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XXYPHAJ1 BKJIIOYEH B POCCUUCKUA UHAEKC HAYYHOIO LUTUPOBAHUSA

SHOonoHTUA Today — 9TO Hay4HbINM PELLEH3MPYEMBIN XXYPHAUT, BKITIOYEHHBIN B [epedeHb BAK peueH3npyembix HayqHbIX M3AaHNIA, B KOTOPbBIX AOKHbI
ObITb ONY6AMKOBaHEI OCHOBHbBIE PE3YNbTaThl AMCCEPTaLIMA HA COUCKAaHVE YHEHOM CTENEH KaHaMaaTa Hayk, Ha COMCKaHUe y4eHo CTeneHr oKTopa
Hayk, B COOTBETCTBUM C TpeboBaHuAMM Npukasa MuHobpHaykm Poccun. XypHan asnsetcs nHdopMaumoHHbIM napTHepoM CToMaTonorn4eckom
Accoupnaumn Poccuu.

XypHan SHponoHTMA Today 9BNSETCs XypHaNoM C OTKPBIThIM AOCTYNOM, YTO MO3BOMSET Hay4HOMY COOOLLECTBY W LLUMPOKOM OOLWECTBEHHOCTM
nony4ate HEOrPaHNYEHHBIN, CBOOOOHBIV 1 HEMELANEHHBI AOCTYN K CTaTbaM 1 CBOOOOHO MCMONb30BATb KOHTEHT. B xXypHane nyGnvkyloTcs ctatbu
NPaKTVIKYIOLLVX BPaYel-CTOMAaTONOroB 1 Hay4HbIX COTPYAHKOB, MOArOTOBAEHHBIE MO MatTepranam OpuriHanbHbIX HaydHbIX MCCNeaoBaHnii, 0630p0B
Hay4HOW UTEPaTYPbl M KIMHWMYECKMX ClydaeB B 06MacTX TepaneBTUHECKON CTOMAaTONOMM U XVPYPrdeckor SHOOAOHTUYECKOW CTOMAaTonoru,
a TaKkxe paboThl CMEXHbBIX CTOMATONOMMYECKMX CneupanbHOCTEN. HaydHas KOHLENLUMS XypHana No3BONAET Kak Bpadam-CcToMaronoram, Tak 1 Bpadam
06X NPOhUNEN y3HaBaTb O OBbIX 1 NEPEAOBbIX KOHLEMLWMAX B IEHYEHNN KOPHEBBIX KAHANOB 1 NOCAEAHNX AOCTVKEHNSAX B 061aCTN 3HAOAOHTUN.
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Abstract

INTRODUCTION. The dental market is constantly being replenished with new endodontic rotary instruments.
Particular interestis drawn to the safety of using rotary files made in China from new nickel-titanium alloys with
controlled memory wire (CM-Wire), which have undergone special treatment to enhance their elasticity and
breakage resistance.

AIM. Experimental evaluation of the cyclic fatigue resistance of new endodontic rotary instruments TC-Files
Gold STEA (manufactured by VIDEYA, China), made from CM-Wire alloy, using models that simulate root
canals of varying anatomical complexity depending on the angle of curvature and radius of root curvature.
MATERIALS AND METHODS. Original models (patent application No. 2026183756) were used for testing,
simulating three types of root canal curvatures: 45°, 90°, and an S-shaped curvature (450 and 600) with root
curvature radii of 5 mm and 7 mm, respectively, and 5 mm and 3 mm for the S-shaped curvature. Nickel-
titanium TC-files Gold STEA instruments of sizes 20/02, 15/03, 20/04, 25/04, 25/06, 30/04, 30/06, and 35/04
were sequentially fixed in the Geosoft Endoest endomotor. A total of 240 files were tested in the experiment,
with 30 instruments of each size tested until breakage. The following parameters were set on the endomotor
for all instruments: rotation speed of 250 RPM and torque of 3 N-cm. The files were inserted into a groove of
the corresponding size, the endomotor was turned on, and the time until the instrument broke was recorded.
The average time to breakage was calculated for each instrument size. Using a caliper, the length of the
broken piece of each instrument was measured, and the average breakage length for each instrument size
was determined. The number of cycles to breakage was also calculated. Statistical analysis of the obtained
results was performed using multifactorial ANOVA in Statistica 13 software.

RESULTS. The highest resistance to cyclic loads in the root canal models with a 45° curvature and a 5 mm
radius of curvature was demonstrated by TC-files Gold STEA size 20/04. In the root canal models with a 90°
curvature and a 7 mm radius of curvature, as well as with an S-shaped curvature at angles of 45° and 60° and
radii of curvature of 5 mm and 3 mm, respectively, the TC-files Gold STEA size 15/03 showed the greatest
resistance. The lowest resistance to cyclic loads in the root canal models with a 45° curvature and a 5 mm
radius of curvature was observed in TC-files Gold STEA size 35/04. In the models with a 90° curvature and
a7 mmradius of curvature, the least resistance was found in TC-files Gold STEA size 30/06, while in the models
with an S-shaped curvature at angles of 45° and 60° and radii of curvature of 5 mm and 3 mm, respectively,
the least resistance was shown by TC-files Gold STEA size 30/04. For all instrument sizes, breakage occurred
most quickly when rotating in S-shaped canals. For six of the eight sizes (TC-files Gold STEA sizes 20/02,
15/03, 25/04, 25/06, 30/04, and 35/04) produced by Videya, cyclic fatigue accumulated faster when the
instruments were rotated in root canal models with a 45° curvature and a 5 mm radius of curvature, compared
to the models with a 90° curvature and a 7 mm radius of curvature.

CONCLUSIONS. The resistance of files made from CM-Wire alloys to cyclic fatigue depends on the size, taper,
design of the instrument, and the anatomical complexity of the root canal. The risk of instrument breakage is
highestin S-shaped root canal curvatures. In S-shaped canals (curvature of 45° with a radius of 5 mm and curva-
ture of 60° with a radius of 3 mm), TC-files Gold STEA instruments with .04 and .06 tapers are not recommended.
A root curvature of 45° with a 5 mm radius may be more dangerous for most sizes of CM-Wire alloy instruments
than a 90° canal curvature with a 7 mm radius. Therefore, when diagnosing the complexity of root canal anatomy,
both the angle of the root canal curvature and the radius of the curvature should be taken into account.

Keywords: rotary endodontic instruments, Ni-Ti files, TC-files Gold STEA, TC-files, STEA, VIDEYA, CM-Wire,
cyclic fatigue, instrument fracture
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Pesiome

BBELEHWE. CtomaTonornyecknii pbIHOK NOCTOSIHHO MOMNOJIHAETCH HOBbIMW 3HAO040HTUYECKUMM MaLLNHHbI-
MU MHCTPYMeHTamMu. Ocobblii MHTepecC Bbl3biBaeT 6€30MacHOCTb UCM0JIb30BaHUS POTaLMOHHLIX Galinos, 13-
roToBneHHbIx B Kntae n3 HoBbIX HUKENb-TUTAHOBLIX CMIABOB C KOHTPOIMPYEMOM namsTeto dpopmbl CM-Wire,
NoABEPTLUNXCS CreunanbHoi 06paboTke, yBeNMUYNBaOLWLENA NX 3NACTUYHOCTb M YCTOMYMBOCTL K MOJIOMKAM.
LENb NCCIEOOBAHUYA. OkcnepuMeHTanbHas OueHKa YCTOMYMBOCTU K LMKMYECKOM YCTanoCTU HOBbIX
3HAOAOHTUYECKUX POTALMOHHBLIX MHCTPYyMeHTOB TC-Files Gold STEA (npoussoactea VIDEYA, KuTtait), naro-
TOBJIEHHbIX U3 cnnasa CM-Wire, ¢ MCNoNb30BaHMEM MOENEN, UMUTUPYIOLLNX KOPHEBLIE KaHasbl PAa3JINYHOMN
aHaTOMMYECKOM CNIOXHOCTU B 3aBUCUMOCTHM OT yria narnba un pagmnyca KpMBMU3HbI KOPHS 3y0a.

MATEPUANBI N METOAbI. Ans npoBefeHUs UCMbITaHUIA MCNONb30BAIMCb OPUrMHANbHbIE MOAENN (3asB-
ka Ha nateHT N2 2026183756), nmutmnpytome Tpm Buaa n3rmnbos kaHanoB KopHen 3y6oB: 45°, 90°, a Takxe
S-06pasHbIi n3rnd (45° 1 60°) u pagmycamm KPMBU3HbI KOPHEN COOTBETCTBEHHO — 5 1 7 MM, An1a S-06pasHoro
narmnba — 5n 3 mm. Hukenb-TutaHoBble MHCTPYMeHTbl TC-files Gold STEA pa3amepos 20/02, 15/03, 20/04. 25/04,
25/06, 30/04, 30/06, 35/04 nooyepenHo pukcuposanucek B aHaomoTop Geosoft Endoest. Bcero B akcnepu-
MeHTe 6blIM NpoTecTupoBaHbl 240 daiinos, no 30 MHCTPYMEHTOB KaXx40ro pa3amepa UccnenoBanu 40 NosioM-
Ku. [ns BCeX MHCTPYMEHTOB Ha 3HAOMOTOPE YCTaHaBAMBaINCh CReayowme napameTpbl: CKOPOCTb BPaLLEeHMA
250 060pOTOB B MMHYTY 1 3Ha4YeHune Topka 3 H/cm, dainbl norpyxanu B KaHaBKY COOTBETCTBYIOLLLErO pa3me-
pa, BKOYaAM 3HAOMOTOP M 3acekann BpeMs A0 NOAOMKU MHCTPYMEHTA. [N Kaxaoro MHCTPYMEHTa KaXxao-
ro pasmMepa Bbl4MCIANN CpeaHee 3HaYeHne BpeMeHn 00 NoOMKN. [Mpy MOMOLLM LUTAHFeHUMPKYAS, N3Mepsin
OJIMHY OTNOMKa KaXA0ro MHCTPYMEHTA U BbIYUCASNN CPEHEE 3HAYEHWE OJIMHBI OTNIOMKa A1 MHCTPYMEHTa
Kaxaoro pasmepa. PaccunTbiBaam YMCO LMKIIOB A0 NOSIOMKU. CTaTUCTUHECKNIA aHANN3 NOJTyYeHHbIX Pe3ysib-
TaToB NPOBOAUAN NyTEM MHOrOMakTOPHOro AncnepcunoHHoro aHannsa ANOVA B nporpamme Statistica 13.
PE3YJIbTATbI. Hanbonbluyto yCTOMYMBOCTL K LIMKJIMYECKMM Harpy3kam B KaHanax Moaenen ¢ narmnoom 45°
1 paanycom KprBM3Hbl 5 MM npogemoHcTpuposann TC-files Gold STEA pasmepa 20/04, B kaHanax mogenemn
¢ narndéom 90° 1 paanycom KpMBU3HbI 7 MM, a Takxe ¢ S-o6pasHbiM n3rndom ¢ yrnamm 45°, 60° n paany-
camMu KpmBmM3Hbl 5 MM, 3 MM cooTBeTCTBEHHO — TC-files Gold STEA pasmepa 15/03. HanMeHbLUytO yCTORUN-
BOCTb K LMKIMYECKNUM Harpyskam B kaHanax mogenei ¢ narubom 45° n paamycom KpuBuaHbl 5 MM nokasanm
TC-files Gold STEA pa3mepa 35/04, B kaHanax mozener ¢ naruéom 90° n 7 MM pagnycomMm KPUBU3HbI — UH-
ctpymeHTbl TC-files Gold STEA pasmepa 30/06, B kaHanax mogenemn ¢ S-obpasHbiM n3rnbom c yrnamm 45°,
60° n pagnycamm kpuem3Hbl 5 MM, 3 MM cooTBeTcTBEHHO — TC-files Gold STEA pasamepa 30/04. 1nsa Bcex pas-
MEpPOB MHCTPYMEHTOB MOJIOMKM BbICTPEE BCEro HACTynanm npu nx BpalleHnn B S-obpasHbix kaHanax. Ans
MHCTPYMEHTOB LWecTn pasmepos (TC-files Gold STEA pasmepos 20/02, 15/03, 25/04, 25/06, 30/04, 35/04) n3
npeacTaBfiEHHbIX BOCbMM Pa3MepPOB, BbiNyCckaeMsbix npom3soantenem Videya, Lnkamyeckas yCcTanoCTb Haka-
nnuBanack 6bICTPee Npu BpaLLEHNN MHCTPYMEHTOB B KaHanax Moaenei ¢ n3arnbom 45° v paanycom KpnBm3HbI
5 MM B CpaBHEHUM C KaHanamn moaenew ¢ narmnéom 90° ¢ 7 MM paanycom KpMBU3HBI.

BbIBOZbI. YcToinumeocTs dannos na CM-Wire cnnaBoB K LIMKMYECKON yCTanoCTu 3aBUCUT OT pa3mepa, Ko-
HYCHOCTW, An3aiHa NHCTPYMEHTA U OT CIOKHOCTM aHaTOMNYECKMX YCNOBUI KaHana KOPHS. PUCK NONOMKW UH-
CTPYMEHTa MakcumaneH npu S-obpasHoi popme n3rmba KOpHEBOro kaHana. B kaHanax ¢ S-o6pa3HbiM N3run-
60oMm (KprBu3Ha 45° ¢ pagmycomM 5 MM 1 KprBM3Ha 60° ¢ paamycoM KprBmU3Hbl 3 MM) MHCTPYMeHThI TC-files Gold
STEA .04 n .06 KOHYCHOCTU NPUMEHATbL He pekoMmeHayeTcs. M3rmb kopHs B 45° ¢ paaMycoM KpUBM3HbI 5 MM
MOXEeT ObITb 419 60NbLLUMHCTBA PAa3MEPOB MHCTPYMEHTOB 13 crniasa CM-Wire onacHee, yem narnb kaHana 90°
C pagnycom Kpuemn3Hbl 7 MM. CnegoBaTensbHO, NPY ANArHOCTUKE CAOXHOCTU aHaTOMUKM KOPHEBOIO KaHana,
cnenyeT yuuTbiBaTh, Kak yron narnba kKopHeBOro kaHana 3yba, Tak 1 pagnyc KpMBU3HbI KOPHEBOMO KaHana.

KnioueBble cnoBa: pOTALMOHHbBIE SHAOAOHTUYECKNE NHCTPYMEHTbI, HUKENb-TUTAHOBbLIE MHCTPYMEHThI, TC-files
Gold STEA, TC-files, STEA, VIDEYA, HUKENb-TUTAHOBbLIN CM1aB C KOHTPOANPYEMON NaMATbIO GOPMbI, LIKNYe-
cKas yCTanocCTb, N0JIOMKA UHCTPYMEHTOB
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KoH®AUKT nHTepecoB: aBTOPbl COOOLLAIOT 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.
BnaropgapHocTu: GUHAHCUPOBAHME U HANBMAYaASIbHbIE 6N1arofapHOCTY s AEKNAaPUPOBaHUS OTCYTCTBYIOT

Ana uutuposaHua: Tampos B.B., Agamuuk A.A., Mengoca E.1O., Mamegosa J1.A., dununnosa M.., opo-
raHb B.B., CaBuHa M.B. 9kcnepumMmeHTanbHOE UccnegoBaHne LUMKINYECKOM YyCTanoCT HUKENb-TUTAHOBbIX
BPALLAOLLNXCH 9HOOA0HTUHECKNX MHCTPYMEHTOB C KOHTponnpyemon namatbio popmel TC-Files Gold STEA
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INTRODUCTION

The outcome of endodontic treatment directly de-
pends on the thorough isolation of the operative field,
the adequacy of root canal instrumentation, effective ir-
rigation (taking into account the activity of irrigants, the
sequence of solution application protocols, their suffi-
cient exposure, and activation in each canal), adherence
to aseptic conditions during canal drying, the applica-
tion of sealers and fillers, the quality of canal obtura-
tion, and the hermeticity of the post-endodontic resto-
ration [1; 2]. Modern endodontic practice prioritizes the
use of machine-driven nickel-titanium (NiTi) instruments
for mechanical canal preparation. Their use signifi-
cantly accelerates treatment and ensures higher qua-
lity outcomes [3; 4]. Machine-driven NiTi instruments
are constantly evolving, with changes in alloy process-
ing resulting in improved mechanical properties. These
instruments are becoming more flexible and resistant to
stress. However, improper technique, delayed disposal
of worn instruments, or working in severely curved ca-
nals may result in instrument fracture [5-7].

Instrument fractures often worsen the prognosis of
treatment since the retrieval of fragments is associated
with numerous challenges, such as excessive thinning
of root dentin, the risk of strip perforation, overhea-
ting during prolonged ultrasonic tip contact with canal
walls, and the need for specialized skills. Retrieval is not
always successful. Instrument fragments hinder both
mechanical and chemical canal preparation [8; 9].

The main causes of rotary endodontic instrument
fractures are torsional overload (which occurs when an
instrument binds in the canal and the torque exceeds
the file’s strength) and cyclic fatigue accumulation due
to alternating compression and tension while rotating in
a curved canal [10; 11]. Therefore, it is essential to pre-
assess the anatomical features of the canal. In canals
with pronounced curvature and a small radius, instru-
ments made from the latest martensitic alloys, which
possess controlled shape memory and enhanced elas-
ticity, should be used only once.

The shape memory effect of NiTi alloys is the ability
to recover their original shape upon heating above the
transformation temperature. This propertyisinherent to
all NiTi alloys, but the transition temperature from the
martensitic (elastic, deformed) state to the austenitic
(rigid, original) state of the crystal lattice depends on
the alloy’s composition and additional processing. This
temperature can range from —20°C to 110°C.

Standard “silver” austenitic NiTi files have low-tem-
perature martensitic transformation indicators (sig-
nificantly below room temperature). As a result, during
clinical use, they exhibit rigid properties and may cause
canal transportation. In contrast, “gold” NiTi M-Wire
instruments undergo additional thermal treatment du-
ring manufacturing, raising the phase transformation
threshold to approximately 40°C. This makes the alloy
more elastic and resistant to breakage.

Special thermo-electrical processing of CM-Wire,
which alters the phase composition of the martensitic
NiTi alloy, was developed in 2010. The CM-Wire alloy un-
dergoes sequential acid-mechanical, thermal, and non-
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contact electrocharging dielectric treatment, resul-
ting in new properties [12; 13]. The surface of CM-Wire
instruments is strengthened, enhancing their cutting
efficiency and corrosion resistance. Furthermore, the
transformation temperature from the martensitic (elas-
tic) phase to the austenitic (superelastic) phase of NiTi
isincreased [14; 15].

When working in curved canals, CM-Wire instru-
ments do not fully straighten, demonstrating controlled
shape memory. This significantly increases their re-
sistance to cyclic loads compared to conventional NiTi
files, which are stiffer, and M-Wire instruments, where
NiTi undergoes only thermal treatment [16; 17].

The constant introduction of new endodontic in-
struments to the dental market underscores the im-
portance of studying their mechanical properties to
identify optimal usage protocols, risks of fractures,
and potential limitations [18]. Studies often emphasize
that endodontic instruments experience the highest
loads in significantly curved canals [19]. This study eva-
luated the cyclic fatigue resistance of new endodon-
tic TC-Files Gold STEA instruments (manufactured by
Videya, China) made from CM-Wire alloy, determining
the dependence of cyclic fatigue accumulation on in-
strument size, taper, design, and root curvature with
varying radii of curvature.

MATERIALS AND METHODS

The study on cyclic fatigue resistance was con-
ducted for all sizes of the new endodontic rotary in-
struments made of CM-Wire alloy with controlled
shape memory, TC-Files Gold STEA (manufactured
by Videya, China), specifically: 20/02, 15/03, 20/04,
25/04, 25/06, 30/04, 30/06, and 35/04. A total of 240
files were tested in the experiment, with 30 instru-
ments of each size. All TC-Files Gold STEA instruments
have a constant taper and a safe tip. The 20/02 and
15/03 TC-Files Gold STEA instruments have a square
cross-section, while the remaining TC-Files Gold STEA
instruments with .04 and .06 tapers have a triangular
cross-section, are well-centered, and can be used in
curved canals.

For the experiment, specially designed models were
developed to simulate root canal curvatures: a 45° cur-
vature with a 5 mm radius, a 90° curvature with a 7 mm
radius, and an S-shaped curvature with angles of 45°
and a 5 mm radius, and 60° and a 3 mm radius of root
canal curvature. The models were made of metal and in-
cluded a series of individual grooves, each 16 mm long,
mimicking the lumen of a root canal (patent applica-
tion No. 2026183756). The groove sizes corresponded
to each of the tested rotary nickel-titanium endodontic
instruments TC-Files Gold STEA in the following sizes:
20/02, 15/083, 20/04, 25/04, 25/06, 30/04, 30/06, and
35/04, respectively (Fig. 1).

The instruments of each size were sequentially fixed
in the handpiece of a Geosoft Endoest endomotor, in-
serted into the corresponding canal of the model, and
the model and endomotor were secured in a fixture. The
endomotor was set to a rotation speed of 250 revolu-
tions per minute and a torque of 3.0 N-cm for all instru-
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ments. The endomotor was activated, and the time to
instrument fracture was recorded. Ten instruments of
each size were tested to failure in models simulating root
canal curvatures: (1) 45° curvature with a 5 mm radius,
(2) 90° curvature with a 7 mm radius, and (3) S-shaped
curvatures of 45° and 60° with radii of 5 mm and 3 mm,
respectively. For each instrument size, the average time
to fracture was calculated.
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Using a caliper, the length of the fractured fragment
was measured. The average fragment length was calcu-
lated for each instrument size.

The rotation and fracture process was recorded on
video using an iPhone 14 Pro smartphone camera. To
analyze the fracture level of the instrument within the
root canal, a still frame was extracted at the moment of
fracture from the video recording (Fig. 2-4).

Fig. 1. Models for cyclic fatigue testing

Puc. 1. Mogenu ansa nccnenoBaHns UMKINYECKON yCTanocTun

Fig. 2. Breakage level in the root canal model with a 45° curvature and a 5 mm radius of curvature:

A - TC-file 20/02; B — TC-file 15/03; C — TC-file 20/04; D — TC-file 25/04; E — TC-file 25/06; F — TC-file 30/04;
G - TC-file 30/06; | - TC-file 35/04
Puc. 2. YpoBeHb NnepenomMa MHCTPYMEHTA B KaHasie Moaenu ¢ u3arnoom 45° n paanycom KpuBM3aHbl 5 MM:
A - TC-file 20/02; B — TC-file 15/03; C — TC-file 20/04; D — TC-file 25/04; E — TC-file 25/06; F — TC-file 30/04;
G - TC-file 30/06; | - TC-file 35/04
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The calculation of the total number of complete mo-
tion cycles was performed using the formula:

N(cycles) =S X t,

where N(cycles) — the number of complete cycles; S -
the rotation speed; t — the time.

Statistical analysis of the obtained results was con-
ducted using multifactorial analysis of variance (ANO-
VA) in the Statistica 13 software.

RESULTS AND DISCUSSION

The study of the cyclic fatigue of TC-Files Gold STEA
(manufactured by Videya, China) using the developed
models simulating root curvatures of 45° with a 5 mm
radius, 90° with a 7 mm radius, as well as S-shaped cur-
vatures of 45° and 60° with radii of 5 mm and 3 mm, re-
spectively, was conducted using a fixture-mounted en-
domotor handpiece. The following results were obtained.

Video recordings captured the moments of instru-
ment fracture, with still frames extracted at the fracture
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points. The location of the fracture is indicated by an ar-
row in the images.

The analysis of the extracted still frames revealed
the fracture levels of the instruments.

In the cyclic fatigue tests conducted with the root
canal model featuring a 45° curvature and a 5 mm ra-
dius, all tested TC-Files Gold STEA instruments (20/02,
15/03, 20/04, 25/04, 25/06, 30/04, 30/06, and 35/04)
exhibited fractures with fragment lengths of approxi-
mately equal size, occurring in the area of maximum
curvature.

In the tests using the S-shaped root canal model with
curvatures of 45° and 60° and radii of 5 mm and 3 mm,
respectively, all tested TC-Files Gold STEA instruments
(20/02, 15/03, 20/04, 25/04, 25/06, 30/04, 30/06, and
35/04) demonstrated fractures in the area of the sec-
ond apical curvature. One instrument (25/06) fractured
into three separate fragments.

In the tests conducted with the root canal model fea-
turing a 90° curvature and a 7 mm radius, the TC-Files

Fig. 3. Breakage level an S-shaped in the root canal model with a 45°, 60° curvature and a 5 mm,
3 mm radius of curvature: A — TC-file 20/02; B — TC-file 15/03; C — TC-file 20/04; D — TC-file 25/04;
E - TC-file 25/06 (the instrument split into 3 fragments); F — TC-file 30/04; G — TC-file 30/06; | — TC-file 35/04

Puc. 3. YpoBeHb nepesioMma MHCTPyMeHTa B S-06pa3HoM kaHane ¢ narnbamm 45°, 60° n pagmycamm KpMBU3HbI
5 MM, 3 MM cooTBeTcTBEHHO: A — TC-file 20/02; B — TC-file 15/03; C — TC-file 20/04; D — TC-file 25/04;
E — TC-file 25/06 (MHCTpyMeHT packonosca Ha 3 dpparmenTa); F — TC-file 30/04; G — TC-file 30/06; | — TC-file 35/04
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Gold STEA instruments 20/02, 15/03, and 20/04 frac-
tured in the apical portion at the point of maximum curva-
ture (bend radius). The TC-Files Gold STEA instruments
25/04, 25/06, 30/04, 30/06, and 35/04 fractured in the
coronal portion at the start of the curvature.

A cycle is defined as the complete set of movements
of the instrument’s segments and the instrument as
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a whole, starting from any arbitrarily chosen position
and returning to its original position.

The number of cycles was calculated for each instru-
ment in models with canals featuring a 45° curvature
and a 5 mm radius, a 90° curvature and a 7 mm radius,
and an S-shaped canal with curvatures of 45° and 60°
and radii of 5 mm and 3 mm, respectively.

Fig. 4. Breakage level in the root canal model with a 90° curvature and a 7 mm radius of curvature:
A - TC-file 20/02; B — TC-file 15/03; C — TC-file 20/04; D — TC-file 25/04; E — TC-file 25/06; F — TC-file 30/04;

G - TC-file 30/06; | — TC-file 35/04

Puc. 4. YpoBseHb nepesioma MHCTPYMEHTA B KaHasie Moaenu ¢ narubom 90° n pagmycom KpMBU3HbI 7 MM:
A - TC-file 20/02; B — TC-file 15/03; C — TC-file 20/04; D — TC-file 25/04; E — TC-file 25/06; F — TC-file 30/04;

G - TC-file 30/06; / - TC-file 35/04
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Table 1. Summary table of the results of the study of cyclic fatigue of instruments «TC-files (STEA)»
Tabnuua 1. CBogHasa Tabnvua pesynstaToB UCCNeA0BaHNS LIMKINYECKOW YyCTanocT MHCTpyMeHToB «TC-files (STEA)»

Instrument Size

Speed and Torque
Parameters

Average Time to Instrument
Fracture, sec

Average Fragment Length
of the Instrument, mm

Canal with a 45° Curvature and a 5 mm Radius

20/02 S$=250,T=3.0 408+10 7,29+0,02
15/03 S$=250,T=3.0 551+12 5,76%0,01
20/04 §=250,T=3.0 674+14 8,02+0,03
25/04 §=250,T=3.0 2724 7,26+0,02
25/06 S$=250,T=3.0 85+12 7,63+0,04
30/04 S§=250,T=3.0 129+ 11 7,21+0,03
30/06 $=250,T=3.0 77£9 717+0,02
35/04 §=250,T=3.0 47 %1 8,06+£0,04
Canal with a 90° Curvature and a 7 mm Radius
20/02 §=250,T=3.0 473+19 11,92+0,51
15/03 §=250,T=3.0 664+24 9,41+0,21
20/04 S$=250,T=3.0 301+9 5,06+0,06
25/04 $=250,T=3.0 274+3 11,24+0,14
25/06 §=250,T=3.0 151£9 8,32+0,09
30/04 §=250,T=3.0 305%12 8,36+0,07
30/06 S=250,T=3.0 58+ 1 10,83+0,05
35/04 S§=250,T=3.0 1116 11,79+0,16
S-Shaped Canal with Curvatures of 45° and 60° and Radii of 5 mm and 3 mm
20/02 S$=250,T=3.0 61+6 8,11+0,03
15/03 $=250,T=3.0 62+8 8,73+0,02
20/04 §=250,T=3.0 7£1 7,58+0,04
25/04 §=250,T=3.0 4£1 6,87+0,05
9,09 £0,08
25/06 S=250,T=8.0 6+1 1 the instrument fractured
into three fragments (5,67 +3,42)
30/04 S§=250,T=3.0 3+1 5,32+0,12
30/06 $=250,T=3.0 6+ 4,41+0,15
35/04 §=250,T=3.0 4+£1 6,44+0,36
20/02 20/02 20/02
800 800 80
30/06 600 15/03 30/06 600 15/03 30/06 60 15/03
400 400 40
200 200 20
25/06 20/04  25/06 20/04  25/06 0 20/04
35/04 25/04 35/04 25/04 35.04 25/04
30/04 30/04 30/04
B C

Fig. 26. Average time to fracture of each instrument size: A — in canal with a 45° curvature, sec;

B - in canal with a 90° curvature, sec; C — in S-shaped canal with curvatures, sec

Puc. 5. CpenHee Bpems [0 nepenoma MHCTPYMEHTA KaXx40ro pasamepa: A — B kaHae ¢ usrnbom 45°, cek;
B - B kaHane ¢ narndom 90°, cek; C — B kKaHane ¢ S-06pasHbIM U3rnbom, cek
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9.41 5.06
10.83
20 9,00 8.36 8
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104 729 8.02 763 : 4.41
—— 7 o1 8.06
5 s 7.26 : 717
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20/02 15/03 20/04  24/04  25/06  30/04  30/06  35/04

e Canal with a 45° curvature

S-shaped canal

=== Canal with a 90° curvature

Fig. 6. The average length of tool fragments in channels of various types, mm
Puc. 6. Cpep,H;m AONnHa OT/IOMKOB MHCTPYMEHTOB B KaHaJ1aX Ppa3JIM4HbIX TUMOB, MM

Table 2. The number of cycles of the instruments,
according to the results of the study under root
conditions in 45°, 90° and S-shaped

Ta6nuua 2. KonmyecTBo UMKJIOB Y UHCTPYMEHTOB,
no peaysibTataM nccriengoBaHnda B YC10BUAX KOpHeIZ
B 45° 90°n S o6pasHoro

Number of Cycles
Instrument
45° 90° S-shaped
20/02 17006 19717 254+2
15/03 2295+9 2767+6 258+2
20/04 2808+9 1254+5 29+1
25/04 1133+4 1142+4 17£1
25/06 354+£1 629+3 25+1
30/04 5372 1271+6 13+1
30/06 3201 242+1 25+ 1
35/04 196+1 462+2 171
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Example calculation for the 20/02 “TC-Files (STEA)”
instrument with a 45° angle:

N(cycles) =S x t,

where the micromotor speed of 250 revolutions per
minute was converted to revolutions per second:
250+60=4.16666667 revolutions per second.

Thus, N(cycles) = 4.16666667 x 408 = 1700 cycles.

CONCLUSIONS
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Abstract

INTRODUCTION. Theincreasingdemand for esthetic dental treatments hasled to composite resinrestorations
becoming the primary material for posterior tooth restorations. However, polymerization shrinkage remains
challenging, leading to secondary caries and postoperative discomfort. Liners like resin-modified glass
ionomer cement, flowable composites, and lonosit-Baseliner can mitigate this issue.

AIM. To compare the effectiveness of three base liner materials — lonosit Baseliner, nano-filled flowable
composite, and resin-modified glass ionomer cement — in reducing microleakage in Class | cavities restored
with nano-hybrid composite resin.

MATERIALS AND METHODS. Sixty extracted premolars were prepared with standardized Class | cavities and
randomly assigned to three groups (n=20) based on the applied liner: (1) lonosit Baseliner, (2) nano-filled
flowable composite, and (3) resin-modified glass ionomer cement. Following liner placement, all cavities were
restored with a nano-hybrid composite in increments and light-cured. After thermocycling, specimens were
coated with nail varnish except for a 1 mm margin around the restoration and immersed in 2.5% methylene
blue dye for 24 hours. The teeth were then sectioned and examined under a stereomicroscope at x40
magnification. Microleakage was scored according to dye penetration depth. Data were analyzed using the
Kruskal-Wallis test and post-hoc Dunn’s test (p<0.05).

RESULTS. lonosit Baseliner demonstrated the lowest median microleakage score [0.00 (IQR: 0.00-0.75)],
which was significantly less than both the flowable composite group [2.00 (0.00-3.00), p=0.0291] and the
resin-modified glass ionomer group [2.50 (0.00-4.00), p=0.0106]. No significant difference was observed
between the flowable composite and resin-modified glass ionomer groups (p >0.9999).

CONCLUSIONS. Although none of the tested liners completely eliminated microleakage, lonosit Baseliner
provided significantly better marginal integrity compared to the other liners tested. This suggests that material
selection, particularly a liner with lower polymerization shrinkage and appropriate mechanical properties, can
improve the longevity and success of posterior composite restorations.

