschool children witdVSLs onmaxillary anterior
teeth. They compared the affeof CPP ACP, fluoride varnish and oral hygiene with dietary
counseling. They usedimft index and scored dental probe. There was a significant reduction in
the size of the lesion in CPP ACP group. They concluded that preventive interventional methods
play an important role in reducing white spot lesions in children. Oral hygiene irstruct
together with the application c€PP ACP and fluoride varnish was an effective method to

reduceWSL size and dmft index values in primary teeth.

Llena C, Leyda AM, Forner L (2015¥7 performed a double blind prospective study to

evaluate the effect PP ACP and CPP A®E versus fluoride varnishmthe remineralization


https://www.ncbi.nlm.nih.gov/pubmed/?term=Mielczarek%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25707080
https://www.ncbi.nlm.nih.gov/pubmed/?term=Michalik%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25707080

of enamel white spot lesions. The participants were divided randomly into three groups. Groups
A: GC Tooth Mouse (CPRCP), Group B: Mi Paste Plus (CPP &E) and Group C: Duraphat
fluoride varnish. WSLs were categoeid according to the&CDAS criteria(ICDAS II; grades D
3) and assessed by laser fluorescence (DIAGNOdent) at baseline and at 4, 8 and 12 weeks.
DIAGNOdent values were signifioly reduced in Group B (CPP AE) a 4 weeks, andn
Groups A (CPPACP) andgroup C (Fluoride varnish) at 8 ved&s. They concluded that CPP
ACPF have a significant effect on smooth surface caries.

Vyavhare S, Sharma DS, Kulkarni VK (2015%° evaluated the effect afHAP (10%),
CPRACP (10%), NaF (1000 ppnmgnd Deionized water (negative control) on remineralization
of initial enamel lesion.A total of 26 human permanent incisors were subjected to
demineralization and pH cycling. Surface microhardmeeasurements were nf@med before,
after demineralizatioand after 3, 6, 9 and 12 days of pH cyglifthe specimens were examined
by SEM. Percentage surface microhardness of nHAPand fluaviae significantlygreater than
CPP ACP and negative control. When observed under SEM, nHAP patrticles were daposited
the demineralized surface whereas ORFP does not show any significant surface
remineralization. They concluded that nHARd fluoride had the potential to reramalize initial

enamel lesions.

Souza BM, Comar LP, Vertuan M, FernandesNeto C, Buzalaf MA, Magalhdes AC
(2015¥%8 conducted a randomized cross over double blind in situ study. They evaluated the effect
of an experimental paste containing hydroxyapatite in nanopartidleside on dental de
remineraliation. Thirteen subjects took part ingtstudywhich wasperformed in 4 phas€44
days each). éur sound and 4 predemineralised specimens were worn intraorally at each phase

corresponding to the following treatments: Nanop Plus (10% HA, 0.2% NaFHxafflooride),



MI Paste PlugCPRACP, 0.2% NaF), F (0.2% NaF) and placeb®he demineralization and
remineralisation was quantified by transversal microradiographgy concluded that Nanop

Plus significantly reduced the dentin demineralization and improved enamel remineralization.

Haghgoo R Ahmadvand M, Moshaverinia S (2016%* evaluated theemineralizing
effect of bpicd NovaMin andnHAP on cariedike lesions. Thirty human primaryarsors were
randomly subjected to demineralization / remineralization cycle and surface microhardness of
each tooth was measured at baseline, post demineralization and remineralization. They
concluded that no significant differences were detected in éfigsacy and both nHAP and

NovaMin were effective for remineralization of caries like lesion in primary teeth.

Ebadifar A, Nomani M, Fatemi SA (2017}’ assessed the effect of nHAP on
microhardness of artificially created carious lesion. A total of e8racted teeth were
randomized in two groups, Group A contained nHARI fluoride andGroup B contained
fluoride alone They concluded that toothpaste containing nHAP showed significant increase in
microhardness andias more effective than the toothpastghout NHA for the purpose of
remineralization

EstevesOliveira M, Santos NM Meyer-Lueckel H, Wierichs RJ, Rodrigues JA
(2017¥° performed a in vitro study to investigate the caries preventive effect of nHAP containing
toothpastes. Two hundred enamel specimens were prepared from bovine incisors and
randomized into 5 groups, which received different fluoride treatmbuatside-free toothpaste
(0 pom F), as negative controAmF (1400 ppm F anticaries; AmF/NaF/ Sn@IChitosan (700
ppm F/700 ppm 3500 ppm SAY), antierosion NaF/KNQs; (1400 ppm B, antierosion and
nHAPcontan i n g ( 0 tooghpastesAhangesin mineral loss and lesion depth were

determined using tresversal microradiographyAll toothpastes caused significantly less


https://www.ncbi.nlm.nih.gov/pubmed/?term=Haghgoo%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27659081
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Santos%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=26993660
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meyer-Lueckel%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26993660
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wierichs%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=26993660
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodrigues%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=26993660

demineralizatiorthan negative control except for nHAP. They concluded lib#i antierosive
and anticariestoothpasteseducedmineral lossto a similar extent,whereasthe fluoridefree

