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Effect of a Titanium Tetrafluoride Varnish in the Prevention and Treatment of Carious Lesions in
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Abstract
BACKGROUND: Titanium tetrafluoride (TiF ;) has regained interest due to new formulations that have been shown to be more effective
against tooth demineralization than sodium fluoride (NaF) formulations in vitro and in situ.

OBJECTIVE: The aim of this study is to evaluate the effect of two types of varnishes (4% TiF 4 and a commercial 5% NaF) on the prevention
of carious lesions and the treatment of noncavitated enamel carious lesions in the permanent teeth of children living in a fluoridated area.

METHODS: This randomized, controlled, parallel and single-blind clinical trial involves 63 children, 6-7 years old, living in Bauru, S&o Paulo,
Brazil. Children were selected according to their caries activity (ie, presence of at least 1 tooth with a Nyvad score of 1) and randomly divided
into the following treatment categories: 4% TiF4 vamish (2.45 % F-, pH 1, FGM); 5% NaF varnish (2.26% F*, pH 5, Duraphat, Colgate) and
control (placebo varnish, pH 5, FGM). The varnishes will be applied on all permanent teeth, once a week for 4 weeks and they will be
reapplied only once 6 and 12 months after the study begins. Two calibrated examiners will carry out the clinical examination (International
Caries Detection and Assessment System ICDAS] and Nyvad indexes, kappa>.8) at baseline, before the first application, after the 1st, 6th,
12th, and 16th month of the study begins. Furthermore, quantitative fluorescence changes will be measured using Quantitative Light-Induced
Fluorescence (QLF). The degree of patient satisfaction with the treatment will also be computed. The data will undergo statistical analysis
(P<.08).

RESULTS: This ongoing study is funded by funding agencies from Brazil (Sdo Paulo Research Foundation, FAPESP-015/14149-1, and
National Council for Scientific and Technological Development, CNPg-401313/2016-6). We expect to confirm the efficacy of TiF, on the
prevention and treatment of carious lesions by comparing it to NaF vamish. The subjects are under 1 month evaluation and the dropout was
about 8%. No differences between the treatments have been detected at the first month so far (P».05).
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Background

Non-carious cervical lesion (NCCL), often termed as a “non-carious cervical tooth surface loss”, is a disease that is
possibly the result of dental abrasions; the prevalence of NCCL increases with age, while occurrence rates vary in
different populations [1]. Dental wedge-shaped defect (WSD) is classified as a typical type of NCCL (the other commonly
seen NCCL type is saucer-shaped defect), and is attributed to hard dental tissue loss in cemento-enamel junction region,
a region vulnerable to the influences of the environment owing to the extreme thin layer formed by the dental enamel
in this region [2]. NCCL is of increasing clinical concern and presents a restorative challenge for dentists. One study
looked at the prevention and restoration of NCCL through developing restorative materials which could minimize the
operational damage and maximize the retention rate of NCCL restoration [3]. Among all the available restorative
strategies, glass-ionomer-based material is considered a conventional choice for the majority of NCCL treatments;
moreover, its composites and compomers have shown excellent efficacy in recent studies [4]. The present study aimed
to compare the restorative efficacy of four restorative materials, including flowable resin composites, Dyract
compomers, light-curing composite resin, and glass ionomer cement (GIC) in WSD restoration.

Mpeanocbinku:

HekapnosHoe nopaxeHue wenkn matkn (NCCL), 4YacTo HasblBaemMoe «beckapnmo3HOW noTtepen NoOBEPXHOCTU
3yba Lwenkn maTtkn», asnseTtca 3abonesaHMeM, KOTOPOE, BO3MOXHO, SBMSETCA pe3ynsrtaToM ccaauH 3y0oB.;