Keywords: composite resins, dental cavity preparation, glass ionomer cements, microleakage, nanohybrid,
polymerization
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Pe3ioMe

BBEOEHUWE. PacTywnin cnpoc Ha acTeTndeckne CTOMAToNIorMyeckme npouenypbl NpuBes K TOMy, YTO
KOMMO3UTHbIE CMOJIbl CTasIM OCHOBHLIM MaTtepuanom A pectaspaunm 3yboB B 3agHux otaenax. OgHako
nonMepmnsalmMoHHas ycajaka ocTaeTcs cepbe3Hon NnpobnemMoi, Bbi3biBas pa3BuTUE BTOPUYHOIO Kapue-
ca 1 nocneonepaunoHHbin gnckomeopT. lNoaknagoyHbie MaTepuansl, Takme Kak MoauduumpoBaHHbIN
CMOJIO CTEKNIOMOHOMEPHbIN LEMEHT, TeKy4me KomnosuTtbl 1 lonosit Baseliner, MOryT nomoyb B peLlieHumn
aTon Npobnemsl.

LIE/Ib. CpaBHUTbL 3dPEKTMBHOCTL TPEX NOAKIAA04YHbIX MaTepmanos — lonosit Baseliner, Teky4yero komno-
31UTa C HAHOHAMNOMHUTENEM N MOANDULMPOBAHHOIO CMOJION CTEKSIOMOHOMEPHOIO LLEMEHTA — B CHUXEHUN
MWKPOMPOHULLIAEMOCTU B NONOCTAX | kKnacca, BOCCTAHOBEHHbIX HAHOMMBOPUAHON KOMAO3UTHO CMOJION.
MATEPUAJIbI MU METO/LbI. LUecTbaecaT yoaneHHbIXx NPeEMONSPOB OblIM NOATOTOBEHbLI C UCMOJIb30BAHUEM
CTaHOapTHbIX NONocTen | knacca u cnyvyanHbiM 06pasomM pasaeneHbl Ha Tpu rpynnbl (1 =20) B 3aBUCMMOCTU
OT NPMMEHSAEMOro nogknagoyHoro matepuana: (1) lonosit Baseliner, (2) Teky4uint KOMNO3UT C HAHOHAMNON-
HuTenem, (3) MmoanduULMPOBaHHbLIN CMONION CTEKJIOMOHOMEPHBLIN LeMeHT. locne HaHeceHus nogknaaku
BCE NOJIOCTU BOCCTAHABNMBAINCb HAHOTMOPUAHO KOMNO3UTHOM CMOJI0IA MOCNOMHO C NocfieayoLwen no-
nmepusauueli ceetoM. lNocne TepMoumnKInpoBaHms 06pasubl MOKpbIBAIN 1akoM, ocTasfsas 1 MM No kpato
pecTaBpauum, n norpyxanu B 2,5% pactBop METUIEHOBOIO CUHENO KpacuTens Ha 24 yaca. 3atem 3yObl
paspesanu n uccnenoBanu nog cTepeoMmnKpocKonom ¢ ysenmieHmem x40, MMkponpoHNLLaeMOCTb OLLEHU-
BaJin no rny6|/|He NMPOHNKHOBEHNA KpacuTtenqd. ﬂ,aHHbIe aHann3npoBasim ¢ NCNoNb3oBaHMEM TeCcTa prCKa-
na-Yonnuca n noct-xok tecta JaHHa (p < 0,05).

PE3YJIbTATHI. lonosit Baseliner npooeMoHCTpMpOBan HauMEHbLUWA MeOWaHHbI Mnoka3aTenb MUKPO-
npoHuuaemoctun [0,00 (IQR: 0,00-0,75)], 4To 6bINO 3HAYUTENILHO HUXE, YEM B rpynmne ¢ TeKy4nm KOM-
no3mtom [2,00(0,00-3,00), p=0,0291] n rpynne ¢ mMoandPUUNPOBAHHBIM CMOJIO CTEKJIOMOHOMEPOM
[2,50 (0,00-4,00), p=0,0106]. 3Ha4YMMbIX pasnuynii Mexay rpynnamm ¢ TeKy4mmMm KOMNO3mMToM u Mmoandu-
LLMPOBAHHbLIM CTEKJIOMOHOMEPHbIM LLEMEHTOM He BbiSiB/IEHO (p >0,9999).

BbIBObl. HecmMOTps Ha TO, 4TO HM OAMH N3 NPOTECTMPOBAHHbLIX MATEPUAJIOB MOJSIHOCTLIO HE YCTPaHWUI MU-
KpOnpoHuLLaeMocTb, lonosit Baseliner o6ecneunn 3Ha4ynTeNbHO NyYLLYO KPaeBylo LLeNIOCTHOCTL N0 CpaBHe-
HUIO C ApYrMMmn nogknaakamn. 9To CBUAETENbCTBYET O TOM, YTO BbIOOP MaTepmana, B 4HaCTHOCTW NOAKNaaAKN
C MUHUMAJIbHOM NONMMEPU3ALMOHHOM yCaaKOW 1 COOTBETCTBYIOLLMMN MEXAHNYECKUMU CBOMCTBAMU, MOXET
NMOBbLICUTb A0JIFOBEYHOCTb U yCrex pecTaBpaumini 3aaHnx 3y6oB.

KnioueBble cnoBa: KOMMNO3UTHbLIE CMOJIbl, MOArOTOBKA 3YOHbLIX MOSIOCTEN, CTEK/IOMOHOMEPHbIE LIEMEHThI,
MUKPOMPOHMLLAEMOCTb, HaHOrMGpKa, NoNMMepusaumns

UHdopmauumsa o ctatbe: noctynuna — 29.11.2024; ncnpaenena — 09.01.2025; npunara — 11.01.2025
KOoHGAUKT nHTepecoB: aBTOPblI CO0OLLAOT 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.
BnarogapHocTu: GMHAHCUPOBAHWE U MHAMBUAYaNbHblE 6NarofapHOCTY ANs AeKNapupoOBaHUs OTCYTCTBYIOT.

Ana untuposaunms: LLiensn C., Aynax b.K., Ocsan 1., KxantaH A., MpasuH A., Oxaaxas K.P. Ponb noaknanouy-
HbIX MaTepunanoB B CHMXEHNN MUKPOMNPOHUNLLIZEMOCTU B KAPUNO3HbLIX MOMOCTAX | Knacca, BOCCTaHOBJIEHHbIX
HaHOrMGPUAHBIMM KOMNO3NTamu: nabopaTopHoe nccnegoBaHve. NogknagoyHele MaTepuansl U MUKPOMPO-
HULLAEMOCTb MpU pecTaBpaumnsax HaHOrMOGPUAHBIMU KOMMNO3uTaMu. SHAo4oHTusS Today. 2025;23(1):15-21.
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INTRODUCTION

The growing demand for esthetic dental treatments
has led to composite resin restorations becoming the
preferred choice for replacing failed amalgam resto-
rations and as the primary material for posterior tooth
restorations. Recent advancements in composite
resins have significantly enhanced their mechanical
properties, wear resistance, and esthetic appeal [1].
However, one of the main challenges with composite
resins remains polymerization shrinkage. During light
curing, resin monomers shrink by 1.67% to 5.68%,
generating internal stress within the material. This
shrinkage stress can lead to cuspal deflection, enamel
fracture, marginal discoloration, and microleakage,
which are major factors contributing to secondary
caries and postoperative discomfort. Minimizing po-
lymerization shrinkage remains a critical area of re-
search in restorative dentistry [2].

The use of liners has emerged as an effective stra-
tegy to mitigate the effects of polymerization shrin-
kage. Resin-modified glass ionomer cements, often
used as a base, offer improved mechanical strength
and quicker setting times while being less technique-
sensitive. Their use as liners under composite restora-
tions has been shown to reduce polymerization shrin-
kage, potentially minimizing microleakage and the risk
of secondary caries [3]. Flowable composites are also
commonly used as base or liner materials due to their
higher organic matrix content, which improves their
flow characteristics. However, this also leads to greater
polymerization shrinkage compared to hybrid compo-
sites. Despite this, their lower Young’s modulus allows
them to absorb internal stresses more effectively, ma-
king them a viable option to help control shrinkage
stress during curing which can in turn reduce the mi-
croleakage [4]. lonosit-Baseliner, a newer base liner
material, combines the beneficial properties of both
glass ionomers and composites, also known as com-
pomers. According to the manufacturer, lonosit-Base-
liner has an expansion rate of approximately 1%, which
can counterbalance the shrinkage stress of overlying
composite resins, potentially enhancing marginal in-
tegrity and reducing the microleakage [5].

This laboratory-based study seeks to compare the
effectiveness of resin-modified glass ionomer cement,
flowable composite, and lonosit base liners in redu-
cing microleakage in Class | cavities restored with nano-
hybrid composite resins, using dye penetration tests to
assess the marginal integrity. While few previous studies
have examined the comparative effects of these three
lining materials, this research seeks to provide insights
into their relative performance in reducing microleakage.

MATERIALS AND METHODS

Selection of Teeth. Sixty premolars, extracted for
orthodontic purposes, were chosen for this study. The
teeth were thoroughly cleaned and preserved in a 0.5%
chloramine solution at 4°C until required for experimen-
tation. Each tooth was inspected under x10 magnifica-
tion with an optical microscope to confirm the absence
of cracks, defects, or caries.
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Cavity Preparation. Standardized Class | cavi-
ties were prepared on each tooth using a high-speed
handpiece with water coolant. The cavity dimensions
were approximately 4 mm in width, 2 mm in height, and
1.5 mm in depth. The cavosurface margins were de-
signed with butt joint with rounded internal line. A new
bur was employed after every five cavity preparations to
maintain consistency. AWilliam’s periodontal probe was
utilized to verify the cavity dimensions.

Restorative Procedure. The tooth samples were
randomly divided into three groups (n=20) based on
the liner materials applied as per the manufactures di-
rections:

Group 1: A 1 mm layer of lonosit Baseliner was ap-
plied to the pulpal floor and cured for 40 seconds.

Group 2: A 1 mm layer of nano-filled flowable com-
posite was applied, then cured for 20 seconds.

Group 3: A 1 mm layer of light-cured resin-modi-
fied glass ionomer cement was applied and cured for
20 seconds.

After the liner was applied, each cavity was restored
incrementally with a nano-hybrid composite, which was
cured for 20 seconds per increment.

Marginal Microleakage Evaluation. The resto-
rations were polished 24 hours after placement using
finishing diamond burs and sequential abrasive disks
(Sof-Lex, 3M ESPE). The specimens were subsequently
stored in distilled water at 37°C for seven days before
being subjected to 800 thermal cycles between 5°C and
55°C, with a 30-second dwell time for each cycle. Each
specimen was coated with two layers of nail varnish,
leaving a 1 mm margin around the cavity edges. Sticky
wax was applied to the apex, and the specimens were
then immersed in a 2.5% methylene blue dye solution
for 24 hours at 37°C. After dye immersion, each speci-
men was rinsed with tap water, and the nail varnish was
removed using a BP blade. The specimens were longi-
tudinally sectioned through the center buccolingually
of each restoration using a water-cooled, low-speed
diamond disc. The sectioned halves of the teeth were
then examined under a stereomicroscope at x40 mag-
nification to evaluate microleakage. The linear diffusion
of the dye from the external margin was measured for
each sample. The extent of microleakage was recor-/
ded based on the penetration of dye between the tooth
structure and the restoration, and scored according to
the established criteria as follows:

Score 0: No leakage visible.

Score 1: Dye penetration along the cavity wall, less
than half the cavity depth.

Score 2: Dye penetration along the cavity wall, more
than half the cavity depth.

Score 3: Dye penetration reaching and spreading
along the axial wall.

Figure 1 depicts the stereomicroscopic evaluation
for the three study groups.

Statistical Analysis. The results were statistically
analyzed using the Kruskal-Wallis test, followed by post-
hoc Dunn’s test for pairwise comparisons between
groups, as the scores were ordinal. A significance level of
p<0.05 was applied for the statistical analyses.
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Fig. 1. Microleakage assessment using a stereomicroscope for: A — group I: lonosit base liner; B — flowable

composite; C - resin modified glass lonomer cement

Puc. 1. OueHka MMKPOMPOHULLAEMOCTU C UCMOJIb30BAHMEM CTEPEOMMKPOCKOoNa ans: A — rpynnel I: 6a3oBoro
nanHepa lonosit; B — Teky4ero komnosuta; C — MoanduumpoBaHHOro CMOJION CTEKSIOMOHOMEPHOIO LLlEMEHTa

Table 1. Descriptive statistics (median and
interquartile range) and Inter-Group comparisons
of microleakage scores of the three study groups

Tao6nuua 1. OnucarenbHaga ctaTucTuka

(MeomaHa 1 MexkBapTUIIbHbIN pa3max)

1 MEXIPYNnOBbIE CPABHEHUS MOKa3aTenemn
MWKPOMPOHULLAEMOCTU B TPEX UCCNEAYEMbIX FpyNnax

Groups Microleakage scores p-valuet
I(n=20) 0,00 (0.00-0.75)*
Il (n=20) 2.00(0.00-3.00)" <0.001*
Il (n=20) 2.50(0.00-4.00)"

Note: n — number of samples per group; T — analyzed by the
Kruskal Wallis test; § — analyzed by Friedman’s ANOVA test.
Different superscript letters indicate significant differences
between the pairs of cross-sectional levels for each study
group. * statistically significant (p<0.05)

lMpumedanus: n — konnyecTso 06pasuoB B rpynne; T — aHanns
NpPOBeAeH C ucnonb3oBaHmem Tecta Kpyckana-Yonnuca; § —
aHanmM3 NpoBeAEH C UCMONMb30BAHMEM OMUCMEPCUOHHOIO aHa-
nn3a dpugmana (ANOVA).

N
o
1

Number
of Specimens
>
1

0 Group | Group Il Group Il
Study Groups
Microleakage scores
() (| 2 3 4

Fig. 2. Distribution of Microleakage scores
for the study groups

Puc. 2. PacnpepeneHne nokasartenem
MUKPOMNPOHNLAEMOCTU ON1F UCCIeAyEeMbIX rpyrnn

dHdodoHmus
T

RESULTS

Group | demonstrated the least microleakage
scores with a median of 0.00 (IQR: 0.00-0.75), fol-
lowed by Group 11 [2.00 (IQR: 0.00-3.00)] and Group I
[2.50 (IQR: 0.00-4.00)]. Pairwise comparisons re-
vealed significant differences between Group | and
Group Il (p=0.0291) and between Group I and Group llI
(p=0.0106), while no significant difference was ob-
served between Group Il and Group Il (p>0.9999). The
median scores have been tabulated in Table 1 and the
distribution of scores has been illustrated in Figure 2.

DISCUSSION

Composite materials have evolved from macrofilled
to microfilled formulations, and more recently, hybrid
and novel filler systems like nanohybrids, true nano-
composites, and nanoclusters have been introduced.
During the curing of resin composites, polymerization
shrinkage occurs, leading to the generation of con-
traction stresses. The extent of this shrinkage and the
resulting stress are critical factors that lead to clinical
problems like postoperative sensitivity, inadequate
marginal fit, and the recurrence of caries. Polymeriza-
tion shrinkage is affected by several factors, such as the
filler content, the nature of the filler particles, and the
type of monomer systems used [6; 7].

This study employed standardized Class | cavities,
considering the “C-factor” — the ratio of bonded to un-
bonded surfaces, which has a significant impact on po-
lymerization shrinkage. Additionally, all specimens were
subjected to thermocycling to simulate oral environ-
mental conditions, thereby enhancing the effectiveness
of the study in detecting microleakage [8].

Incorporating an “elastic” base or liner material
has been proposed as a potential solution overcome
the limitation of composites Materials like resin-modi-
fied glass ionomer cement, flowable composites, and
lonosit base liner have a lower modulus of elasticity,
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which makes them more flexible and able to undergo
plastic deformation, reducing the effects of polymeriza-
tion shrinkage. The natural flow and capacity of these
molecules to adjust their positions and orientations help
offset the stresses from polymerization shrinkage, thus
supporting the integrity of the adhesive bond. This study
aimed to evaluate the effectiveness of these three base
liners in mitigating microleakage under Filtek Z350XT,
a nanofilled composite recognized for its high compres-
sive strength with reduced polymerization shrinkage,
was consistently used as the standard material across
all groups [9].

Microleakage is generally examined using in vitro
models rather than in vivo techniques. The methods
employed for assessment can be categorized into tra-
ditional and modern approaches. Earlier techniques,
including air pressure, fluid filtration, electrochemical
analysis, neutron activation, bacterial penetration, and
artificial caries creation, were inadequate in accurate-
ly replicating microleakage scenarios. Consequently,
these have been largely replaced by more advanced
methods. Contemporaryapproaches, suchasdyepene-
tration and radioisotope techniques, are often coupled
with stereomicroscope analysis [10]. In this study, the
dye penetration method was utilized to evaluate micro-
leakage due to its advantages, including the absence of
reactive chemicals or radiation exposure and the avai-
lability of various dye options, which make it both practi-
cal and dependable. Among the dyes, methylene blue
is widely recognized for microleakage analysis because
its low molecular weight allows it to penetrate even the
most inaccessible areas effectively [11].

The current study employed a total-etch technique
for groups 1 and 2, which is in accordance with the fin-
dings of a similar study by Pattama et al. Their research
demonstrated that using a fifth-generation bonding
agent resulted in the total-etch system exhibiting lower
microleakage, with reduced dye penetration compared
to the self-etch system. This aligns with several previ-
ous studies showing that functional stresses play a im-
portant role in the degradation of adhesive bonds. Re-
peated mechanical loading causes micro-fractures and
cracks within the resin composite, and multi-step adhe-
sive systems have been found to perform better in vitro
tests than single-step adhesive systems [12].
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The current study found that the lonosit base liner ex-
hibited the lowest degree of microleakage in comparison
to the other groups. This reduced microleakage is likely
due to the lonosit base liner’s diminished polymerization
shrinkage, which leads to decreased stresses transmit-
ted to the underlying dentin. The stress transferred to
the dentin is influenced by the mechanical properties
of the liner, particularly its stiffness. When the liner layer
has a relatively high stiffness, it becomes less effective in
mitigating the residual stress through deformation. Ad-
ditionally, if the Poisson’s ratio of the liner is excessively
high, it may induce undesirable lateral deformation, in-
creasing the residual stress transmitted to the dentin.
Furthermore, lonosit base liners possess antimicrobial
properties comparable to other liners due to their fluo-
ride release, which can potentially reduce bacteria in the
prepared dental cavity walls [13; 14].

The present study found that none of the base liner
materials were able to fully eliminate the occurrence of
microleakage. This investigation corroborates previous
research on microleakage associated with resin com-
posite restorations, indicating that leakage is a common
rather than exceptional finding. Furthermore, consis-
tent with existing literature, variations in the intermedia-
te materials employed were unable to completely miti-
gate microleakage [15; 16].

CONCLUSION

In conclusion, this study underscores the persistent
challenge of microleakage in resin composite restora-
tions, despite advancements in materials and tech-
niques. While none of the tested liners could entirely
eliminate microleakage, lonosit demonstrated a rela-
tively lower level of leakage, likely due to its reduced
polymerization shrinkage and stress-transmitting prop-
erties. The results affirm that the mechanical properties
and formulation of base liners significantly influence
their performance in mitigating shrinkage-induced
stresses. However, microleakage remains a prevalent
issue, even with optimized filler compositions and ad-
vanced bonding systems. These findings highlight the
need for continued research into innovative materials
and techniques to further reduce microleakage and im-
prove the long-term success of resin composite resto-
rations in clinical practice.
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Abstract

INTRODUCTION. The mandibular canal (MC) is a critical anatomical structure that houses the inferior alveolar
nerve (IAN). Its juxtaposition to the apices of the mandibular posterior teeth has significant clinical conse-
quences for dental implant placement and endodontic procedures. Despite its importance, limited data exist
on its anatomical variations in the Eastern Indian population.

AIM. This study aimed to evaluate the distances between the MC and root apices of mandibular premolars and
molars, considering age and sex differences.

MATERIALS AND METHODS. This retrospective Cone Beam Computed Tomography (CBCT)-based obser-
vational study included 111 participants aged 18-50 years. Distances from the MC to the root apices of man-
dibular premolars and molars were measured using CBCT scans. Spearman’s correlation test was employed
to assess the relationship between age and the measured distances. Distances between genders were com-
pared using the Mann-Whitney test, and Friedman’s ANOVA analyzed intragroup variations. An alpha level of
five percent was considered as a level of statistical significance.

RESULTS. A positive correlation was observed between age and the distance from the MC to root tips. Males
exhibited greater distances compared to females. Significant pairwise comparisons showed differences be-
tween the second premolar and both roots of the first and second molars. No discernible differences were
found between sides (right versus left). Notably, molar root tips, especially second molars were closest to the
MC, with distal roots showing the greatest variability.

CONCLUSIONS. The study emphasizes the necessity of precise preoperative evaluations in endodontics and
implantology to reduce the incidence of IAN injuries by highlighting age-related increases in the MC to tooth
root apices distances, especially in males.

Keywords: aging, cone-beam computed tomography, inferior alveolar nerve, mandibular canal, tooth apex
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BBELEHWE. HuxHeuventocTHoM kaHan (HYK) asngeTcsa BaXKHOM aHAaTOMUYECKON CTPYKTYPON, coaepxallen
HUxHeventocTHo Heps (HYH). Ero 61m3ocTb kK BEpxXyLLKaM KOPHEN 3aaHUX 3yO0OB HUXHEWN YenioCcTu nmeeT
CYLLLECTBEHHbIE KJIMHMYECKME MOCNEeACTBUS NP NPOBEAEHUN AeHTaNlbHOM UMMIaHTauum 1 3HO040HTHNYe-
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CKOro fieyeHuns. HecMoTps Ha 3HaYMMOCTb JaHHOW CTPYKTYPbI, CyLWecTByeT OrpaHN4eHHOe KOIMYeCTBO AaH-
HbIX O ee aHaTOMMYECKMX Bapuaumnsax Cpean HaceneHnsa BOCTouHom NHgun.

LIESTb. OueHuTb pacctosHue mexay HYK 1 BepxyLukaMmmn KOpHen NPeMOsIIPOB 1 MONSIPOB HUXHEN YenioCcTu
C Y4€TOM BO3PACTHbIX U MOMOBbIX PA3/INHUA.

MATEPUAJBI N METOAbI. B peTpocnekTuBHOE 06CEpPBALMOHHOE UCCIEA0BAHME HA OCHOBE KOHYCHO-y-
yeBON kKoMMbloTepHoM Tomorpadpum (KJIKT) 6binm BkatoveHbl 111 yyacTHUKoB B Bo3pacTte oT 18 oo 50 ner.
PaccTosaHusa ot HYK 0o BepxyLiek KopHen NPeMONSPOB U MONSPOB HUXHEN YENIOCTU N3MEPSNNCH MO AAHHBLIM
KJIKT. Ons oueHKn KOPPENSILUUn Mexay BoO3pacToM N USBMEPEHHBLIMU PACCTOAHMAMU NPUMEHSICS KOppens-
LUMOHHBIN TecT CnupmeHa. CpaBHEHUE PACCTOSHUIA MeXAY MYXYMHAMU U XEHLLMHAMWN NPOBOANIIOCE C UC-
Nonb30BaHMeEM Kputepmnsa MaHHa-YUTHW, a BHYTPUrpynnoBbIE PA3INYMG aHAIN3NPOBANCH C MOMOLLbIO AUC-
nepcuoHHoro aHanusa Ppuamana. CTatmcTnyeckas 3HaYMMOCTb yCTaHaBAMBanach Ha yposHe 5% (o = 0,05).
PE3YJIbTATbI. BeiiBneHa nonoxmtenbHasa KOppensums mexay Bo3pactomMm 1 pacctosHuem ot HYK oo Bep-
XyLleK KOpHel 3y60B. Y MyX4MH AaHHble PACCTOSHUSA Oblnn OOMbLUE, YEM Y XEHLLMH. 3HAYMMbIE NapHble
pasnuuns HabniaanMcb MeXAy BTOPbIM MPEMOAISPOM U 060MMM KOPHSIMW MEPBOr0 U BTOPOro MOJISPOB.
CyLUeCTBEHHbIX pa3nuuuii Mexay NpaBon 1 IEBOV CTOPOHAMK He 0OHapyxeHo. Hanbonee 6nmn3koe pacno-
noxexue k H4K otmevanoch y KOpHei MonsipoB, 0COHBEHHO BTOPbLIX MOISPOB, NPU 3TOM ANCTasIbHbIE KOPHW
L0EMOHCTPUPOBANN HaMBObLLYI0 UBMEHYNBOCTb.

BbIBOAbl. HacTosilee nccnegoBaHne nog4yepkmuBaeT BaXXHOCTb TOYHOM npeaonepauuoHHON OUEHKN B 9H-
LOAOHTUM N UMNAAHTONOMMN SN MUHUMU3ALLUM PUCKA NOBPEXAEHNSA HMXKHEYENIOCTHONO HEpPBA. YCTAHOB-
NleHo, 4To pacctosHme oT HYK 00 BepXxyLllek KOpHel yBenmimMBaeTcs ¢ BO3pacTOM, OCOOEHHO Y MYXUMH, YTO
HEe0oOX0ANMO YYMTbIBATbL NPU NAAHUPOBAHUM XUPYPIrMYECKMX BMELLIATENbCTB.

KnioueBble cnoBa: CTapeHue, KOHYCHO-y4eBasi KOMMboTepPHast TOMOrpadus, HUXHEYENOCTHOM HepPB, HUX-
HeventoCTHOM KaHan, BepxyLuka 3y6a

UHdopmauumsa o ctatbe: noctynuna — 05.11.2024; ncnpaeneHa — 27.12.2024; npunsata — 03.02.2025
KoH$AUKT nHTepecoB: ABTOPLI CO0OLLAOT 06 OTCYTCTBUN KOHPNUKTA UHTEPECOB.
BnaropgapHocTu: duHaHCcupoBaHue 1 HAnBMAYyabHble 61arofapHOCTY A5 AeKNapupoBaHUs OTCYTCTBYIOT.

Ana umtupoBanua: Mongan M., Har P., ac A., Mangan K., Mon T., Aac C., Mypmy J1.b., Caxa K.K. OueHka
PacCTOAHUS MeXay BepXyLUKaMn KOPHel 3aaHUX 3yO0B HUXXHEN YENIOCTU N HAXHEYENIOCTHLIM KaHaIoM: UC-
cnegoBaHUEe C UCMOJIb30BAHNEM KOHYCHO-NTy4EBOW KOMMbIOTEPHOW TOMOrpadum B MHOMNCKOK cybnonyns-

23

unn. SHaogoHTms Today. 2025;23(1):22-30. https://doi.org/10.36377/ET-0075

INTRODUCTION

The mandibular canal (MC), a bony passageway
within the mandible, houses the mandibular nerve. This
canal, which begins near the mandibular foramen, con-
cludes at the mental foramen, roughly aligning with the
second premolar teeth [1].

The intricate architecture of the MC, including its
course and the positioning of its openings, is dictated by
the branching pattern of blood vessels and the canal’s
proximity to the mandibular arch. This arrangement fa-
cilitates the innervation of the lower molars, premolars,
lower lip, and chin, thereby ensuring optimal function of
the stomatognathic system [2].

The MC’s location and anatomical traits might differ
depending on the individual and ethnic group.

Given that certain dental procedures have the po-
tential to harm the inferior alveolar nerve (IAN), the dis-
tance between the MC and the root apices of the man-
dibular molars and premolars is clinically significant.
These operations consist of dental implants, periradi-
cular surgery, endodontic therapy, and third molar ex-
traction [3; 4]. Furthermore, the majority of mandibu-
lar nerve lesions have been seen in conjunction with
second molar therapy. Nevertheless, premolars and
permanent mandibular first molars may also experi-
ence this. Cone-beam computed tomography (CBCT),
widely used across dental specialties, provides pre-
cise, sensitive, and noninvasive three-dimensional re-
constructions of maxillofacial structures, overcoming
the limitations of conventional imaging, such as over-
lapping, geometric distortion, and localization errors.

Before beginning any endodontic intervention, doc-
tors must have a comprehensive awareness of the ana-
tomical variety and relative placement of the MC in or-
der to plan therapy properly.

This study was conducted to evaluate MC'’s relation-
ship to the root apices of the mandibular posterior teeth
using CBCT images of an Indian subpopulation, taking
into account the landmark’s importance and the paucity
of research in this area within the Indian population.

MATERIALS AND METHODS

Sample size estimation and Image selection

This retrospective observational study was conduc-
ted in the Dental College, following approval from the
Institutional Ethics Committee (RADCH/EC/52/2024),
ensuring adherence to ethical standards.

Sample size calculation was done considering the
results of the previous study [5] with the distance be-
tween the second premolar’s root apices and the MC
as the main outcome variable. A minimal sample size
of 111 was determined using the G*Power Software
version 3.1.9.7 (Heinrich Heine University, Dusseldorf,
Germany). The computation was predicated on a t-test
model, which assumed a two-tailed significance level
(.= 0.05), an effect size of 0.7, and a ninety-five percent
power.

Bilaterally present, completely erupted mandibular
permanent canines, premolars, and molars with fully
developed, pathology-free apices were necessary
for inclusion. Patients under the age of 18, bone loss,
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disease or congenital mandibular abnormalities, low-
quality CBCT scans, and prior endodontic treatment
were all excluded.

Thereby a total of 111 CBCT scans from the depart-
mental archives, acquired between 2018 and 2023 for
reasons unrelated to this study, were included in the fi-
nal analysis.

CBCT acquisition

CBCT images were captured using the SkyView CBCT
Scanner, a device manufactured by My-Ray Dental Ima-
ging in Imola, Italy. Gray levels of 4096 (12-bit) at 90 kV
and 10 mA were used to operate the scanner. The digital
pictures were imported into the iRYS viewer application
after being exported from Skyview CBCT Scanner.

The distance measurements were performed using
the IRYS SkyView CBCT software. The CBCT scans were
first loaded into the software, and the distance mea-
surement tool, accessible via the toolbar, was selected.
The sagittal, coronal, and axial views were aligned to
ensure a clear visualization of the inferior border of the
mandible, the root apex of the second premolars, the
mandibular molars, and the MC (Fig. 1). The cursor was
then placed on the apex of the respective teeth to mark
the first point and subsequently dragged to the nearest
point on the MC to mark the second point. The software
displayed the measured distance, which was verified for
accuracy and recorded for analysis (Fig. 2).

CBCT assessment

Two trained and calibrated observers (MP and NR),
analyzed all CBCT images using specialized viewing
software to ensure consistent interpretation. The ob-
servers reviewed the images to reach a consensus, and
any disagreements were resolved through a definitive

: 0.181Tmng

Puc. 1. Kocoli carutTanbHbii pa3pes, NpoCnexnBaoLwmni

HMXKHEYENIOCTHOM KaHa U ero OTHOLWEHME K BepxyLuke

BTOPOro npemMondpa, a Takxe K Me3nasibHOMYy 1 oUCTaJIbHOMY

KOPHSIM NepBOro 1 BTOPOro MOISIPOB

dHdodoHmus
————TLT
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Fig. 1. Oblique sagittal section tracing the mandibular canal
and its relationship to the apex of the second premolar as well
as the mesial and the distal roots of the first and second molars

evaluation by an endodontist (DS). The intra-class cor-
relation coefficient was utilized to assess inter-observer
agreement, which yielded a value of 0.98, indicating ex-
cellent agreement.

Statistical Analysis

IBM Statistical Package for the Social Sciences for
Windows, Version 27.0, was used to perform statisti-
cal analysis after the gathered data was tabulated in
a spreadsheet using Microsoft Excel 2021. (IBM Corp.,
Armonk, NY). The gathered data was skewed, as demon-
strated by a Shapiro-Wilk test and a visual examination
of the box plots, normal Q-Q plots, and histograms.

The chi-square test was used to assess the cate-
gorical variables. Non-parametric testing was used to
assess the quantitative variables. The association be-
tween age and the outcome variables was determined
using Spearman’s rank correlation test. For intragroup
analysis, Friedman’s analysis of variance (ANOVA) was
employed, and for intergroup comparisons, the Mann-
Whitney test. The level of significance was defined as
a Pvalue of less than 5 percent.

RESULTS

In this study, 111 participants were included, consist-
ing of 57 females (51.35%) and 54 males (48.65%) with
no significant difference in sex distribution (P = 0.12).

Overall, the mean age was 25.5+7.1 years, with
a median (Interquartile range [IQR]) of 24(21-31) years.
Among females, the mean age was 24.3+6.16 years,
with a median (IQR) of 23 (20.5-27), and among males,
the mean age was 26.6 =7.86 years, with a median (IQR)
of 25 (21-32). There was no statistically significant dif-
ference in age distribution between the two groups
(P=0.84) (Table 1).

Fig. 2. Cross-sectional view illustrating
linear measurements between the root apex
and the Mandibular canal

Puc. 2. [onepeyHoe ceyveHue,
WNIOCTPMPYIOLLEE TNHENHBIE
M3MepeHUNs Mexay BepXyLUKO KOPHS
N HNXKHEeYEeNTiOCTHbIM KaHaJ10M
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Table 2 summarizes the descriptive characteristics
of the distance from the root apex to the MC for the sec-
ond premolars, first molars, and second molars, cat-

egorized by sides and genders.

