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Begeoenue. Hcnonvsosanue 3y0HbIX nacm a6iaemcs 0OHUM U3 OCHOBHLIX U HAUOONee pACnpOCMPaHéHHbIX Menmooos
npogunaxmuxu kapueca 3y608. OOHAKO ACCOpMUMEHM 3VOHbIX NACM HA NOMPeOUMenIbCKOM PbIHKE OYeHb GelUK,
8cre0cmaue ye2o npodemMa payuoHaibHo20 8bloopa Hauboee d3dexmuno2o u nooxo0saue2o0 cpeocmaa UHOUBUIY-
ANLHOU 2U2UeHbl NOTOCHU PIA ABNAENCS 8ANCHOU U AKIYATbHOU.

Ilenv uccnedosanusn: cpasnenue s¢hghexmusHocmu IUAHUA 3YOHBIX NACH, COOEPAUCAUUX 2UOPOKCUanamum u Gmo-
PUO, HA CMPYKMYPHO-PYHKYUOHATLHYIO KAPUECPE3UCTIEHMHOCHb dIMATU 3V008 U CKOPOCTb €€ PeMUHepanu3ayuu.
Mamepuan u memoowl. B uccredosanuu npunumanu yuacmue 160 uenosex. B epynnot HaOn00eHUs U CPABHEHUsL B0UL-
au no 80 uenosex: 40 — 6 sospacme 15—17 nem u 40 uenosex 6 6ozpacme 18—25 nem, nonvsyrowuxcs 8 meuetue 2004
nACMOoll ¢ 2UOPOKCUANAMUIMOM U PMOPUOOM COOMBEMCMBEEHHO. B Ounamuke oyenusanuce eucuenuveckoe cocmosinue
nOIOCMU pma, CKOPOCHb PEMUHEPANUZAYUY U KUCTOMOYCIMOUYUBOCTIb IMATIU.

Pe3ynomamut. Bvlno eviagneno cmamucmuyecku 00Cmogeproe yeeiuyerue KUCI0Mope3ucmenmHoCm SMAauu U cKo-
Ppocmu e€é peMuHepaIu3ayuu 60 6cex epynnax yepes 3 mec no CpaGHeHUIo ¢ UCXOOHbIM YPOGHEM. YCMaHo8IeHo, umo
¥y nayuenmos pynnvl HaOM0OeHUs, UCHOIb308ABUUX NACTTY C 2UOPOKCUANAMUIOM, KUCTOMOYCIMOUYUBOCTb OIMATU
CMAHOBUNACD Yepe3 200 docmosepHo eviute (p < 0,05) no cpasHeruro ¢ epynnoil nayueHmos, UCnoib308A6UWUX HACMY
¢ @pmopudom.

3axntouenue. Hcnonvsosanue pmopudcooepocaugux u IAII-codepacawjux 3yOHbIX nACM ¢ NOCMOSHHBIM KOHMPOLeM
VPOGHSL 2USUCHUYECKO20 COCMOSIHUS NOOCMU PMaA 00CMOBEPHO YEEIUUUBACH] KUCIOMOPEIUCTNEHMHOCTb U CKOPOCTb
pemunepanuzayuu smanu. Oonaxo s¢pgpexmuenocmo 3yonvix nacm ¢ IAIl 6vi1a docmogepto vluie, u d¢pghexm om ux
UCNONL30BAHUS PA3BUBAILCS OOCOBEPHO PaHbuUle, YeM Y hmopuocooepicauux 3yOHbix nacm.
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Introduction. The use of toothpastes is the most common way for the prevention of caries. There is a variety
of different toothpastes available on the market and the choice of the most efficient paste for the particular case
is of great interest and importance.

Aims: the purpose of the study was to assess the impact of toothpastes containing hydroxyapatite and fluoride
on resistance of enamel to demineralization and enamel remineralization rate.

Material and methods. One hundred sixty patients participated in the study. The test and control groups included
80 patients each: 40 - at the age of 15-17 and 40 at the age of 18-25 who have been using toothpastes with hydroxy-
apatite or fluoride during 1 year, respectively. The oral hygiene assessment was carried out with the use of Turesky
index. The clinical determination of enamel remineralization rate, and enamel resistance to demineralization were
assessed to evaluate the remineralizing potential of toothpastes containing hydroxyapatite or fluoride.

Results. There was a statistically significant increase in the values of enamel resistance to demineralization and rem-
ineralization rates in all groups comparing to the baseline after 1-3 months of the use of the toothpastes prescribed.
1t was found that enamel resistance to demineralization and remineralization rates of enamel in the test group were
significantly higher (p<0.05) compared with the group of patients using the toothpaste with fluoride.

885




Ernena U caHUTapus. 2019; 98(8)

DOI: http://dx.doi.org/10.18821/0016-9900-2019-98-8-885-892
OpuruHanbHas ctatbst

Conclusion. Use of toothpastes containing hydroxyapatite and fluoride in conjunction with constant control of oral
hygiene significantly increased the enamel demineralization resistance and enamel remineralization rate. However,
toothpastes with hydroxyapatite were significantly more efficient and exhibited its action earlier in time.

Keywords: Hydroxyapatite; fluorides; toothpastes, caries resistance; remineralization.
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BBenenne

CToMaToI0rHIeCcKOe 3[0pOBhE SBISETCS BasKHEHIIEH cocTas-
JIAIONIeH KauecTBa JKU3HU COBpeMeHHoro yesnoBeka [ 1, 2]. Kapuec
3y00B — OJIHO U3 HauboJiee pacIpOCTPaHEHHBIX 3a00ICBAHMIA T10-
JIOCTH PTa, KOTOPOE BIMUSACT Ha KauecTBO ku3HU [3, 4]. OcHOB-
HBIMH TOJIXOAaMH K IpOQMIAKTHKE Kapueca 3yOOB SIBISIOTCA
npuMeHeHne (QTOPHI0B U KOHTPOJb KOJTHUECTBA MOTPEOIIEMBIX
yraeBogoB [5]. CormacHo 0630py KoxpanoBckoro coobmiectsa,
MPENMMYIIECTBA HCIIONB30BaHUs (TOPHUIOB OBLTH YyOETUTEIBHO
JIOKa3aHbl pe3yJlbTaTaMi MHOXECTBA PaHIOMH3MPOBAHHBIX KOH-
TpoIupyeMsbIX uccienoBanuil [6]. OnHako, HECMOTpPsI Ha CHUXE-
HHUE PacIpoCTPaHEHHOCTH Kapueca Onaronaps HCIOJIb30BaHHIO
(GTOpPHIOB BO MHOTHX Pa3BUTHIX CTpaHaX, 3TO 3abojieBaHHE 10
CHUX NOP OCTAETCs Ba)KHEHIIEH MeIMKO-COLUAIbHON U HKOHOMHU-
yeckoi mpoOnemoit [7].