pacnpocTpaHeHHOCTb NCCL yBENNMYMBAETCA C BO3paCTOM, B TO BPEMS KaK YacToTa BCTPEYAEMOCTM pasfnnyHa y
pasHbIx nonynsumin [1]. CTomaTonormyecknin KnMHoBMAHbIN aedekT (WSD) knaccudpuumpyercs Kak TUNNYHbIN
TMN NCCL (Opyron LUMPOKO pacnpoCTpaHeHHbIW Tun NCCL - 310 aedeKT B hopme Taperikm) n obbsacHAeTCA
XXeCTKoW notepto 3yOHOW TKaHM B 06nacTu LLeMeHTHO-3aMarneBoro nepexona, obnactb, ya3snumMas K BNAIOLLMX Ha
OKpY>KaloLLY0 cpeay BCrneacTBue KparHe TOHKOro cros, obpasoBaHHOro 3y0OHOM amarnbio B 3ToM obnactu [2].
NCCL BbI3blBA€T MOBbLILEHHY KAMHUYECKYD 03ab04EeHHOCTb W MpeacTaBnser Ccobon PeCTUTYLMOHHYIO
npobnemy ans cromatonoros. B ogHOM nccnegosaHun n3yvanoch npeaynpexaeHne n BocctaHoBreHme NCCL
nyTemM pa3paboTku BOCCTAHOBUTENbHbLIX MaTepuanoB, KOTopble MOrMn 6bl MUHUMU3MPOBATb ONEpPaLMOHHbIN
ywepb M MakcumMmsnpoBaTb CKOPOCTb yaepXaHusa BoccTaHoBneHust NCCL [3]. Cpeanm Bcex OOCTYMHbIX
BOCCTAHOBUTENbHbLIX CTpaTerMn matepuan Ha OCHOBE CTEKNOMOHOMepa cuYnTaeTcss 0Obl4HbIM BbIGOPOM AnS
bonbwmHcTBa 06paboTok NCCL; Kpome TOro, ero KOMMO3UTbl M KOMMamepbl MoKasann OTINYHYH

3P EeKTUBHOCTb B HEAABHUX uUccrneaoBaHusax [4]. B HacTosiwem ncenegosaHum 6b1510 NpoBeAeHO CpaBHEHME
BOCCTAHOBUTENbHON 3FEKTUBHOCTN YETLIPEX BOCCTAHOBUTENbHBLIX Matepuanos, B TOM YMCNE KOMMO3UTHbIX
KOMMNO3UTOB M3 NOSIMMEPHbIX MaTepmanos, KOMNayHAoB Dyract, CBETOOTBEPXKAAOLLLENCS KOMMNO3UTHOM CMOJSbI U
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METHODS/DESIGN:

From September 2015 to September 2016, a total of 108 patients were admitted at the First Affiliated Hospital’s
Endodontics Department of the Medical School of Xi’an Jiaotong University; patients suffering from dental WSD in maxillary
premolars were enrolled in the study. Inclusion criteria were as follows: 1) patients without any filling treatment; 2) patients
suffering from maxillary premolars with dental WSD; 3) patients without any obvious symptoms; 4) patients with a normal
pulp vitality and no caries lesion; 5) patients did not bleed during probing process; 6) patients with a normal occlusion, the
WSD position being within subgingival 0 ~ 1 mm, with a defect deep into the middle layer of the dentin. Exclusion criteria
were as follows: 1) patients with a history of systemic disease; 2) patients with poor oral hygiene conditions; 3) patients with
periodontal disease; 4) patients with pulp disease; 5) patients taking antibiotics during illness; 6) patients whose filling
materials fell off. Of the 108 patients were enrolled, two cases were excluded (due to loss of follow-up contact). The study
thus included 280 maxillary premolars with dental WSD, from 106 patients (41 male patients and 65 female, between the
ages of 21 and 65 years). Patients were divided into eight groups (n=35) according to WSD positions (approaching gingival
position where the gingival wall margin was in approaching-gingiva or a subgingival position where the gingival wall margin
was under the gingiva within 01 mm), and according to the four restorative materials. Group | was flowable resin
composites + approaching gingival. Group Il was light-curing composite resin + approaching gingival. Group Ill was Dyract
compomer + approaching gingival. Group IV was GIC + approaching gingival. Group V was flowable resin composites +
subgingival. Group VI was light-curing composite resin + subgingival, Group VII was Dyract compomer + subgingival. Group
VIl was GIC + subgingival. The study was approved by the Ethical Committee of the First Affiliated Hospital, Medical School
of Xi’an Jiaotong University. Informed consent was obtained from each participant.