On the right side, the distance of the root tip from
the MC for the second premolar was 4.16+2.07 mm,
with a median (IQR) of 4.0 (2.5-5.4) mm across all par-
ticipants. For females, the mean (+SD) was 3.95+2 mm
(median (IQR): 3.3 [2.5-5.1] mm), while for males, it was
4.39£2.13 mm (median (IQR): 4.5 [2.63-5.85] mm). For
the first molar (mesial root), the mean (+SD) across all
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participants was 4.98+2.54 mm, with a median (IQR):
(IQR) of 4.9 (2.8-6.3) mm. In females, the mean ((+=SD))
was 4.36+1.88 mm (median (IQR): 4.4 [2.75-5.85] mm),

while males exhibited a mean of 5.64+2.96 mm (median

Table 1. Demographic characteristics of study subjects
Ta6nuua 1. lemorpaduryeckmne xapakTepUCTUKM YHaCTHUKOB UCCIiea0BaHNS

(IQR): 5.35 [2.88-7.73] mm). The distal root of the first
molar tooth had an overall mean (£SD) of 4.99+2.5 mm
and a median (IQR) of 4.5 (3.1-6.7) mm. For females,
the mean (+SD) was 4.42+2.17 mm (median (IQR):
4.3 [2.65-5.95] mm), and for males, itwas 5.59+£2.71 mm
(median (IQR): 5.75 [3.3-7.98] mm). For the second molar
(mesial root), the overall mean (£ SD)was 3.75+£2.45 mm,

Characteristics Female Male Total Pvalue
Frequency (%)? 57 (51.35) 54 (48.65) 1 0.12N8
Age®
Mean=SD 24.3+6.16 26.6x7.86 25.5+71
Median (Q1-Q3) 23(20.5-27) 25(21-32) 24 (21-31) 0.84MN8
Min—Max 14-46 15-53 14-53

Note: ® analysed by the Chi-square Test; ® analysed by the Mann-Whitney Test; SD — standard deviation; Q1 - first quartile;
Q3 - third quartile; Q1-Q3 - inter-quartile range; Min — minimum value; Max — maximum value; ™ Mnot significant (P > 0.05),
* statistically significant (P < 0.05)
lpumeyaHus: ® aHanM3NPOBAHO C UCMONb30BAHMEM KPUTEPUS XU-KBAAPaT; ° aHaNIM3npoBaHO C UCMO/b30BAHMEM KPUTEPUS
MaHHa-YnTtHu; SD — ctaHpapTHoe oTknoHeHune; Q1 — nepBbii kBapTUnb; Q3 — TpeTuin kBapTuab; Q1-Q3 — MeXKBapPTUNbHbIN
pasmax; Min — MUHUMasbHOe 3HaYeHne; Max — MakcumasbHoe 3HadeHue; NS: HesHaummo (P > 0,05), * cTaTUCTUYECKU 3HAYNMO

(P<0,05)

Table 2. Descriptive statistics of the Distance of root tip from Mandibular Canal for different teeth according
to sides and gender

Ta611v|u,a 2. OnncatenbHaga cTaTucTmka PacCTOAHUNA OT BEPXYLUKN KOPHA 00 HUXHEYEeNtOCTHOro KaHana
A9 pa3JindHbIX 3y60|3 B 3aBMCMMOCTW OT CTOPOHbLI 1 nona

Left Right
Teeth Descrip?iw.e Female Male Total Female Male Total
characteristics
(n=57) (n=54) (N=111) (n=57) (n=54) (N=111)
Mean=SD 3.73+2 4.46+2.36 4.09+2.2 3.95+2 4.39+2.13 4.16+2.07
2" Premolar |Median (Q1-Q3) | 3.6 (2.1-5.05) | 4.2 (2.65-5.45) | 3.9(2.3-5.2) | 3.3(2.5-5.1) |4.5(2.63-5.85)| 4(2.5-5.4)
Min—Max 0.7-9.3 0.9-11.8 0.7-11.8 0.9-9.6 0.7-9.6 0.7-9.6
Mean+SD 4.19+1.86 5.04+263 4.7+2.32 4.36+1.88 5.64+2.96 | 4.98+2.54
Ja?s?;?%oot) Median (Q1-Q3) | 4.3(2.7-5.15) | 4.95(3.3-6.2) | 4.5(2.9-5.5) | 4.4 (2.75-5.85) |5.35 (2.88-7.73)| 4.9 (2.8-6.3)
Min—Max 0.7-9.4 1.3-117 0.7-11.7 0.9-9.2 11-13.4 0.9-13.4
Mean+SD 4.02+1.96 5.20+2.68 | 4.64%2.42 4.42+217 5.59+2.71 4.99+2.5
ggigg:agoot) Median (Q1-Q3) | 3.8(2.7-5.4) | 4.7(3-6.88) |4.3(2.9-5.9) | 4.3(2.65-5.95) | 5.75(3.3-7.98) | 4.5 (3.1-6.7)
Min—Max 1-8.9 1.3-11.1 1-11.1 1.1-10.9 11-11.6 11-11.6
Mean+SD 3.06+1.94 4.59+2 84 3.8+2.53 3.01+1.87 4.52+275 3.75+2.45
(ZIC/TerQiZlIaF:oot) Median (Q1-Q3) | 2.3(1.7-4) | 3.8(2.15-6.73) | 2.9(1.7-5.2) | 2.2(1.6-4.6) |3.8(2.28-6.93) | 3.2(1.7-5.5)
Min—Max 0.7-9.3 0.1-11 0.7-11 0.6-7.1 0.4-10.3 0.4-10.3
Mean+SD 2.73%1.71 4374275 3.53+2.41 2.68+1.66 4.19+2.78 3.41+2.39
(2;;‘;'32)0” Median (Q1-Q3) | 2.3 (1.5-3.45) | 3.15(2-6.43) | 2.8(1.8-5) | 2.1(1.3-4) | 3(1.98-6.55) | 2.8 (1.6-4.7)
Min—Max 0.7-8.1 0.7-10.3 0.7-10.3 0.4-6.6 0.6-10.3 0.4-10.3

Note: n — sample size per gender; N — total sample size; SD — standard deviation; Q1 - first quartile; Q3 — third quartile; Q1-Q3 -
inter-quartile range; Min — minimum value; Max — maximum value
lMpumeyvaHus: n — pa3mep BbIGOPKN Ans kaxaoro nona, N — o6wuii paamep BbiGopkn; SD — cTaHgapTHOE OTKNOHEHNE; Q1 —
nepBbIn kBapTUb; Q3 — TpeTnin kBapTunb; Q1-Q3 — MexKBapTUbHLIA padmax; Min — MMHUManbHoe 3HavyeHne; Max — makcu-
MasibHO€e 3HavyeHne
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and the median (IQR): (IQR) was 3.2 (1.7-5.5) mm. Fe-
males showed a mean (£SD) of 3.01+1.87 mm (median
(IQR): 2.2 [1.6-4.6] mm), while males showed a mean
of 4.52+2.75 mm (median (IQR): 3.8 [2.28-6.93] mm).
For the distal root of the second molar, the mean (=SD)
across all participants was 3.41+2.39 mm, with a me-
dian (IQR): (IQR) of 2.8 (1.6-4.7) mm. For females,
the mean (+SD) was 2.68+1.66 mm (median (IQR):
2.1 [1.3-4] mm), and for males, it was 4.19+2.78 mm
(median (IQR): 3.0 [1.98-6.55] mm).

On the left side, similar trends were observed.
The second premolar had an overall mean (+SD)
of 4.09+2.2 mm (median (IQR): 3.9 [2.3-5.2] mm),
while for the first molar (mesial root), the mean (+SD)
was 4.7+2.32 mm (median (IQR): 4.5 [2.9-5.5] mm).
The distal root of the first molar had a mean (xSD) of
4.64+2.42 mm (median (IQR): 4.3 [2.9-5.9] mm). The
second molar (mesial root) and distal root exhibited
overall means of 3.8+2.53 mm and 3.53+2.41 mm, re-
spectively, with median (IQR): s (IQR) of 2.9 (1.7-5.2) mm
and 2.8 (1.8-5.0) mm.

The analysis of the correlation between age and
the distance from the IAN canal to root apices revealed
a positive correlation (Table 3). On the left side, a signifi-
cant positive correlation was noted with the distal root
of the second molar (rs=0.223, P =0.0189), while weak
and non-significant correlations were noted for other
roots, including the first molar’s mesial and distal roots
and the second molar’s mesial root. On the right side,
correlations were generally weak and not statistically
significant for all roots examined. In the overall analysis,
significant positive correlations were identified for the
distal roots of the first molar (rs = 0.133, P=0.0481) and
the second molar (rs = 0.134, P =0.0459), indicating an
age-related increase in distance in these specific roots.
Correlations for the second premolar and other roots
were weak and not significant, suggesting minimal age-
related influence in these areas.

Table 4. Pairwise comparisons between teeth
Ta6nuua 4. NonapHble cpaBHEHUA Mexay 3ybamu
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Table 3. Correlation between Age and Mandibular
Canal-Molar / Premolar Root tip Distance Using
Spearman’s Correlation Coefficient

Tabnuua 3. Koppenaums mexay BO3pacTom

M pacCToSsHMEM OT HUXXHEYESTIOCTHOr 0 KaHana
[0 BEPXYLLKM KOPHS Mondapa / npeMmongapa

C UCnonb3oBaHMeM KO3 durumeHTa Koppenaunm
CnupmeHa

Teeth Left Right Total
2" Premolar 0.05249 0.0602 0.06032
18t Molar (Mesial Root) 0.1236 0.05762 0.09027
1% Molar (Distal Root) 0.1691 0.1143 0.1328*
2" Molar (Mesial Root) 0.1206 0.00049 0.05704
2" Molar (Distal Root) 0.2225* 0.05096 0.1341*

Note: all correlation values were found to be positive; * statis-
tically significant correlations (P < 0.05)

lMpumeyaHns: BCe 3HaYEHUS KOPPENALMM 0Ka3aMChb NOJIOXM-
TeNbHbIMU; * CTAaTUCTMYECKM 3Ha4YMMBble koppensaunm (P < 0,05)

The primary outcome variable, the distance of the
root tip from the MC for each tooth, showed significant
variations in pairwise comparisons across teeth, sides,
and genders. On the right side, significant differences
were observed between the second premolar and the
first molar (distal root) in males (P = 0.0014) and the total
population (P =0.0006), as well as between the second
premolar and the second molar (distal root) in females
(P <0.0001) and the total population (P=0.001). The
first molar (mesial root) differed significantly from the se-
cond molar (mesial root) in females (P < 0.0001), males
(P=0.0047), and the total population (P < 0.0001).
Comparisons involving the first molar (mesial root)
and second molar (distal root), as well as the first mo-
lar (distal root) and second molar (distal root), consis-
tently showed significant differences across all groups
(P < 0.0001) (Table 4).

Female (n =57) Male (n = 54) Total (N =111)

Right Left Right Left Right Left
Pvalue* <0.0001* <0.0001* <0.0001*
Pairwise comparisons
2" Premolar vs. 1%t molar (Mesial Root) 0.8583N° >0.9999"s 0.0001* 0.1913N 0.0002* 0.0618N°
2" Premolar vs. 1 molar (Distal Root) 0.5802" | >0.9999" 0.0014* 0.0065* 0.0006* 0.0043*
2" Premolar vs. 2" molar (Mesial Root) 0.0038* 0.284Ns >0.9999" | >0.9999" | 0.5087"S 0.7123Ns
2" Premolar vs. 2" molar (Distal Root) <0.0001* 0.0053* >0.9999" | >0.9999N8 0.001* 0.0068*
1t molar (Mesial Root) vs. 1 molar (Distal Root) | >0.9999“ | >0.9999" | >0.9999" | >0.9999" | >0.9999"° | >0.9999"s
1% molar (Mesial Root) vs. 2" molar (Mesial Root) | <0.0001* 0.0019* 0.0047* 0.0741N8 <0.0001* <0.0001*
1% molar (Mesial Root) vs. 2" molar (Distal Root) <0.0001* <0.0001* <0.0001* 0.0026* <0.0001* <0.0001*
1t molar (Distal Root) vs. 2" molar (Mesial Root) <0.0001* 0.0015* 0.0316* 0.0018* <0.0001* <0.0001*
1stmolar (Distal Root) vs. 2" molar (Distal Root) <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001*
2" molar (Mesial Root) vs. 2" molar (Distal Root) | >0.9999" | >0.9999" | >0.9999"S | >0.9999"s 0.5344N8 >0.9999"s

Note: NS - not significant (P > 0.05), * statistically significant (P < 0.05)
MNMpumeyvarns: NS — HesHaummo (P > 0,05), * ctatuctnyeckm aHasmmo (P < 0,05)
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Table 5. Pairwise comparisons between sides
Ta6nuua 5. NonapHble CpaBHEHUSA MeX Y CTOPOHAMU

Teeth Females Males Total

(n=57) | (n=54) | (N=111)
2" Premolar 0.27Ms 0.51" 0.74Ns
1s*molar (Mesial Root) 0.47Ns 0.17Ns 0.13Ns
1t molar (Distal Root) 0.08"s 0.34N 0.06M°
2" molar (Mesial Root) 0.94Ns 0.75NS 0.72N8
2" molar (Distal Root) 0.8Ns 0.63Ns 0.66"8

Note: NS - not significant (P > 0.05), * statistically significant
(P<0.05)

lMpumedanns: NS - He3Haummo (P > 0.05), * ctatnctuyeckm
3Ha4Yumo (P < 0.05)

Table 6. Pairwise comparisons between Gender
Tabnuua 6. MNonapHble cpaBHEHUA MexXay NoJiaMu

Teeth Right Left Total
2" Premolar 0.25"8 0.1N 0.05*
15t molar (Mesial Root) 0.03* 0.06M 0.005*
1**molar (Distal Root) 0.03* 0.02* 0.001*
2" molar (Mesial Root) 0.003* 0.004* <0.0001*
2" molar (Distal Root) 0.005* 0.001* <0.0001*

Note: NS - not significant (P > 0.05), * statistically significant
(P<0.05)

lMpumeyvaHms: NS — He3Hadumo (P > 0,05), * ctaTucTmnyeckmn
3Ha4yumo (P < 0,05)

On the left side, similar patterns were noted, with
significant differences in the distance between the sec-
ond premolar and the first molar (distal root) for males
(P=0.0065) and the total population (P=0.0043).
Substantial differences were also observed between
the second premolar and the second molar (distal
root) in females (P =0.0053) and the total population
(P=0.0068). The first molar (mesial root) also showed
significant differences from the second molar (mesial
and distal roots), particularly in females (P=0.0019)
and the total population (P < 0.0001) (Table 4).

No notable differences were detected in the distance
between the right and left sides for any tooth across gen-
ders or the total population (P > 0.05) (Table 5). However,
gender-based comparisons revealed significant differ-
ences for the second premolar in the total population
(P=0.05), the first molar (mesial root) on the right side
(P=0.03) and overall (P=0.005), and the first molar
(distal root) across both sides and the total population
(P < 0.05). Significant differences were also found for the
second molar (mesial and distal roots) across all groups,
with P values ranging from <0.005 to <0.0001 (Table 6).

DISCUSSION

Endodontic procedures bring on 35% of mandibular
nerve neurosensory problems [6]. The dentist’s experi-
ence, the patient’s age and sex, and — most frequently —
the structural relationship between the MC and the pos-
terior tooth apices are among the risk factors that may
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resultin harm to the mandibular nerve. Because the api-
ces of the mandibular premolars and permanent man-
dibular molars are near when the MC is perforated, ex-
trusion of endodontic material past the apex may harm
the mandibular nerve [7]. When obturating material or
irrigation products are overextended, the vacuoles as-
sist the neuro-vascular bundle that travels through the
low-density cancellous bone [5]. Several studies in the
scientific literature have evaluated the nearness of the
apex of molars and premolars to the MC. These findings
indicate that the results may vary based on population
type, age, and sex. Therefore, this study aimed to de-
termine, by sex, the average distances between the root
apices of the second premolars, first molars, and sec-
ond molars to the MC using CBCT scans in a cohort of
Eastern Indian individuals. In the present study, a posi-
tive correlation was observed between age and the
distance of the inferior alveolar nerve (IAN) canal from
the root apices. This correlation aligns with the findings
of Hiremath et al. [8], who reported significant positive
correlations between age and the root distances of the
left first molar and the right second molar. However, the
correlations for the second premolar and other molars
were not significant in their study.

In the current analysis using Spearman’s rank cor-
relation, significant positive correlations were noted be-
tween age and the distal root of the second molar on
the left side. Similarly, in the overall analysis, positive
correlations were observed for the distal roots of both
the firstand second molars. These findings suggest that
the distances between the IAN canal and the root api-
ces increase with age, particularly in the distal roots of
molars. While our study observed a trend of increasing
distance with age, most changes were not statistically
significant, aligning with the observations of Yu et al. [9]
and Koivisto et al. [3] However, the mean distance be-
tween the IAC and root apices increased significantly
across age groups, according to Srivastava et al. [10],
particularly highlighting shorter distances in younger
individuals aged 18-35 years compared to older age
groups. This could be attributed to continued craniofa-
cial adaptations over time.

Simonton et al. [11] proposed that this increase
in distance may be the consequence of attrition and
wear causing teeth to continue to emerge throughout
life. These findings are further supported by a number
of studies that demonstrate the craniofacial complex
is still changing and adapting into the sixth decade of
life [12; 13].

The study found that male participants exhibited
significantly greater distances between the apices of
their posterior teeth and the MC compared to female
participants.

These findings align with the study by Hiremath et al.
[8], Balaji et al. [14] and Oliveira A et al. [15] One pos-
sible explanation for this might be that women are more
prone to MC injury since they often have smaller bodies.
When placing dental implants, women are 3.29 times
more likely than men to have MC injuries. Menopause
and the alterations in bone metabolism that accompany
it are risk factors. The risk is significantly increased by
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osteoporosis, which is associated with decreased bone
mass and residual ridge atrophy [16]. However, Man-
rique et al. [5] in their study found that although the dis-
tances of the root tips to the MC were greater in males,
a significant difference existed only in the case of a sec-
ond molar between the genders. A similar observation
was noted by Koivisto et al. [3] These discrepancies
can likely be attributed to differences in the populations
studied, underscoring the importance of population-
specific evaluations.

The apices of the second molar roots were found to
be closest to the MC in both men and women, suppor-
ting the findings of Hiremath et al. [8], and Manrique
et al. [5] Shokry et al. [17], Oliveira A et al. [15] and
Srivastava et al. [10] Similarities with previous studies
were found in terms of the physical aspects.

The MC begins its development within the mandibu-
lar process around the fifth-week post-conception, pre-
ceding any visible signs of tooth formation [18].

This research reveals distinct distance measure-
ments between the bilateral posterior teeth, although not
significant statistically. A plausible explanation for this
variation lies in the dynamic nature of the MC’s position
throughout human development, shifting from a suc-
king to a chewing function. Masticatory muscle activity,
particularly its influence on buccal cortical bone growth,
contributes to the lingual displacement of the MC.

The clinical significance of these findings aligns with
existing literature, which details numerous instances
of IAN injury during endodontic treatment of lower se-
cond molars, as summarized in a systematic re-
view [19]. Endodontic procedures on teeth adjacent
to the MC demand meticulous attention, particularly
regarding working length maintenance during instru-
mentation, medication placement, and obturation, to
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Abstract

AIM. To identify the relationship between the extrusion of filling material and the periapical status when using CBCT.
MATERIALS AND METHODS. 500 CBCT scans of patients were studied, the condition of 2915 teeth and
6142 root canals were assessed. The cases of endodontic treatment, which are associated with the overfilling
(extrusion) of the filling material, are analyzed. Canals with an apical level of the root seal - 0-2 mm from the
X-ray apex of the root (3533 root canals) were considered as a control group. In all cases, the periapical
status was assessed. Methods of medical statistics have been applied.

RESULTS. Extrusion of the filling material was determined in 10.7% of the total number of endodontically
treated root canals. The material was located: 81.7% in bone tissue, 13% in the maxillary sinus, 4.7% under
oral mucosa of the alveolar process, 0.6% in the mandibular canal and/or mental foramen. In the control
group, the periapical status “unchanged” was noted in 89.5% of cases, pathological changes were detected
in 10.5% of cases. The remaining percentage of the total number of root canals was made up of underfilled or
missed root canals without taking into account the periapical status. A lower incidence of periapical changes
was determined when filling material was extruded into bone tissue (7.4%), than at the optimal level of root
canal filling (11.7%). The differences between the groups were found to be statistically significant. Practical
recommendations have been formulated to improve the accuracy of diagnosis, proper planning and increase
the effectiveness of endodontic treatment.

CONCLUSIONS. Extrusion of filling materialinto bone tissue is more often associated with effective endodontic
treatment than optimal filling of the root canal along the apical border of the root filling. In this regard, the
extrusion of the filling material into the bone tissue, in the case of a formed apical stop, can be considered
a sign of successful obturation of the root canal.

Keywords: overfilling of filling material, extrusion of filling material, periapical changes, periapical status,
CBCT, endodontic treatment, endodontic failure, prognosis, iatrogenic complications of endodontic
treatmentextrusion of filling material, overfilling, periapical changes, periapical status, CBCT, endodontic
treatment, endodontic failure, prognosis.
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Pesiome

LIE/1b. BbiiBUTb 32aBMCMMOCTb MEXAY BbIBEAEHMEM NJIOMOMPOBOYHOIO MaTepmana u nepmanmnkaibHbIM cTa-
Tycom npu ucnonb3osaHmmn KJIKT.

MATEPUATIbI N METOAbl M3yyeHo 500 kOMMbIOTEPHBIX TOMOrpamMm MaLMEHTOB, OLEHEHO COCTOSHUE
2915 3y6oB, 6142 kopHeBbIX kaHaNoB. NpoaHanM3npoBaHbl CayyYyanm 3HAOOOHTUYECKOrO NIEYEHMUS, KOTOpbIE
CBfI3aHbl C BblBEAEHNEM (3KCTPY3ME) NIOMOMPOBOYHOro MaTepuana. B KkayecTBe KOHTPOJIbHOM rpynnbl
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paccMaTpuBany kaHasbl C annkasbHbIM YPOBHEM KOPHEBOW NIOMObI — 0-2 MM OT PEHTIEHOJIOrMYEeCKOWN BEp-
XyLKM KopHs (3533 kopHeBbIX kaHana). Bo Bcex cryvyasix oueHeH nepuanukanbHbiii cTaTyc. NMpruMeHeHbl me-
TOAbl MEANLIMHCKOM CTaTUCTUKMN.

PE3YJIbTATbI. 3kcTpy3uns nnoMOnpoBoYHOro matepmana onpegenena B 10,7% cnydaeB OT obLlero ymicna
3HOOAO0HTUYECKM Ie4EeHHbIX KOPHEBbLIX KaHasnoB. Mpn aToMm maTepuan pacnonarancs: B 81,7% B KOCTHOM Tka-
HU, B 13% B BEpXHEYEetCTHOW nasyxe, B 4,7% nopa cnu3mcTo 060/104KOM anbBeoNISPHOro OTpocTka, B 0,6%
B HUXXHEYENIOCTHOM KaHasie U/Unm MeHTaNlbHOM OTBEPCTUU. B KOHTPOSILHOW rpynne nepuanunkanbHbli cTa-
TycC «6e3 nameHeHui» 611 oTMedeH B 89,5% cnyyaes, natonornyeckme nameHeHus obinn BoisieneHsl B 10,5%
cnyyaeB. OcTanbHOW NPOLEHT OT 0OLLEro YMca KOPHEBLIX KaHa/I0B COCTaBUAM HEAOMTIOMONPOBaHHLIE U
NPOoNyLLEHHbIE KOPHEBbLIE KaHabl 6€3 yyeTa nepuanmkanbHoro cratyca. OnpegesieHa MeHbLLas BCTpeyae-
MOCTb NepuanmkanbHbliX U3MEHEHM NPU BbIBEAEHNN NNOMONPOBOYHOIO MaTepurasna B KOCTHYIO TKaHb (7,4%),
4yeM npu oNTUMasibHOM YPOBHE NJoMOMpPOBaHUSA KOPHEBOro kaHana (11,7%). Pasnuuua mexay rpynnamm
NPU3HaHbl CTAaTUCTMYECKM 3Ha4YMMbIMK. CHOopMyNMpoBaHbl NpakTMieckme pekomeHgaummn, crnocobcTByto-
LMe MOBbLILWEHNIO TOYHOCTU OMArHOCTUKN, NMPABUIbHOMY MAAHMPOBAHUIO N MOBLILEHNIO 3DPEKTUBHOCTH
3HAOA0HTUYECKOTrO SleYeHus.

BbIBOAbl. BbiBegeHne nnoMmbMpoBOYHOro MaTepmuana B KOCTHYIO TKaHb Yalle accouumpyeTcs ¢ adhpekTuB-
HbIM 3HOOAOHTMYECKMM JIEHEHMEM, YeM ONTMMasibHOEe NIOMOMPOBAHNM KOPHEBOIO KaHana no anvkanbHOn
rpaHuvLLEe KOPHEBOM NAOMOLI. B CBA3M C 3TMM, 9KCTPY3Ms NIOMOMPOBOYHOro MaTepmana B KOCTHYIO TKaHb,
B cnyyae chOpPMUPOBAHHOIO anmKaabHOro yrnopa, MoXeT CHMTaTbCs NPM3HAKOM yCheLlHo 06Typauum Kop-
HEeBOro KaHana.

KnioueBble cnoBa: BbiBeeHNE NIOMOMPOBOYHOIO MaTepuana, aKkCTpyaus niomMonupoBOYHOro MaTepuana,
nepuanukasbHble NU3MeHeHns, nepmnanukanbHbelii ctatyc, KJIKT, aHaoogoHTUYeckoe nedYeHne, aHa040HTMYe-
ckasg owmnbka, NPOrHo3, ATPOreHHbIe OCIIOXKHEHUS SHA000HTUYECKOr0 eYeHns

UHdopmauumsa o ctatbe: noctynuna — 24.11.2024; ncnpasnerHa — 10.01.2025; npunsata — 15.01.2025
KoH}AUKT uHTepecoB: aBTOPbI CO06LLaI0T 06 OTCYTCTBUN KOHMIMKTA MHTEPECOB.
BnarogapHocTu: GMHAHCUPOBaHME U MHAMBUOYaNbHblE 61aroaapHOCTV ONs AeKNapupoBaHus OTCYTCTBYIOT.

Ana umtnposauumsa: NMNokposckuii M.10., lopsayera T.M1., Mokposckuii A.M., AnewnnHa O.A. BnnsHune akcTpy3um
naoMOMPOBOYHOrO MaTepmana Ha nepmanunkanbHblil ctatyc. SHA0A0HTMS Today. 2025;23(1):31-38. https://

doi.org/10.36377/ET-0066

INTRODUCTION

Endodontic treatment is completed with the perma-
nent obturation of the root canal, followed by restorative
treatment. The outcome of obturation is typically evalu-
ated using radiological methods and may vary, inclu-
ding cases where the filling material extends beyond
the apex of the root — referred to as the extrusion of fil-
ling material (EFM). In dental practice, the assessment
of endodontic treatment often focuses on the quality of
root canal system (RCS) obturation, with EFM frequent-
ly being viewed negatively [1-12].

The literature provides contradictory information re-
garding the relationship between root canal obturation
and the outcome of endodontic treatment. Some stud-
ies suggest that root canal obturation has the weakest
correlation with the success of endodontic treatment
compared to the mechanical and chemical preparation
of the RCS [13-16]. It has also been noted that the her-
metic seal of a root canal filling cannot be reliably eva-
luated using radiological methods [16].

International studies distinguish cases of EFM based
on their underlying causes: as aresult of high-quality ob-
turation (overfilling) or as a consequence of the absence
of an apical stop due to a challenging initial condition or
over-enlargement of the apical foramen (overextension)
caused by improper mechanical preparation of the root
canal (lack of an apical stop or ledge), which is associa-
ted with poor-quality obturation [14]. Histological studies
indicate the absence of inflammatory processes around
extruded materials or, in some cases, a transient irritant
effect from certain materials [15-18].

dHdodoHmus
————TLT

In dental practice, the presence of material beyond
the apex of a tooth is often associated with inadequate
quality of endodontic treatment. This circumstance
may have legal implications, reclassifying many cases
of effective treatment (aligned with specific objectives
and goals of endodontic intervention) as “poor-quality”
treatment based on the formal criterion of material ex-
trusion (EFM). Furthermore, the question remains open
regarding the ability of the endodontist to control root
canal obturation in a way that prevents the extrusion of
filling material beyond the root canal.

Aim: to identify the relationship between EFM and
periapical status based on CBCT data.

MATERIALS AND METHODS

A total of 500 computed tomograms of patients
(209 males and 291 females) aged between 13 and
82 years (mean age: 42 years) were randomly se-
lected from the database of the “Sadko” clinic net-
work (Nizhny Novgorod, Russia). This database was
formed during the referral of patients for examina-
tion by dentists, maxillofacial surgeons, and otorhi-
nolaryngologists.

Inclusion criteria:

1. The study area included the complete dental
arches of the maxilla and mandible.

2. The presence of at least one tooth after endodon-
tic treatment.

3. If multiple radiographic examinations were avai-
lable for a single patient, only the earliest computed
tomogram was used.
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Cases were identified by the patient’s full name
and research ID. Cone-beam computed tomography
(CBCT) was performed using Pax-Rev 3D and Pax-i3D
Smart devices (Vatech). Visualization of tomograms
was carried out using Easy Dent V4 Viewer software.
The following tools were employed to optimize imaging:
“magnifier”, “contrast”, “sharpness filter”, and “ruler”. In
doubtful cases, the “histogram” tool was used to com-
pare bone density (in grayscale) in the periapical area
and the adjacent spongy bone.

In total, 2,915 teeth were studied, comprising
6,142 root canals (100%) after endodontic treatment.

Periapical status was evaluated using the following
parameters:

1. Absence of visible changes in the periodontium.

2. Widening of the periodontal ligament space
(thickening by a factor of 2 relative to adjacent unaffec-
ted sections of the ligament).

3. Presence of a periapical radiolucency.

4. Localized thickening of the maxillary sinus mu-
cosa in the projection of the studied tooth roots, where
bone tissue was not identified periapically.

5. Extensive maxillary sinus opacification (total or
subtotal).

6. Maxillary sinus cyst: a round-shaped sinus opacity.

7. Extensive bone tissue destruction involving not
only the periapical area but also the furcation and inter-
proximal septa of the alveolar process, including cases
with bone pockets.

8. Post-endosurgical operation status.

Criteria for evaluating EFM:

1. Presence of radiopaque material beyond the
visible outline of the tooth root.

2. A sharp change in the contour of the radiopaque
material from linear to rounded.

3. Location of radiopaque material either near the
root apex or at a distance from it.

4. Radiolucent areas around radiopaque material
observed exclusively in the axial plane were interpreted
as artifacts of the “filling defect” type.

Within the mandibular canal
or the mental foramen
0.6%

Into the maxillary sinus
13.0%

Under the oral mucosa
4.7%

Into the bone tissue
81.7%

Fig. 1. Extrusion of the filling material beyond the root

Puc. 1. BbiBegeHne nnomMOnpoBOYHOr0 MaTepuana
3a npepnensl KOpHA
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5. The presence of radiopaque material in cases of
missing teeth was not considered.

For clinically significant evaluation of filling material
extrusion, specific cases were identified where the ma-
terial was located:

1. In the bone tissue.

2. Beneath the oral mucosa (vestibularly, palatally,
or lingually).

3. In the maxillary sinus.

4. In the mandibular canal (including the area of the
mental foramen).

Statistical data analysis was performed using a four-
field contingency table with the resource available at
https://medstatistic.ru.

RESULTS

A total of 656 cases of EFM were identified, ac-
counting for 10.7% of all root canals examined (Fig. 1).

EFM located in bone tissue was detected in
536 cases, representing 81.7% of all cases. Among
these, no pathological changes in the periapical re-
gion were observed in 499 cases (93.1%) (including
14 cases of artifacts), while in 37 cases (6.9%), radio-
lucent areas were detected in the periapical region
(including 3 cases of extensive bone tissue destruc-
tion) (Fig. 2).

EFM located under the mucosa of the alveolar pro-
cess on the palatal, lingual, but most frequently on the
vestibular surface, was identified in 31 cases (4.7% of
all EFM cases).

Within the maxillary sinus, EFM was identified in
85 cases (13%). Among these, in 2 cases (2.4%), it
was associated with a sinus cyst; in 38 cases (44.7%),
with localized thickening of the mucosa; in 10 cases
(11.8%), with subtotal or total sinus opacification; and
in 35 cases (41.1%), no changes in the maxillary sinus
were detected (Fig. 3).

Within the mandibular canal and mental foramen,
EFM was detected in 4 cases, accounting for 0.6% of
all EFM cases.

A focal point of radiopacity
6.9%

No changes
93.1%

Fig. 2. Extrusion of filling material into bone tissue:
periapical status

Puc. 2. BbiBeaeHve nnomMGMpoBOYHOro Matepuana
B KOCTHYIO TKaHb: NepuanukasbHblii cTaTyc
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A sinus cyst
2.4%

Local thickening
of the mucous membrane
44.7% No changes

41.1%

Subtotal / total opacity
maxillary sinus
11.8%

Fig. 3. Extrusion of filling material
into the maxillary sinus

Puc. 3. BbiBeeHne N1oMOMpPOBOYHOIro maTepmnana
B BEPXHEYENOCTHYIO Nasyxy

As a control group, canals with an apical level of root
filling 0-2 mm from the radiological apex of the root
(3,533 root canals) were examined. A periapical sta-
tus of “no changes” was noted in 3,163 cases (89,5%),
while pathological changes were identified in 370 cases
(10,5%) (Fig. 4).