Hcrionb30BaHne 3yOHBIX MACT SBISAETCS OJHUM U3 OCHOBHBIX U
Hanbosee PacTIpoCTPaHEHHBIX METOJ0B MPOPHUITAKTHKY KapHueca 3y-
60B [7]. OmHAaKO acCCOPTHMEHT 3yOHBIX ITACT Ha MOTPEOUTETHCKOM
PBIHKE OUCHBH BEJHK, BCIEACTBHE 4ero mnpobiieMa panuoHaILHOTO
BbIOOpa Hambonee dPPEKTUBHOTO U MOAXOISINETO CPEACTBA MHIM-
BU/IyaJIbHOM TUTHEHBI MTOJIOCTH PTa SIBJSIETCS BaXKHOM U aKTyaJIbHOI.
[TacTbl OTIIMYAIOTCS MKy COOOIT 10 BKYCOBBIM XapaKTE€pHCTUKAM,
a0pa3suBHOCTH ¥ BXOJSIIMM B UX COCTAB MHTpeIreHTaM. B uncio ak-
THUBHBIX KOMIIOHEHTOB B COCTaB 3yOHBIX NACT HOMUMO (hTOPHIOB MO-
T'YT BXOAUTH TaKWe KOMITOHEHTHI, KaK KCHIINT, (DepPMEHTHI (JIM30IUM,
JIAKTOMIEPOKCH/1a3a, TIIMKO3MI OKCH/a3a), PACTHTEIBHBIC SKCTPAKTHI,
BUTAMUHBI U JpyTUe BemecTBa. [10 JaHHBIM JIUTEpaTyphl, HCIOIb-
30BaHHE 3yOHBIX IMAcT ¢ (TOPHIAMH TTO3BOJISIET CHU3UTH HHTEHCHB-
HOCTb Kapueca Ha 19-27%. [ToMumo pa3HHUIBI B KAU€CTBEHHOM CO-
CTaBe MacT CyIIECTBEHHOE 3HAUYEHNE HMEET TaKIKe KOJTHMYESCTBEHHbIH
cocraB. 3y0OHbBIE MAaCThl ¢ KOHIEHTpalmeil coeanHeHuil ¢propa oT
1000 no 1500 ppm cunTaroTCs 10CTATOYHO IPPEKTUBHBIM UCTOYHHU-
KOM (P TOPHIOB, a HCHOJIB30BaHUE TTaCT ¢ 00Iee BEICOKOH KOHI[EHTpa-
el MOXET CIIOCOOCTBOBATh CHIDKEHHIO MHTEHCHBHOCTH Kapueca
10 36% [8].

Tunpokcnanarur — Ca, (PO,),(OH), — sBiseTcs OCHOBHBIM He-
OpPraHNYECKUM KOMIIOHEHTOM MHHEpaM30BaHHBIX TKAaHEH ueloBe-
Ka M XHBOTHBIX, 6I/IOCOBM6CTI/IM]>IM u 6HOaKTI/IBHbIM HNCTOYHHUKOM
KaJbIMsl, BCIEICTBUE YETO OH IIHUPOKO MCIOMb3YETCs] B MEUIMHE U
cromatonorud [9]. YacTHIbl THAPOKCHATIATUTA UMEIOT MAaKCHMAJlb-
HO€ XUMHYECKOe CPOJICTBO C KPHUCTAIIIAMH 3MajH 3y0a W Ha CEerof-
HSIITHAHN JIeHb paccMaTpUBAIOTCS Kak OMOMUMETHYECKUIT MaTepua,
CIOCOOHBII BOCCTaHABIMBAThH IEMUHEPAIN30BaHHYIO SMailb [9—12].
DKCIIepUMEHTaIBHBIE HCCIIeJOBAaHNS TI0Ka3aH, 4To 3 ()EeKTHBHOCTD
pEeMHUHEpaNu3anuy MpH NPUMEHEHHH IacT C THUAPOKCHANATHTOM
CpaBHHMMa MM TIPEBBIIIACT 3 (QEKTHBHOCTB MACT, COZEPIKAINX BTO-
PHI, a UX UCTIOJIb30BAaHUE MOXKET CTaTh 3G (HEKTHBHBIM METOIOM IIPO-
¢dunakTuku Kapueca 3yoos [10, 13].
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Dental health is an important factor influencing the qual-
ity of life of the individual [1, 2]. Caries is one of the most
prevalent dental diseases which negatively affect oral health-
related quality of life [3, 4]. The mainstay of caries preven-
tion continues to be fluoride and control of sugar exposure [5].
It was concluded in a Cochrane review that the benefits of topi-
cal fluorides have been firmly established on a sizeable body
of evidence from randomized controlled trials [6]. However,
although the severity of caries has declined in many countries
due to the wide use of fluoride, dental caries remains a disease
of medical, social and economic importance [7].

The use of toothpastes is the most common way for the pre-
vention of caries [7]. There is a variety of different toothpastes
available on the market and the choice of the most efficient
paste for the particular case is of great interest and importance.
Toothpastes differ in tastes, abrasion and the range of ingre-
dients. The active ingredients in toothpastes include fluorides
or other components for caries prevention, xylitol, a number
of enzymes — lysozyme, lactoperoxidase and glycosyl oxidase,
herbal extracts, vitamins and others. Beside the difference
in qualitative content of toothpastes, quantitative differences
are also important. The ability of fluoride-containing tooth-
pastes to reduce caries cited in literature varies from 19-27%.
Toothpaste with 1000 to 1500 ppm concentrations is rec-
ognized as effective fluoride source; higher concentrations
in toothpastes can achieve a caries reduction of up to 36% [8].