NHAP containing toothpastgid not shownhibition of caries demineralization in vitro

Vano M, Derchi G, Barone A, Pinna R, Usai P, Covani U (2017f* conducted a
randomized doublblind clinical trial to compare the efficacy in reducing dentin hypersensitivity
of a dentifrice formulation containing nHAPwith a fluoride dentifrice. A total of 115
participants were randomly divided into 3 groups: Group &andhydroxyapatite2%gel
toothpastdfluoride free), Group 2: Fluoride gel toothpaste, GroupldcdboT he parti ci pa
dentin hypersensitity was evaluated at baselirsgter2 and 4 weeks using airblasigtile tests
Subjective evaluation was done by visual analogue .staéy concluded that the application of
NHAP in gel toothpaste wgaan effective desensitizingagen providing relief from symptoms

after 2 and 4 weeks.

Shaik ZA, Rambabu T, Sajjan G, Varma M, Satish K, Raju VB, Ganguru S,
Ventrapati N (20173 quantitatively assessed themieeralization potential of CPP ACP,
Vantej and Icon by 9 EDX. A total of 78maxillary premolars were randomly divided into 3
groups.Group 1:Vante[Bioactive glass), Group 2: CRRCP, Group 3: Icon (Resin infiltration).
All the samples were subjected to Xxnalysis before, after demineralization and after
remineralizaton. Calcium and phosphate ratio increased significantly in GREP group
compared to the othegroups. They concluded that CRX¥CP showed greater potentiaf o

remineralization followed by &htej and Icon.

Kamath P, Nayak R, Kamath SU, Pai D (2017% conducted a ivitro double blind

randomized controlled trial to evaluate the remineralization potential of commercially available
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remineralization agents on WSLs in primary teetlorty extracted or exfoliated primary
teettwere selected and randomizedoirt groups Group |: FTCP(Tricalcium phosphate with
fluoride), Group II: fluoricated dentifrice, Group Ill: CPRCPF, and Group IVnHAP. They
evaluated at baseline, post demineralization and post remineralization values by DIAGNOdent
and SEM EDX. KEalugion by SEM showed favorable surface chasgin all the four study
groups.Intragroup comparison of DIAGNOdent and EDX readings showed a highly significant
difference between baseline, pogimineralization, and postmineralization values. However,

the intergroup comparison ag statistically non significant. They concluded that all the test

agents were comparable in their remineralization potential.



METHODOLOGY




The present randomized controlled invitro study was conductedtfrer®epartment of
Pediatic and Preventive Dentistry, 3R Institute of Dental Science and Research (KSRIDSR).
The study design and protocol was analyzed and approved by the Institutional Review Board and

Institutional Ethics Committee of KSRIDSR, Tiruchewlg, Tamil Nadu.

Armamentarium

1. 35 human primary molars

2. Contraangle hand piece

3. Self-cure resin

4. Nail polish

5. Gloves

6. Mask

7. Eye wear

8. Plastic containers

9. Double faced diamond disc

10.10% formaldehyde

11.0.1% thymol solution

12. Demineralization solution

13.pH meter (Slopdabtronics, Model LTD 11, Panchkula, Haryana, India)
14.Incubator (Coslab, ISO 9001:2000, Ambala Cant, Haryana, India)
15. Pipette

16.Burette

17.Hot air oven

18. Magnetic stirrer



19. Stirring rod

20.Dry ball mill (PM 100; Retsch Corporation, Germany)

21.Aclaim® Tooth paste (Sorbitpl Glycerine, Silica, Purified water, Hydroxyapatite,
Cocomidopropylbetaine, Hydroxyethyl cellulose, Titanium dioxide, Flavour, Sodium
saccharin; Group pharmecuticalt&dl.Bangalore, India )

22.CPP ACP paste (GCtoothmousRee c al dent E, Bel gi um, Ger man)
Inclusion criteria

1. Extracted first and second human primary molars

Exclusion criteria

1. Teeth with developmental defects
2. Teeth with caries and white spot lesion
3. Teeth subjected to previous treatment

Specimen preparation

Thirty five extracted human pmary molars were selected for this study. The selected teeth
were cleaned using an ultrasonic scalerto remove soft tissue debris. They were disinfected for 2
days using 10% formaldehyde. The teeth were decoronated at the cemento enamel junction and
sectiored into buccal and lingual halves using a double faced diamond disc mounted on a
contraangle hand piece. Each specimen was embedded heuselfacrylic with the enamel
surface exposed thus involving 65 enamel specimens from 35 teeth. All the spesienens

stored in 0.1% thymol solution till the study was carried out.