DISCUSSION

Extrusion of filling material (EFM) is a common out-
come of root canal obturation, with reported preva-
lence rates in the literature ranging from 8% to 15%
[3; 6; 8; 10; 19]. The influence of root canal obturation
techniques, endodontist actions, and the role of EFM
in determining the outcome of endodontic treatment
or the development of iatrogenic complications re-
main subjects of debate. These uncertainties compli-
cate the clinical assessment of endodontic treatment
outcomes and the justification of treatment strategies
during follow-up.

Batyukov et al. compared root canal obturation
techniques, finding that lateral condensation result-
ed in EFM in 62.3% of cases (sealer or gutta-per-
cha), while three-dimensional obturation led to EFM
in 21.1% of cases [20]. In a study by Da Silva et al.,
evaluating various obturation techniques, 100% of
cases using the “ThermaFil” technique were associ-
ated with EFM [21].

Currently, the optimal apical level for root canal
obturation is considered to be within 0-2 mm of the
radiographic apex of the root [10; 22-26]. This level
corresponds to the physiological root apex (apical con-
striction). One argument for limiting obturation within
the apical constriction is that it minimizes the wound
surface area and maximizes the likelihood of success-
ful endodontic treatment [27]. However, in clinical prac-

dHdodoHmus
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0-2mm

Expulsion of the filling material
into the bone tissue

[ Without periapical changes
[ With periapical changes

Fig. 4. Comparison of the periapical status of the group
with optimal filling of the root canal and the group
with extrusion of filling material into bone tissue

Puc. 4. CpaBHeHue nepmnanukanbHoro cratyca
rpynnbl ¢ ONTUMAabHBLIM NJIOMGOMPOBAHNEM KOPHEBOIO
KaHasa 1 rpynnsl C BbiBeAeHNEM NNOMOUPOBOYHOIO
MaTepunana B KOCTHYIO TKaHb

tice, it is impossible to precisely determine the level of
the physiological root apex. The aforementioned range
of apical obturation levels relative to the radiographic
apex reflects only an average anatomical trend, disre-
garding variations in root anatomy.

The apical level of root canal obturation is signifi-
cantly influenced by the variability of tooth anatomy in
the apical region and the effect of projection distortions
when using intraoral radiography methods [28-31].
For instance, D. Song et al. evaluated the diagnostic
potential of CBCT for detecting EFM, reporting a sen-
sitivity of 0.66 and specificity of 1.0 [32]. In another
study, Cheng et al. found that in 13.8% of cases, EFM
occurred despite the obturation being within 0-2 mm
of the radiographic apex [33].

Some researchers suggest that foreign materials
in the periapical region can sustain apical periodonti-
tis, even in the absence of pathogenic organisms. In-
deed, the literature describes inflammatory reactions
to some filling materials, which diminish over time,
rendering the materials inert [17; 18]. Histological stu-
dies have demonstrated encapsulation of larger gutta-
percha fragments with a collagen layer, while smaller
gutta-percha fragments provoke a foreign body reac-
tion characterized by multinucleated giant cells and
macrophages [15; 16]. Reactions associated with gut-
ta-percha contamination by talc or microbes have also
been described. Studies indicate that no filling material
causes progressive bone destruction. Long-term ob-
servations have noted cases of filling material resorp-
tion over time. Two studies with extended follow-up pe-
riods concluded that minor radiolucent areas observed
with overfilling, alongside otherwise satisfactory treat-
ment parameters and no clinical symptoms, should not
be considered treatment failures [16; 34].
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Another factor associated with endodontic treat-
ment failure, apart from EFM, is iatrogenic damage to
anatomical structures near the root apex caused by
excessive instrumentation. Over-instrumentation of
the root apex eliminates the apical stop, preventing ad-
equate root canal obturation, leading to EFM, and al-
lowing tissue fluid to infiltrate the root canal, sustaining
the survival of residual microorganisms. In some cases,
creating an adequate apical stop is challenging due to
incomplete root formation or pathological resorption of
the root apex. Identifying the cause of EFM radiographi-
cally is difficult; however, the combination of EFM be-
yond the root apex with nonhomogeneous obturation or
its absence in the apical region is considered a specific
indicator of the absence of an apical stop.

The clinical significance of EFM also depends on the
anatomical structure in which the filling material is lo-
cated. According to the literature, EFM most frequently
occursin bone tissue, which is an important factor when
evaluating periapical status and the effectiveness of en-
dodontic treatment. In this study, a comparison of peri-
apical status between optimally obturated root canals
and cases of EFM into bone tissue (Table 1) revealed a
lower frequency (7.4%) of periapical changes in cases
with EFM into bone tissue than in optimally obturated
canals (11.7%). The differences between groups were
statistically significant (p < 0.05, Chi-square test; p <
0.01, Chi-square test with Yates correction and likeli-
hood ratio correction). Although the study design does
not establish a causal relationship between the level of
root canal obturation and the development of pathologi-
cal changes in the periodontium, it suggests that EFM is
more often associated with effective endodontic treat-
ment than optimal root canal obturation at the apical
level. It can be hypothesized that in many clinical cases,
high-quality three-dimensional root canal obturation is
linked to EFM beyond the root.
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EFM into the mandibular canal, maxillary sinus, or
beneath the oral mucosa, when symptomatic, is consid-
ered an iatrogenic complication that may require surgi-
cal intervention [5; 35].

EFM beneath the oral mucosa is generally not as-
sociated with adverse endodontic treatment outcomes.
However, isolated cases of facial pain that resolved fol-
lowing surgical removal of the material have been re-
ported [35; 36].

EFM into the maxillary sinus is the least studied out-
come. It is often associated with the development of
chronic sinusitis or fungal infections (aspergillosis). Al-
though no cases of aspergillosis were observed in this
study, A.M. Sipkin et al. reported a 15% prevalence of
fungal infections in chronic sinusitis, with half of these
cases associated with endodontic treatment [37]. The
pathogenesis of these conditions is linked to dysfunc-
tion of the ciliated epithelium, the ability of microorgan-
isms to adhere to the material’s surface and persist in
the maxillary sinus, and the potential of some filling ma-
terials to serve as sources of essential elements for fun-
gal growth (e.g., heavy metal salts). Direct toxic effects
of certain filling materials (e.g., those based on eugenol
or paraformaldehyde) have also been described [37-
43]. In this study, pathological changes (e.g., cysts, lo-
calized mucosal thickening, subtotal or total opacifica-
tion), presumably associated with EFM in the maxillary
sinus, were detected in 58.9% of all EFM cases involving
the maxillary sinus.

EFM into anatomical structures containing neuro-
vascular bundles is considered an iatrogenic complica-
tion requiring immediate intervention. The treatment of
choice is surgical removal of the filling material. Mech-
anisms of neurovascular damage include direct me-
chanical effects of the filling material, toxic effects, and
inflammatory processes associated with apical peri-
odontitis [44-48].

Table 1. Criteria for assessing the significance of differences in outcomes depending on the impact of the risk factor

Tabnuua 1. Kputepum oueHkn 3HaYMMOCTM PasiMynin UICX0A0B B 3aBUCUMOCTM OT BO3AeicTBuUs dakTopa pucka

Criterion Name Criterion Value Significance Level
Chi-square criterion 6.588 0.011
Chi-square criterion with Yates correction 6.197 0.013
Chi-square criterion with likelihood correction 7.203 0.008
Fisher’s exact test (two-tailed) NaN p>0.05

Minimum value of the expected event — 53.61

Criteria for assessing the strength of the association between the risk factor and the outcome

Criterion Name

Criterion Value Strength of association*

Criterion ¢

Cramér’s V Criterion* 0.040 Insignificant
Tschuprow’s T Criterion**

Pearson’s Contingency Coefficient (C) 0.040 Insignificant
Normalized Pearson’s Contingency Coefficient (C’) 0.057 Insignificant

Note: * interpretation of the obtained values of statistical criteria is based on the recommendations of Rea & Parker;
** for the four-field table used in this calculator, all three criteria (¢, Cramér’s V, Tschuprow’s T) yield the same value.

lMpumeyaHus: * HTepnpeTauuvs NoJlydeHHbIX 3HAa4YEeHNI CTaTUCTUYECKMX KPUTEPUEB CornacHo pekoMmeHgaunam Rea & Parker;
** ANS 4eTbIPEXnonbHOM Tabnnubl, NCNOAL3YEMOW B AAHHOM KanbKynsaTope, BCce Tpu kputepus (P, Kpamepa, Yynposa) npu-

HUMAIOT OAHO U TO XXe 3Ha4YeHune.
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CONCLUSIONS

Extrusion of filling material is a common outcome of
endodontic treatment. Currently, there is no convincing
evidence in the literature to suggest that the actions of an
endodontist or any specific root canal obturation tech-
nique can completely eliminate this outcome. However,
extrusion of filling material into bone tissue in most cases
corresponds to effective endodontic treatment and, in
the presence of a well-formed apical stop, serves as an
indicator of successful root canal obturation.

The likelihood of filling material extrusion increases
when itis impossible to create an apical stop due to im-
proper canal preparation, incomplete root apex forma-
tion, or pathological root apex resorption. Improper ca-
nal preparation reflects the endodontist’s manual skills,
which can be improved through professional develop-
ment and training.

Common radiographic signs of the absence of an
adequate apical stop, in addition to extrusion of filling
material, include the absence of filling material, non-ho-
mogeneous root canal obturation, and lack of marginal
adaptation of the filling material to the root walls in the
apical third.

Extrusion of filling material into bone tissue or be-
neath the oral mucosa should not be considered a failure
of endodontic treatment. In such cases, follow-up does
not require any special considerations.

When selecting filling materials, preference should
be given to those that do notinduce or only cause short-
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Abstract

INTRODUCTION. The majority of endodontic failures are caused primarily by inadequate sealing of the root
canal. Seepage of fluids is likely to occur if apical seal is not properly established.

AIM. This in-vitro study was to evaluate the apical seal and tubular penetration of a novel bioactive glass seal-
er: NISHIKA CANAL SEALER BG, bioceramic sealer: CERASEAL and epoxy resin—based sealer: AH PLUS.
MATERIALS AND METHODS. 49 extracted human single rooted mandibular 1st premolar teeth with fully
formed apices were taken and decoronated at the Cemento Enamel Junction for standardized working
length of 14 mm. All samples were instrumented upto size F3 of ProTaper Gold files. After complete irrigation
protocols with Sodium Hypochlorite, Saline, Ethylene diamine tetra acetic acid and Chlorhexidine, samples
were divided into 3 groups according to the sealers used. Obturation was done using single cone technique.
All the specimens were put in 1% methylene blue dye for 72 hours after keeping them in incubator for 48
hours. Teeth were split into two halves, one visualised for dye penetration and other for tubular penetration
and scoring was done.

RESULTS. Kruskal Wallis test revealed that there were significant differences in microleakage and tubular
penetration between all the groups (p = 0.01). Nishika Canal Sealer BG had better apical sealing ability and
tubular penetration followed by CeraSeal and AH Plus.

CONCLUSIONS. Within the limitations of the study, it was concluded that, Nishika Canal Sealer BG has the
maximum apical sealing ability and tubular penetration when compared to CeraSeal and AH Plus
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OueHKa anMKanbHOro repMeTU3Ma U TybynapHoi neHeTpauumn
HOBOIro 6M0AKTMBHOr0 CTEK/10-repMeTHKa,

6MoKepaMMUECKOro repMeTMKa U repMeTMKa Ha OCHOBE CMOJIbl:
3KcnepuMeHTanbHoe In-Vitro uccnepgosaHue
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Pesiome

BBEAEHME. BonblUIMHCTBO Heyaa4 SHAOLOHTUYECKOrO Sle4eHns 06yCnOBIEHO HEAOCTATOYHOW repMmeTn3a-
Lumen KOPHEBOro kaHana. Mpu OTCyTCTBUM HAAEXHOIr0 annukanbHOro Yrj0THEHNS BO3MOXHO NpocaynsaHne
XMOKOCTEN, YTO MOXET NPMBECTU K HEeyaaye NevyeHuns.

LLENIb. HacTosiwee in vitro nccnegoBaHve HanpaBiieHO Ha OLLEHKY anuKanbHOro repMeTnama v TyoynsapHom
neHeTpaumn HoBoro 6moakTuBHoro crekno-repmetmka NISHIKA CANAL SEALER BG, 6uokepamMnyeckoro
repmeTuka CERASEAL n repmeTurka Ha OCHOBe anokcugHown cmonsl AH PLUS.
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MATEPUAbI U METOAbI. ns nccnenoBaHms 6bino 0Tob6paHo 49 yaaneHHbIX OAHOKOPHEBbLIX HUXHUX Nep-
BbIX MPEMOJIIPOB C MOJIHOCTbLIO CHOPMUPOBAHHBIMU anuKabHbIMU OTBEPCTUAMU. Bce 3yObl Oblnv nogeep-
rHYTbl AeKanuTauMm Ha YPOBHE LLEMEHTHO-3MaNieBoro CoeaAnHeHuns, obecneymBas cTaH4APTUSNPOBAHHYIO
pabouyio anmHy 14 mm. NMoarotoBka KOPHEBbLIX KaHANOB NPoOBOAMach C NnpuMmeHeHnem dainos ProTaper
Gold pno pasmepa F3. [Nocne BbINONHEHUS CTAHAAPTHOrO NPOTOKOMA MPPUrauum ¢ CMNoJib30BAHNEM TMMOX-
nopwuta HaTpusi, GM3N0NOrN4Yeckoro pacTeopa, aTuneHagnaMmHTeTPaykCycHom kncnotol (SATA) n xnoprek-
cuanHa, o6pasubl Obln pas3aeneHbl Ha TPY FPYNMbl B 3aBUCUMOCTU OT NPUMeEHsAeMoro repmeTtumka. O6Typa-
LMs NpoBOAMAaCk METOAOM OAHOIO KOHyCa.

Mocne 3aBeplieHns 00Typaumm Bce o6pasLbl Obiv NOMeLLeHbl B 1% pacTBOp METUIEHOBOrO CUHErO Ha
72 yaca nocne npeaBapuTenbHOro BblaepXnBaHus B MHKybaTope B TedeHme 48 yacoB. 3aTtem 3ybObl Obinn
pacLLensieHbl Ha ABe NOJIOBMHbI: O4HA UCMONb30Banachb A5 OLEHKM NPOHUKHOBEHUS! KpacuTens, apyras —
ONs aHanu3a TyoynspHOM NeHeTpaLuum ¢ nocneanyoLien 6annbHON OLEHKON.

PE3YJIbTATbI. AHanna ¢ npumeHeHnem kputepus Kpackena-Yonnuca nokasan HanMyne cTaTUCTUYECKU
3HAYMMBbIX Pa3NYMIA B NOKaA3aTENSAX MUKPONOATEKAHNSA U TYBYNSPHOM NEHETPaLMN MEXAY BCEMU Fpynnamm
(p =0,01). Nishika Canal Sealer BG npoaeMOHCTpUpoBan Hanny4lire nokasarenn no anukasabHOMy repme-
TU3MYy 1 TYOYNspHOW NeHeTpauumn, 3a HuMm cnepoBann CeraSeal u AH Plus.

BbIBObI. C yueToM OrpaHMyeHnin 4aHHOro nccnenoBaHmsa 6bi10 caenaHo 3aknodeHune, 4to Nishika Canal
Sealer BG o6nagaeTt MakcumaibHOM anukasnbHOW repMeTUYHOCTbIO 1 rNyBMHON TyOyNnspHOM neHeTpaumm no
cpaBHeHuio ¢ CeraSeal u AH Plus.

Kniwouesble cnoBa: CTEPEOMUKPOCKON, FePMETUK, CKaHUPYIOLLINIA 3IEKTPOHHbIN MUKPOCKONM, MUKPOMNOATEKA-
Hue, buokepamuka, 6MOaKTUBHOE CTEKIIO.

UHdopmauumsa o ctatbe: noctynuna — 03.01.2025; ucnpasneHa — 29.01.2025; npmHata — 10.02.2025
KoHGAUKT nHTepecoB: aBTOPbLI CO0OLLAOT 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.
BnarogapHocTu: GUHAHCUPOBAHME U MHANBUAYASIbHbIE 611arofapHOCTY A5 AEKNAPUPOBaHUS OTCYTCTBYIOT.

Ana uutupoBaHua: bunan M., NMawa L., Kymap C., Apud C., Tagx L., Canum A. OueHka annkanbHOro rep-
MeTuama u TyOynsipHOW neHeTpaunnm HOBOro OGUOaKTUBHOIO CTEKJIO-repMeTunka, GMokepaMmmnyeckoro rep-
MeTuKa U repMeTrnka Ha OCHOBE CMOJIbl: aKcnepuMeHTanbHoe In-Vitro nccnepgosaHne. 3HgoaoHTUS Today.
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INTRODUCTION

Endodontic treatment is fairly predictable in nature
with reported success rates up to 86-98% [1]. The
majority of endodontic failures are caused primarily by
inadequate sealing of the root canal. Ideally, the root
filling material should seal the root canal system and
favour tissue repair [2]. Seepage of fluids is likely to
occur if apical seal is not properly established [1]. For
good sealing, the filling material must be able to ad-
here to the dentinal wall while preventing invasion of
microorganisms [3].

To ensure the long-term effectiveness of root canal
treatment, three-dimensional root canal obturation is
crucial [4]. When considering a three-dimensional filling
of the root canal system, the capacity to seal imperfec-
tions and penetrate dentinal tubules is necessary [5].
This capability is influenced by the material’s fluidity,
that enables the sealers to access the regions that in-
struments might not have reached [6]. Apart from the
apical and coronal leakage, micro gaps between the
sealer and dentinal tubules also play an important role
in clinical success of the treatment.

Good tubular penetration and adaptation of the
sealer ensures adequate stability, reduced microleak-
age, increased fracture resistance and effectively pre-
vent bacteria from entering into the tubules [7]. It also
reduces the micro-gaps between the material and the
dentinal walls. Adequate tubular penetration can also
three dimensionally fill the root canal system. Creating
a fluid tight apical seal prevents any ingress of microor-
ganisms into the root canal system.

dHdodoHmus
————TLT

Endodontic treatment approaches have evolved
in response to technology improvements and this has
led to significant rise in success rates of the root ca-
nal treatment [8]. Root canal sealer along with gutta-
percha, have been demonstrated to be necessary for
a successful obturation, as the sealer needs to bond
with dentin along the canal wall. However, standard root
canal sealer based on Grossman’s formula is barely
ideal because it is neither adequately adhesive nor
binds completely with dentin [8].

The purpose of this in vitro study was to compare
the sealing ability and tubular penetration of new bioac-
tive glass sealer NISHIKA CANAL SEALER BG (Nippon
Shika Yakuhin), along with commonly used bioceramic
sealer — CeraSeal (META BIOMED) and epoxy resin —
based sealer AH Plus (DENTSPLY) in oval canals.

MATERIALS AND METHODS

Samples of 49 extracted human single rooted man-
dibular 1st premolar teeth with fully formed apices which
were extracted due to orthodontic reasons were taken
for the study after obtaining ethical clearance from the
institution. These were analyzed for any anatomical
variations and internal resorption by taking RVG. All the
samples were inspected under magnification for any
cracks along the tooth surface to avoid other routes of
leakage. Standardization of root length to 14 mm were
done by decoronating them near the cemento-enam-
el junction (CEJ). Only apical foramen with diameter
smaller or equal to size #10 K-files were selected. In or-
der to standardize the samples for preparation, the file
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was introduced into the canal and pushed beyond the
apex until the tip of the file was seen through it.

The working lengths were determined using a #10 K
files upto the apical foramen for standardization. Instru-
mentation of the root canals were instrumented up to
size F3 of ProTaper Gold rotary files using Crown down
technique.

The canals were irrigated with a disposable syringe
and a 30 G side vented needle using 2 ml of 3% NaOCI
throughout the instrumentation. A #10 K-file was used
to maintain apical patency throughout the preparation.
Subsequent to instrumentation with files saline irriga-
tion was done and upon completing instrumentation,
the canals were rinsed with 2.5 ml of 17% EDTA solution
followed by agitation with EndoActivator (EA) for 30 sec
and was flushed with saline. The canals were then irri-
gated with NaOCI. Lastly irrigation was performed with
2 ml of saline. Master cone was selected for all the sam-
ples (size F3 GP) and this was confirmed using RVG. All
the canals were then dried with paper points.

Samples were then divided into 3 experimental
groups. Group 1: Obturation was done by using a F3 GP
cone and Canal Sealer BG with a single cone technique,
following the manufacturer’s instructions. Group 2: Ob-
turation was done by using a F3 GP cone and AH Plus
sealer with a single cone technique. Group 3: Obtura-
tion was done by using a F3 GP cone and CeraSeal with
a single cone technique, following the manufacturer’s
instructions. CeraSeal was pumped into the canal and
the master cone was fitted till the working length.

The positive control group included two teeth that
had a single cone with no sealer. The negative control
group included two teeth that were unobturated and
coated fully with nail varnish.

The access of all the samples was then sealed with
intermediate restorative material. All the samples were
then coated with two layers of fingernail varnish lea-
ving only 1 mm of the apical foramen to remain exposed.
Negative controls were completely coated with finger-
nail varnish including the apical foramen portion.

All the samples were then allowed to set in the in-
cubator at 37° C for 42 hours and were then immersed
in 1% methylene blue dye for 72 hours. After removal
from the dye, the roots were rinsed in tap water, and the
fingernail varnish was completely removed by scraping
with a Bard-Parker number 11 blade in order to facilitate
easy splitting of the roots.

The buccal and lingual portion of the roots were
grooved longitudinally with a cylindrical diamond point
in a high-speed handpiece and with the help of a chisel
and mallet they were split into halves. Out of two halves,
one half was used for leakage evaluation, and the other
half was used for tubular penetration evaluation.

The amount of microleakage on the fractured side of
the spilt root was measured from the apexto the highest
extent of dye penetration in the coronal direction. Sco-
ring was performed by using a stereomicroscope at 10X
magnification to examine the dye’s full extend.

For scanning electron microscopy (SEM) evaluation,
all the specimens were vacuum dried, sputter coated
with gold, and viewed under SEM. The penetration
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depth of sealer into dentinal tubules were examined at
cervical, middle, and apical third of the root and scoring
was done according to the depth of penetration of seal-
ers into the tubules by an independent observer. Scor-
ing for microleakage and tubular penetration was given
according to Attur et al. [9] (Table 1).

Statistical Analysis

Kruskal Wallis Test followed by Dunn’s post hoc test
was used to compare the mean penetration depth for
micro leakage & sealer penetration into dentinal tu-
bules scores between 3 groups. The level of signifi-
cance was set at p < 0.05.

RESULTS

The mean Dye penetration score for Group 1 was
0.47+0.64, for Group 2 was 1.47+1.06 and for Group 3
was 0.67+0.72. These differences in the mean Dye pen-
etration scores for Micro Leakage between 3 groups
was statistically significant at p = 0.01 (Table 2).

The mean Penetration depth of sealer for Group 1
was 3.53%0.64, for Group 2 was 2.60+0.91 and for
Group 3 was 3.20+0.94. These differences in the mean
Penetration depth of sealer into dentinal tubules be-
tween 3 groups was statistically significant at p = 0.02
(Table 3).

Table 1. Scoring criteria according to Attur et al. [9]
Ta6nuua 1. Kputepun oueHkm cornacHo Attur n ap. [9]

Index Score Value
Dye penetration 0 No visible dye on the root canal walls
for microleakage
in root canal 9 1 Dye visible on the root canal walls
walls 2 | Penetration of dye up to half of the
length longitudinally
3 Penetration of dye more than half
of the root surface longitudinally
Penetration 0 No penetration
depth of sealer
into dentinal T [1-20m
tubules 2 21-40
3 41-60
4 More than 60 u

Table 2. Comparison of mean Dye Penetrations scores
for Micro leakage between 3 groups

using Kruskal Wallis Test

Tabnuua 2. CpaBHeHMe CpeHNX NokasaTenemn
MPOHNKHOBEHUA KpacnTena aJsid OoueHKn
MUKPOMNOATEKAHNA MEXAY TPEMS rpynnamm

C ucnonb3oBaHneM kputepus Kpackena-Yonnumca

Groups N Mean SD Min Max |P-Value
Group 1 15 0.47 0.64 0 2 0.01*
Group 2 15 1.47 1.06 0 3

Group 3 15 0.67 0.72 0 2

*Statistically Significant
*CTaTUCTUYECKU 3HAYMMO
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Table 3. Comparison of mean Penetration depth

of sealer into dentinal tubules between 3 groups

using Kruskal Wallis Test

Ta6nuua 3. CpaBHeHue cpeaHen ryobuHbl
NMPOHNKHOBEHUA repMmeTka B AE€HTUHHbIE KaHaJ1bL,bl
MeXay Tpemsa rpyrnnamm ¢ UCnoJib30BaHUEM KPUTEPUA
Kpackena-Yonnuca

Groups N Mean SD Min Max | p-Value
Group 1 15 3.53 0.64 2

Group 2 15 2.60 0.91 1 0.02*
Group 3 15 3.20 0.94 1

*Statistically Significant
*CTaTUCTMHECKU 3HAYMMO

DISCUSSION

The root canal filling materials prevent microbes and
its exudates from communicating into the periradicular
tissues. A significant proportion of failures in endodon-
tic treatment and retreatment is attributed to the dif-
ficulty in obliterating accessory canals, apical deltas,
anastomoses, fins, and irregularities of the root canal
system and failure to get a fluid tight apical seal [9].

Among various types of sealer used today AH plus
has gained popularity due to its radiopacity, biocom-
patibility, ease of use and availability. AH Plus is an
epoxy-bis-phenol resin—-based sealer that also con-
tains adamantine and bonds to root canal [10]. As a kind
of epoxy resin—based sealer, AH Plus is used frequently
in clinical work and is usually chosen as the control in
studies on the properties of new sealers because of its
long track record.

CeraSeal is calcium phosphate based bioceramic
sealer dispenced using a pre-mixed syringe. CeraSeal
sealers have excellent sealing adaptation and biocom-
patibility, as well as rapid tissue recovery [11]. Calcium
silicate produces Calcium Aluminate Hydrate gel and
Calcium Silicate Hydrate gel by absorbing the moisture
from surrounding tissues in the root canal and some
crystallization of Calcium Hydroxide.

Nishika Canal Sealer is developed from BG-based
biomaterials and originally intended for both dental pulp
and bone regeneration therapies. This is a two-phased
paste; Paste A containing silica dioxide, bismuth sub-
carbonate, and fatty acids, wherein Paste B contains
calcium silicate glass, magnesium oxide and silica diox-
ide, etc. this two-paste system hardens when exposed
to heat or moisture [10].

Bioceramic root canal sealers can promote physi-
cal and chemical bonding with dentin by creating hy-
droxyapatite precipitates at the dentin sealer interface
after it sets. Conventional sealers can shrink as they
harden and dissolve in tissue fluids, creating a space
that allows microbes to escape [12]. It is well known that
bioceramic interact with dentin along the root canal to
provide biomineralization and forms a hybrid layer along
the dentine which is rich in mineral. [13; 14]. A big ad-
vantage for bioceramic sealer is the ability to bond in
moist dentin. This property was evaluated and bioce-
ramic sealers showed high bond forces in moist dentin,
over epoxy resin sealers [15; 16].

dHdodoHmus
————TLT

Mccneposanus / Scientific researches

The tubular penetration of endodontic sealers ma-
jorly depends on their physico-chemical properties,
complete smear layer removal and permeability of the
tubules, depending on the anatomical root canal zone
of the teeth. Number and diameter of dentinal tubules
decrease apically in the root canal. To achieve good
amount of tubular penetration, the particle size of the
material must be smaller than the tubule diameter for it
to be well suited for penetration.

This present study evaluated the penetration ability
using SEM. Even though micro-CT can produce better
3D imaging, SEM is still preferred for tubular penetration
studies. This is because micro-CT observations might
be less sensitive compared with the sectioning method
in terms of void detection. This is in accordance with
a study by Kim et al. [17]. Volumetric 3D analysis is bet-
ter with micro-CT wherein magnification is better with 2D
SEM. SEM was preferred over sealer staining using fluo-
rescent dyes because dyes have shown to be unsuitable
in precisely indicating sealer penetration depth accor-
ding to recent study by Sina Schmidt et al. [18].

Likewise, many techniques are employed to assess
root canal sealer capacity for apical sealing. One popu-
lar, simple, and quick way to test the sealers microleak-
age is through the linear measurement of dye penetra-
tion. Endodontic microleakage happens at the coronal
or apical part of the root canal obturation, each having
its own repercussions. Muliyar et al. discussed the role
of microleakage in endodontic failures and the impor-
tance to address and control it properly to ensure a suc-
cessful endodontic outcome [4; 19].

In this present study AH Plus Sealer has showed the
maximum score for microleakage and the least score
for tubular penetration. Even though previous studies
have proved that epoxy resin-base AH Plus has supe-
rior adaptation and provides tight seal to prevent mi-
croleakage, the results of the present study, contra-
dicted this. This might be due to the use of single cone
obturation which was used in all three groups. AH Plus
combined with warm vertical compaction method of
obturation has shown better seal and tubular penetra-
tion [16]. Bioceramic based sealers are preferably used
along with single cone obturation methods as high tem-
peratures from warm vertical compaction can interfere
with the interaction between the sealer and moisture
content which help in forming the mineral infiltration
zone as the warm vertical compaction desiccates the
root canal because of its high temperature.

The newer generation bioceramic sealers have par-
ticle size averaging 0.2 um whereas epoxy resin — based
AH Plus has a particle size of about 8 um. This can be
an attributing factor for the sealer penetration into the
tubules in this present study. Bioactive glass and bioce-
ramic sealers flow better even in the presence of mois-
ture, but in case of AH Plus sealer it is not the same.

Stereomicroscopic images revealed linear dye pen-
etration of the samples. Digital images were acquired
from the stereomicroscope. Samples were scored ac-
cording to the presence of dye along the walls of the ca-
nals. If the dye is seen on the tip of the walls of the canal,
then they were scored 1 (Fig. 1). If the dye is seen at half
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the length of root canal, then it is scored 2. If dye has  tubular penetration of sealers in which the particles
leaked into more than half the length of the root canal, were seen to penetrate in to the tubules at different
thenitis scored as 3 (Fig. 2). depths. Sealer particles were seen penetrated and

Under SEM evaluation, Nishika Canal Sealer and scattered into the dentinal tubules at 1000X magnifi-
CeraSeal showed higher sealer penetration into the cation. Sealer particles were seen into the dentinal tu-
dentinal tubules than AH Plus. SEM images revealed bules at 1000X magnification (Fig. 3).

Fig. 1. Dye seen on the tip and walls of the canal Fig. 2. Dye is seen in more than half the length
Puc. 1. KpacuTesb BUAEH Ha BEPXYLLKE of the root canal
M CTeHKax KaHana Puc. 2. Kpacutenb BuaeH 6onee 4eM B NONOBUHE

AJINHbI KOPHEBOIo KaHana

e — -~ P
SED  150kV WD134mm  Std.-P.C40.0 HighVac. ; SED 150kV WD14.2mm  Std.-P.C40.0 HighVac.  x1,000 NS 10um
11ISC AFMM SEM JSM-IT300 3777 Aug 05 2022 1ISC AFMM SEM JSM-IT300 Aug 05 2022

Fig. 3. Sealer particles into the dentinal tubules at 1000X magnification
Puc. 3. HacTuubl cunepa B AEHTUMHHbIX KaHanbuax npu ysenmyeHnm 1000X
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GP-sealer-tubule interface was also analysed by
the SEM. Some of the images were discarded due to
inability to calculate the penetration depth because
of debris over the tubule surface.

SEM images revealed that sealers were well adap-
ted to the dentinal walls in most of the specimens.
Agitation of the sealers could have helped the sealers
for better penetration and should be tested in future
studies. This present study also revealed that, greater
the penetration depth, lesser the microleakage and
vice versa.
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Abstract

INTRODUCTION. Several fluoride-containing dental restoratives are currently available, including glass
ionomers (GIC), resin-modified glass ionomer cement (RMGIC), polyacid-modified composite resins
(compomers), composites, and amalgams. The fluoride release capabilities of these materials differ due to
their matrices and setting mechanisms, which in turn influence their antibacterial and cariostatic properties.
Glass ionomer cements are particularly favored for their chemical bonding and fluoride release. However,
their limitations include water sensitivity and reduced wear resistance, leading to the development of resin-
modified glass ionomers. These materials aim to improve moisture sensitivity and mechanical strength while
still providing fluoride release. Despite extensive research on fluoride release, comparative studies involving
other fluoride-releasing materials are limited.

AIM. This study aims to evaluate the fluoride release of two glass ionomer cements, a compomer, and
a composite resin, and to assess the impact of topical fluorides on their fluoride-releasing abilities.
MATERIALS AND METHODS. The present in-vitro comparative study was conducted at the College of Dental
Sciences, Davangere, Karnataka. Four restorative materials were evaluated over 42 days: Conventional
GIIC (GC Fuiji II), RMGIC (Vitremer, 3M), Compomer (Dyract AP, Dentsply), and Composite (Tetric N Ceram,
Vivadent). Specimens were prepared in disc-shaped molds, immersed in deionized water, and fluoride levels
measured using a fluoride ion-selective electrode at various intervals.

RESULTS. The study revealed distinct fluoride release patterns among the materials. Group | demonstrated
the highest fluoride release on Day 1, significantly surpassing Groups Il, lll, and IV (p < 0.001). While Groups |
and Il showed a pronounced decrease in fluoride release by Day 2, all groups exhibited a consistent decline
over time, with notable intergroup differences.