Calcium hydroxyapatite (HA) Ca (PO,),(OH), - the main
inorganic component of human and animal mineralized tissues,
is considered to be one of the most biocompatible and bioactive
sources of Calcium, and therefore, has gained wide acceptance
in medicine and dentistry [9]. The Calcium hydroxyapatite par-
ticles have similarity to the apatite crystals of tooth enamel in
morphology and crystal structure and are considered to be bio-
mimetic materials for the reconstruction of tooth enamel suf-
fering from mineral loss [9-12]. In vitro studies showed that
hydroxyapatite-containing toothpastes caused remineralization
comparable to or even higher than a fluoride toothpastes, and
inhibited caries development [10, 13].
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Tabnuna 1
CocTaB 3y0HBIX NACT, HCNO/Ib30BABIIMXCS B HCCJIeA0BAHHH NAIMEHTAMH IPYNNbI Ha0/I101eHHs] U KOHTPOJILHOI rpynmnbl
3yOHas macta Aeiictsyiomee Cocran I'pynma
BCIIIECTBO

«SENSITIVE ULTRA»  T'mapokcuanarut unkozameménusiii ruapokcuanarut SP. WHITE SYSTEM BIO, 1-51
SPLAT®, Poccust DJIIOKOHAT IIUHKA, 3(QUPHBIC MaciIa TUMOHA, TpeindpyTa U IepedHon MATHI,

9KCTPAKT JINCTbEB I'PELIKOTO opexa U Bisaboiol, sxcrpakt Oudunodakrepuii
«EXTRA FRESH» Dropun I'mokoHaT MHKA, JUOKUA KpeMHUs, hepMeHT OpomernanHa, MoHopTopdocdar HaTpus, 2-51
SPLAT®, Poccust 3(¢upHBIC Maclia MATHI, FpeinpyTa, SKCTPAKT pataHuu u Bisaboiol, (KOHTPOITB)

HaTypajbHbIe KOMIOHEHTHI Oudunodakrepuii (B. longum, B. bifidum, B. adolescentis)

Llenbio HACTOSIIETO UCCIE0BAHUS SIBUJIOCH CpaBHEHUE Y dek-
THBHOCTH BJIMSIHHS 3yOHBIX NAcCT, COCPIKAIINX THIPOKCHANATUT U
bropun, Ha CTPYKTYPHO-(DYHKIMOHAIBHYIO KapUEeCPE3HCTEHTHOCTD
9MaJTi 3y0OB U CKOPOCTh PEMUHEPATH3AIIUH.

MarepuaJi U1 METOABI

Hacrosimee wccnenoBanue sIBISICTCS KOTOPTHBIM KOHTPOJIUPY-
eMBIM IIPOCIEKTUBHBIM. BKIIIOUEHHE NMAIMeHTOB B HCCIEIOBAHHE
MIPOBOIMIIOCH C YYETOM CIISYIOIINX KPHTEPHEB!

* MOAPOCTKHU JKEHCKOI'O U MY’KCKOTO Iojia B Bo3pacte 1517 jer,
B3pOCIIbIe MYXCKOTO U JKEHCKOT'0 10j1a B Bo3pacte 18-25 neT;

* OTCYTCTBHE BPEJHBIX MIPUBBIYEK U CUCTEMHBIX 3a00/1€BaHHH, Jka-
7100 Ha KCEPOCTOMHIO, & TAK)Ke OTCYTCTBHE MTOCTOSIHHOTO MpuéMa
KaKUX-TTHO0 METMKaMEHTO3HBIX CPEJICTB;

* HaJIM4Me MICHMEHHOTO HH(OPMUPOBAHHOTO COINIACHS MAUEHTa
H, B ClTy4ae HECOBEPIICHHOJIETHHX ITAI[MEHTOB, €r0 WU e€ POIH-
Tellel Ha yJacTHe B NCCIIE0BAaHHN.

Kpurepusmu uckimoueHus: Obtn OepeMEeHHOCTb, JIaKTalus, Ha-
JIMYMe OPTOAOHTUYECKUX KOHCTPYKLMU B MOJIOCTU PTa, ajiieprude-
CKH€ PEaKIIM1 Ha KOMIIOHEHTHI 3yOHBIX MaCT.

Jlo Havama wuccienoBaHUs OBLIO MONYYEHO HH(POPMHUPO-
BAaHHOE COTJIACHe MAIeHTOB WM UX POAWTENEeH Ha ydacTHe.
HccnenoBanne  ObUIO  0MOOpPEHO  ITHYSCKHM  KOMHUTETOM
OI'AOY BO «llepssiit MI'MVY um. U.M. CeuenoBa Munucrep-
cTBa 3apaBooxpaHenust Poccuiickoit @enepannn (CedeHOBCKHI
YHHUBEPCUTET)».

beutn o6cnenoansl 160 uenosek: 80 B Bozpacte 15—17 ner u 80
4yenoBeK B Bo3pacTe 18—25 neT ¢ 0AMHAKOBBIM KOIWYECTBOM MalH-
€HTOB JKEHCKOTO M MYXCKOTO ToJjia B Kakmgoi rpymme. [lanuentam
Ka)XJIO BO3PACTHOHM TPyl OB CIy4aifHBIM 00pa3oM OMpeaeitéH
TUN 3yOHOH macTel (Tadm. 1):

* 1-s rpymma — macra ¢ rugpokcuanarutoM (I'AIT), 6e3 ¢propuna
(rpymma uccneoBaHus);

* 2-s rpymmna — nacta ¢ propuaom (rpyrmma KOHTPOJIS).

The aim of the study was to assess the impact of toothpastes
containing hydroxyapatite and fluoride on resistance to demin-
eralization of enamel and enamel remineralization rate.

Materials and methods

This clinical study was designed as a randomized single-
blind controlled prospective study with age stratification.
The enrollment of the subjects in the study was performed
in accordance with the following criteria:

* adolescents aged 15-17 and adults aged 18-25;

* non-smokers, with no self-reported (or reported by parents)
history of systemic diseases or periodontal disease, no
complaints of xerostomia, no and no regular use of medicines;

* provision of written informed consent by the patients

* or their parents/caregivers.

The exclusion criteria were: pregnancy or lactation, orthodon-
tic treatment, allergic reactions to the components of toothpastes.