METOObI! / QU3 AWUH:

C ceHT4a6psa 2015 roga no ceHTabpb 2016 roga B oTAeneHun aHaonoHTum MepBon adhdumnmpoBaHHON
6onbHuubl MeguumnHckon WwKonbl YHuBepcuteta CuaHb-LI3soTyH 6bino npuHsaTo 108 naumeHToB.
nauueHTbl, cTpagawowme OT 3yOHOro WSD B BepXHEYENntCTHbIX Mpemornsipax, Oblnn 3a4ncrieHbl B
nccnegosaHue. Kputepum BknrodeHns 6oinm crnegyrowmmn: 1) naumneHTsl 6e3 kakoro-nmbo 3anonHeHus; 2)
nauneHTbl, cTpagatolime BepxXHeYentoCTHbIMK npemosnspamMmu ¢ 3ybHbIM WSD; 3) naumeHTbl 6e3 Kakux-
nmnbo o4EBUOHBLIX CUMATOMOB; 4) NaUMeHTbl C HOPMasibHOW XXM3HECNOCOBHOCTLIO MySbMbl U OTCYTCTBUEM
Kapueca; 5) naumeHTbl He KpPOBOTOYMIM BO BpeMs 30HAMPOBAHMWSA; 6) MauueHTbl C HOpMarbHOW
OKKM03nen, nonoxeHme WSD Haxogutcs B nogaecHeBoM 0-1 MM, ¢ aedekTom rnyboko B cpegHuin Crion
AeHTUHa. Kputepum UCKNOYeHus Obinn  cnegyowmmu: 1) nauyueHTbl C UCTOPUEN CUCTEMHOIO
3aboneBaHnd; 2) nNaumMeHTbl C MNSIOXOW TUIMEHOW MOSIOCTU pTa; 3) NauMeHTOB C MEepUOdOHTalbHOM
BbonesHbio; 4) nauMeHTbl ¢ BOMNe3Hblo MynbMhbl; 5) NauneHTbl, NPUHUMAaOLLME aHTUOMOTUMKM BO BpeMs
BbonesHu; 6) NauneHToB, YbW HanonHuTenu ynanu. 3 108 nauneHToB ObINM 3aperMcTpupoBaHbl, ABa
cny4yasi Obinn UCKMNOYEHbl (M3-3a NOTepu Mnocreaylowero KoHTakta). Takmm obpasom, uccrnegoBaHue
BKMNtoYano 280 BEpPXHEYENCTHbLIX NPEMONAPOB C 3yO6HbLIM WSD, 13 106 naumeHToB (41 My>X4YMHa U 65
XEeHWMH B Bo3pacTe oT 21 Ao 65 neT). lNMayneHTbl 6biNM pasgeneHbl Ha BoceMb rpynn (n = 35) B
COOTBETCTBUM C NOSIOKEHNAMU WSD (Npnbnuxasicb K eCHEBOMY MOMOXEHUIO, B KOTOPOM Kpan AeCHEBOM
CTEHKM Haxoauncs B npubnumxatoenca gecHe unm nogaecHeBOM MOMOXeHUW, rae Kpan CTEHKU OECHbI
Haxoauncsa nog ngecHoum B npegenax 0-1 MM) M B COOTBETCTBUM C YETbIPpbMA pecTaBpaLMOHHbLIMU
MaTtepuanamu. [pynna | npeactaensna cobon Tekyvyme nosiMMepHble KOMMNO3UTbI + Npubnuxkarowmecs K
aecHe. pynna Il 6bina CBETOOTBEPXKAAKOLLENCS KOMMO3UTHOW CMOMON + Mpubnmxkaroencss AeceH.
lpynna Il npeacTaenana cobon komnayHg Dyract +, npubnmxkarowmnnes K gecHe. pynnon IV 6bin GIC +,
npubnmxkarowmncsa K gecHe. pynna V npegcraBngeTr cobor Tekyyme MoSIMMEepHble KOMMO3UTbl +
nogaecHesble. [pynna VI npegctaensina cobOM  CBETOOTBEPXKOAEMYIO KOMMO3UTHYKO CMOny +
nogdecHeBYyto, a B rpynne VII ©bin Dyract compomer + subgingival. pynna VIl 6bina nogaecHeBbIM GIC +.
NccneposaHne 6bi510 ogobpeHo 3Tmyecknm kKomutetoM [lepson addunmpoBaHHOW 60nbHULbI,
MeguuunHckon wkornbl YHuBepcuteta CuaHb-L3soTyH. MHdopMmupoBaHHoe cornacue 6birio Nony4YyeHo ot
KaXkOoro y4acTHuKa.