CONCLUSIONS. The fluoride release characteristics of the evaluated restorative materials varied significantly,
emphasizing the importance of material selection based on their fluoride-releasing capabilities to enhance
dental health.

Keywords: fluoride release, dental restoratives, glass ionomer cement, resin-modified glass ionomer,
compomer, composite resin
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INTRODUCTION

Pesiome

BBELEHWE. B HacTosiLiee Bpems 4OCTYNHO HECKONIbKO pTopcoaepXallmx pecTaBpauMOHHbIX MaTepmnanos
ansa 3ybos, Bkovas cteksonoHomepsbl (GIC), CTEKNOMOHOMEPHbLIN LLEMEHT, MOANDULMPOBAHHbLIA CMOJION
(RMGIC), kKoMNO3UTHbIE CMOJbI, MOAUPULMPOBAHHBIE NOANKNUCIOTAMKU (KOMMOMEPbI), KOMMO3UTbI U aMalib-
rambl. CNoCoBHOCTb 9TUX MaTepMasnoB BbIAENATL PTOP pas3nnyaeTcs B 3aBMCUMOCTUN OT UX MaTpuULbl U Me-
XaHW3MOB CXBaTblBaHWS!, YTO, B CBOI O4Yepenb, BAUSET Ha UX aHTUOakTepuabHble N KapnocTaTnyeckme
cBoncTBa. CTEKSIONOHOMEPHBLIE LLEMEHTBI 0COBEHHO LEHATCS 3@ UX XMMUYECKOE CBSA3bIBAHUE U BblAENEHNE
¢dTopa. OgHaKko K nx HegocTaTkaM OTHOCATCS YYBCTBUTENIBHOCTb K BOAE M NMOHMXEHHAst U3HOCOCTOMKOCTb,
4YTO NPUBENO K pa3paboTke CTEKIOMOHOMEPOB, MOANDULMPOBAHHbLIX cCMoNamu. Llenbio aTux matepuanos
ABNSIETCH MOBbILLEHNE YYBCTBUTENIBHOCTU K Bflare 1 MeXaHNM4eCKOon NPOYHOCTM NPU OAHOBPEMEHHOM Bblae-
neHumn pTopa. HecmoTpsa Ha 0B6LLMPHBIE MCCNenoBaHUS NO BblAeNneHno GTopa, CpaBHUTENbHbLIE UCCNIEA0BaA-
HUS C UCNONIb30BAHMEM APYIUX MAaTEPUANOB, BblAENSAOWMX GTOP, OrPaHNYEHbI.

LIEJIb UCCJIEAOBAHUNA — oueHUTL BblaeneHne propa AByMst CTEKIOMOHOMEPHBIMU LLEMEHTaMK, KOMIMOMEPOM
1 KOMMO3UTHOM CMOJION, a TakXe OLLEeHUTb BANSHNE MECTHbIX GTOPMAO0B Ha X CMIOCOOHOCTL BblAENATL PTOP.
MATEPUAbI M METO/bIl. HacTosiwee cpaBHUTENBHOE UCCNeaoBaHKe in vitro Obi10 npoBeaeHo B Konneaxe
CTOMAaTONOorMyeckmx Hayk B [laBaHrepe, wrat KapHartaka. B TeqyeHne 42 gHel oLeHNBaNnUCh YeTblpe PeECTaB-
paunoHHbIX MaTepuana: obbiuHblii GIIC (GC Fuji Il), RMGIC (Vitremer, 3M), komnomep (Dyract AP, Dentsply)
1 komno3wuT (Tetric N Ceram, Vivadent). O6pasubl roTOBUAM B ANCKOOBPa3HbIX dopmax, Norpyxanm B 4eno-
HU3VPOBAHHYIO BOAY U N3MEPSANN YPOBEHb GTOPMAA C NOMOLLLIO GTOPUAHONO MOHOCENEKTUBHOIO 9N1EKTPO-
[a C pasnnyHbiMMU MHTEPBANaMM.

PE3YJIbTATbI. ccnepoBaHue BbIABUIO pa3finiHblie 3aKOHOMEPHOCTM BblaeneHns Gropa U3 pasimyHbixX Ma-
Tepuanos. [pynna | npoaeMoHCTpmpoBana Hanbonbluee BolaeneHme ¢gropa Ha 1- feHb, 3HAYNTENBLHO Npe-
B3ouas rpynnst I, Il v IV (p < 0,001). B To Bpemsa kak B rpynnax | n |1l Habnioaanock BbIpaXXeHHOe CHUXEHNe
BblaeneHns GTopa ko BTOPOMY LHIO, BO BCEX Fpynmnax Habnoaanocb NOCTOSHHOE CHUXEHMWE C TEYEHMEM Bpe-
MEHWN, C 3aMETHbLIMU MEXIPYNMOBbLIMU PA3NINYNAMMU.

BbIBObl. XapakTepucTrkn BbiaeneHns GTopa y OLLeHNBaAEMbIX PECTaBPaLMOHHbLIX MaTepPManioB 3HAYNTENb-
HO pPa3nMyYyanncChb, YTO NOAYEPKMBAET BaXHOCTb BbiIOOpa MaTepmnanoB, OCHOBAHHOIO HA UX COCOBOHOCTU Bbl-
nenatb GTop, 4NN yay4yleHns 300poBbs 3y0O0B.

Knwuesble cnoBa: BbiaeneHne ¢topa, 3yOHble pecTaBpaTopbl, CTEKIOMOHOMEPHbI LEMEHT, CTEK/IOMOHO-
Mep, MOaNGULMPOBAHHBI CMOJION, KOMIOMEP, KOMNO3MTHas cMona

UHdopmauumna o ctatbe: noctynuna — 14.01.2025; ncnpasneHa — 09.02.2025; npuHara — 11.02.2025
KoH®AUKT nHTepecoB: aBTOPbl COOOLLAIOT 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.
BnarogapHocTu: GUHAHCUPOBAHME U NHANBUAYASIbHbIE 611arofapHOCTY s AEKNAPUPOBAHUS OTCYTCTBYIOT.

Ana untupoBaHua: LLleHsn C., LLineaHHa B., Oxaaxae K.P., Cun M., NMpaeeaeH A., XaritaH A. CpaBHUTENb-
Has OLeHKa BbICBOOOXAEHUSA pTopa YEThbIPbMSA KOMMEPYECKWN A0CTYMNHLIMU CTOMATONIOrMYECKUMU pecTaBs-
pauMoHHbIMM MaTepuanamu: nccnegosaHue In Vitro. 9ngoaoHTus Today. 2025;23(1):46-54. https://doi.
org/10.36377/ET-0077

Several fluoride-containing dental restoratives are  fluoride they release [1].

perties of these materials are linked to the amount of

available today, including glass ionomers, resin-modi-
fied glass ionomer cement, polyacid-modified compos-
ite resins (compomers), composites, and amalgams.
These products differ in their fluoride release capa-
bilities due to their varied matrices and setting mecha-
nisms. Generally, the antibacterial and cariostatic pro-

Glass ionomer cements are favored in dentistry for
their chemical bonding and fluoride release properties.
They can also absorb fluoride from external sources,
but their use is limited by issues such as early water
sensitivity, poor strength, and reduced wear resis-
tance [2; 3]. To address these limitations, resin-modified
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glass ionomers were developed. They mitigate mois-
ture sensitivity and low initial mechanical strength of
conventional glass ionomers. Although they can re-
lease fluoride in amounts comparable to convention-
al cement, the fluoride release can be influenced by
factors such as the type and amount of resin used in
the photochemical polymerization. Polyacid-modified
composite resins (compomers) combine characte-
ristics of glass ionomer cement and light-curing com-
posites. These resins primarily set through photo-initi-
ated polymerization, with a limited acid-base reaction
contributing to fluoride release but not to the harden-
ing process. Fluoride release in resin composites de-
pends on various factors, including the type and parti-
cle size of fluoride-containing fillers, resin type, silane
treatment, and the polymer matrix’s hydrophilicity and
acidity [4].

Despite extensive research on fluoride uptake in
glass ionomer cements, comparative studies with other
fluoride-releasing materials are limited. This study aims
to evaluate the fluoride release of two glass ionomer
cements, a compomer, and a composite resin, and to
assess the impact of topical fluorides on their fluoride-
releasing abilities.

Mccneposanus / Scientific researches

MATERIALS AND METHODS

The present in-vitro comparative study was per-
formed at the College of Dental Sciences, Davangere,
Karnataka

The present study aimed to compare fluoride re-
lease and uptake among four restorative materials
over 42 days: Conventional Glass lonomer Cement (GC
Fujill), Resin-Modified Glass lonomer Cement (Vitremer,
3M), Compomer (Dyract AP, Dentsply), and Composite
(Tetric N Ceram, Vivadent). Specimens of each material
were prepared using disc-shaped plastic molds (Fig. 1),
then immersed in deionized water. Fluoride levels in the
water were measured at various intervals using a fluo-
ride ion-selective electrode and digital ion analyzer.

Specimen Preparation

Ten specimens of each material were prepared and
grouped as follows:

— Group I: Conventional Glass lonomer Cement (GC
Fuji Il);

— Group II: Resin-Modified Glass lonomer Cement
(Vitremer, 3M);

— Group lll: Compomer (Dyract AP, Dentsply);

— Group IV:Composite (Tetric N Ceram, Vivadent).

Fig. 1. Disk-shaped specimens of Group | (A): Conventional Glass lonomer Cement; Group Il (B): Resin-Modified
Glass lonomer Cement; Group Il (C): Compomer; Group IV (D): Composite

Puc. 1. O6pasubl B dopme ancka na rpynnei | (A): 0Obl4HbIA CTEKIOMOHOMEPHbIN LeMeHT; rpynnbi |l (B):
CTEKJIOMOHOMEPHbI LEMEHT, MOANOULMPOBaHHLI cMonoii; rpynnsi ll (C): komnomep; rpynnbi IV (D): koMno3uT
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Fig. 2. Fluoride Electrode with lon Analyser

Puc. 2. dTopunaHbIii 3NeKTPOL C MOHHbLIM
aHanM3aTopom

Forty specimens in total were made using 9 mm
diameter, 2 mm height plastic molds. The molds were
placed on a glass slide with a mylar strip. Materials
were hand-mixed according to manufacturer instruc-
tions, placed into molds, covered with a mylar strip, and
pressed with a glass slide to ensure uniform discs as
per the manufacturer direction.

The excess material was trimmed to 9 mm x 2 mm,
and each specimen was stored in 8 ml of distilled deion-
ized water at 37°C.

Measurement of Fluoride Release

Fluoride concentration in the water surrounding the
specimen discs was measured using an Orion Fluoride
Electrode (9409BN) connected to a Jenway 3330 pH
meter (Fig. 2). To ensure accuracy, TISAB lll (Total lonic
Strength Adjustment Buffer) was added to maintain pH
between 5.0 and 5.5, freeing fluoride ions from binding
and eliminating hydroxyl ion interference.

Initial Fluoride Release Measurement
After 1 day, specimens were washed with 2 ml of
distilled deionized water (DDW). The 10 ml of collected
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solution (8 ml storage and 2 ml wash) was analyzed for
fluoride concentration. Specimens were then returned
to fresh 8 ml DDW. This process was repeated for 2, 3,
7,14, and 21 days.

Fluoride Release During Topical Exposure

After 21 days, specimens were washed with 2 ml
DDW and exposed to 1.23% APF gel for 5 minutes. Post-
exposure, specimens were rinsed and returned to 8 ml
of fresh DDW at 37°C. Fluoride release was measured
daily from day 22 to day 35.

Fluoride Release Post Recharge

Following the 14-day fluoride immersion period,
specimens were stored in fresh 8 ml DDW for 7 days
without fluoride exposure. They were then washed with
2 mI DDW, and both solutions were collected for fluoride
estimation.Out of the 10 ml collected, 3 ml was mixed
with 3 ml of TISAB Il buffer. Fluoride concentration was
analyzed using the Orion Fluoride Electrode, with re-
sults reported in ppm (parts per million).

Statistical Analysis

The results were statistically evaluated using the
Kruskal-Wallis test and Mann-Whitney U test, following
assessment with the Shapiro-Wilk test, which indicated
a skewed distribution. A significance level of p < 0.05
was set for all analyses.

RESULTS

Analysis of Initial Fluoride Release

Fig. 3 and 4 present the daily fluoride release pat-
terns for each group throughout the study. The release
patterns were generally similar across all fluoride-re-
leasing materials, yet there were notable differences
in the amount of fluoride released. Group | exhib-
ited the highest fluoride release (median:18.36 ppm,
[IQR: 18.36-18.87] on Day 1), significantly more than
Groups Il (14.72 ppm [IQR: 14.72-16.21]), lll (8.96 ppm
[IQR: 8.96-9.97]), and IV (2.4 ppm [IQR: 2.4-2.91]), with
p < 0.001 for all comparisons (1&ll, 1&l1l, 1&IV, &I, 11&IV,

20
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Fig. 3. Line graph illustrating the trend of fluoride release across each day, with points representing
the median values

Puc. 3. JInHelHbi rpaduk, MAnioCTPUPYIOLWMA TEHAEHUNIO BblaeNneHns GTopa B TEYEHNE KaXA0ro AHS,
C TOYKaMM, NPeaCTaBAAOLWMMU CPEOHNE 3HAYEHNS
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I&IV). All groups reached their peak fluoride release on
the first day. Following this initial peak, Groups | and |l
experienced a more pronounced reduction in fluoride
release by the second day (9.74 ppm [IQR: 9.74-12.47]
for Group I, 8.76 ppm [IQR: 8.76-10.41] for Group II)
compared to Groups lll (6.44 ppm [IQR: 6.44-7.2]) and
IV (1.72 ppm [IQR: 1.72-2.06]). This trend of decreasing
fluoride release continued consistently on Day 3 (Group
I: 9.75 ppm [IQR: 9.75-10.82], Group II: 8.18 ppm [IQR:
8.18-8.99], Group lll: 3.83 ppm [IQR: 3.83-5.02], Group
IV: 1.21 ppm [IQR: 1.21-2.06]) and 7, with p < 0.001
observed across all groups (1&ll, 1&lll, 1&IV, H&l, &IV,
H&IV).

MccneposaHus / Scientific researches

Analysis of Fluoride Release During Fluoride
Immersion Period

Fig. 4 illustrate the daily fluoride release from each
group during immersion in 1.23% APF gel. On Day 22,
which marked the first day of fluoride application, there
was a statistically significant difference in fluoride up-
take among Groups |, Il, lll, and IV (Group |: 5.69 ppm
[IQR: 5.69-7.04], Group Il: 4.85 ppm [IQR: 4.85-6.1],
Group lll: 2.5 ppm [IQR: 2.5-3.5], Group IV: 0.87 ppm
[IQR: 0.87-1.12]). This trend continued through Day 32,
the 14th day of fluoride application, where significant
differences in fluoride uptake were again observed be-
tween the groups.

Table 1. Descriptive statistics (median and interquartile range) and Intergroup comparisons for fluoride release

on each day

Ta6nuua 1. OnucartenbHas CTaTUCTUKA (MeaVaHa U MEXKBaPTUIIbHbIA AMana3oH) 1 MEXIPynnoBble CPaBHEHUS

Mo BblaeneHuto ¢pTopa B TeYeHMe Kax aoro aHs

Groups
Days I Il m \'} p-value
(n=10) (n=10) (n=10) (n=10)

1d 18.36(18.36-18.87)a | 14.72(14.72-16.21)b 8.96(8.96-9.97)c 2.4(2.4-2.91)d <0.0001*

2d 9.74(9.74-12.47)a 8.76(8.76-10.41)b 6.44(6.44-7.2)c 1.72(1.72-2.06)d <0.0001*

3d 9.75(9.75-10.82)a 8.18(8.18-8.99)b 3.83(3.83-5.02)c 1.21(1.21-2.06)d <0.0001*

7d 6.88(6.88-8.05)a 5.64(5.64-6.7)b 3(3-3.92)c 1.19(1.19-2)d <0.0001*
14d 4.49(4.49-6.44)a 3.93(3.93-6.05)b 2.34(2.34-3.83)c 0. 97(0 97-1.82)d <0.0001*
21d 3.24(3.24-4.68)a 3.41(3.41-3.99)b 2.12(2.12-2.91)c .9(0.9-1.15)d <0.0001*
22d 5.69(5.69-7.04)a 4.85(4.85-6.1)b 2.5(2.5-3.5)c 0.87(0.87-1.12)d <0.0001*
23d 5.44(5.44-7.06)a 4.69(4.69-6.73)b 2.87(2.87-3.2)c 0.92(0.92-1.05)d <0.0001*
244 6.08(6.08-6.99)a 5.06(5.06-6.01)b 2.87(2.87-3.2)c 0.76(0.76-0.83)d <0.0001*
25d 6.07 (6.07-7.14)a 4.65(4.65-5.91)b .8(2.8-3.39)c 0.65(0.65-0.8)d <0.0001*
26d 6.08(6.08-6.99)a 5.36(5.36-6)b 2.83(2.83-3.33)c 0.61(0.61-0.71)d <0.0001*
27d 5.99(5.99-7.33)a 5.62(5.62-7.04)b .9(2.9-3.47)c 0.46(0.46-0.66)d <0.0001*
28d 6.43(6.43-7.51)a 5. 96(5 96-7.23)b 2.61(2.61-3.67)c 0.34(0.34-0.58)d <0.0001*
29d 6.6(6.6-7.37)a .6(6.6-7.32)b 2.87(2.87-3.55)c 0.33(0.33-0.45)d <0.0001*
30d 6.94(6.94-7.37)a 4(6.4-7.34)b 2.73(2.73-3.66)c 0.35(0.35-0.45)d <0.0001*
31d 6.95(6.95-7.41)a 6.38(6.38-7.69)b 2.96(2.96-3.2)c 0.28(0.28-0.38)d <0.0001*
32d 6.53(6.53-8)a 6.85(6.85-7.22)b 2.94(2.94-3.27)c 0.27(0.27-0.35)d <0.0001*
33d 7.53(7.53-8.34)a 6.31(6.31-7.88)b 2.69(2.69-3.64)c 0.23(0.23-0.27)d <0.0001*
34d 7.87(7.87-8.63)a 6.85(6.85-7.61)b 2.76(2.76-3.47)c 0.17(0.17-0.21)d <0.0001*
35d 7.79(7.79-8.75)a 6.72(6.72-8.15)b 2.95(2.95-3.26)c 0.18(0.18-0.22)d <0.0001*
36d 4.93(4.93-5.43)a 4.08(4.08-4.55)b 2.88(2.88-3.12)c 0.17(0.17-0.23)d <0.0001*
37d 4.81(4.81-5.48)a 2.96(2.96-3.26)b 2(2-2.24)c 0.16(0.16-0.23)d <0.0001*
38d 4.88(4.88-5.17)a 2.84(2.84-3.16)b 1.4(1.4-1.67)c 0.13(0.13-0.16)d <0.0001*
39d 478(4.78-5.21)a 2.74(2.74-3.17)b 1.1(1.1-1.32)c 0.11(0.11-0.15)d <0.0001*
40d 4.94(4.94-5.24)a 2.65(2.65-2.74)b 1.07(1.07-1.15)c 0.1(0.1-0.13)d <0.0001*
41d 4.98(4.98-5.18)a 2.37(2.37-2.67)b 0.91(0.91-1.02)c 1(0.1-0.14)d <0.0001*
42d 4.86(4.86-5.26)a 2.19(2.19-2.82)b 0.95(0.95-0.99)c 0.1(0.1-0.13)d <0.0001*

Note: n — number of samples per group; * statistically significant (p < 0.05). Different letters indicate significant differences be-

tween the pairs.

lMpumedaHusi: n — konndecTso o6pasLoB B rpymnne;
CYLLLECTBEHHbIE Pa3/iMymMsa MeXay napamu.

dHdodoHmus
————TLT

* CTAaTUCTUYECKW 3HAYUMBIN (P

< 0.05). Pa3Hble OykBbl yKa3blBalOT Ha
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When comparing the fluoride release on Day 22 with
Day 35, Group lll showed no significant change (Day 35:
2.95 ppm [IQR: 2.95-3.26], p = 0.9499). In contrast,
Groups | (7.79 ppm [IQR: 7.79-8.75], p < 0.0001) and |l
(6.72 ppm [IQR: 6.72-8.15], p < 0.0001) exhibited a no-
table increase in fluoride release on Day 35 compared
to Day 22, suggesting these groups had a greater re-
charge capacity at the end of the immersion period.
Group IV showed a significant increase from Day 22 to
Day 35 (p = 0.0014), indicating improved fluoride re-
lease dynamics.

Analysis of fluoride release (ppm) following the
14-day immersion period in 1.23% APF gel is summa-
rized in Fig. 5, which compares daily fluoride release
across different groups.

<0.0001 <0.0001 0.0014
10
g o) ]
@
Q@
Dq:) 6_ ?
3
[T 2_
=
0 T T T I
Group | Group Il Group Il Group IV
Study Groups
@ 22 day I 35" day

Fig. 4. Box and Whisker Plot showing the fluoride
release from each group during immersion in 1.23%
APF gel with significant comparisons marked above

Puc. 4. [paduk B Buae NnpsamMoyrosibH1Ka 1 yCUKOB,
nokasblBaloLWK BblaeneHne ¢ropa B Kaxaowm rpynne
npu norpyxenumn B 1,23%-1 rens APF, Co 3Ha4MMbIMn
CpaBHEHNSIMU, OTMEYEHHbLIMU BbILLIE
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In Group |, the median fluoride release was 3.24 (IQR
3.24-4.68) at 21 days, 4.93 (IQR 4.93-5.43) at 36 days,
and 4.86 (IQR 4.86-5.26) at 42 days. Pairwise compari-
sons revealed significant differences between 21 vs.
36 days (p < 0.0001) and 21 vs. 42 days (p < 0.0001),
while no significant difference was observed between
36 and 42 days (p = 0.8170).

For Group Il, the median fluoride release was 3.41
(IQR 3.41-3.99) at 21 days, 4.08 (IQR 4.08-4.55) at
36 days, and 2.19 (IQR 2.19-2.82) at 42 days. Signifi-
cant differences were noted between 21 vs. 36 days
(p=0.0003), 21 vs. 42 days (p < 0.0001), and 36 vs.
42 days (p < 0.0001).

In Group lll, the median fluoride release was 2.12 (IQR
2.12-2.91) at 21 days, 2.88 (IQR 2.88-3.12) at 36 days,
and 0.95 (IQR 0.95-0.99) at 42 days. No significant dif-
ference was found between 21 and 36 days (p = 0.0613),
but significant differences were observed between 21
vs. 42 days (p < 0.0001) and 36 vs. 42 days (p < 0.0001).

Finally, Group IV had a median fluoride release of
0.90 (IQR 0.90-1.15) at 21 days, 0.17 (IQR 0.17-0.23)
at 36 days, and 0.10 (IQR 0.10-0.13) at 42 days. Signifi-
cant differences were detected between 21 vs. 36 days
(p<0.0001) and 21 vs. 42 days (p < 0.0001), while
no significant difference was found between 36 and
42 days (p = 0.9517).

DISCUSSION

Dental caries result from an imbalance between
demineralization and remineralization of dental hard tis-
sues, influenced by pathological factors such as acido-
genic bacteria and reduced salivary function, alongside
protective factors like salivary flow and fluoride [5; 6].
Fluoride plays a pivotal role in caries prevention by en-
hancing enamel resistance, promoting remineraliza-
tion, and inhibiting plaque bacteria, thereby reducing
bacterial adhesion and limiting metabolic activity be-
tween meals [7].

<0.0001
<0.0001 <0.0001 <0.0001 <0.0001
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Fig. 5. Box and Whisker Plot showing the Inter-group Comparison of Fluoride Release after the 14 days
of Immersion In 1.23% APF Gel with significant pairwise comparisons marked overhead.

Puc. 5. Ipaduk B BUAE NPSIMOYrofibHMKA N YCUKOB, MOKa3bIBAKOLLNIA MEXIPYNMNOBOE CPABHEHME BblAENEHNS
dTopa nocne 14 gHen norpyxeHus B 1,23%-1 renb APF, CO 3Ha4YNTENbHbIMU MONAPHBIMN CPABHEHUSIMMU,

OTMEYEHHbIMU BbiLLIE
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A study by Kidd et al. found that 75% of restorative
procedures involved replacements, with 40% attribu-
ted to secondary caries, underscoring fluoride’s es-
sential role in preventing recurrent caries [8]. To sustain
effective fluoride levels, a rechargeable, slow-release
fluoride system in dental materials is highly desira-
ble [9; 10]. This study focused on evaluating two critical
aspects of fluoride’s role in caries prevention: fluoride
release and uptake from four tooth-colored restorative
materials — conventional glass ionomer, resin-modified
glassionomer, compomer, and fluoride-releasing com-
posite resin.

Various methods exist for estimating fluoride ion
release, including distillation with spectrophotomet-
ric analysis, indirect methods, and ion-selective tech-
niques. However, many of these methods fail to accu-
rately measure fluoride due to its complexation with
metals like aluminum. This study employed the ion-se-
lective method combined with Total lonic Strength Ad-
justment Buffer (TISAB), effectively dissociating fluoride
from polyvalent cations, ensuring precise measure-
ment [11; 12].

Levallois and Fovet found that resin-modified glass
ionomer cements released more fluoride in water than
in artificial saliva, due to the presence and thickness
of a CaF, layer [13]. Similarly, El Mallakh and Sarkar
showed that conventional glass ionomer cements re-
leased more fluoride in distilled water than in artificial
saliva [12]. This study focused on evaluating maximum
fluoride release from two glass ionomer cements,
a compomer, and a composite resin using deion-
ized water to avoid interference from other variables.
Conventional GIC, known as the “Gold Standard” for
fluoride release, was used as a comparison bench-
mark [13].

Fluoride release from materials typically peaks ini-
tially and then decreases over time. In this study, fluo-
ride release was measured on days 1, 2, 3, 7, 14, and
21. The results showed that conventional glass iono-
mer cement released the most fluoride, followed by
resin-modified glass ionomer cement, compomer, and
composite resin, which released the least. The con-
ventional and resin-modified glass ionomers exhibited
a high initial release that sharply decreased, while the
compomer and composite demonstrated significantly
lower release. This pattern is consistent with previous
studies, where conventional glass ionomer cement
showed the highest initial fluoride release due to its
higher fluoride content. Resin-modified glass iono-
mer cement released less fluoride than conventional
glass ionomer cement, likely because the resin ma-
trix encapsulates fluoride ions, slowing their release.
Compomer exhibited even lower fluoride release, po-
tentially due to its more tightly bound or less hydro-
philic matrix. Composite resin had the lowest fluoride
release, likely due to the poor solubility of its fluoride-
containing salts [14; 15]. The rapid initial decrease in
fluoride release observed in the conventional and res-
in-modified glass ionomers, known as the “Initial Burst
Effect”, is likely due to the dissolution of glass particles
in the polyalkenoic acid during setting. Following this

dHdodoHmus
————TLT
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burst, fluoride release slows as the glass continues
to dissolve in the acidic environment of the hydrogel
matrix [16].

Topical fluoride treatments vary in type and concen-
tration. A study by Ahn et al. found that 1.23% APF gel
released more fluoride compared to neutral fluoride
gel and demonstrated superior fluoride deposition in
enamel. Given that higher fluoride concentration leads
to greater fluoride uptake, the current study utilized
1.23% APF gel as the recharge solution [17].

In this study, a statistically significant difference in
fluoride release was observed during the fluoride im-
mersion period. Both conventional glass ionomer ce-
ment and resin-modified glass ionomer cement exhib-
ited higher fluoride release compared to compomer and
composite materials after recharge. Notably, fluoride
release was greater on day 34 compared to day 22 for
the conventional and resin-modified glass ionomers,
consistent with previous studies [18; 19].

Okuyama et al. similarly evaluated fluoride release
and uptake in various dental materials. They found that
fluoride release peaked on day 1 and then decreased.
After 21 days, materials were exposed to 1000 ppm
NaF daily for 14 days. Conventional and resin-modified
glass ionomers showed an increase in fluoride release
on day 14, likely due to fluoride diffusion into the mate-
rial matrix. Compomer and composite materials, how-
ever, did not show fluoride reuptake. The higher fluo-
ride release observed on day 35, compared to day 22,
was attributed to additional fluoride binding in the glass
ionomer cement [15].

Fluoride release analysis after 14 days of immersion
revealed a statistically significant difference among
the materials. Conventional glass ionomer cement re-
leased the most fluoride, although this gradually de-
creased over the next 7 days, consistent with other
studies [17; 18].

Rothwell et al. also investigated fluoride release
in resin-modified glass ionomers, a compomer, and
a conventional glass ionomer after exposure to fluori-
dated toothpaste. They observed that fluoride release
increased the day after exposure but returned to base-
line within 3 days, likely due to superficial absorption
rather than deep diffusion [18]. Post-fluoride applica-
tion, fluoride release depends oninitial release and ma-
terial porosity. The higher resin content in resin-mod-
ified glass ionomer, compomer, and composite likely
contributed to their lower fluoride release compared to
conventional glass ionomer cement [2; 20-22]. Over-
all conventional glass ionomer cement exhibited the
highest fluoride uptake and re-release, followed by
resin-modified glass ionomer cement. Although other
groups released some fluoride, they did not demon-
strate significant fluoride uptake.

This study presents several strengths, including
a comparative analysis that directly evaluates fluoride
release among various fluoride-releasing materials,
thereby enhancing our understanding of their effec-
tiveness. The clinical relevance of the findings is no-
table, as they focus on materials commonly used in
dental practice, which can inform clinical decisions
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and ultimately improve patient care. Furthermore, the
standardized methodology employed for measuring
fluoride release ensures that the results are reliable
and reproducible.

LIMITATIONS

Despite its strengths, this study has some limita-
tions. First, the research is conducted in an in vitro set-
ting, which may not fully replicate the complexities of
the oral environment. Additionally, the assessment of
fluoride release is limited to a short duration, potentially
overlooking long-term behaviors of the materials in clin-
ical settings. Lastly, while multiple fluoride-releasing
materials are tested, the study may not encompass all
available options, limiting the findings’ generalizability.

REFERENCES / CIUCOK NIUTEPATYPbI

1. Roberson T., Heymann H.O., Swift E.J. Jr. Sturdevant’s
Art and Science of Operative Dentistry. 5" ed. St. Louis:
Mosby, Elsevier; 2006. 1006 p.

2. Wiegand A., Buchalla W., Attin T. Review on fluoride-re-
leasing restorative materials — fluoride release and up-
take characteristics, antibacterial activity and influence
on caries formation. Dent Mater. 2007;23(3):343-62.
https://doi.org/10.1016/j.dental.2006.01.022

3. Morales-Valenzuela A.A., Scougall-Vilchis R.J., Lara-Car-
rillo E., Garcia-Contreras R., Salmeron-Valdes E.N., Aguil-
I6n-Sol L. Comparison of fluoride release in conventional
glass-ionomer cements with a new mechanical mix-
ing cement. Oral Health Prev Dent. 2020;18(2):319-323.
https://doi.org/10.3290/j.0hpd.a44034

4. Preston A.J., Higham S.M., Agalamanyi E.A., Mair L.H.
Fluoride recharge of aesthetic dental materials. J Oral
Rehabil. 1999;26(12):936-940. https://doi.org/10.1046/
j.1365-2842.1999.00502.x

5. Feiz A., Nicoo M.A., Parastesh A., Jafari N., Sarfaraz D.
Comparison of antibacterial activity and fluoride release
in tooth-colored restorative materials: Resin-modified
glass ionomer, zirconomer, giomer, and cention N. Dent
Res J. 2022;19:104.

6. Featherstone J.D. The continuum of dental ca-
ries — evidence for a dynamic disease process.
J Dent Res. 2004;83(Suppl. 1):39-42. https://doi.
org/10.1177/154405910408301s08

7. Porenczuk A., Jankiewicz B., Naurecka M., Bartose-
wicz B., Sierakowski B., Gozdowski D. et al. A compari-
son of the remineralizing potential of dental restorative
materials by analyzing their fluoride release profiles.
Adv Clin Exp Med. 2019;28(6):815-823. https://doi.
org/10.17219/acem/94140

8. Kidd E.A., Toffenetti F., Mjor I.A. Secondary caries. Int
Dent J. 1992;42(3):127-138.

9. Mazzaoui S.A., Burrow M.F., Tyas M.J. Fluoride release
from glass ionomer cements and resin composites coated
with a dentin adhesive. Dent Mater. 2000;16(3):166-171.
https://doi.org/10.1016/s0109-5641(00)00003-8

10. Diaz-Arnold A.M., Holmes D.C., Wistrom D.W., Swift E.J.
Jr. Short-term fluoride release/uptake of glass ionomer
restoratives. Dent Mater. 1995;11(2):96-101. https://doi.
org/10.1016/0109-5641(95)80041-7

11. Mount G.J. Buonocore Memorial Lecture. Glass-iono-

mer cements: past, present and future. Oper Dent.
1994;19(3):82-90.

Mccneposanus / Scientific researches |

53

CONCLUSION

The study revealed that among the evaluated ma-
terials, GIC exhibited the highest fluoride release,
particularly on Day 1, significantly outperforming the
other materials. This high fluoride release capability
positions it as the most effective choice for enhanc-
ing dental health through its cariostatic properties.
While RMGIC also demonstrated substantial fluoride
release, its performance was inferior to that of GC Fuiji
Il. Conversely, the Compomer and Composite Resin
displayed comparatively lower fluoride release levels.
Therefore, for optimal fluoride release and potential
benefits in preventing caries, Conventional Glass lono-
mer cement is recommended as the preferred material
in clinical applications.