Before starting the study, informed written consent was
obtained from all participants (for adults) and their parents/
caregivers (for adolescents). The study was approved by the
institutional Ethical committee of Sechenov university. In to-
tal 160 patients were included in the study: 80 volunteers aged
15-17 and 80 volunteers aged 18-25. The groups were equal
in sex: 80 females (40 from each age group) and 80 males
(40 from each age group) were enrolled in the study. Qualified
subjects from each age group (15-17 and 18-25 years) were
randomly defined to one of the two study treatments (table 1):

* Group 1: HA toothpaste, fluoride-free (test group);

» Group 2: fluoride toothpaste (positive control group).

Table 1
The composition of the toothpastes used in the study in the study group and in the control group
Toothpaste Active substance Ingredients ‘ Group
HA toothpaste, fluoride-free  Calcium Aqua, Hydrogenated Starch Hydrolysate, Dicalcium Phosphate Dihydrate, Group 1
«SENSITIVE ULTRA» hydroxyapatite Hydrated Silica, Glycerin, Sodium Coco-Sulfate, Magnesium Chloride, (test group)
SPLAT®. Russia Cellulose Gum, Aroma, Zinc Hydroxyapatite, Coco-Glucoside, Sodium Bicarbonate,
’ Xanthan Gum, PVP, Magnesium Phosphate, Sea Salt, Bisabolol, Bifida Ferment
Lysate, Mentha Piperita Oil, Menthyl Lactate, Juglans Regia Leaf Extract,
Stevia Rebaudiana Leaf Extract, Ananas Sativus Fruit Extract, Rosmarinus
Officinalis Leaf Oil, Citrus Limon Peel Oil, Citrus Paradisi Peel Oil,
Magnesium Aspartate, Zinc Gluconate, Copper Gluconate, Sodium Benzoate,
Potassium Sorbate, CI 77891, Limonene.
Fluoride toothpaste Fluoride Aqua, Hydrogenated Starch Hydrolysate, Dicalcium Phosphate Dihydrate, Group 2
«EXTRA FRESH» Hydrated Silica, Glycerin, Tricalcium Phosphate, Sodium Coco-Sulfate, (positive
SPLAT®, Russia Aroma, Cellulose Gum, Sodium Monofluorophosphate, Zinc Hydroxyapatite, control)

Magnesium Phosphate, Zinc Gluconate, Menthol, Stevia Rebaudiana Leaf Extract,
Xanthan Gum, Ananas Sativus Fruit Extract, Krameria Triandra Root Extract,
Bisabolol, Menthyl Lactate, Bifida Ferment Lysate, Mentha Piperita Oil,

Citrus Paradisi Peel Oil, PVP, Coco-Glucoside, Sodium Benzoate,

Potassium Sorbate, Citric Acid, Mica, CI 77891, Limonene, Linalool.

Fluoride content — 0,1 % (1000 ppm).
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Fig. 1 The values of the Turesky index in the groups of patients aged 15-17.

[TanueHTsl MONB30BANNCh HAa3HAYCHHBIMH NACTAMH B TEUCHHUE
roga. KoHTponbHBIE OCMOTPHI NMPOBOJWIN B CIEAYIOMINE CPOKH:
1 men, 1, 3, 6 1 12 Mec (OKOHUAHUE HCCIICTOBAHUS).

[lepen HavasoM HCCIIEMOBAHMS BCE MAIMEHTHI OBIIM OOYYeHBI
TEeXHUKEe 4YUCTKH 3yO0oB bacca ¢ ucrnosb3oBaHueM IETOK cpegHel
KECTKOCTH, alTPOKCUMAITbHBIX EPIINKOB U (HIIOCCOB.

Memoowl oyenku d¢hpexmusnocmu 3y0HbIX nacm:

1. Turmenmueckoe COCTOSHHE TMOJOCTH pTa MAlHEHTOB
ompenensuin ¢ nomoinsio uHaekca Quigley&Hein B Mmoanpukanmu
Turesky.

2. Ilanmenram obeux rpym ObDIa IpOBeaeHa OI[eHKa KHUCIIO-
ToycroiunBocTH sMany (TOP-tect o B.P. Okymixo [14]) u ckopoct
pemunepanuzanuu smainu (KOCP3-rect no B.K. Jleontsesy [15]).

Jlns npoenenus TOP-tecTa Ha 5Maib HAHOCUIIM KAIUTIO COJISTHO-
kucnoro Oygepnoro pactsopa (pH 0,3-0,6). Uepe3s MuUHYTY Karuio
CHHMMaJIH, Aanee HaHOCHIH 2% BOJHBINA PaCTBOP METHIEHOBOTO CH-
HETO Ha 5 MHH. B ycnoBHSIX €CTECTBEHHOTO JHEBHOTO OCBEUICHHS
OLICHNBAII MHTCHCHBHOCTH OKpAIIMBAHMS JEMHHEPAIH30BAHHOTO
ydJacTKa, UCTIOIb3Ysl CTAaHAAPTHYIO JIeCATHOALIBHYIO KAy CHHETO
ugera [14].

JUii  KIMHMYECKOH OIIEHKH CKOPOCTH — PeMHMHepaIH3aliu
(KOCPD-tecTa) mOBTOPSIM OKpALIMBAaHKUE IIPOTPABICHHOIO y4acTKa
9MaJld PacTBOPOM METHIIEHOBOTO CHHETO OJMH pa3 B CyTKH JIO TeX
IOp, MOKa OH HE YTPATUT CIIOCOOHOCTH K MpPOKpamMBanuio. Yncmo
CYTOK, B TE€UCHHE KOTOPBIX MPOTPABICHHBIH yYacTOK yTpauHBacT
JTAaHHYIO CIIOCOOHOCTH, SIBIACTCS IHU(POBBIM MOKa3aTelIeM YCTOMH-
YUBOCTH 3y0a K BO3/ICHCTBHMIO KHCIOTHL. DTOT CIOCOO IO3BOJISIET
OLICHUTH KaK COCTOSIHUE MU 3y0OB, TaK M PEMUHEPAIH3YIOIIYIO
CIIOCOOHOCTH POTOBOI! KUAKOCTH.