DISCUSSION:

WSD is a disease that could be the result of various causes, including erosion and
abrasion; and stress erosion is acknowledged as the major cause of WSD [13]. Restorative
treatment has been demonstrated as an effective management strategy for WSD, but
controversies still exist regarding the most suitable material [4]. Our paper focused on
comparing four widely used restorative materials in the restoration of WSD, aiming to
figure out the efficacy of the four materials while shedding a little light on the best
material choice for dental WSD restoration.

OBCYXOEHMUE:

WSD - aTO 3aboneBaHWe, KOTOPOEe MOXET OblTb pes3ynsratoM pasfinyHbIX
NPUYNH, B TOM YUCME 3PO3UN N UCTUPAHUA; U 3PO3UA CTpecca npusHaHa
OCHOBHOW npuynHon WSD [13]. BocctaHoBuTenbHoe nedeHne Obino
NPOAEMOHCTPUPOBAHO KaK apdoekTnBHaA cTpaTterus ynpasrneHna WSD, Ho
CYLLECTBYIOT pa3HoOrnacusa oTHOCUTENbLHO Hanboree Nnoaxoasawero marepuana
[4]. B Hawen paboTe 0CHOBHOE BHUMaHME BbINo yaerneHo CpaBHEHMIO YETbIPEX
LLIMPOKO NCNONb3yeMblX BOCCTaHOBUTESbHbIX MaTepuarnos npwu
BOCCTaHOBIIEHMN WSD, LEeNbio KOTOPbIX ObINO BbISCHUTL 3MEKTUBHOCTb 3TUX
YeTblpeX MaTepuanoB, MNponyckasgs HEMHOro CBeTa Ha nydwun BbIGOP
mMarepuana ang BocCTaHoBreHUs 3yooB WSD.



Result:

Clinical evaluation of the four restorative materials for restoration of WSD by USPHS

After six months of restoration (one case was excluded due to loss of follow-up contact), the overall clinical success
rates for repairing the edge position of the same gingival wall of flowable resin composites and light-curing
composite resin were greater than those of GIC (all p<0.05). After 12 months of restoration (two cases were
excluded due to loss of follow-up contact), the overall clinical success rates of flowable resin composites were
greater compared to those of light-curing composite resin and GIC (all p<0.05). In addition, after six and 12 months
of restoration, the overall clinical success rates of flowable resin composites and light-curing composite resin in the
restoration of approaching gingival WSD and subgingival WSD were not significantly different (all p>0.05), while the
overall clinical success rate of GIC in the restoration of approaching gingival WSD was significantly higher than those
in the restoration of subgingival WSD, thus at the same time, the overall clinical success rate of GIC reached the
lowest comparison with other three materials (all p<0.05)

Pe3ynbTarT:

KrnnHnyeckas OLEeHKa 4eTblpexX BOCCTAaHOBUTEIbHbLIX MaTtepumanoB AJid BOCCTaHOBJIEHUA WSD USPHS [llocne
wectun MmecdueB BOCCTaHOBJ1IEHNA (O,EI,VIH cnyqaﬁl OblN NCKIIOYEH K3-3a notepu cnegdawero KOHTaKTa), o6u.|,v1e
KINMMHNYECKMNE noKa3aTesin ycnexa And BOCCTAaHOBJIEHUA KpaeBOro MoJ1oXKeHnA TOM Xe caMoW ﬂ,eCHeBOI7I
CTEeHKN KOMIMO3NTOB TequeVl CMOIbl U CBGTOOTBGp)K,EI,a}OU.I,eVICFl KOMMO3UTHOW CMO-bl OblNK Bbille, 4EM Y GIC
(BCG p <0,05). MNocne 12 mMecAueB BOCCTAHOBI1IEHNA (,D,Ba cny4yasd ObINN UCKIOYEHbI U3-3a noTtepu cnegawero
KOHTaKTa) 06LLI,VIe KINMMHN4YeCKne nokasartesim yCcrnewHOCTH KOMI'IO3MLI,MI7I CMOMNSAHOM cMOnbl ObiK BGornbLUe no
CpaBHEHNIO C pe3dyJibTaTaMu CBeTOOTBep)K,EI,aeMOVI KOMMO3UTHOMN CcMorbl U GIC (Bce p <0,05). Kpome TOlO,
rnocrne LwecTtn un 12 mecdueB BOCCTaHOBIEHUA O6LLI,VIe KIMMMHN4YeCKne nokasaresim ycrnewHOCTHU KOMI'IO3I/ILI,I/II71
CMOIAAHOW CMOfbl U CBeTOOTBep)K,EI,a}OLLI,eVICFI KOMMNO3UTHOMN CMOJbl npun BOCCTAaHOBITIEHUN I'Ipl/I6J'IVI>KaPOLLI,eFOCF|
AecHeBoro WSD 1 nogaecHeBoro WSD He Oblnn CywecTBEHHO pasnnyHbl (Bce p> 0,05), Toraa kak obuwas
KNUHNYECKUMn ycnex GIC B BOCCTaHOBINEHUMN I'IpMGJ'II/I)Ka}OLLI,eFOCFl aecHesoro WSD ObIN 3HAYNTENBHO BbiLle, YeM
B BOoccTaHoBneHun nogaecHesoro WSD, 1 B TO Xe BpeEMA O6LLI,VII7I KIMMHUYECKNI NoKa3aTesb ycnexa GIC pocTur
CaMoro HM3Koro 3Ha4eHums No cpaBHEHUKO C ApyrmniMn Tpemsa matepuanamm (Bce p <0,05 )