12. El Mallakh B.F., Sarkar N.K. Fluoride release from glass-
ionomer cements in de-ionized water and artificial saliva.
Dent Mater. 1990;6(2):118-122. https://doi.org/10.1016/
s0109-5641(05)80041-7

13. Levallois B., Fovet Y., Lapeyre L., Gal J.. In vitro fluoride
release from restorative materials in water versus artificial
saliva medium (SAGF). Dent Mater. 1998;14(6):441-447.
https://doi.org/10.1016/s0300-5712(99)00019-6

14. Randall R.C., Wilson N.H. Glass-ionomer restoratives:
a systematic review of a secondary caries treatment
effect. J Dent Res. 1999;78(2):628-637. https://doi.org/
10.1177/00220345990780020101

15. Okuyama K., Murata Y., Pereira P.N., Miguez P.A., Ko-
matsu H., Sano H. Fluoride release and uptake by vari-
ous dental materials after fluoride application. Am J
Dent. 2006;19(2):123-127.

16. Neelakantan P., John S., Anand S., Sureshbabu N.,
Subbarao C. Fluoride release from a new glass-iono-
mer cement. Oper Dent. 2011;36(1):80-85. https://doi.
org/10.2341/10-219-LR

17. Kim M.J., Lim B.S., Chang W.G., Lee Y.K., Rhee S.H.,
Yang H.C. Phosphoric acid incorporated with acid-
ulated phosphate fluoride gel etchant effects on
bracket bonding. Angle Orthod. 2005;75(4):678-684.
https://doi.org/10.1043/0003-3219(2005)75[678:PAl
WAP]2.0.C0O;2

18. Rothwell M., Anstice H.M., Pearson G.J. The uptake
and release of fluoride by ion-leaching cements after
exposure to toothpaste. J Dent. 1998;26(7):591-597.
https://doi.org/10.1016/s0300-5712(97)00035-3

19. Freedman R., Diefenderfer K.E. Effects of daily fluoride
exposures on fluoride release by glass ionomer-based
restoratives. Oper Dent. 2003;28(2):178-185.

20. Delikan E., Erturk-Avunduk A.T., Karatas O., Sacmaci S.
Effect of topical fluoride applications on residual mon-
omer release from resin-based restorative materials.
BMC Oral Health. 2023;23(1):1. https://doi.org/10.1186/
$12903-022-02698-x

21. Dhumal R.S., Chauhan R.S., Patil V., Rathi N., Nene K.,
Tirupathi S.P. et al. Comparative evaluation of fluoride
release from four commercially available pediatric
dental restorative materials. Int J Clin Pediatr Dent.
2023;16(S-1):S6-S12.

22. Abudawood S., Donly K.J. Fluoride release and re-re-
lease from various esthetic restorative materials. Am J
Dent. 2017;30(1):47-51.

Tom 23 N2 1/2025 ‘ Endodont(cs


https://doi.org/10.1016/j.dental.2006.01.022
https://doi.org/10.3290/j.ohpd.a44034
https://doi.org/10.1046/j.1365-2842.1999.00502.x
https://doi.org/10.1046/j.1365-2842.1999.00502.x
https://doi.org/10.1177/154405910408301s08
https://doi.org/10.1177/154405910408301s08
https://doi.org/10.17219/acem/94140
https://doi.org/10.17219/acem/94140
https://doi.org/10.1016/s0109-5641(00)00003-8
https://doi.org/10.1016/0109-5641(95)80041-7
https://doi.org/10.1016/0109-5641(95)80041-7
https://doi.org/10.1016/s0109-5641(05)80041-7
https://doi.org/10.1016/s0109-5641(05)80041-7
https://doi.org/10.1016/s0300-5712(99)00019-6
https://doi.org/10.1177/00220345990780020101
https://doi.org/10.1177/00220345990780020101
https://doi.org/10.2341/10-219-LR
https://doi.org/10.2341/10-219-LR
https://doi.org/10.1043/0003-3219(2005)75[678:PAIWAP]2.0.CO;2
https://doi.org/10.1043/0003-3219(2005)75[678:PAIWAP]2.0.CO;2
https://doi.org/10.1016/s0300-5712(97)00035-3
https://doi.org/10.1186/s12903-022-02698-x
https://doi.org/10.1186/s12903-022-02698-x

54 | Wccneposanus / Scientific researches

INFORMATION ABOUT THE AUTHORS

Suresh Shenvi — Reader, Department of Conservative Dentistry and Endodontics, KLE Academy of Higher Education and
Research (KLE University), Belgaum, Karnataka, India; https://orcid.org/0000-0003-4466-774X

Vasundhara Shivanna - Professor, Department of Conservative Dentistry and Endodontics, College of Dental Sciences,
Davangere, Karnataka, India; https://orcid.org/0009-0000-1107-9664

Kapil Ramesh Jadhav - Assistant Professor, Director Specialty Care Unit of Endodontics A.T. Still University Missouri
School of Dentistry and Oral Health; Kirksville, Missouri, United States of America; https://orcid.org/0009-0001-7681-4049

Mukut Seal - Associate Professor, Department of Conservative Dentistry and Endodontics Govt Dental College, Silchar
Assam, India; https://orcid.org/0009-0007-0720-1250

Ajay D. Praveen - Assistant professor, Govt Dental college, Pudukkottai, India; https://orcid.org/0009-0000-2752-8735

Anshuman Khaitan - Assistant Professor, Department of Conservative Dentistry and Endodontics, Dr. R. Ahmed Dental
College and Hospital, Kolkata, India; https://orcid.org/0009-0006-5239-332X

WHOOPMALIUA Ob ABTOPAX

Cypeuw LLleHBUM — npenogasartesb, kadpenpa TepaneBTUYEeCcKon CTOMATONOrMN U SHAOLOHTUU, IHCTUTYT cTOMaTtosnornye-
ckux Hayk KLE VK, Benraym, Kaprnataka, UHgmua UHcTuTyT cTomaTonorndeckmnx Hayk KLE VK, Benraym, KapHartaka, Mhaus;
https://orcid.org/0000-0003-4466-774X

BacyHpaxapa lUneBaHHa — npodeccop, kadeapa TepaneBTUY4ECKON CTOMATONOrMM U 3HA0AOHTUM, CTOMATONOrN4eckunii
konneax Hayk, aesaHrep, KapHataka, Mnauns; https://orcid.org/0009-0000-1107-9664

Kanun Pamew [>xapxaB — acCUCTEHT-npodeccop, ANPEKTOP CNEeunann3mpoBaHHOro LEeHTpa 9HA0AO0HTUM, LLkona
cTomMaTonornm n 300poBbs NonocTu pta YHmBepcuteta A.T. Ctunna, Kepkcsunn, Muccypu, CLUA; https://orcid.org/0009-
0001-7681-4049

MykyT Cun — goueHT, kadeapa TepaneBTUYECKON CTOMATONOMMM N 3HA0A0HTMN, [OCYAAaPCTBEHHbI CTOMATONOrMYECKNIA
konnenx, Cunyap, Accam, Mugus; https://orcid.org/0009-0007-0720-1250

Ap>xan [. NMpaBuH — accucTteHT-Npodeccop, focyaapCTBEHHbI cTOMaToNnormiyeckun konnenx, Nyngykkorran, NHoms;
https://orcid.org/0009-0000-2752-8735

AHwymMaH XalTaH — accucTeHT-npodeccop, kadeapa TepaneBTUHECKON CTOMATONOMMN N 9HA0A0HTUK, CTOMaToNornye-
ckuii konnepx n 6onbHULA MeHU aokTopa P. Axmepna, KanbkyTTa, MHams; https://orcid.org/0009-0006-5239-332X

AUTHOR’S CONTRIBUTION

Suresh Shenvi — contributed to the study through clinical and experimental research, data analysis, manuscript preparation,
and served as a guarantor for the study.

Vasundhara Shivanna — was responsible for defining the intellectual content, conducting the literature search, acquiring
data, editing the manuscript, and acted as a guarantor.

Kapil Ramesh Jadhav — contributed by defining the intellectual content, performing the literature search, acquiring data,
editing the manuscript, and serving as a guarantor.

Mukut Seal - participated in the literature search, data analysis, statistical analysis, manuscript preparation, and acted as
a guarantor.

Ajay D. Praveen — was involved in defining the intellectual content, conceptualizing and designing the study, conducting the
literature search, reviewing the manuscript, and serving as a guarantor.

Anshuman Khaitan — contributed by defining the intellectual content, developing concepts and study design, performing
the literature search, reviewing the manuscript, and acting as a guarantor.

BKJIAQL ABTOPOB

C. LlLeHBn — BHEC BKNAL B UCCegoBaHme nocpeacTBoM NpoBeaeHna KIIMHNYEeCKNX N aKkcnepnMeHTalJibHbIX nccnenoBaHumn,
aHanm3a AaHHbIX, NTOAroTOBKU PYKOMNCU N NCNONTHAN 065a3aHHOCTH rapaHTa.

B. LLInBaHHa — oTBeYana 3a onpenenieHne MHTeNNekTyanbHoro coaepxaHus, NposeaeHne novcka nutepaTypsbl, c6op AaH-
HbIX, peaakTUpPOoBaHne PYKONMcu 1 BbinofiHANa GyHKLUUKM rapaHTa.

K.P. Oxapaxas — y4acTBOBas B ONPeAeieHUN UHTENEKTYanbHOro CoaepXaHus, NpoBeaeHUn novcka nureparypsl, cbope
OaHHbIX, peaakTUPOBaHUM PYKONUCKU U UCMNONHAN 0693aHHOCTY rapaHTa.

M. Cun — npuHMMan y4actue B NOUCKE NMTepaTypsbl, aHann3e AaHHbIX, CTaTUCTUYECKOM aHannae, NoAroToBKE PYKONUcH
1 BbIMOSHAN GYHKUMK rapaHTa.

A.L. MpaBuvH — 6bin 3a4eCTBOBAH B ONpeaeeHnn MHTENNIEeKTYanbHOro CoaepXaHus, pa3paboTke KOHLUENUMM 1 amsanHa
nccnenoBaHus, NpoBeaeHNN Noucka MTepaTypbl, PELLEH3MPOBAHUN PYKOMNUCK U UCMONHAN 06A3aHHOCTUN rapaHTa.

A. XailTaH — BHEC BKNag B OnpefefieHne MHTENNIEKTYanbHOro coaepXanus, paspaboTky KOHUENUUn 1 ansanHa nccnepo-
BaHMW4, NPOBEAEHNE NOUCKA NUTePaTypbl, PELLEH3VUPOBaAHNE PYKOMNCU U BbINOJTHAN QYHKLNKW rapaHTa.

3H3030Hmm!lmﬂ Volume 23 no. 1 /2025


https://orcid.org/0009-0000-1107-9664
https://orcid.org/0009-0001-7681-4049
https://orcid.org/0009-0007-0720-1250
https://orcid.org/0009-0000-2752-8735
https://orcid.org/0009-0006-5239-332X
https://orcid.org/0000-0003-4466-774X
https://orcid.org/0009-0000-1107-9664
https://orcid.org/0009-0001-7681-4049
https://orcid.org/0009-0001-7681-4049
https://orcid.org/0009-0007-0720-1250
https://orcid.org/0009-0000-2752-8735
https://orcid.org/0009-0006-5239-332X

Wceneposanus / Scientific researches | 55

https://doi.org/10.36377/ET-0078 AR) Check for updates

Comparative evaluation of calcium ion release
of two commercially available pulp capping agents
at different time periods: An in vitro study

Riddhi J. Kakodkar'("), Karan Y. Bhargava'(" 04, Sanjyot A. Mulay' (", Atrey J. Pai Khot?>("),
Shreya G. Shirsath'(®, Harsha R. Nihalani'

'Dr. D.Y. Patil Dental College and Hospital, Dr. D.Y. Patil Vidyapeeth, Pimpri, Pune, India

2Goa Dental College and Hospital, Bambolim-Goa, India

< drkaranbhargava@gmail.com

Abstract

INTRODUCTION. Vital pulp therapyisasignificantapproachinrestorative dentistry, enabling the preservation of
pulpvitality and the stimulation of hard tissue repair. Modern pulp capping materials, particularly silicate-based
cements, facilitatedentinbridgeformationand promotetissueremineralization.TheraCalLCandApaCalARTare
two commercially available materials with bioactive properties and the ability to release calciumions, contribu-
ting to pulp healing. However, there is limited literature on the bioactivity of ApaCal ART. This in vitro study
aims to comparatively evaluate the calcium ion release from TheraCal LC and ApaCal ART using the EDTA
titration method.

AIM. The study aimed to evaluate and compare the calcium ion release of two commercially available pulp
capping agents TheraCal LC and ApaCal ART at different time periods.

MATERIALS AND METHOD. This in vitro study was conducted following good laboratory practice guidelines and
approved by the institutional review board (Approval No. [DYPDCH/DPU/EC/582/142/2023]). Twenty cylindrical
specimens (6 mm x 3 mm) were prepared using silicon molds and divided into two groups: TheraCal LC (n = 10)
and ApaCal ART (n = 10). Adental floss was incorporated into each mold before filling with the respective material.
TheraCal LC was light-cured for 20 seconds, and ApaCal ART for 40 seconds. The specimens were weighed for
standardization and incubated in deionized water at 37°C and 100% humidity for 24 hours. Specimens were
immersed in 5 ml of distilled water and assessed at 24 hours, 7 days, and 21 days. The solution was refreshed at
each time point, and calcium ion concentration was measured using the EDTA titration method.

RESULTS. The mean (= SD) calciumion release for TheraCal LC group was 17.07 +0.48 at 24 hours, 18.36+0.51
at 7 days and 20.95+0.38 at 21 days which was significantly higher compared to ApaCal ART at all time
intervals (p<0.001).

CONCLUSIONS. The study demonstrated that TheraCal LC and ApaCal ART exhibited a progressive increase
in calcium ion release over time, reaching a peak on day 21. TheraCal LC released significantly more calcium
ions at all time points and may be preferable for indirect pulp capping due to its enhanced stimulation of hard
tissue formation.

Keywords: calcium hydroxide, TheraCal LC, ApaCal ART, vital pulp therapy, indirect pulp capping
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Pe3iome

BBEAEHUWE. ButanbHasa Tepanuvsa nyfbnbl SBASETCSH BaXHbIM HanpaBieHMeM B BOCCTAaHOBUTENIbHOM cTOMa-
TONOrnu, NO3BOJIAA COXPAHUTbL XU3HECMTOCOOHOCTb NyNbMbl 1 CTUMYAMPOBATb penapauunio TBEPAbIX TKaHEN
3y6a. CoBpeMeHHble MaTepuanbl A5 NOKPbLITUSA NyfbMbl, B YACTHOCTU CUNNKATHLIE LLIEMEHTbI, COCOOCTBYIOT
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06pa3oBaHMI0 LEHTUHHOIO MOCTUKA U pemMuHepanm3auunm TkaHen. TheraCal LC n ApaCal ART — oga kommep-
Yyecku OOCTYMNHbIX MaTepunana, obnagawoLwme 6MoakTUBHBIMM CBOMCTBAMU U CNOCOBHOCTbLIO BbICBOOOX4ATb
WOHbI KasbLys, 4TO CMOCOOCTBYET 3aXMBNEHWNIO Nybhbl. OAHAKO B NINTEpaType MMeeTCsl OrpaHnyeHHoe KO-
NINYECTBO AaHHbIX 0 6uoakTuBHOCTM ApaCal ART.

HacTosiwee in vitro nccnegoBaHne HanpaBneHO Ha CPaBHUTENbHYIO OLEHKY BbICBOOOXAEHNSA NOHOB KanbLs
n3 TheraCal LC n ApaCal ART ¢ ncnonb3osaHvem metoga tutposanusa S4TA.

LLE/1b. OueHnTb BoICBOOOXAEHME MOHOB Kanbumsa n3 TheraCal LC n ApaCal ART B in vitro ycnoBusix ¢ ucnorsb-
30BaHNEM MeToda TUTpoBaHna SOTA, yunTbiBas orpaHMYeHHOE KONMYECTBO AAHHbIX B iMTepatype 0 6mo-
aKTUBHbIX cBOMcTBax ApaCal.

MATEPUAJIbl M METO/bI. HacTosiwee in vitro nccnegosaHme NnpoBOANIOCE B COOTBETCTBUM C NPUHLMUNAMMN
Haanexatlien nabopaTopHON NPakTUKK N BblN0 040O6PEHO MHCTUTYLMOHANIbHLIM 3TUYECKUM KOMUTETOM (HO-
mep onobpenus: [DYPDCH/DPU/EC/582/142/2023]). bbinn nogrotosneHbl 20 unnmHapuyeckmx obpasuos
(6 MM X 3 MM) C NCMNOSIL3OBAHNEM CUIIMKOHOBBLIX GOPM 1 pasaeneHsl Ha age rpynnel: TheraCal LC (n = 10)
n ApaCal ART (n=10). B kaxnayto ¢popmy nepep 3anosiHeHMeEM UccrenyemMbiM MaTtepmanomM nomMmelianacb
3ybHas HUTb. CBeToBas NonMmepmnsauns NpoBoauiacb B COOTBETCTBMU C PpeKOMeHaauMsamMm npon3Boan-
Tens: TheraCal LC - 20 cekyHa, ApaCal ART — 40 cekyHa. O6pasubl B3BeLlVBannuch Aas ctaHgapTmsaymu,
nocre 4Yero MHKyobMpoBanMcb B AENOHN3NPOBAHHOM Boae npu Temnepatype 37°C u BnaxHoctn 100% B Te-
yeHue 24 yaco. Ob6pa3subl norpyxanun B 5 Mn ANCTUNNMPOBAHHOM BOAbI M MPOBOAWM aHann3 yepea 24 yaca,
7 n 21 peHb. Ha kaxxaom atane pacTBOP 3aMEHS/IM CBEXUM, a KOHLLEHTPaLMIO MOHOB KasbLUMs onpeaensnm
MeToa0M TuTpoBaHusa SATA.

PE3YJIbTATbI. CpepHee 3HauveHue (= SD) BbiIcBOGOXAEHNSA MOHOB Kanbuus ans rpynnel TheraCal LC cocTasu-
no 17,07 +0,48 yepes 24 yaca, 18,36 +0,51 yepe3 7 gHei 1 20,95+ 0,38 yepes 21 AeHb, YTO ObINO 3HAYUTESb-
HO BbiLwe Nno cpaBHeHuio ¢ ApaCal ART Bo Bcex BpeMeHHbIx nHtepeanax (p < 0,001).

BbIBOAbl. UccneposaHme nokasano, 4to TheraCal LC n ApaCal ART yBenunumsanu BbicBO60OXOEHNE NOHOB
KanbLUMs CO BpEMEHEeM, aocturas nmka Ha 21-i geHb. TheraCal LC BbicBOOOXAan 3Ha4nTeNbHO H0onblLue 1O-
HOB KaNlbLIMS Ha BCEX 3Tanax 1 MOXeT ObITb NPEeANOYTUTENbHBIM A9 HENPSAMOro NOKPbLITUS NybMbl 61aro-
naps CTUMyNMpyloLLeMy BO34eNCTBUIO HA TBEPAbIE TKaHW.

Knwuessbie cnoBa: ruapokcua kanoums, TheraCal LC, ApaCal ART, ButanbHag Tepanus nynbnbl, HENpsaMoe
NOKpPbITUE MYSbMbI.

UHdopmauumsa o ctatbe: noctynuna — 18.11.0024; ncnpasnena — 11.01.2025; npunara — 02.02.2025
KoHGAUKT nHTepecoB: aBTOPbLI CO0OLLAOT 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.
BnarogapHocTu: GUHAHCUPOBAHME U MHANBUAYASIbHbIE 611arofapHOCTY A5 AEKNAPUPOBaHUS OTCYTCTBYIOT.

Ana umtuposanuna: Kakogkap P.Ix., Bxaprasa KMN., Mynan C.A., Maun Xot A.Ox., Wnpcat W.I, Huxana-
HU X.P. CpaBHuUTENbHAsA OUEHKa BbICBOOOXAEHNSA MOHOB KanbLUuMs ABYMS KOMMEPYECKN A0CTYMNHbIMU MaTe-
pvanamm ons NoKpbITUS NyfbMbl B Pa3Hble BDEMEHHbIE Mepuoabl: in vitro nuccneposanune. SH4oaoHTus Today.
2025;23(1):55-61. https://doi.org/10.36377/ET-0078

INTRODUCTION

In modern restorative dentistry, it is imperative to
employ materials that not only restore the structure of
teeth in an aesthetically pleasing manner but also pos-
sess the ability to repair hard dental tissue that has been
affected by caries [1].

The preservation and maintenance of healthy pulp
tissue is an essential goal that can be attained through
the implementation of vital pulp therapy. This thera-
peutic approach has been specifically designed to
address compromised tissue that may arise as a re-
sult of caries, trauma, or restorative procedures. For
teeth with an inflamed but vital pulp, vital pulp therapy
is a feasible alternative to root canal treatment [2]. The
efficacy of vital pulp therapy largely depends on the
quality of the dentin bridge and the pulpal response to
the capping material which stimulates the production
of reparative dentin, thereby ensuring the preservation
of the tooth as a functional unit [3].

Vital pulp therapy has entered a new era with the ad-
vent of bioactive agents, which allow for the reminerali-
zation of caries-affected hard tissue [4]. In an effort to
find the best material for vital pulp therapy, researchers
have studied a wide range of substances including cal-

dHdodoHmus
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cium hydroxide, zinc oxide, resin-modified glass iono-
mers, calcium phosphate, tricalcium silicate, calcium-
tetracycline, hydroxyapatite and more recently, bioac-
tive agents that enhance pulpal defences [4].

The application of novel calcium silicate cements
has gained momentum in vital pulp therapy which are
known to considerably enhance the clinical efficacy of
both direct and indirect pulp capping procedures [5].
Clinical results show that permanent teeth with symp-
tomatic or asymptomatic irreversible pulpitis consis-
tently exhibit success rates between 85% and 100% at
1-2 years [6].

TheraCal LC (TLC), (Bisco, Schaumburg, USA) is
a resin modified, calcium silicate liner utilized in direct
and indirect pulp capping techniques. The active calci-
um ion release is known to promote healing and apatite
formation'. ApaCal ART [Prevest DenPRO Limited, India]
is resin modified, tricalcium phosphate pulp protectant
fortified with nano-hydroxyapatite with its antibacte-
rial effect and calcium release properties comparable

! Seal and Protect with TheraCal LC Pulp Capping Material
and Liner. Available at: https://www.bisco.com/assets/1/22/
TheraCal_LC_Brochure3.pdf (accessed: 27.12.2024).
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to those of TheraCal LC? The inclusion of light curable
monomers, in TheraCal LC and ApaCal ART offers the
ability to command cure the material and enhances the
bonding of composite to the liner [7].

Due to the paucity of documented literature on the
bioactivity of ApaCal, this in vitro study aims to evaluate
the calcium ion release from TheraCal LC and relatively
newer material, ApaCal ART using the EDTA titration
method.

A null hypothesis proposed was that there is no dif-
ference in the calcium ion release between TheraCal LC
and ApaCal ART.

AIM

The study aimed to evaluate and compare the calci-
um ion release of two commercially available pulp cap-
ping agents TheraCal LC and ApaCal ART at different
time periods.

2 ApaCal ART Cement and Liners. Available at: https://www.
prevestdenpro.com/product/apacal-art/ (accessed: 27.12.2024).
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MATERIALS AND METHODS

This in-vitro study was conducted according to the
guidelines of good laboratory practice and executed
with an ethical approval from the institutional review
board committee, under the approval No. [DYPDCH/
DPU/EC/582/142/2023].

Specimen preparation

Total of 20 cylindrical molds with a height of 6 mm
and a diameter of 3 mm were made with silicon tubes
[Fig. 1A]. The specimens were allocated into two groups:

— Group A: TheraCal LC [n =10];

— Group B: ApaCal ART [n = 10].

A dental floss was placed in the silicon tubes and
these were filled with respective material to be tested in
each group (Fig. 1B). The tip of the syringe was placed
inside the silicon tubes to avoid incorporation of air bub-
bles. As recommended by the manufacturer, the speci-
mens in Group A were light cured for 20 seconds, and
Group B for 40 seconds (Fig. 1C, 1D). Specimens were
weighed to ensure standardization within each group
using a digital balance (Wensar, India).

SAMPLE2

Fig. 1. Depicting procedure steps in specimen preparation: A — cylindrical molds used for sample preparation;
B - cylindrical molds filled with TheraCal LC and ApaCal ART; C - light curing of the samples; D - light cured

samples incorporated with dental floss

Puc. 1. inniocTtpaums atanoB noAroToBkM o6pasyoBs: A — umnmHapuyeckne GopmMbl, UCMONb3yeMble
ON151 NoAroToBkM 006pasuos; B — popmebl, 3anonHeHHble TheraCal LC n ApaCal ART; C — cBeToBas nonMepm3aaums
06pa3uoB; D — nonnmepmnaoBaHHble 06pa3sLibl C BCTPOEHHOM 3yOHOM HUTBLIO
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Sample incubation and storage

The specimens were suspended in deionized wa-
ter and were subjected to storage conditions of 37°C
and 100% relative humidity using an incubator (Bio
Technics®BTI25, D. Haridas and Company, India) for
duration of 24 hours to enable the initial setting of the
materials [8].

Calcium ion measurement

The individual specimens were subsequently im-
mersed in 5 ml of distilled water and assessed at spe-
cific intervals; 24 hours, 7 days, and 21 days. It was en-
sured that all the tubes were transferred to fresh solu-
tions at the commencement of each respective period.
At the end of each evaluation period, the medium was
collected, and its calcium ion concentration was meas-
ured using an ethylenediaminetetraacetic acid [EDTA]
titration method [8; 9].

EDTA titration method

EDTA solution (Loba Chemie® Pvt. Ltd. India) was
taken in a burette and 10 ml of this mixture was pipet-
ted out into a conical flask. To this mixture, 5 ml am-
monium chloride (Rankem chemicals Pvt. Ltd., India)
and sodium hydroxide (Rankem chemicals Pvt. Ltd.,
India) buffer solutions were added. Subsequently, 3 to
4 drops of Erio chromic black T indicator (Labogen’s
Fine Chem Industry, India) were added and the solu-
tion was heated to 600°C. The solution was immedi-
ately titrated with 0.01M EDTA until the red wine colour
of the solution completely disappeared and a sky-blue
colour appeared [10-12].

Statistical analysis

The data was subjected to statistical analysis using
IBM Corp. 2012, IBM SPSS® Statistics for Windows,
Version 21.0. Armonk, NY: IBM Corp.

The mean and standard deviation (SD) was ob-
tained for the Calcium ion release in both TheraCal
LC and ApaCal ART group at different time intervals.
For intragroup comparison at different time interval
Repeated measure ANOVA and Tukey post hoc was
applied. Intergroup comparison was done using Un-
paired T Test. All the statistical tests were carried out
with confidence interval at 95% and p < 0.05 was con-
sidered statistically significant.

Mccneposanus / Scientific researches

RESULTS

Total of 10 specimens were tested in each group for
mean release of calcium ions. The mean (+ SD) calci-
um ion release for TheraCal LC group was 17.07+0.48
at 24 hours, 18.36+0.51 at 7 days and 20.95+0.38 at
21 days which was significantly higher compared to
ApaCal ART at all time intervals (p < 0.001), (Fig. 2).
The mean difference between TheraCal LC and ApaCal
ART group at 24 hours, 7 days and 21 days was found
to be 11.88, 10.86, 9.61 respectively. The unpaired
t-test showed a significant difference among the tested
groups (p < 0.001). Repeated Measure ANOVA analysis
revealed a statistically significant difference at various
time intervals followed by Tukey’s post hoc analysis
(p < 0.001). When a pairwise comparison of the calci-
um release was done for TheraCal LC and ApaCal ART
group at different time intervals, an increase in the re-
lease of calcium ions was observed over the course of
days as compared to a 24-hour period, which was sta-
tistically significant (p < 0.05) (Table 1).

All values are expressed as mean * standard devia-
tion (SD) (in parentheses). The statistical test used: Re-
peated Measure ANOVA,; level of significance: p < 0.001
is considered statistically significant.

11.34
21 Days

20.95

7 Days

7.49

5.19
24 Hours
0 5 10 15 20 25
Apacal ART Il TheraCal LC

Fig. 2. The mean Calcium ion release for TheraCal LC
and ApaCal ART at different time periods

Puc. 2. CpegHee BbICBOOOX AEHME MOHOB KaslbLis
anga TheraCal LC v ApaCal ART B pa3Hble BpeMEHHbIE
nepuoasl

Table 1. Comparison of the Calcium ion release between and TheraCal LC and ApaCal ART at different time intervals
Ta6nuuya 1. CpaBHeHMe BbICBOOOX AeHMS MOHOB KanbLmsa mexay TheraCal LC n ApaCal ART

B pa3Hble BpeMeHHble nHTepBaibl

Time Interval Groups Mean Std. Deviation Std. Error Mean | Mean Difference t p-value
TheraCal LC 17.07 0.48 0.15

24 Hours 11.88 70.51 <0.001
ApaCal ART 5.19 0.24 0.07
TheraCal LC 18.36 0.51 0.16

7 Days 10.86 63.17 <0.001
ApaCal ART 7.50 0.19 0.06
TheraCal LC 20.95 0.38 0.12

21 Days 9.61 66.56 <0.001
ApaCal ART 11.34 0.26 0.08
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DISCUSSION

Vital pulp therapy is a biologic and conservative
treatment approach which aims to preserve the health
and function of the pulp-dentin complex [13]. Avital pulp
can promote formation of reparative dentin and reduce
inflammation. In this procedure, a protective biomaterial
known as a pulp capping agent may be applied to the
thin layer of remaining dentin over an exposed coronal
pulp (direct capping), a nearly exposed pulp (indirect
capping), or partially exposed coronal pulp tissue (pul-
potomy) [14].

TheraCal LC is a resin-modified, light-cured calcium
silicate material containing 45% wt. mineral material
[type lll Portland cement.], 10% wt. radiopaque agent,
5% wt. hydrophilic thickener [fumed silica] and estimat-
ed 45% resin [15]. It is classified as IV generation calci-
um silicate material according to ISO 9917-2017 — part 2
clause 4.1 [16]. TheraCal LC has an opaque shade and
should thus be placed in a thin layer under the compos-
ite restoration. The manufacturers suggest applying it
in a layer of 1mm and curing it for 20 seconds with light.
However, Gandolfi et al. stated that the material can be
placed in a thickness of 1.7mm after an exposure with
visible light for 20 seconds.

TheraCal LC has been used in the present study
owing to its immediate setting, ease of usage and low
solubility. TLC is a hydraulic silicate material “in which
the setting reaction of the polymerizable component
is light-activated” [16]. The setting commences when
the material comes into contact with water. Since wa-
ter is not included in TheraCal LC for material hydra-
tion, it is dependent on the amount of water that is
absorbed from the surroundings and how it diffuses
through the material [16]. Thus, the material is applied
to moist dentin as recommended by the manufacturer.
The resin modification in TheraCal LC is known to ac-
celerate the hydration reaction of the material, thus
resulting in low solubility and substantial calcium re-
lease within the first several hours. The calcium ions
release is pivotal for effective pulp capping procedures
due to the effects of these ions in the differentiation of
pulp cells and mineralization of the hard tissue [16; 17].
In addition to stimulating dental pulp cell proliferation
in a dose-dependent manner, the calcium ions eluted,
also boost pyrophosphatase activity which helps in
forming a dentin bridge [17; 18].

Camilleri et al. found that the limited moisture dif-
fused from within the pulp-dentine complex into the
obtained set mixture results in incomplete hydration
of TheraCal LC [19]. When used in pulp capping pro-
cedures, the polymerization in TheraCal LC is linked to
lower heat generation, which minimizes deleterious pul-
pal effects [20].

ApaCal ART a novel pulp capping agent which is
light-cured and is primarily indicated for various pulp
capping techniques. It is comprised of calcium hydro-
xide as a primary component, a resin matrix of trie-
thylene glycol dimethacrylate [TEGDMA] and urethane
dimethacrylate [UDMA] fortified with tricalcium phos-
phate and hydroxypatite fillers, barium zirconate oxide
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and silanated barium glass powder which serve as
radiopacifiers, photoinitiator and amine accelerator.

Tricalcium phosphate has the potential to function
as a phosphate reservoir and enhance cement reac-
tivity through the nucleation of calcium phosphate na-
noapatite, which stimulates pulpal cells to aid in the
dentin bridge formation [21; 22]. Additionally, calcium
phosphate granules have also been detected in ApaCal
ART. Calcium phosphate accelerates the formation of
hydroxyapatite as it provides additional phosphate from
the biological fluid for this process [23].

It has been proposed that the alkaline pH functions
as a regional buffer to neutralize the inflammatory pro-
cess’s acidic responses in addition to activating the al-
kaline phosphatase [ALP] that play an important role in
hard-tissue formation [24].

Research has indicated that a high concentration of
hydroxyl ions from calcium hydroxide is necessary for
the initial changes that lead to the differentiation of pulp
cells into odontoblasts [25]. A minimum of six to eight
weeks is needed for adequate remineralization of the
cavity floor after the pulp capping procedure. The abil-
ity of the provisional and final restorations to maintain a
hermetic seal against microleakage is crucial for a sat-
isfactory outcome [26; 27].