CrarucTiieckylo 00pabOTKy pe3yJabTaToB HPOBOAWIN OOlie-
MPUHATBIMU CTAaTUCTUYECKUMH METOJAMH C MOMOIIbIO CTaHAAPTHO-
ro 610ka craructuaeckux nmporpamm Microsoft Excel (2007) u SPSS
Statistics 23. J{s onvricaHus KOMMYECTBEHHBIX IIPU3HAKOB PACCUHUTHI-
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The patients were to use the assigned toothpastes for a year.
All the tests were conducted at the following time: at the base-
line, after 1 week, 1, 3, 6 and 12 months (end of the follow-up).

At the baseline, all the patients were taught Bass technique
with the use of medium toothbrushes, flosses and interdental
brushes.

The clinical examination included.:

1. Full dental examination (at baseline). Hygienic in-
dex: Quigley&Hein (modified by Turesky).

2. Test of enamel resistance to demineralisation [14]
and clinical rate of enamel remineralisation [15].

For the assessment of enamel resistance to remineralisa-
tion, one drop of HCI buffer solution (pH=0,3-0,6) was ap-
plied for 1 minute to the vestibular surface of upper central
incisor and flushed with water. Then 2% methylene blue so-
lution was applied to the demineralised enamel surface for 2
minutes and the intensity of dyeing was assessed with the use
of printed 10-grade scale [14].

The assessment of clinical rate of enamel remineralisation
was performed by repeated staining of previously deminer-
alised enamel surface once a day until the staining was not no-
table. The number of days until the full remineralisation (the
absence of staining) was recorded.

Statistical analyses were performed using Microsoft Excel
(2007) and SPSS Statistics 23 statistical software. The data
were not normally distributed and nonparametric statistical
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Fig. 2 The values of the Turesky index in the groups of patients aged 18-25.

BaJIM CpeJHee 3HAUCHHE W CPEeTHEKBAJPAaTUIHOE OTKIOHEHHE IpPH-
3HaKa M, CTaHIapTHOE OTKJIOHEHHWE (/). 3HAYEHHs IMPEICTABICHEI
B ¢opme M + m. Ilpn nampHeineMm aHaaH3e IMOTYYCHHBIX JAHHBIX
OBbUIO TOKa3aHO, YTO pACHpe/iesiCHHe 3HAYCHUH INPU3HAKOB B He-
KOTOPBIX IPyIINax OTINYAIOCh OT HOPMAJbHOTO, BCIIEICTBUE YEro
JIOCTOBEPHOCTh Pa3IMuMi MEX/y I'pyNIaMyd OLICHUBAIMU C WUCIOb-
30BaHUEM Henapamerpuyeckux MetonoB Wilcoxon (ai1s CBA3aHHBIX
rpynn) 1 Mann—Whitney (ans He3aBUCUMBIX Tpynm). s oneHkn
KOPPETAIMOHHOHN CBSI3H MEX/y H3yUCHHBIMHU ITapaMeTpaMu OIpesie-
s ko3¢ duipent xoppemsinun Crimpmena. Pesymbrarel cunTanu
CTaTUCTUYECKU 3HaYUMBbIMU IIpu p < 0,05.

Pe3yabTarhl

Pe3ynbraThl OIEHKH TMTHEHHYECKOTO COCTOSIHHUSI MOJIOCTH pTa
npescTaBIeHk! Ha pyc. 1 u 2. CTaTHCTHYEeCKH 3HAYNMOE CHIDKCHHUE
3HaYeHUH nHjekca Typecku ObUIO OTMEUEHO BO BCEX IpyHIIax IO
CPaBHEHHUIO CO 3HAYEHMSAMH JI0 HauaJla NCCIIE0BaHHI.

B obenx rpymnmax ObIJIO BBIIBICHO YBEJIHYCHHE YCTOHYHMBOCTH
9Malu K JIeMUHEpanu3aluuy. 3HaueHns: yCTOMUMBOCTH SMau K Jie-
MHHEpalU3aliy Ha 3Tare A0 Hayaja MCCIEeIO0BAHHs HE OTINYAIUCh
3HAYUMO MEX[Y rpynnamMu u cocTasisiia 4,3—4,37 (tadmn. 2). Jocro-
BEpHOE YBEIWUCHHE JAaHHOTO MOKa3aTens (CHIKEHHE MHTEHCHBHO-
CTH TPOKpAIINBaHMsI) OBUIO 3aperucTpupoBaHo uepes 1, 6 u 12 mec
B rpynne I'AIl u uepe3 1 Mec B rpymme, UCIIOIb30BaBILEH macTy ¢
¢dTopunom. YUepe3 ron ObUIM BBISIBICHBI JOCTOBEPHBIC Pa3IHUIMS
Mexay 1-i u 2-if rpynnamu B BO3pacTHBIX KaTeropusix 15-17 ser
(p=0,0001) u 18-25 ner (p = 0,0001).

Knunnyeckast CKOpOCTb peMUHEpAIN3aLUK SMaIM Ha Tamax Hc-
CIICIOBAHUS TAaK)K€ yBEIMYMIACH BO BCEX IPYyMIax MO CPAaBHEHHIO
C M3HAYaIBHBIM ypoBHeM (Tabm. 3). Jlo Haganma McciaeoBaHUs STOT
ToKaszareinb y manueHToB 15-17 ner cocrtasm 3,18 + 0,8 (mactsl ¢
TAIT) n 3,2 £ 0,7 gus (mactel ¢ propunom) (p = 0,583) (cMm. Tadm. 3).
Uepes 1oz CKOPOCTh PEMHHEPAITM3ALHHN JIOCTOBEPHO YBEIHUYHMIACH

analyses were performed to assess the significance of differ-
ences between groups: Wilcoxon test (for related samples) and
Mann-Whitney test (for independent samples). All differences
were considered significant at p < 0.05.

Results

The results of oral hygiene assessment are presented in the
figures 1 and 2. A statistically significant decrease of the values
of Turesky index were registered in all groups comparing to the
baseline examination.