Elemental analysis by EDX

The analysis was done in South Indian textile research association (SITRA), Coimbatore.
The specimens were kept in moisture free environment and care was taken to avoid contact with
air or moisture. The specimens were placed on a metal mourtaol #nd quantification of

calcium and phosphorus content was done using EDX analysis.

Baseline EDX analysis

A 3 x 3 mm square window was prepared on enamel surface of each specimen by
applying nail polish varnish in rest of the tooth surface. All thecspens were subjected to

EDX analysis for assessing the mineral content at baseline.

Preparation of the demineralization solution

Demineralizing solution was prepared in the Centre for Nano Science and Technology, KSR
College of Technology, Tiruchengodehe composition of demineralizing solution used was as

follows:

1 2.2 mM calcium chloride, CagPH.O (LobaChemiePvt. Ltd., Mumbai, Maharashtra,
India)

1 2.2 mM monosodium phosphate, N&,7H,O (LobaChemiePvt. Ltd., Mumbai,
Maharashtra, India)

1 0.05 M lacticacid, GHsO3 (LobaChemiePvt.Ltd.,Mumbai, Maharashtra, India).

A digital pH meter was used to check pH during and after preparation of solution.The final

pH was adjusted to 4.5 with 50% sodium hydroxide (NaOH).



Induction of artificial carious lesions

Eachof the specimens were immersed separately into sterile plastic container containing
12ml of prepared demineralizing solution and incubated for a period of 96 hours at 37°C in
universal incubator. After incubation, the teeth were washed with deionizedamdtdried with
the help of an air syringe. All the specimens were assessed for the formation of white opaque
areas. The demineralised specimens were subjected to EDX analysis for measuring the loss in

mineral content.
Formulation of experimental nano hydroxyapatite tooth paste

Experimental nano hydroxyapatite tooth paste pepared in the Centre for Nano

Science and Technology, KSRK&ge of Technology, Tiruchengode.
Synthesis of nano hydroxyapatite

nHAP was synthesised according to the method describ€théry et al 2009. HAP was
prepared from calcium nitratetetrahydrate (CafN@H.O) and ammonium dihydrogen
phosphate (NEH2PQu) by solgel procedure. The calcium/phosphostisichiometric ratio of
pure HAPwas kept constant as 1.6Zalcium nitratetetrahydrat®.93 grams)vas weighed and
mixed with 100 ml distilled water and stirred using a magnetic stitnernonium dihydrogen
phosphate was weighed and mixed with 100 mL Igigtiwater and stirg using a magnetic
stirrer. Thissolution was added drop wise @alcium nitratetetrahydratesolution using a burette
till the colour of the solution changed to milky white. The solution was allowed to stir fourl h
and the pH of theolution was found to be 6.0. The stable HAP can be obtained when the pH
value is above 10. Hence to raise the pH of the solution, ammonia was added drop wise to the

solution using pipette, optimizing the pH to 10.4. The solution was allowed to stihéurand



it was then kept in a hot air oven for 48 hours at 33K. The dried solution was collected,
powdered, and then calcined at 773 K to wbAP powder. The obtained HAP was ground in

a dry ball mill at 400 rpm for 1 hour to obtain fine nHAP.
Characterization of formulated HAP

The Fourier Transformrifrared (FTIR) spectra of theHAP were obtained using an FTIR
spectrometer (Spectrum 100; PerkinElmer, USA) in the frequencyfange m 4000 t o 400
using a ptassium bromide (KBr) pellet. The pellet svabtained by mixing 200:1 ratio of KBr
and HAP. The mixture was grinded initially in an agate mortar and then the pellet was obtained
using a hydraulic pellet maker. The obtained pellet was used to ascertain the functional groups
through measurement offiared spectra.

The FTIR spectrum shows peaks of HAP. The peak 3572 i@dicates OHgroug' and
3431Cmistretching peak shows presence of water moléé@a51 Cm' peak shows @& group
present material. 1643 Cland 1373 Cm' peaks indicateCOs* functional group presnt in

material’ 960 Cm*and 568Crit peals represent phosphate group present in FPAP.