The use of newer light cured pulp capping agents
permit the clinician to etch and bond the lining mate-
rial to aid in the placement of final restorations, thus
increasing the efficiency of the clinician. These ad-
vancements have translated to excellent clinical out-
comes for pulp capping procedures. In this study, it
has been observed that TheraCal LC had an increased
calcium ion release when compared to ApaCal ART.
An increased calcium ion release aids in rapid tertiary
dentin formation and the dentin bridge formed, acts
as a protective barrier to the pulp space in deep res-
torations. A novel method for digitally evaluating den-
tin bridge formation with CorelDRAW X7 software has
been developed [28]. The results of the study provide
the opportunity to compare the materials by further
clinical and experimental studies for various clinical
applications.

Inevitably, the limitations of this in vitro study in-
clude difficulty to precisely simulate the biological as-
pects and the multitude of intraoral conditions which
are not accounted. Future studies should investigate
the long-term performance of these materials in vivo,
focusing on clinical outcomes expanding to include
other bioactive materials.

CONCLUSION

In line with the study findings, it was observed that
both TheraCal LC and ApaCal ART showed a sustained
increase in calcium ion release over time with the high-
est calcium ion release noted at 21 days.

TheraCal LC demonstrated a significantly higher
calcium ion release when compared to ApaCal ART
at 24 hours, 7 days and 21 days and may be prefera-
ble for indirect pulp capping because of their greater
ion-releasing ability and stimulation of hard tissue
formation.
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Abstract

INTRODUCTION. The article explores the current achievements and future prospects of artificial intelligence
(Al) in endodontics, emphasizing its applications in diagnostics, treatment planning, quality control, outcome
prediction, telemedicine, and educational processes. Al is highlighted as a transformative tool that enhances
precision, standardization, and personalization in endodontic practice.

AIM. To systematically analyze the current state of Al application in endodontics and outline directions for
further research and implementation.

MATERIALS AND METHODS. The study involved a thorough review of scientific literature obtained from major
databases such as PubMed, Scopus, and Web of Science over the past five years. A critical evaluation of
these publications assessed the effectiveness of Al in clinical practice and educational programs.
CONCLUSIONS. Al significantly enhances diagnostic accuracy, optimizes treatment planning, improves
quality control, and expands opportunities in telemedicine and dental education. However, challenges such
as high implementation costs, data security concerns, the absence of standardization, and the need for
regulatory frameworks persist, necessitating further research and development of universal solutions.
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Pesiome

BBELEHVE. B cTtaTtbe paccmMaTpmBaloTCs COBPEMEHHbIE JOCTUXEHUS N NepPCNeKTUBbl NCMOJIb30BAHUS UC-
KycCTBEHHOro nHtennekta (M) B sHOOOOHTUK, C aKLEHTOM Ha €ro BAMsiHWE Ha ANarHoCTUKY, niaHnpoBaHne
Jle4yeHusi, KOHTPOJb Ka4ecTBa, MPOrHO3UPOBaHNe NCXOO0B, TeneMeauumHy 1 obpasoBaTtesibHble NPOLLEeCChHI.
BeeneHue nocesaweHo ponv N B nameHeHnn nogxon0B K SHAOOOHTUYECKOW NPakTUKe, rae TOYHOCTb, CTaH-
LapTn3aumsa u NnepcoHanM3npoOBaHHbIV NOAX04, CTAHOBATCS KIIKOYEBbIMU acrekTamMmu.

LLEJTb NCCNELOBAHUYA: cuctemaTtmaaumns U aHanns TekyLero COcTosaHMS npumMmeHenns N B 9HAO0A0OHTUN,
a Takxe B onpenefieHnn HanpasneHnn Ansa ganbHenWwmnx MCCnegoBaHuin U NPakTUY4eCKOro BHEAPEHUS Tex-
HONOTNA.

MATEPWNAJIbl N METObl BKtO4AOT KOMMJIEKCHBIN 0630p NnTepaTypbl HA OCHOBE BeAyLwmx 6a3 AaHHbIX,
Takmx kak PubMed, Scopus n Web of Science, oxeaTbiBalowWwmini nocnegHue nate net. [poBeneH Kputnye-
CKMi aHanm3 nybnukauunii, oueHnsarowmx addekTMBHOCTbL MW B knnHMYecko npakTuke n obpasoBatesib-
HbIX NporpaMmmMax.

BbIBObl nopyepkmBatoT 3Ha4MMocTb MM kak MOLLLHOIO MHCTPYMEHTa, CNOCOBHOr0 YyYLLMTb AMarHOCTUKY,
niaaHNPOBaHME NEYEHUS N KOHTPOJIb KA4ECTBA, a TakXKe PacLUMPUTb BO3MOXHOCTU TENEMeANLVHbI U 00y4e-
HMUSA CTOMATOJIOroB. HeCcMOTpSA Ha ero NpenmyLecTBa, OCTalTCS BbI3OBbl, TakMe Kak BbICOKas CTOMMOCTb
BHEAPEHMS, 3almMTa AaHHbIX, HE40CTAaTOK CTaH4APTU3aLnn 1 He0BX0AMMOCTN HOPMATUBHOMO perynnposa-
HUS, 4TO TpebyeT AaNbHENLNX UCCIIef0BaHNn U Ppa3paboTky YHMBEpPCasibHbIX PEeLUEHWIA.

KnioueBble cnosa: VICKyCCTBeHHbIVI MHTENNEKT, 3HOOO0HTUA, ANarHoOCTuKa, nNiaHnpoBaHue ie4eHns, KOHTPOJb
Ka4eCcTBa, TefieMeanumnHa
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INTRODUCTION

Artificial intelligence represents one of the most
promising technological advances of the Artificial intel-
ligence (Al) is one of the most significant and promising
technologies of the modern era, revolutionizing tradi-
tional approaches across various domains, including
medicine and dentistry. In recent years, Al has firmly
established itself in medical practice, offering novel
opportunities to enhance the efficiency of diagnostics,
treatment planning, and clinical outcomes. In the con-
text of endodontics — a specialized field of dentistry
focused on the treatment of pulp and periapical tissue
diseases — Al demonstrates transformative potential,
fundamentally altering approaches to diagnostics and
comprehensive therapy.

Endodontics, as a discipline requiring high levels of
precision and accuracy, has particularly benefited from
the integration of Al. The processing and analysis of
medical images, such as radiographs and cone-beam
computed tomography (CBCT) data, have become
significantly more accurate and efficient due to Al im-
plementation. This advancement has substantially im-
proved diagnostic quality, minimized human error, and
elevated the standards of dental care delivery [1]. The
integration of Al into clinical endodontics paves the way
for developing highly personalized treatment plans that
account for individual patient characteristics. Traditio-
nal methods, based on generalized protocols, often fail
to address the nuances of specific cases. In contrast,
Al can analyze large volumes of data, including clinical
records, patient history, imaging results, and previous
interventions, to propose optimal treatment plans tai-
lored to the unique needs of each patient [2]. One of
the key advantages of Al lies in its ability to self-learn.
As it processes increasing amounts of data and gains
experience, Al becomes progressively more accurate
and effective. This capability is particularly critical in en-
dodontics, where anatomical and morphological varia-
tions in the root canal system and the condition of the
pulp exhibit considerable diversity. Al not only adapts
to specific cases but also proposes new, more effec-
tive treatment methods that may have previously been
overlooked [3]. Al is also actively utilized in research,
contributing to the development of novel techniques
and materials. For example, data analysis conducted by
Al enables researchers to identify patterns and correla-
tions that can inform the creation of more efficient en-
dodontic instruments and methodologies. This, in turn,
facilitates continuous practice improvement and raises
the quality of dental care [4]. Furthermore, Al plays an
essential role in educational programs for dentists. It
supports the development of more effective and per-

sonalized learning methods, which is especially crucial
in today’s rapidly evolving medical landscape. Al-based
simulators and training programs allow users to refine
their skills and treatment techniques in a safe environ-
ment while receiving immediate feedback, significantly
enhancing the quality of professional education [5].

In light of these advancements, it becomes evident
that Al holds immense potential to transform endodon-
tics. It not only enhances current diagnostic and treat-
ment methods but also opens new avenues for research
and innovation.

AIM

The aim of this study is to analyze the current ad-
vancements in the application of artificial intelligence
in endodontics, encompassing diagnostics, treatment
planning, quality control, outcome prediction, telemedi-
cine, and educational processes. Additionally, the study
aims to identify prospects for further research and the
integration of Al technologies into clinical practice.

MATERIALS AND METHODS

To achieve the objectives of this study, a compre-
hensive and thorough review of the scientific literature
on the application of artificial intelligence (Al) in endo-
dontics was conducted. The process of searching, se-
lecting, and analyzing materials consisted of several
stages aimed at ensuring the high quality and relevance
of the collected data.

Initially, a systematic search for scientific publi-
cations was performed in the most authoritative and
recognized scientific databases, including PubMed,
Scopus, Web of Science, and IEEE Xplore. The search
encompassed a broad range of keywords and their
combinations, such as “artificial intelligence”, “endo-
dontics”, “machine learning”, “deep learning”, “diag-
nostics”, “treatment planning”, “prediction”, “radiolo-
gy”, and “CBCT”. Additionally, terms related to specific
Al methods and algorithms were included to capture
a comprehensive scope of relevant research.

Additionally, terms related to specific Al methods
and algorithms, such as “neural networks”, “decision-
making algorithms”, “deep neural networks”, and
“image processing”, were included. The search was
restricted to the last five years (2018-2023) to ensure
the inclusion of relevant and up-to-date advancements
in the field. Particular attention was given to publica-
tions available in English in leading international scien-
tific journals and conference proceedings focused on
dentistry and medical technologies.

In the second stage, a meticulous selection of re-
levant publications was undertaken. The initial assess-
ment of the identified articles was based on their titles
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and abstracts, aiming to exclude studies that were un-
related to the research topic or lacked sufficient infor-
mation on the application of artificial intelligence (Al)
in endodontics. Subsequently, a critical analysis of the
full texts was performed, which included evaluating the
research methodologies, the appropriateness of the
applied Al algorithms, the quality of the source data,
and the relevance of the conclusions and recommen-
dations.

Furthermore, quality metrics such as accuracy,
sensitivity, specificity, and F1 scores were analyzed to
evaluate the effectiveness of the Al algorithms. This ap-
proach ensured an objective assessment of their poten-
tial for clinical practice and the reliability of the study’s
conclusions. Special attention was devoted to stu-
dies that provided comparative analyses of traditional
methods and Al-based technologies, offering deeper
insights into the advantages and disadvantages of each
approach.

Additionally, particular focus was placed on publi-
cations discussing prospective directions for the de-
velopment of Alin endodontics, such as the automation
of diagnostics, improvement of treatment planning,
outcome prediction, and risk minimization of complica-
tions. Studies detailing the integration of Al into clinical
practice, including those based on retrospective data,
as well as results from clinical trials and practical ap-
plications of Al technologies in dental institutions, were
reviewed.

In the final stage, all collected data were systemati-
cally organized and analyzed using content analysis and
thematic analysis methods. This approach allowed the
identification of major trends and key areas of Al appli-
cation in endodontics.
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RESULTS

Artificial Intelligence in Diagnosing Endodontic
Diseases

Artificial intelligence (Al) is becoming an increa-
singly important tool in the diagnosis of endodontic di-
seases, such as apical periodontitis and dental caries,
which require a high degree of accuracy and speed for
successful treatment. Modern Al algorithms based on
deep learning have demonstrated significant success in
analyzing radiographic images, substantially improving
diagnostic quality and reducing the likelihood of errors
associated with human factors. Deep learning algo-
rithms, such as convolutional neural networks (CNNs),
trained on large and meticulously annotated datasets,
are capable of automatically identifying and classi-
fying pathological changes on radiographic images.
These algorithms operate by processing vast amounts
of radiographic images, enabling Al to “learn” to recog-
nize characteristic features of various diseases. For in-
stance, in cases of apical periodontitis, Al can detect
subtle changes in the bone structure surrounding the
tooth root, which may indicate inflammation or infec-
tion. Similarly, in the diagnosis of dental caries, Al iden-
tifies small carious lesions that might be missed during
traditional visual assessments [6].

dHdodoHmus
————TLT

Table 1. Comparing the effectiveness of Al
and doctors in diagnostics

Ta6nuua 1. CpaBHeHne 3pPeKTUBHOCTHU
WCKYCCTBEHHOIO MHTENIEKTA N BPa4yEeN B ANArHOCTUKE

Metric Al Clinicians
Diagnostic Accuracy, % 95 88
Sensitivity, % 93 85
Specificity, % 96 90
Time for Processing 100 Images, minutes 2 30

The high diagnostic accuracy of Al has been de-
monstrated in several studies, where its performance
was compared to that of experienced clinicians. The
table below presents key metrics of Al and specia-
lists in the diagnosis of endodontic diseases (Table 1).
These data highlight the advantages of Al in terms of
accuracy, sensitivity, and speed of radiographic image
analysis, establishing it as an essential tool in clinical
practice.

Al has demonstrated diagnostic accuracy exceeding
95%, making it comparable to expert clinicians and, in
some cases, even surpassing human performance. This
is particularly significant in the context of large-scale
screening programs, where rapid and accurate disease
detection is required for a high volume of patients.

Al systems have the capability to analyze images
with greater speed and consistency than is possible
with manual evaluation. Al algorithms can process
thousands of images within minutes, significantly re-
ducing the time required for diagnosis. This efficiency
is especially beneficial in high-demand clinical envi-
ronments, enabling clinicians to focus on more com-
plex cases and enhancing the overall effectiveness of
the diagnostic process.

Another key advantage of Al is its ability to adapt and
improve as new data becomes available. Al systems can
be updated and trained using new radiographic ima-
ges and datasets, allowing them to continually enhance
their diagnostic capabilities. This adaptability makes Al
an ideal tool for use in a dynamic medical environment,
where the precision and relevance of diagnostic me-
thods are of paramount importance [7].

Al also provides an opportunity for standardizing
diagnostics, which is particularly important in medi-
cal practice. Variations in the experience and quali-
fications of specialists can lead to inconsistencies in
diagnosis, occasionally resulting in errors and discre-
pancies. Al, on the other hand, ensures a more uniform
approach to image analysis, reducing the likelihood of
diagnostic errors and enhancing the overall reliability
of the process.

In addition to improving the accuracy and efficiency
of diagnosing endodontic diseases, Al contributes to
the standardization and enhancement of healthcare
quality. The application of Al in diagnostics opens new
possibilities for the early detection of diseases, ulti-
mately leading to more successful treatment outcomes
and improved patient health [8].
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Al in the Interpretation of Cone-Beam Computed
Tomography (CBCT)

Artificial intelligence (Al) has demonstrated signifi-
cant advantages in the analysis of cone-beam com-
puted tomography (CBCT), a technology that plays
a crucial role in endodontics. CBCT provides detailed
three-dimensional images of complex anatomical
structures, such as root canals, allowing for high-
resolution visualization. However, interpreting these
data requires a high level of expertise and conside-
rable time investment. Al offers a fundamentally new
approach to CBCT interpretation, enabling automa-
tion and improving accuracy.

Al algorithms, developed through machine lear-
ning, can identify key anatomical structures, such as
root canals, with a high degree of precision. These
structures are often challenging to discern on images
due to their small size or curved shape. This capabi-
lity is particularly critical in endodontics, where an ac-
curate understanding of root canal anatomy is essen-
tial for successful treatment. Errors in interpretation
can lead to incomplete cleaning of the canal or other
complications that may adversely affect treatment out-
comes [9].

In addition to identifying anatomical structures,
Al is capable of detecting and assessing pathologi-
cal changes, such as resorptions, cysts, granulomas,
and other lesions. These pathological processes can
be difficult to discern in their early stages through
manual image interpretation, particularly when they
are located in hard-to-reach or hidden areas. With
its ability to analyze the smallest changes in tissue
structures, Al can accurately identify such patholo-
gies, significantly improving diagnostic quality and
enabling the initiation of treatment at earlier stages
of the disease [10].

The use of Al significantly reduces the time required
for image analysis. While traditional manual analysis
demands meticulous examination of each slice, which
can be time-consuming, Al is capable of quickly and
accurately processing all data, highlighting key ele-
ments and anomalies. This capability is particularly
critical in high-pressure clinical settings, where the
speed and accuracy of diagnostics are paramount for
timely and effective treatment selection [11].

Another major advantage of Al is its ability to mini-
mize human errors, which can occur even among ex-
perienced specialists. Fatigue or the complexity of
tasks may lead to overlooked critical details. Al, with
its consistent performance, can maintain a high level
of accuracy regardless of the volume and complexity
of the data being processed, thereby enhancing the
overall reliability of the diagnostic process. The inte-
gration of Al into CBCT analysis processes also opti-
mizes clinical decision-making.

Al can act as an assistant, providing dentists with
additional information for evaluation and suggesting
the best treatment options based on data analysis.
This capability is particularly important in complex
clinical cases, where multiple factors must be consid-
ered to make well-informed decisions [12].
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Al in Endodontic Treatment Planning

Artificial intelligence (Al) plays a pivotal role in op-
timizing and automating the process of endodontic
treatment planning, significantly enhancing the ef-
ficiency and accuracy of clinical decision-making. By
analyzing data such as radiographic images, cone-
beam computed tomography (CBCT), and other clini-
cal information, Al can propose the most suitable
treatment strategies for each patient, taking into ac-
count the unique anatomical features of their teeth and
root canals.

One of the primary objectives in endodontic treat-
ment planning is the selection of optimal instruments
and materials to ensure maximum efficiency and safe-
ty during the procedure. By analyzing data collected
from various sources, Al can recommend specific
endodontic tools, such as files and sealers, that are
best suited to the anatomy and condition of a patient’s
root canals. This capability helps minimize the risks of
complications, such as perforations or incomplete ca-
nal cleaning, and improves the overall success rate of
treatment [13].

An important aspect of using artificial intelligence
(Al) in treatment planning is its ability to adapt to the in-
dividual needs of each patient. By analyzing data such
as age, health status, anatomical features of teeth,
and previous medical records, Al can develop person-
alized treatment plans that account for these factors.
This capability is particularly critical in complex clinical
cases where standard approaches may not be suffi-
ciently effective. Personalizing treatment with Al allows
not only for the consideration of current clinical data
but also for the prediction and prevention of potential
complications, thereby increasing the likelihood of
a successful outcome.

Furthermore, Al can automate the decision-making
process, enabling dentists to focus more on perfor-
ming procedures rather than planning them. For in-
stance, Al can propose the optimal sequence of steps
for root canal treatment, including selecting the ap-
propriate instruments and determining their length and
diameter, reducing the likelihood of errors. It can also
account for the condition of the surrounding tissues, the
degree of inflammation, and the potential for disease
recurrence, allowing the dentist to make more informed
decisions at every stage of the treatment process [14].

The integration of Al into treatment planning also
promotes more efficient resource utilization. Al can pre-
dict the required quantity of materials and tools, as well
as the time needed for the procedure, streamlining lo-
gistics and reducing costs. This is especially important
in resource-constrained settings or high-volume clinics,
where maximizing operational efficiency is essential.

Ultimately, Al in endodontic treatment planning
serves as a tool that not only improves the accuracy
and personalization of the process but also significantly
enhances the overall efficiency and safety of the proce-
dure. Using Al reduces decision-making time, lowers
the risk of complications, and improves clinical out-
comes, leading to higher patient satisfaction and better
long-term health [15].

Tom 23 N2 1/2025 ‘ Endodont(cs



66 |

Al for Predicting Treatment Outcomes

Artificial intelligence (Al) is widely used in predic-
ting the outcomes of endodontic treatments, provi-
ding dentists with a powerful tool to assess the likelihood
of success and potential complications. Machine lear-
ning models that analyze extensive datasets — includ-
ing the patient’s medical history, anatomical features of
the teeth, diagnostic results, and procedural details —
enable Al to deliver accurate predictions about treat-
ment outcomes and potential risks.

One of the primary functions of Al in this areais its abi-
lity to foresee complications such as reinfection or the de-
velopment of peri-implantitis and to evaluate the chances
of treatment success. These systems analyze data at
a deeper level, accounting for numerous variables that
influence outcomes, such as the complexity of the root
canal anatomy, the condition of surrounding tissues, the
quality of treatment performed, and many other factors.
This information equips dentists to make more informed
decisions and adjust treatment plans as needed [16].

Al is also effective in predicting long-term treatment
outcomes, such as the likelihood of infection recur-
rence after root canalfilling. Al is actively utilized to ana-
lyze CBCT data from patients with apical periodontitis,
enabling algorithms to evaluate the quality of root canal
fillings and the degree of canal cleaning. This improves
diagnostic accuracy and the effectiveness of endodon-
tic treatment. Based on data analysis, Al systems can
assess the probability of reinflammation and provide
recommendations for optimizing filling techniques,
which enhances treatment success.

Another clinical example is the use of Al to predict
complications in patients with unusual root canal anato-
mies. Algorithms analyzing radiographic images can
evaluate the risk of canal perforation during treatment
and suggest adjustments to the selection of instru-
ments or treatment techniques. This is especially criti-
cal in complex cases where standard approaches may
be insufficient.

Al can also consider post-treatment patient beha-
viors, including adherence to oral care recommenda-
tions. For example, an Al system can analyze the pa-
tient’s medical history, their commitment to preventive
measures, and potential complications to recommend
additional follow-up visits or specialized therapeutic
interventions. This helps dentists anticipate potential
challenges and adapt treatment strategies to the pa-
tient’s individual circumstances.

By improving the accuracy of predictions and facili-
tating personalized treatment strategies, Al significantly
contributes to optimizing endodontic care. Its applica-
tion ensures better long-term treatment outcomes and
helps patients maintain improved oral health.

Thus, Al not only enhances the accuracy of predic-
tions but also aids in developing more individualized pa-
tient care strategies. The prognostic capabilities of Al
can be leveraged to optimize treatment, ultimately lead-
ing to more predictable outcomes and improved overall
patient health. Al’s ability to forecast potential outcomes
and complications enables dentists to manage treat-
ments more effectively and improve their success rates,
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thereby ensuring better quality of life for patients [17].
Using Al for Automated Quality Control in Treatment

Artificial intelligence (Al) plays a critical role in ensur-
ing automated quality control in endodontic treatment,
providing dentists with accurate and objective tools to
evaluate the outcomes of procedures performed. Al
technologies, based on the analysis of radiographic
images and other data, significantly improve treatment
standards by minimizing the likelihood of human errors
and enhancing the overall safety and efficacy of therapy.

One of the key applications of Al in this domain is the
assessment of root canal filling quality. Machine lear-
ning algorithms can analyze radiographic images post-
procedure to identify potential deficiencies that may go
unnoticed during traditional visual inspection. Such de-
ficiencies may include missed root canals, incomplete
or uneven filling of the canal with sealing material, and
the presence of voids or unfilled areas. These issues
could lead to subsequent complications, such as infec-
tions or the need for retreatment.

Table 2 illustrates the detection rates of errors iden-
tified by Al compared to traditional visual inspection,
demonstrating Al’s superior accuracy in identifying
these deficiencies.

These Al systems possess the capability not only
to detect defects but also to assess their severity, pro-
viding dentists with detailed information necessary for
making decisions about potential treatment correc-
tions. For instance, if Al identifies incomplete canal fill-
ing, the clinician can decide to perform a follow-up in-
tervention to address the detected deficiency and pre-
vent potential complications in the future [18].

Al can serve as an effective tool for standardizing the
quality assessment process in treatment. In traditional
practice, assessments may vary depending on the ex-
perience and skill level of the specialist, which can lead
to inconsistencies and differences in treatment stan-
dards. Al, on the other hand, ensures a uniform ap-
proach to evaluation, reducing subjectivity and increa-
sing objectivity in decision-making. This is particu-
larly crucial in high-volume clinics where accuracy and
speed of assessment are critical.

Al-based automated quality control systems can
also be used for retrospective analysis of completed
procedures, helping to identify and correct systemic
errors or shortcomings in treatment protocols. Such
analysis not only improves the quality of current proce-
dures but also enhances overall treatment approaches
by leveraging real data and objective evaluations [19].

Table 2. The accuracy of Al and doctors in detecting
sealing errors

Ta6nuua 2. TO4HOCTb MICKYCCTBEHHOMO MHTENIEeKTa
1 Bpayer npm obHapy>XxeHnn owmnbokK NIoMonpoBaHmns

Type of error Detection rate Detec_tif)r! rate
by Al by clinicians
Unfilled areas, % 97 89
Missed root canals, % 96 88
Overfilled canals, % 94 85
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The integration of Al into quality control for endo-
dontic treatment significantly reduces the risk of com-
plications and repeat interventions, ensuring more
stable and predictable outcomes. This approach con-
tributes to the overall improvement of dental care qua-
lity and enhances patient satisfaction, which is a criti-
cal step toward achieving high standards in endodon-
tic practice.

Al in Education and Professional Development

Artificial intelligence (Al) is being actively integrated
into educational programs for dentists, playing a cru-
cial role in improving the quality of training and profes-
sional development. One of the most significant ap-
plications of Al in this domain is the use of simulators,
which enable students and practicing dentists to refine
their skills in environments that closely replicate real
clinical scenarios while remaining completely safe and
controlled [20].

Al-based simulators provide users with the oppor-
tunity to interact with virtual patients, simulating a wide
range of clinical scenarios. These scenarios can include
various anatomical features, common and rare patholo-
gies, as well as complex cases requiring specialized
approaches. Through such simulations, learners can
repeatedly practice the skills needed for diagnosis and
treatment, allowing them to gain a deeper understan-
ding of the material without posing any risk to the health
of real patients.

One of the key features of Al simulators is their ability
to deliver instant and precise feedback on user actions.
In real-time, the system analyzes the performed tasks,
points out errors, and offers recommendations for im-
provement. This process helps learners not only identify
their weaknesses but also actively work on addressing
them, ultimately reducing the likelihood of mistakes
in actual practice [21]. Additionally, Al simulators can
adapt to the user’s level of expertise, providing more
complex tasks as their skills and knowledge improve.
This allows for the creation of a personalized learning
process that aligns with the current needs and goals of
each student or professional. Such an approach fosters
deeper knowledge acquisition and more effective prep-
aration for real clinical situations [22].

An important aspect of Al in education is its appli-
cation in remote learning. Modern technologies enable
students and professionals to access Al-based educa-
tional platforms from anywhere in the world, which is
particularly valuable in cases of limited mobility or the
inability to attend educational institutions. This opens
new opportunities for continuous professional develop-
ment and skill enhancement, making learning more ac-
cessible and flexible.

Al can also be integrated into systems for assess-
ing knowledge and skills, allowing for objective and
standardized examinations and testing. These systems
can evaluate both theoretical knowledge and practical
skills, providing objective assessments and recommen-
dations for further learning. This ensures a high level of
professional preparation and guarantees that special-
ists meet modern requirements and standards [23].

6/

Prospects for Using Al in Telemedicine and Remote
Diagnostics

Artificial intelligence (Al) plays a vital role in telemedi-
cine, particularly in the context of remote diagnostics
and consultations, which has become increasingly
important with the growing demand for telemedicine
services. Al algorithms are capable of analyzing radio-
graphic images and other diagnostic data, providing
dentists with accurate diagnostic insights and treat-
ment recommendations. This significantly enhances the
quality of care, especially for patients living in remote or
hard-to-reach areas, where access to specialized dental
services may be limited.

Table 3 highlights the key differences between the
traditional approach and the use of Al in telemedicine.

The data demonstrate the advantages of Al, inclu-
ding a significant reduction in diagnostic time and an
improvement in the accuracy of pathology detection.
This is particularly important in high-pressure clinical
settings and resource-constrained remote regions.

Al capabilities enable dentists working within the
framework of telemedicine to obtain precise and rapid
assessments of the condition of patients’ teeth and sur-
rounding tissues. This is especially valuable in the ab-
sence of the possibility for physical examination. Al can
automatically detect pathologies such as caries, infec-
tions, or structural damage and suggest optimal treat-
ment options, thereby significantly reducing decision-
making time and ensuring a higher level of accuracy
compared to traditional remote consultations [24].

Al algorithms also ensure a high level of diagnostic
standardization, reducing the risk of errors caused by
human factors and enhancing the objectivity in the eval-
uation of medical data. This is particularly important in
situations where the quality of diagnostic images may
vary due to differences in imaging conditions or equip-
ment used. Al helps to mitigate such discrepancies,
providing dentists with precise and reliable information
needed for well-informed clinical decisions [25].

The application of Al in telemedicine allows dentists
to respond promptly to changes in a patient’s condition,
enabling earlier intervention and treatment adjustments.
The use of such technologies in remote consultations
significantly improves the quality of care provided and
expands access to specialized assistance for all catego-
ries of patients, regardless of their geographical location.
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Table 3. Comparison of the traditional approach
and Al in telemedicine

Ta6nuua 3. CpaBHeHMe TPaaAULMOHHOIO Nogxona
M UCKYCCTBEHHOI O MHTENNeKTa B TefieMeguumnHe

TR Traditional Al
Approach | in Telemedicine
Diagnosis Time, minutes 40 15

Accuracy of Pathology

Detection, % 85 93
Detgchon of Hidden Carious 78 92
Lesions, %

Capability for Standardized Limited High

Assessment
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Economic and Ethical Aspects of Al Application
in Endodontics

The application of artificial intelligence (Al) in endo-
dontics carries significant economic and ethical impli-
cations. From an economic perspective, Al accelerates
diagnosis and treatment, enhancing clinic productivity
and reducing complication rates, which ultimately low-
ers costs for both patients and medical institutions.
However, implementing Al requires substantial invest-
ments in equipment, software, and personnel training.
This makes Al more accessible to large clinics, while the
maintenance and updating of these systems demand
ongoing expenditures [26].

From an ethical standpoint, key challenges include
the allocation of responsibility for decisions made
using Al and the protection of patient data confidentia-
lity. Although Al achieves high accuracy, errors cannot
be entirely eliminated, highlighting the need for clear
regulatory frameworks. Data breaches could under-
mine patient trust, necessitating strict adherence to se-
curity standards [27].

The accessibility of Al for smaller clinics and re-
source-limited regions raises concerns regarding so-
cial equity. The high cost of Al technologies limits their
adoption, although the development of more affor-
dable solutions could help reduce this barrier. Despite
automation, the physician’s role in decision-making
remains crucial to maintaining patient trust and ethical
interactions.

0630pbl / Reviews

Limitations of Al in Clinical Practice

Despite Al’s significant potential in endodontics, its
application in real-world clinical settings faces several
limitations. Technical challenges present major barriers
to Al implementation. A lack of high-quality, annotated
datasets restricts algorithm training, reducing accuracy
when applied in conditions that differ from training sce-
narios [28].
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Abstract

AIM. To evaluate effect of dentin bio-modifications and matrix metalloproteinase (MMP) inhibitors on dentin
bonding.

METHODS. The review adhered to the Preferred Reporting ltems for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines and was registered in PROSPERO. A thorough search of Google scholar, Pubmed Cen-
tral, EBSCO host was conducted from January 2000 to December 2023 to identify studies examining the
impact of various dentin bio modifications and MMP inhibitors on dentin bonding. Quality assessment was
performed using the Cochrane risk of bias (ROB) -2 tool for randomized controlled trials (RCTs), evaluating
each study’s domains through Review Manager (RevMan) software version 5.3. The standardized mean dif-
ference (SMD) served as the summary statistic measure, employing a random-effect model with a signifi-
cance threshold set at p < 0.05.

RESULTS. Sixteen studies met the eligibility criteria and underwent qualitative synthesis, with fifteen studies
in meta-analysis. Upon quality assessment, the studies demonstrated a range of moderate to low risk of bias.
A variety of dentin modifiers and MMP inhibitors were included, of which 2% chlorhexidine and benzalkonium
chloride being the most studied in twelve and five studies respectively. The pooled estimate through SMD
suggested that 2% CHX 2.28 (-3.69-0.03) and BAC 2.50 (-7.80-2.79) had an overall greater dentin bonding
compared to other control measures used.

CONCLUSION. It was concluded that biomodifiers and MMP inhibitors have a positive effect on the bond
strength of adhesives. It was seen that 2% CHX and BAC had greater dentin bond strength.
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BauaHue 6uomMmoandpuKaumm geHTUHA U AKTUBHOCTHU
MATPUKCHbIX MeTas/IoNpoTeMHas Ha NPoOYHOCTb aAre3umn —
cucTeMaTUUecKku 063op n MetTa-aHanus

A. Arapsan(>, C.P. Cpunutxu(2 <, WW.A. Arapsan(>, . Uurne(, C. TaHaOH
CTOMaToNOrn4ecknit kKonnemx n 6onbHnua gokropa .M. Natung, Buasanut Ap. 4.1, Natung, Nuvnpu, MaxapawTpa, MHons
D srinidhi.sr@dpu.edu.in

Pe3iome

LLENb. OueHnTb BANAHME BGuomoauduKaunii AeHTUHA U UHTMOUTOPOB MAaTPUKCHBIX MeTannonpoTemHas
(MMT) Ha apresvio K AeHTUHY.

METO/bI. O630p BbINOMIHEH B COOTBETCTBUM C pekomeHaauuammn PRISMA v 3apeructpuposaH 8 PROSPERO.
Bbin npoBeaeH TwaTtenbHbli nonck B 6asax aaHHbix Google Scholar, PubMed Central n EBSCO Host ¢ sHBaps
2000 no pexabpb 2023 r. oS BbIIBNIEHUSI UCCIeA0BaHMUIA, OLLEHMBAIOLLVX BIUSIHME pa3inyHbix Guomoamoun-
Kaumi oeHTuHa n nHirnbutopos MMM Ha aareaumio k AeHTuHyY. OueHka kayecTBa UCCNeoBaHMii NPOBOAVNACH
C nomoubio nHcTpymeHTa Cochrane ROB-2 gns paHAOMU3NPOBAHHbLIX KOHTPOJIMPYEMBIX UCCNea0BaHN
(PKW), a aHann3 6bin BLINOMIHEH C UCMONb30BaHMeM nporpaMmmbl RevMan Bepcun 5.3. B kayecTBe cTatm-
CTMYECKO Mepbl NCNOMb30BaNacb CTaHAAPTU3NPOBAHHANA cpeaHas pasHuua (SMD) ¢ mogenbto cny4YarHbix
adpdekToB NpU ypoBHe 3HauMmocTn p<0.05.