An increase in the resistance of enamel to demineralisation
was registered in both groups. The values of enamel resistance
in all the groups at the baseline didn’t differ significantly and
comprised 4.3-4.37 (Table 2). The significant increases in re-
sistance of enamel to demineralisation (i.e. decrease of the in-
tensity of staining) were observed after 1, 6 months, and 1 year
in HA group and after 1 month in fluoride group. At the end of
the study statistically significant differences were registered be-
tween test groups (HA) and control groups (fluoride) of patients
aged 15-17 (p = 0.0001) and 18-25 (p = 0.0001) (table 2).

The clinical rate of enamel remineralization also increased at
the end of the study comparing to the initial results in all groups
(Table 3). At the base line the clinical rate of remineralization
values in the age group 15-17 were 3.18 + 0.8 (HA group) and
3.2 £ 0.7 (fluoride group) days (p = 0.583) (Table 3). After 1
year the average remineralization rates in the same groups in-
creased significantly and comprised 1.6 £ 0.58 (p = 0.0001) and
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Tabnuma 2
YeroiiuMBOCTh 3MAIHN K AeMHHePAIU3alui (HHTEHCHBHOCTb OKpalnBaHus 2% pacTBOPOM MeTUJIEHOBOIO CHHEro),
BoO3pacTHbIe rpynnsl 15-17 u 18-25 ner
3yOHas macra Jlo uccnenoBanus Teprion uccnenopais
1 Hen 1 mec 3 mec ‘ 6 Mec ‘ 12 mec
Bospacmnas epynna 15—17 nem
C runpokcuanarurom, 6e3 propuna 43+ 1,11 4,27+ 1,06 3,67 +0,97* 3,8+ 1,06 3,3+0,79% 2,65 £ 0,69%*
C ¢ropunom (KOHTPOIIb) 4,35+0,97 4,32+0,92 3,72 £0,84* 3,9+0,95 3,85+ 0,86 3,87+0,79
P 0,919 0,923 0,660 0,547 0,004 0,0001
Bospacmuas epynna 18-25 nem
C runpokcuanarurom, 6e3 propuna 4,37+ 1,00 4,35+ 0,86 3,77 £ 0,89% 3,85+0,78 322+0,61*%  2,55+0,713*
C ¢ropuiom (KOHTPOIIB) 437+0,87 437+0,94 3,82 +£0,89* 3,97+0,92 4,07 +0,79 4,05+0,63
P 0,934 0,926 0,727 0,543 0,0001 0,0001

II pumMevaHuc. 3)16CL u B Ta0I. 3: P — YPOBCHb 3HAYUMOCTH pasnnqm‘fl (MC)I(Z[y prHHaMI/I); * pas3anyus CTaTUCTUYCCKU JTOCTOBEPHBI 110 CpaBHE-

HUIO C MPEJbIAYLIIIM U3MEPEHUEM.

[0 CPaBHEHHUIO C M3HAYAIBHBIM ypOBHEM M cocraBmia 1,6 £ 0,58
(»=0,0001) m 3 £0,48 (p =0,0001) nust cooTBeTCTBEHHO. Pazmuuns
MEXK/ly TPYHIIaMH, UCIOJIB30BaBIINMH PA3IMIHBIC TTACTHI, OBIIN J0-
ctoBepHsI (p = 0,0001) .

AHaorMyHbIe pe3yabTaThl ObUTH OTMEUSHBI B BO3PACTHON TPyTI-
ne 18-25 ner (cMm. Tabn. 3). Jlo Hauana ucCaeI0BaHUs KIMHUYCCKAsS
CKOPOCTb peMuHepanu3anuu coctasuia 2,48 £ 0,67 u 2,5 + 0,7 nus
B TpyIIax, UCIONIb30BaBIIMX HacTel ¢ [AIl u ¢propumom cooTBer-
ctBeHHO (p = 0,501); B KOHIIE HCCTIeIOBAHHS TaHHBIN ITOKA3aTelb CO-
crasun 1,4+ 0,5 (p=0,0001)u 3 +0,5 (»p=0,0001) cooTBEeTCTBEHHO.
Paznmunst Mexxy TpyniaMuy, HCTIOIb30BaBIINMHI Pa3JIMIHbIE TTACTHI,
661N ocToBepHEI (p = 0,0001).

Oo6cy:xneHue

B HacTosimieM HCCIeIOBaHMH CPaBHUBAJIOCH BIUSHHE 3yOHBIX
nact, conepkamux [All, u 3yOHBIX mact, coaepikamux GTopu, Ha
CKOpPOCTb pEeMHUHEpaIU3alMi U YCTOMUMBOCTh IMAIU K JEMHUHEpa-
JIN3aluu. I/IH}II/IBI/I}lyaHbHaﬂ TUTHCHA II0JIOCTHU pTa [MalfMeHTOB 6bIJ'la
CTaHJApTU3MPOBAHA HA HAYAIBHOM 3Tarle MCCIICNOBAaHUs: ObUIO pe-
KOMEHJOBAaHO YHCTHTH 3yObl JBaXKABI B JACHb MO METOMMKE Bass ¢
HCTIOJIb30BAaHUEM COOTBETCTBYIOIIECH 3yOHOH MACTBl M MEX3YOHBIX
épmmkoB mwin QroccoB. Kakmoe mocemieHne HaYMHAIOCh C KOH-
TPOJIUPYEMOW YHCTKU 3y0OB. IlallMeHTHI, UCIIONB30BABIINE MACTY
¢ T'AIl, coctaBwin rpymiy HCClIEAOBaHUs, a MALUEHTbl, UCIOJb-
30BaBIIKE MACTy ¢ GTOPUIOM, COCTABUIIM TPYIIy KOHTpouisi. [Ipo-
BEJECHHBIC MCCJICIOBAHUS TOKA3aJId, YTO MCIOJIb30BaHUE B TCUCHUE
rojia mnacrt, cojepkaiux kaxk ¢propusn, trak u [All, mpuBomuT K yBe-
JIMYEHHIO KUCIOTOPE3UCTEHTHOCTH MU M KIIMHUYECKOH CKOPOCTH
pemuHepanuzanuy sMand. OIHAKO y TalUeHTOB, MCIIOIh30BABIINX
nactel ¢ [All, nuramuka Obuta OoJiee BBIpaXkeHa.

3.0 +£ 0.48 (p = 0.0001) days, respectively. The differences
between HA and fluoride groups at the end of the study were
statistically significant (p=0.0001).