Conclusion:

All in all, the WSD cases restored by GIC presented increased GCF volume and the levels
of GCF-AST, GCF-ALP, and IL-1[3, and the poorer periodontal conditions compared to those
treated with the other three materials, suggested that the clinical success rates of
flowable resin composites, Dyract compomers, and light-curing composite resin were
greater than those of GIC for the restoration of dental WSD. Thus, we concluded that
flowable resin composites, Dyract compomers, and light-curing composite resin were
favorable substitutes for GIC. However, further studies regarding the advantages and
disadvantages of the three novel materials in WSD restoration are needed.

3aknro4eHue:

B uenowm, cnyyam WSD, BocCTaHOBSEHHbIE GIC, NoKka3anu noBblleHHbIn 00beM GCF
N ypoBHU GCF-AST, GCF-ALP 1 IL-1[3, a 6onee HMU3Kne nepuogoHTarbHbIE YCNOBUSA MO
CpaBHEHUIO C TEMU, KOTOpble Dbl 0OpaboTaHbl TPeMA OPpyrMMn MaTepuanamu,
NpeanonoXunn, YTo KNMHNYECKNe CKOPOCTM YCMELUHbIX KOMMO3ULUMNA CMOSAHbIX
cmon, KomnayHabl Dyract M cBeTOOTBepXxgaemasi KOMNo3nTHad cmosia 6binu
bonbuwe, 4em y GIC ans BoccTaHOBIieHUss 3yOoHoro WSD. Takum obpasom, Mbl
NPULLNKM K BbIBOAY, YTO TEKy4YMe MOSIMMEPHbIE KOMMO3UTbI, KoMnayHAbl Dyract w
CBETOOTBEP)XAAEMas  KOMMO3UTHas cMofia  4aBnsawTcd  6raronpuaTHbIMU
3ameHutenamm GIC. OpgHako HeobxoAuMbl danbHeune UCcriegoBaHUS

OTHOCUTENBbHO NPEUMYLLECTB U HEOOCTATKOB TPEeX HOBbIX MaTepuanoB Mpwu
BOCCTaHoBreHnn WSD.



BbiBOA:

CpaBHMBas BIUSHMUE YETbIPEX MATEPMArioB, HaLla
Llenb uccneaoBaHMa 3aksirodanachb B TOM, YTOObI
BbIACHUTbL, KAKOW MaTepuan nokasan ny4yLuyro
9(PPEKTUBHOCTb B BOCCTAHOBITIEHUN
CTOMAaTOJSI0rM4YECKOro KINMHOBUAKOro AedekTta u
YIYYLWNT KNUMHUYECKUN pedynbTaT NauMeHTOB C
KNMMHOBUOHbLIM AedeKkToM. A npuLlnia K BbIBOAY,
YTO TEKy4Me NonMmMepHblie KOMMNO3UThI, KOMMAHUN
Dyract 1 CBETOOTBEPXAaeMad KOMNO3UTHas
cMona aBnsarTca bnaronpUATHLIMU U
COOTBETCBYET HaLLMM KpUTEPUAM.



Cnacubo 3a
BHUMaHue!