Preparation of experimental nHAP tooth paste

Two experimental nHAP tooth pastes with the concentration of 1% nHAP and 10%

nHAP were prepa&d by mixing withthe ingredientsof standard tooth past&he ingredients

added to prepare nHAp tooth paste were as follows:

S.no Ingredients Role Quantity/100g
1. Sorbitol Humectant 10000mg
2. Propylene glycol Humectant 30000mg
3. Silica Inorganicthickeningagent 1000mg
Organic thickening agent and
4, Sodium lauryl sulphate 1000mg
emulsifier
1000mg for 1% nHAP paste

5. Nano hydroxyapatite Active ingredient

10000mg for 10% nHAP pas|

Sodium carboxy methy
6. Gum 1000mg
cellulose

7. Titanium dioxide Whitening agent 500mg
8. Methyl paraben Antibacterial agent 100mg
9. Propyl paraben Antibacterial agent 20mg




10. Clove ol Flavor Quantity required
11. Sodium saccharin Sweetening agent 30mg
12. Distilled water Bulking agent Quantity required fol0Ogm

Remineralization procedure

The demineralised spenens were randomly dividedtom 5 groups for remineralization

procedure.

GROUP [i Aclaim® (n = 15)

GROUP 1T 1% experimental nHAP tooth paste (n = 15)
GROUP llIT 10% eperimental nHAP tooth paste ( nl5)
GROUP Vi CPP ACP paste (n = 15)

GROUP Vi control (n =5)




Preparation of artificial saliva

The artificial salva was prepared according tockhight Hane and Whitfort formula

(1992)8The composition used was as follows (grams/litre):

Methyl p- hydroxybenzoate(Merck) 2.00

Sodium carboxy methyl cellulose(Merck ) 10.00

Potassium chloride ( KCl ) (Merck ) 0.025

Magnesium chloride dihydrate (Mg£aH-O) 0.059

(LobaChemiePvt. Ltd.,)
Calcium chloride dehydrate (CaH-0) 0.166
(Merck)

Dipotassium hydrogen phosphatel#0O4) 0.804
(Rankem)

Monopotassium hydrogen phosphate 0.326

(KH2PQy)(Merck)

1 The pH of artificial shva was adjusted to 6.75 with potassium hydroxide (KOH)



Remineralization regimen

The specimeng groups |, II, Il and IVwere treated with respective tooth paste twice
daily for 14 days. Specimens were rubbed with respective tooth paste with the help of cotton
applicator for 3 mintes washed with deionized water, and then placed in artificiavasal
maintained at ambient temperature. In the control group, specimens were only washed with
deionized water and placed in artificial saliva. Artificial saliva was renewed everguzdjast
before immersion of freshly treated samples.

The specimens inrgup | and group lwere subjected to EDX analysis to measure the
change in mineral content after remineralization proceduneilaéBly the specimens in group lll,
IV and V were subjected to SEM with EDX analysis to analyse the surface topographical
change after remineralization.
Structural analysis

The surface characteristics of the demineralized and remineralized enamel specimens
were analysed by SEM. The specimens wereplacedonametalmountingblockandthenkept inside
the gold sputter coaté@Q150R, Quoruntechnologies, UK)After sputtering the specimens were
observedunder SEM (GeminiSEM, Zeiss microscopy, Germaay)x5,000 and x10,000
magnifications at 15kv.
Statistical analysis

The statistical analysis was done usiBlyl SPSS Statistics for Window¥ersion 22.0.
Armonk, NY: IBM Corp. The statistical significance was
normality for the data were done usikgplmogoro+Smirnov and ShapiréVilks test. The

intragroup comparison was done using Friedman test \Wildoxan Sgned Rank Test



KruskallWallis and Mann Whitney U test were employed to analyse the change in the values for

intergroup comparison.



Flow Chart of Methodology
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Figure 1. Prepared enamel specimens

ey MmO EmMEmPp B
o o H*HENMNN

ﬂnnmamhﬂg
" mME® gy -
Ll N IR .
MmO R n ey

Figure 2. Armamentarium for the preparation of demineralizing solution




Figure 3. Components fordemineralizing solution




Figure 5. Preparationof nano hydroxyapatite powder
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Figure 6. Components for toothpaste preparation
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Figure 7. Armamentarium for toothpaste preparation




Figure 8. Preparation of tooth paste Figure 9. 1% and 10% nHAP paste

Figure 10.Test groups Figure 11. Colour coded sample distbution




Figure 12. Components forartificial saliva

Figure 13. Preparation of artificial saliva




Figure 15. Ball Milling machine

Figure 16.Fourier Transform Infrared Spectroscopy




Figure 17. Scanning electron microscope with energy dispersive-bay analysis attachment