Similar results were shown in the age group aged 18-25
(table 3). The clinical rates of remineralization at the base line
were 2.48 = 0.67 and 2.5 + 0.7 days in HA and fluoride groups re-
spectively (p=0.501) while at the end of the study the average val-
ues comprised 1.4 + 0.5 (p =0.0001) and 3.0 £ 0.5 (p = 0.0001)
days respectively. The differences between groups at the end
of the study were statistically significant (p = 0.0001).

Discussion

The present study compared the impact of toothpastes con-
taining HA and fluoride on the resistance of enamel to demin-
eralization and enamel remineralization rate. In the present
study, individual oral care was standardized: each participant
was instructed at the baseline to brush teeth twice a day using
Bass technique in combination with interdental brushes/floss
and only the toothpaste provided. Each visit started with the
re-evaluation of oral hygiene level and repeated oral hygiene
instructions and motivation. The HA groups were considered
test groups and patients who used fluoride-containing tooth-
paste were a group of positive control. The results of the study
have shown that the use of toothpastes containing both fluoride
and HA during one year significantly increased the resistance of

Table 2

The resistance of enamel to demineralization (intensity of staining with 2% methylene blue solution), age group 15-17 and age group 18-25

Toothpaste Baseline Research time
1 week 1 month. ‘ 3 months ‘ 6 months 12 months
Age group 15-17
HA toothpaste, fluoride-free 43+ 1.11 4.27 +1.06 3.67+0.97* 3.8+1.06 3.3+£0.79% 2.65 +0.69*
Fluoride toothpaste 4.35+0.97 4.32+£0.92 3.72 +0.84%* 39+0.95 3.85+0.86 3.87+0.79
p 0.919 0.923 0.660 0.547 0.004 0.0001
Age group 18-25
HA toothpaste, fluoride-free 4,37 +1,00 435+0,86 3,77 £ 0,89% 3,85+0,78 3,22+0,61% 2,55+0,713*
Fluoride toothpaste 4,37+ 0,87 4,37 £0,94 3,82 +0,89% 3,97+0,92 4,07 £0,79 4,05 + 0,63
P 0,934 0,926 0,727 0,543 0,0001 0,0001

Note.p—level of significance (between groups); * - differences statistically significant within group comparing to the previous measurement.
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Tabnuua 3
KimmHuyeckasi ckopocTs (B AHSIX) peMUHePAJH3alMU IMAJIH, Bo3pacTHble rpynnsl 15-17 u 18-25 et
3yOHas racra Jlo uccnenoBaHust TepHon mecneA0BamMA
1 Hen 1 mec 3 mec 6 Mec 12 mec
Bospacmuas epynna 15—17 nem
C ruapokcuanarurom, 6e3 propuaa 3,17+0,81 3,17+0,8 2,8+0,7* 3,02+0,77* 2,52 +0,6* 1,65 +0,3*
C ¢ropusom (KOHTPOIIb) 3,27+0,75 3,26+£0,75 3,02 +0,69* 3,2+0,72% 3+£0,6 2,35+0,2
p 0,583 0,583 0,96 0,248 0,0001 0,0001
Bospacmuas epynna 18-25 nem
C runpokcuanarurom, 6e3 hropuaa 2,47+ 0,68 2,45 +0,6* 2,32 +0,57* 2,57 +0,71* 2,52+0,6 1,47 £0,3%*
C ¢ropunom (KOHTPOIIB) 2,57+0,71 2,46 £ 0,75 2,45+ 0,59% 2,77+ 0,77* 2,85+ 0,62 3,00 + 0,55
P 0,501 0,501 0,301 0,205 0,038 0,0001

CornacHO pe3yiabraTaM MHOXECTBA SKCIEPHMEHTAJIBHBIX HC-
CJIC/IOBAHNH, amIUIMKAUN (TOPUACOAEPKAINIMX 3YOHBIX MAcT U
OI0JIACKUBATEJICH CHI)KAIOT CTEeNEHb M IIyOWHY KHCJIOTHOM JeMH-
HepaJIM3alluy 3Malli 10 cpaBHeHMIO ¢ mianebo [16]. Fowler [17]
HOKa3aj, 4TO 3yOHbIE IAcThl, COAEpIKAIlMe B CBOEM COCTaBe
1426 ppm ¢ropuna marpus win 1400 ppm ammuHOpTOpHIA, 1O-
CTOBEPHO 3alIWINAIOT 5Malb OT KHUCIOTHOH JeMHHEpaIn3aIun
10 CPAaBHEHHUIO ¢ KOHTPONBHBIM 00pa3moM, copepxkamum 0 ppm
¢ropuna. Kpome Toro, dropuncoxepkaiye 3yOHbIE IacThl OKa-
3BIBAJIM 3HAYMMOE TI0 CPAaBHEHHUIO € IUIanedo peMUHepaIu3yonee
JeliCTBHE Ha SMallb, JEMHHEPaJIM30BaHHYIO MO/ BO3/CHCTBHEM
auMoHHOH kucnoThl. Creeth [18] mokasain, yTo ofHOKpaTHasK YHUCT-
ka (ropuaconepkaiieit 3yOHO# macroil criocodcTBOBaIA peMUHE-
panu3alMu M yBETUUMBAJa KUCIOTOYCTOMYMBOCTH TOBEPXHOCTH
SMalld MPONOPIHOHAIBFHO KOHIEHTpauuu ¢ropuaa (Mo KpaifHen
Mepe I0 IOCTHKEeHHs KoHIeHTparuu B 1500 ppm). Dtu skcnepu-
MEHTAJbHBIC TAaHHBIE COOTBETCTBYIOT KIMHHUCCKUM PE3yJbTaraM,
MOJTYYEHHBIM B HACTOSIIEM HCCICIOBAaHUU: PETYISPHOE HCIIOIb-
30BaHUe (PTOPHUACOACPKALIMX 3yOHBIX HacT yepe3 1-3 Mec gocTo-
BEPHO YBEJIMUMBAJIO KUCIOTOPE3UCTEHTHOCTh dMAIM U CKOPOCTh €€
peMuHepaau3annm.

Pemunepanuzyromuit 1 3amuTHelil norenuuan [AIT tax-
e OBUI MOATBEPXKAEH B JKCIEPUMEHTANBHBIX HCCICIOBAHUAX.
Roveri [12] omucan otnoxenue kpuctamioB ['AIl Ha moBepx-
HOCTH SMaJIM M JICHTHHA, KOTOPBIC MOIJIH CIIOCOOCTBOBATh «pe-
TreHepalumy JEeMUHEpPAIN30BaHHOTO Cllos. B wHccienoBaHuu
Lombardini [19] 61 onucan 3amuTHBINA 3PGEKT TacThl, COACP-
xkamed [All, Mo OTHOIICHWIO K JeMUHEpaIU3alui dMaJIi, BbI-
3BaHHOW Bo3zeiicTBueM rasupoanHoro Hamutka (Coca-Cola).
B cooTBeTcTBHM ¢ pe3ynapTaTaMu APYroro 3KCIEePHUMEHTATbHOTO
HCCIIEIOBAHMS, TTOCBAMIEHHOTO OICHKE BIMSHUS 3yOHBIX MacT Ha
MOJIIOBEPXHOCTHYIO JEMHHEPAIN3AIUI0 ICHTUHA U dMalHu Obl-
ybpux 3y0oB, ['All-comepskamue 3yOHbIe TaCcTHl OKa3bIBaJIN Oojee
BBIPQKEHHBIN peMUHEPAIN3YIONH G GeKT Ha ObIYNI JEHTHH 110

enamel to demineralization and enamel remineralization rate.
However, the result in the HA groups were significantly higher
comparing to the fluoride groups.

There has been growing in vitro evidence that demonstrated
the application of fluoride containing toothpastes and mouth-
rinses could reduce the formation and progression of enamel
demineralization compared with placebo controls [16]. For ex-
ample, Fowler [17] found that toothpaste formulations contain-
ing 1426ppm F as sodium fluoride or 1400ppm F as amine fluo-
ride gave significant protection of enamel from acid challenges
in vitro compared to Oppm F placebo toothpaste. Toothpastes
containing fluoride have were beneficial for citric acid softened
enamel remineralization compared to a placebo toothpaste in
vitro. Creeth [18] have shown that after a single brushing, con-
ventional sodium fluoride-silica dentifrices promoted reminer-
alization of early enamel lesions, and increased acid-resistance
of the enamel surface, in a dose-dependent manner at least up
to 1500 ppm fluoride. The results of the present clinical study
suggest that fluoride containing toothpastes were efficient in in-
creasing enamel resistance to acidic treatment and promoted the
rate of enamel remineralization after at least 1-3 months of use.

Remineralizing and protective potential of toothpastes with
HAP has also been confirmed experimentally. Roveri [12] have
described a deposition of HA crystals on the enamel and dentin
surfaces, which could determine the regeneration of a mineralized
layer. In the study by Lombardini [19] a protective effect against
enamel demineralization with Coca-Cola of HA containing tooth-
pastes was also observed. According to the results of another in

Table 3
The clinical rate (days) of enamel remineralization, age group 15-17 and age group 18-25
Toothpaste Research time
Baseline 1 week 1 month. 3 months 6 months 12 months
Age group 15-17
HA toothpaste, fluoride-free 3.17+0.81 3.17+0.8 2.8+0.7% 3.02+0.77* 2.52+0.6% 1.65+0.3*%
Fluoride toothpaste 327+0.75 3.26+0.75 3.02 £ 0.69% 3.2+0.72% 3+0.6 235+0.2
p 0.583 0.583 0.96 0.248 0.0001 0.0001
Age group 18-25
HA toothpaste, fluoride-free 2.47£0.68 2.45+0.6* 232+0.57* 2.57+0.71%* 2.52+0.6 1.47+£0.3*%
Fluoride toothpaste 2.57+0.71 2.46+0.75 2.45+0.59* 2.77+0.77* 2.85+0.62 3.00+0.55
p 0.501 0.501 0.301 0.205 0.038 0.0001

Note.p—level of significance (between groups); * - differences statistically significant within group comparing to the previous measurement.
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CpPaBHEHUIO C MMAacTaMH, coiepkamumu amuHodTopun [12]. Pe-
3yJAbTAThl HACTOSIIEr0 KINHUYECKOTO MCCISIOBAHUS ITONTBEPIH-
JIM pe3yNbTaThl BBIMICOMUCAHHBIX IKCIIEPUMEHTAIBHBIX HCCIIENO-
BaHU. Pemuuepanusyromuii u 3amutHbIi d¢dexTs nact ¢ TAIl
OBUIM JOCTOBEPHO BbIIIE, YeM y (GTOpUACOASPKALMX 3yOHBIX
MacT, ¥ MPOSIBIIAIHNCE YKe uepe3 | Mec mocie Hauana peryiaspHoro
HCTIOb30BaHUS.

3akJ/oueHue

Ucnonb3oBanue ¢ropuacomepxamux u [All-comepkammx
3yOHBIX IIACT C MOCTOSIHHBIM KOHTPOJIEM YPOBHSI TMI'MEHHYECKOTO
COCTOSIHUSI TIOJIOCTH PTa JOCTOBEPHO YBEIMYMBACT KUCIOTOPE3H-
CTEHTHOCTh M CKOPOCTh peMuHepanu3zauun smanu. OnHako sddek-
THUBHOCTS 3yOHBIX nacT ¢ ['AIl 6pu1a JOCTOBEpHO BHIMIE, M 3P (EKT OT
UX MCIIOJIb30BAHHS Pa3BUBAJICS JOCTOBEPHO PaHbIIE, YeM y GTOPHI-
coziepyKaIux 3yOHbIX MacT.
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vitro study on the effects of toothpastes on bovine enamel and
dentine subsurface lesions remineralization, toothpastes contain-
ing nano-hydroxyapatite revealed higher remineralizing effects
compared to amine fluoride toothpastes with bovine dentine [12].
The results of the present clinical study confirmed the results of
the aforementioned in vitro studies. The remineralizing and pro-
tective potential of HA containing toothpastes was evident after 1
month of regular use.

Conclusion

Use of toothpastes containing hydroxyapatite and fluoride in
conjunction with constant control of oral hygiene significantly in-
creased the enamel demineralization resistance and enamel rem-
ineralization rate. However, toothpastes with hydroxyapatite were
significantly more efficient and exhibited its action earlier in time.
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