PE3YJIbTATHI. LLlecTHaguaTh NCcneaoBaHuii COOTBETCTBOBAIM KpUTEPUAM 0TOOPA 1 BblIN BKJTIOYEHbI B Ka-
YeCTBEHHbI CUHTE3, NATHAALATb N3 HUX — B MeTa-aHann3. Mpn oueHke kayecTBa nccnenoBaHuii Obina 06-
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Hapy>XeHa yMepeHHas U HU3Kas CTeNEeHb pUcka cMeLLeHus. Bbinn nccnepoBaHbl pa3nuyHbie MoaU@UKaTopPsl
OEeHTUHa 1 nHrnéntopsl MMI, cpeaun KoTopbix Hanbonee Yacto ndydanuce 2% xnoprekcnauH (CHX) n 6eH-
3ankoHus xnopug (BAC) B oBeHaaLaTh M NSTU UCCNEA0BAHUSAX COOTBETCTBEHHO. [10 pe3ynsTatam MeTa-aHa-
nn3a, obuias NpoYHOCTb aare3nn AeHTnHa npu ncnonb3oBanumn 2% CHX coctasuna 2.28 (-3.69-0.03), a npu
ncnonb3oBaHum BAC - 2.50 (-7.80-2.79) no cpaBHEHMIO C APYrMMU KOHTPOJIbHLIMU MEPaMU.

BbIBOA. Buomoandwkatopbl  uHrmbmntopsbl MMI1 oka3biBalOT NONOXUTENIbHOE B/INSIHME HA NPOYHOCTb aare-
31K K AeHTUHY. Hanbonbluas NnpoYyHOCTb aare3nm oTMedeHa npu ncnonb3osaHum 2% CHX v BAC.

KnioueBble cnoBa: NpoOYHOCTb afre3unm, XJIOprekCuamH, buoMmoandukauns AeHTUHA, MaTPUKCHbIE MeTanno-
npoTenHasbl

UHdopmauumsa o ctatbe: noctynuna — 05.09.2024; ucnpasneHa — 10.10.2024; npuHata — 15.10.2024
KoH$AUKT nHTepecoB: ABTOPLI CO0OLLAI0T 06 OTCYTCTBUMN KOHPNUKTA UHTEPECOB.
BnarogapHocTu: duHaHCcupoBaHue 1 HAnBMAYabHble 61arofapHOCTY A5 AeKNapupPoBaHUs OTCYTCTBYIOT.

Ana yutuposanua: Arapsan ., Cpuuutxum C.P., Arapsan W.A., Murne M., TangoH C. BansHune 6uomogndu-
Kauuy AeHTUHA M aKTUBHOCTM MaTPUKCHbIX METaNIoNpoTeNHA3 Ha NPOYHOCTb aAre3mn — CUCTEMaTUHEeCKNIA

0630p 1 MeTa-aHann3a. IHgoaoHTus Today. 2025;23(1):71-79. https://doi.org/10.36377/ET-0071

INTRODUCTION

The primary obstacle to the longevity of composite
resin restorations lies in the intricate nature of dentin
structure. The major constituent of dentin is Type — | fi-
brillar collagen which has the function of tissue protec-
tion and enhances adhesion by cross linking and makes
the fibril resistant to degradation [1]. Current methods
for restoring teeth involve the partial or complete in-
filtration of adhesive components into demineralized
collagen fibres which comprises the organic matrix of
dentin. Application of acid to dentin followed by resin
adhesive results in the formation of a layer of resin-infil-
trated collagen fibril network which was termed as the
hybrid layer [2].

Many factors such as excessive monomer inclusion
in the hydrophilic adhesive system, high water concen-
trations during the bonding process, insufficient mono-
mer penetration for demineralized collagen may cause
a decrease in dentin adhesion and deterioration of the
hybrid layer [3]. Water penetration triggers the hydroly-
sis of monomers, failing to shield collagen fibres from
degradation [4].

Unprotected and exposed collagen cells are sus-
ceptible to endogenous proteases like MMPS. Hence
methods such as dentin biomodification and the use of
MMP inhibitors have garnered increased attention to
improve the durability of the bond between dentin and
resin. This approach utilizes synthetic bio-modifiers or
natural products which increase the ability to bind col-
lagen fibres, thus improving biomechanics and redu-
cing biodegradation [5].

Dentin bond strength deteriorates with the degra-
dation of the hybrid layer. Acid exposure (in etch and
rinse adhesives) or acidic monomers (in self-etch ad-
hesives) leads to demineralization of the dentin colla-
gen matrix, facilitating integration with the adhesive.
Extensive studies have explored MMP inhibitors such
as chlorhexidine, galatine and benzalkonium chloride
for their potential to inhibit these enzymes. Additio-
nally, collagen cross linkers have emerged as a pro-
mising agent for inhibiting proteases [6].

Very few studies have offered a thorough quanti-
tative and comparative assessment of the impact of
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different dentin modifications and MMP inhibitors on
dentin bonding. Thus, null hypothesis for this study
can be postulated as “there will be no effect of the
biomodifiers and MMP inhibitors on the dentin bond
strength”.

MATERIALS AND METHODS

Protocol development

Review was adhered to PRISMA 2020 guidelines [7]
and Prospective Registration of Systematic Reviews
(PROSPERO) - CRD42023454259 registration was
done.

Study design

The research question “What is the effect of dentin
bio-modifications on dentin bonding and MMP activ-
ity?” was put out in the Participants (P), Intervention (l),
Comparison (C) and Outcome (O) framework:

P — dentin;

| — dentin biomodifiers and MMP inhibitors;

C - no comparison;

O - bond strength.

Eligibility Criteria

A) Inclusion Criteria:

1) articles published in open access journals in Eng-
lish;

2) studies published between January 2000 - De-
cember 2023 and having relevant data on the effect of
various dentin bio-modifications on dentin bonding and
MMP activity;

3) studies reporting the data in terms of mean,
standard deviation and frequency;

4) comparative studies, in vitro studies, randomized
controlled trials were included.

B) Exclusion Criteria:

1) case reports, letters to editor, short communica-
tions articles in press and dissertations submitted to
universities;

2) articles which cannot be translated to English lan-
guage;

3) if full text articles are not available.
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Screening Process

The process of choosing articles was divided into
two phases. Two reviewers, (DA, SR) looked over the ti-
tles and abstracts of every article in first round. Articles
that did not fit into the inclusion were removed. Phase-
two involved independent screening and review of full
papers by the same reviewers. Discussions were held
to settle any disputes. A third reviewer (SA) was brought
in to screen through the entire search to remove any risk
of biases.

Search Strategy

For research published within last 23 years (from
2000 to 2023), an electronic search was carried out till
December 2023 utilizing the following databases: Pub-
Med, google scholar and EBSCO host to retrieve Eng-
lish language articles.

The proper Boolean operators like AND/OR were
used and combined with Medical Subject Heading
(MeSH) terms. The keywords and their combinations:
“(Dentin AND bonding) OR (grape seed extract AND
dentin AND bonding) OR chlorhexidine OR “benza-
Ikonium chloride*” OR “matrix metalloproteinase in-
hibitor*” OR “MMP* inhibitor” OR “protease inhibitor”)
OR stability OR durability OR strength OR long-term)
AND (dentin AND adhesive OR adhesive system” OR
“hybrid layer*” OR bond OR (“matrix metalloprotein-
ase” OR “MMP~*inhibitor*”) AND bond strength OR
((“Matrix Metalloproteinase Inhibitors”) AND (“Dental
Bonding”).

Data extraction

For all included studies, the following headings were
included in the final analysis: author(s), country of study,
year of study, sample size, study design, bio-modifi-
ers and MMP inhibitors and bonding type (Etch and
Rinse/Self-Etched)

Evaluation of methodological quality

The methodological quality of included studies was
executed through Cochrane collaboration risk of bias
(ROB) -2 tool [8] through its various domains in Review
Manager (RevMan) 5.3 software.

Statistical analysis

Statistical analysis was conducted using RevMan
5.8 with standardized mean difference (SMD) serving
as the summary measure. Significance was determined
at the threshold of p < 0.05.

Assessment of heterogeneity

The Cochrane test for heterogeneity was employed
to assess the significance of any differences in treat-
ment effect estimations among trials. Heterogeneity was
deemed statistically significant if the p-value was <0.01.

Investigation of publication bias

The study assessed publication bias using Begg’s
funnel plot, which plots the effect size against standard
error. Asymmetry in the funnel plot which indicates po-
tential publication bias was not seen in this review.
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RESULTS

Study Characteristics

According to PRISMA 2020 guidelines (Fig. 1), data
was evaluated from sixteen studies [9-24] subjected
to dentin bio-modifiers and MMP inhibitors. All the
included studies had in-vitro or clinical trial study de-
sign. Among the included studies, four studies were
conducted in Iran [9; 10; 22; 23], three studies in Tur-
key [11; 20; 24], one in India [13], two in Egypt [14; 16],
two in Saudi Arabia [15; 21], one in Portugal [17], two
in Italy [12; 19] and one in Sweden [18]. The effect of
bio-modifiers and MMP inhibitors like 1% BAC and 2%
CHX on increasing the dentin bonding or adhesion of
various adhesive materials has been described with
the type of bonding done (Table 1).

Evaluation of methodological quality

The greatest risk of bias (ROB) was observed in ran-
dom sequence generation, blinding of participants and
personnel, blinding of outcome assessment, and selec-
tive reporting. However, all the studies included in the
analysis reported moderate to the lowest levels of ROB
overall. Domains such as incomplete outcome data,
blinding of outcome assessment, and other biases were
assigned the lowest levels of ROB. Detailed assess-
ments of ROB across various domains and individual
studies are visually represented. (Fig. 2, 3)
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Table 1. Descriptive study details of included studies
Tabnuua 1. OnucaHne xapakTepPUCTUK BKJIIOYEHHbIX UCCNIeA0BaHU

Author, years of study Country Study design Sa:i:zle Biomo?r::?;;:;d Lot B?Eg;'/gsté;)e
Leitune etal., 2011 [9] Iran In-vitro clinical study 40 CHX 2% and control E&R
Mobarak et al., 2011 [10] Iran In-vitro clinical study 120 CHX 2%, 5% and control SE
Pomacondor- Hernandez Turkey In-vitro clinical study 8 CHX 2% and control SE
etal., 2013 [11]

Sabatinietal., 2013 [12] Italy In-vitro clinical study 25 CHX 2%, BAC 1%, control E&R
Verma etal., 2013 [13] India In-vitro clinical study 20 CHX 2%, PAC 30% and control E&R
Sabatinietal., 2014 [14] Egypt In-vitro clinical study 140 CHX 2%, BAC-PA, 0.25% BAC, E&R
0.5%, 1%, 2% BAC and control
Montagner etal., 2015 [15] | Saudi Arabia | In-vitro clinical study 36 CHX 2%, NaOCL and control E&R
Sabatinietal., 2015 [16] Egypt In-vitro clinical study 25 CHX 2%, BAC-PA 1%, BAC 0.5%, E&R
BAC 1% and control
Carvalho etal., 2016 [17] Portugal In-vitro clinical study 30 Green tea 2%, CHX 2% and control E&R
Loguercio etal., 2016 [18] Sweden In-vitro clinical study 30 MC 2%, CHX 2%, control E&R
Nawareg etal., 2016 [19] Italy In-vitro clinical study 36 CHX 2%, CHX-MA 2% and control E&R
Tekge etal., 2016 [20] Turkey In-vitro clinical study 50 BAC 1%, CHX 2%, EDTA0.5m E&R and SE
Daood etal., 2017 [21] Saudi Arabia | In-vitro clinical study 60 CHX 2%, QAS 2%, 5%,10% and E&R
control
Giacomini etal., 2017 [22] Iran In-vitro clinical study 90 CHX 2%, E-64 and control E&R
El Gezawi et al., 2018 [23] Iran In-vitro clinical study 36 MDPB, BAC and control SE
Malaquias et al., 2018 [24] Turkey In-vitro clinical study 50 CHX00.01%, 0.05%, 0.1%, 0.2% E&R
and control

Note: BAC - benzalkonium chloride; CHX — chlorhexidine; E&C - etch and rinse; EDTA - ethylene dioxide tri-aggregate; SE -
self-etch; MDPB — methacrolxydodecylpyridium bromide; PAC - pro-anthocyanidines; QAS —quaternary ammonium silane.

MNMpumeyvarns: BAC - 6eH3ankoHumsa xnopua; CHX — xnoprekcuouH; E&C - npoTtpaBnvBaHue u cmbiBaHne;, EDTA -
Tpuarperat aTuneHokcmpa; SE — camonpoTtpasnmBawowmin; MDPB — meTakponokcugogeunmnnupuanHnsa opomng; PAC —
npoaHTounaHmanHbl; QAS — 4eTBEePTMYHbBI aMMOHUEBBIN CUIaH.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

l l |
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Fig. 2. Risk of Bias of selected studies
Puc. 2. Pryck cucrtematnyeckon owmbkn B BbIOpaHHbIX UCCed0BaHMAX
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Synthesis of results

The meta-analysis was performed to evaluate the ef-
fect of CHX and BAC on MMP inhibition and on dentin
bonding are shown in Fig. 4 and 5.

A) Effect of 2% CHX as a MMP inhibitor on den-
tin bonding

Twelve studies [10-22] containing data on 1470 teeth,
of which (n=735) teeth were evaluated by CHX 2%
group and (n=735) teeth by control group for the evalu-
ation of the better effectiveness in terms of MMP inhibi-
tion and greater dentin bonding.
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As shown in Fig. 4, the SMD is 2.28 (-3.69-0.03)
and the pooled estimates favours CHX 2% group signi-
fying that overall greater dentin bonding on an average
is 2.28 times greater in 2% CHX group (p<0.05).

B) Effect of BAC as an MMP inhibitor and dentin
bonding

Five studies [14; 16; 20; 23] containing data on
576 teeth, of which (n=288) teeth were evaluated by
BAC group and (n=288) teeth by control group for the
evaluation of the better effectiveness in terms of MMP
inhibition and greater dentin bonding.
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Random . Blinding Blinding .
Allocation .. Incomplete | Selective
sequence of participants | of outcome .
. concealment outcome data| reporting | Other
generation . and personnel | assessment iae - -
. (selection . (attrition (reporting | bias
(selection bias) (performance | (detection bias) bias)
bias) bias) bias)
Carvalho etal., 2016 [17] (+] (+] (+) (+) (+) (+] (+]
Daood etal., 2017 [21] (] e (+ e (+] e ©
El Gezawi etal., 2018 [23] e o e (+] — (] o
Giacomini etal., 2017 [22] (+] (+) () () (+) () (+)
Leitune etal., 2011 [9] e e [+ (+] (+] (— (+
Loguercio etal., 2016 [18] (] e [+ (+] (+] e (+
Malaquias et al., 2018 [24] e [+ (— — (+] (] (+]
Mobarak et al., 2011 [10] e e —} (+] (+] e (+]
Montagner et al., 2015 [15] (+) (+) (+) (+) (+) (+) (+)
Nawareg etal., 2016 [19] () e (+) ) ) (+) (+]
Pomacondor- Hernandez
etal., 2013 [11] e L e i © o o
Sabatini etal., 2013 [12] (+ (+ — e (+] e (+
Sabatini etal., 2014 [14] -] e (+] (+] (— (+] (+]
Sabatini etal., 2015 [16] () (+) (+) e (+) e (+)
Tekge etal., 2016 [20] e —} — (+] (+] (+ (+]
Verma etal., 2013 [13] e (+) e (+) (+) (+) (+
Fig. 3. Summary of risk of bias of included studies
Puc. 3. CBoaka pucka cucteMaTUHeCKOM OLLIMOKW BO BKJTIOYEHHbIX UCC/IeA0BaHUAX
CHX 2% Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Leitune etal., 2011 [9] 98 023 40 109 24 40 87% -0.64[-1.09,-0.19] 2011 -
Mobarak etal., 2011 [10] 521 343 120 541 643 120 87% -0.39[-0.64,-0.13] 2011 -~
Pomacondor- Herndndez etal., 2013 [11] 8.1 2.4 8 27 08 8 8.4% 2.85[1.35,4.36] 2013 e
Vermaetal., 2013[13] 86 11 120 451 109 120  87% -470[-5.19,-4.20] 2013 -
Sabatini etal., 2014 [14] 104 23 25 201 312 25  86%  -3.48[-4.39,-2.58] 2014 -
Montagner etal., 2015 [15] 206 1.3 36 446 343 36  84%  -9.15[-10.76,-7.55] 2015 €
Sabatini etal., 2015 [16] 124 14 140 35 19 140  87% 5.32[5.82,5.82] 2015 -
Carvalho etal., 2016 [17] 13 08 30 11 16 30  84% -765[-9.15,-6.14] 2016 __
Loguercio etal., 2016 [18] 17.9 1.9 30 443 28 30 8.1% -10.89[-12.97,-8.81] 2016 «
Nawareg etal., 2016 [19] 3 0.5 36 22 09 36 6.5% -25.82[-30.18,-21.46] 2016 R
Giacominietal., 2017 [22] 48 05 90 223 11 90  7.9% 22.73[20.34,25.12] 2017 B
Daood etal., 2017 [21] 4.2 92 60 145 07 60 8.7% -0.16[-0.52,0.20] 2017
Total (95% Cl) 735 735 100.0% -2.28[-4.46,-0.09] e
Heterogeneity: Tau==14.18; Chi==1646.40, df = 11 (p < 0.00001); I==99% io !5 5 é 1'0

Test for overall effect: Z=2.04 (p =0.04)

Fig. 4. Dentin bonding between 2% CHX and group
Puc. 4. Aoresmnsa Kk oeHTnHy mexay 2% CHX 1 KOHTPObHOW rpynnomn
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BAC Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Study or Subgroup Mean SD Total Mean  SD Total Weight IV, Random, 95% CI  Year -
Sabatinietal., 2013 [12] 212 23 140 35 29 140 20.4% 6.74[6.14,7.35] 2013 ——
Sabatinietal., 2014 [14] 184 0.34 25 201 021 25 20.2% -5.92[-7.25,-4.59] 2014 «
Sabatinietal., 2015 [16] 28.3 1.2 25 439 02 25 18.6% -17.85[-21.54,-14.16] 2015 -
Tekce etal., 2016 [20] 20 3.91 50 89 23 50 204% 5.33[4.48,6.18] 2016 e
El Gezawi etal., 2018 [23] 585 1.88 48 643 32 48 20.4% -2.19[-2.70,-1.68] 2018
Total (95% Cl) 288 288 100.0% -2.50[-7.80, 2.79]

-10 -5 0 5 10

Heterogeneity: Tau==35.72; Chi==789, df = 4 (p < 0.00001); 1==99%
Test for overall effect: 2=0.93 (p =0.35)

BAC control

Fig. 5. dentin bonding between BAC and acid control group
Puc. 5. Agresusa k aeHTnHy mexay BAC 1 KNCNOTHOM KOHTPOJIbHOW Fpynnom

As shown in Figure 5, the SMD is 2.50 (-7.80-2.79)
and the pooled estimates favours BAC group signi-
fying that overall greater dentin bonding on an average
is 2.50 times greater in BAC group (p>0.05).

DISCUSSION

Deeper demineralized zones are formed by hybrid
layers created by bonding to Caries Affected Dentin
(CAD) than to normal dentin. Often, the hybrid layer
formed is thicker as compared to the normal dentin as
CAD is more susceptible to acid etching due to partial
demineralization. Hence, bonding is more difficult to
CAD. Fully infiltrated demineralized dentin collagen pro-
duces an effective and long lasting structure [24]. Due to
loss of intertubular dentin the ultimate tensile strength
of CAD is found to be lesser then sound dentin. This
can be attributed to the structural difference between
CAD and sound dentin. CAD has been shown to have
a lower mineral content which leads to a softer surface
with high porosity [5]. The longevity of bonded restora-
tions is compromised by MMPs, which are involved in
both collagen degradation at the dentin—-resin bonded
interfaces and dentin matrix modification during caries
progression. The effect of host-derived MMPs has been
related to a reported reduction in bonding efficacy over
time. The success of adhesive restoration can be en-
hanced by preventing the collagen degradation occur-
ring due to the MMP’s [25]. The action of MMPs on den-
tin results in modification of the structure and mechani-
cal properties. Hence, MMP inhibitors come into play to
inhibit this modification and pathological degradation.
The use of MMP inhibitors not only halts the hybrid layer
hydrolysis but also permits undisturbed remineraliza-
tion and dentinal collagen breakdown during bonding
with CAD [25].

Incorporation of MMP inhibitors into the hybrid layer
has shown to improve the longevity of adhesive - resin
interfaces. CHX, a potent cationic antimicrobial agent
and a non-specific dentin MMP inhibitor, has shown
positive results on being tested for its antiproteolytic ef-
fects. CHX molecule is large and water soluble and may
leach out of the hybrid layer. This reduces its long-term
antiproteolytic benefit [12]. Antimicrobial compounds
containing positive charge bind to negatively charged
phosphate and carboxylic groups in hydroxyapatite and
collagen, respectively. Quaternary ammonium com-
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pounds (QACs) are cationic molecules with antimicro-
bial properties. Due to their smaller size as compared
to CHX, it has been shown that they may display similar
inhibitory effect on MMP’s as well as allow easier stabi-
lization [12]. BAC, a nitrogenous cationic surface-acting
agent belonging to the quaternary ammonium group,
has been used in dentistry as a cavity disinfectant, de-
sensitizer, and endodontic irrigant [12].

Hardan et al. [26] in their systematic review and me-
ta-analysis aimed to find complexities surrounding al-
ternative techniques or strategies to fortify the bonding
strength of commonly utilized adhesives in dentistry.
Their search extended to databases up to 2020, where
they curated a selection of in-vitro studies to form the
backbone of their investigation. Screening through the
entire data, they selected 74 studies for inclusion in
their review, with an additional 61 studies earmarked
for meta-analysis, each one offering a unique perspec-
tive on the multifaceted realm of dentin bonding. In
their search, they found importance of the application
of MMP inhibitors, the prolonged application times, the
correct scrubbing techniques, the skill of selective den-
tin etching, the introduction of non-atmospheric plas-
ma, intricacy of ethanol wet bonding, extended duration
of blowing of bonding agent, the problem of multiple-
layer applications, and the increased curing cycles — all
contributing to the increase in dentin bonding strength.
Their analysis indicated a significant statistical elevation
in dentin bonding effectiveness with the judicious use of
MMP inhibitors (p<0.01).

In a similar way, Kiuru et al. [27] studied the impact of
MMP inhibitors on overall dentin bonding. They selec-
ted 21 studies for meta-analysis and found that MMP
inhibitors like 0.2-2% CHX showed promising results.
Silva et al [28] revealed collagen cross-linking agents
(CCLA) and their potential role in dentin biomodifica-
tions for enhanced adhesion. They selected three stu-
dies and found better outcomes with the use of CCLA.
Lewis et al [29] studied the impact of MMP inhibitors on
micro-tensile dentin bonding, bond durability, and mode
of failure. Six studies were selected and they concluded
that the application of MMP inhibitors improved bond
durability and tensile bond strength, offering promise as
a pre-treatment option in caries affected dentin.

In this review, 16 in-vitro studies fulfilled the eligibi-
lity criteria in which various dentin modifiers and MMP
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inhibitors were included, of which 2% CHX (twelve stud-
ies [9-21]) and BAC (four studies [13; 15; 19; 22] being
the most studied. The results of meta-analysis through
pooled estimate of SMD suggested that 2% CHX 2.28
(-3.69-0.03) and BAC 2.50 (-7.80-2.79) had an over-

all

greater dentin bonding compared to other control

measures used.
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Antimicrobial efficacy of ozone therapy in endodontic treatment:
A systematic review
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Abstract

AIM. The objective was to assess whether endodontic treatment using ozone therapy improves the
antimicrobial efficacy in patients undergoing root canal treatment.

MATERIALS AND METHODS. Electronic search on various data sources like pubmed, Scopus, Web of
science and Google scholar along with hand searching of the articles in Institutional library was done.
Studies comparing the results of ozone used as irrigant and intracanal medicament with conventional root
canal irrigants in improving the disinfection and antimicrobial effect were eligible for this review. The study
designs published were comparative in-vitro studies, randomized controlled trials, controlled clinical trials,
experimental studies, and cohort studies between 1% January 2018 and 31%' March 2023 Studies in English
language or those possible of getting translated into English language were included.

The studies including intervention using ozone therapy as irrigant and intracanal medicament and comparison
with conventional root canal irrigant were included. The primary search yielded a total of 144 studies from
various search engines mentioned above,74 studies were excluded based on screening titles. After screening
the remaining 70 articles for abstract and full text, final 6 studies were selected for the review and remaining
64 duplicated articles were excluded.

RESULTS. The ozone therapy has a significant impact in reducing colony forming units and thus can be used
as an adjunct to root canal irrigant and thus has better antibacterial properties over conventional root canal
irrigating solutions.

Keywords: antibacterial property, intracanal medicament, irrigants, ozone therapy, endodontic therapy
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AHTUMMKpPO6Han 3¢pPeKTUBHOCTb 030HOTEpaNUM
B JHAO0A0HTUUECKOM JIeYeHUU: cucTeMaTuYeckmum ob3op

n. Bowwn (>, . Ocean(2 <, C.P. Cpuunax(>, M. Bxyax6an(>, K. Many
CromaTonorundeckuii konneox n 6onsHuua 4.1, Natuna, Yrusepcutet .M. Matuna, Mumnpw, MyHa, MaxapawTpa, ViHons
D dr.piyushoswal8@gmail.com

Pe3iome

LIESTb. OueHunTb, ynydlwaeT M 030HOTEPANNS aHTUMUKPOOHYI0 3 DEKTUBHOCTL Y NALMEHTOB, MPOXOASLLNX
3HOO0AOHTUYECKOE JIEYEHME.

MATEPUAJbI U METOAbI. Ona npoBeneHns 0630pa Obln OCYLLECTBEH 3NEKTPOHHBIM MOUCK B Pa3NYHbIX
6a3zax paHHblx, Takmx kak PubMed, Scopus, Web of Science n Google Scholar, a Takxe py4HOm nonck craTten
B 6nbnmnoTeke y4ebHoro 3asefeHus. B 0630p BklOYannCcb MCCnefoBaHUsl, CpaBHUBAKOLLME pe3ybTaThl UC-
Nonb30BaHMSA 030Ha B KAYECTBE MPPUraHTa U BHYTPEKAHAIbHOro MegMkaMmeHTa ¢ TPpaauLMOHHBIMW 3HO0-
[OHTMYECKNMU NPPUFraHTaAMU B MOBbILLEHUW Ae3NHDEKLMN U aHTUMUKPOBHOro addekTa.

Bkniovanucb nccnenoBaHns cneaylowmnx AN3anHoB: CPaBHUTENbHbIE in vitro nccnegoBaHns, paH4oMU3npPOo-
BaHHblE KOHTPOJIMPYEMbIE UCCNEN0BAHUS, KOHTPONMNPYEMbIE KIIMHUYECKME UCTbITAHUS, 3KCNEPUMEHTASIbHbIE
nccnenoBaHnsl M KOrOpTHbIE UCCefoBaHNs, onyonmMkoBaHHbIe B nepuog c 1 aHBaps 2018 . no 31 mapta 2023 .
Bkntoyanuce ctaTby Ha @HMIMNCKOM A3blKe U Te, KOTOPbIE BO3MOXHO Obl/1I0 NEPEBECTU HA aHMUACKMIA A3bIK.
B 0630p 6b11M BKIOYEHBI MCCNELOBAHMS, B KOTOPbLIX MPOBOAMIACE MHTEPBEHLMS C UCMOJIb30BAHNEM 030-
HOTEpanuu B Ka4eCTBE MPPUraHTa U BHYTPEKAHaNbHOr0 MeAnkaMeHTa n NpoBOAUAOCE CPaBHEHNE C Tpa-
LOVNUNOHHBIMW ppUraHTamMmm Ans KOPHEBbIX KaHanoB. [NepBuyHbI Nonck BeisiBua 144 nccnenoBaHns U3 Bbl-
LieyKa3aHHbIX MOMCKOBbIX CUCTEM, U3 KOTOPLIX 74 nccnefoBaHns Oblv NCKOYEHbI HA OCHOBaHUM aHanmaa
3arosioBkoB. [ocne npoBepkn octaBwmxcs 70 ctaTei no pedepaTtam 1 NoJIHLIM TeKcTaMm, ans o63opa 6b110
oTobpaHo 6 nccnenoBaHuin, a ocTaslumecs 64 oyonupyowmecs cTaTbm OblIV UCKIIOYEHDI.
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PE3YJIbTATbI. O30HOTEpanua oka3blBAET 3HAYUTENLHOE BAUSIHNE HA CHUXEHME KONNYEeCTBA KOoHMeobpa-
3yOLWUX eANHNL,, 4TO NO3BOJISET NCMOJIb30BaTh €€ B Ka4eCTBE BCNOMOraTefibHOro cpeacTsa K TpaguLmoH-
HbIM pPUraHTam 451 KOPHEBbLIX KaHANoB, 06ecneynBas nyywme aHTnbakTepuranbHble CBOMCTBA MO CPaBHe-

HMIO C 0BbIYHBIMI PACTBOPaMU AN UPPUraLmu.

Kniouesble cnoBa: aHTI/IGaKTepVIaﬂbeIe CBOWCTBA, BHYTpeKaHaJibHble MeANKaMeHTbl, UPPUraHTbl, O30HOTE-

panuda, SHOO0A0OHTUYeCKaa Tepannd

UHdopmauuna o ctaTbe: noctynuna — 16.11.2024; ncnpasnena — 02.01.2025; npuHarta — 12.01.2025

KoH)AUKT uHTepecoB: aBTOpbl cO06LLaI0T 06 OTCYTCTBUN KOHMJIMKTA MHTEPECOB.

bnarogapHocTu: q3VIHaHCVIpOBaHI/Ie nnHanemayanbHble 6ﬂar0,ﬂ,apHOCTVl Anga geknapnposaHnga OTCYTCTBYIOT.

Ana uutuposanua: Jowwn MN., Ocean M., CpuHnax C.P., Bxyax6an M., Many K. AHTuMunkpobHas adpdek-
TUBHOCTb O30HOTEPANMM B 3HAOOOHTUYECKOM JNEeYEHUU: cucTemaTudeckuin ob3op. IHZonoHTms Today.

2025;23(1):80-87. https://doi.org/10.36377/ET-0073

INTRODUCTION

A successful root canal therapy involves removing
the infected or inflamed pulp, cleaning and disinfec-
ting the root canals followed by filling with biocompa-
tible material to create a coronal and apical seal [1].
Additionally, a mix of mechanical and chemical tech-
niques must be used to completely eradicate or signifi-
cantly reduce the bacteria burden within the root canal
system [2]. The common causes of endodontic failure
include bacterial persistence in the apex and canals,
poor obturation quality, coronal leakage, under- and
over-extension of the root canal filling, and improper
mechanical debridement [3]. Certain microorganisms
may persist even after a treatment that complies with
the many steps that have been documented to lower
the number of microorganisms in the root canal system,
such as the use of different instrumentation techniques
and irrigation regimes. Instruments mostly work on the
main canal, whereas irrigants and intracanal medica-
tions primarily work chemically to clean and disinfect
isthmuses [4]. The most common endodontic irrigant,
with a concentration range of 0.5% to 5.25%, is sodium
hypochlorite which has good antibacterial properties
andis very effective in removing vital or necrotic tissues.
When used in contrast to EDTA, which is employed as
an adjuvant to dissolve the smear layer [5; 6]. Similarly,
a meta-analysis reported chlorhexidine in the concen-
tration of 2% is as effective disinfection as NaOCI [7].

The other irrigating solution comprise; mixture of tet-
racycline, acid and detergent (MTAD), tetraclean, elec-
trochemically activated solutions, photon-activated dis-
infection, herbal irrigants, and ozonated water [8]. The
recently introduced ozone has been used in endodontics
either in aqueous form or a gaseous form. It is cheap,
effective, and easy to use root canal disinfectant. The
literature reports ozone to have significantly stronger an-
timicrobial action than other irrigating solutions and acts
faster without causing any cytotoxic effects [9].

However, there is no updated evidence on the su-
periority of ozone as antimicrobial therapy over other
irrigating solutions. Though one systematic review re-
ported ozone therapy to be less effective than NaOCI
in terms of microbial load reduction, the inference was
limited with a small number of randomized controlled
trials [10]. Considering this, the present systematic
review was undertaken with an aim to assess whether
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irrigation using ozone therapy improve the antimicrobial
efficacy in patients undergoing endodontic treatment
when compared to other irrigating solutions and intra-
canal medicaments.

AIM

Thus, the purpose of this systematic review was to
answer the focused question “Does irrigation using
ozone therapy improve the antimicrobial efficacy in pa-
tients undergoing endodontic treatment”.

MATERIAL AND METHODS

Protocol and registration the current systematic re-
view was conducted and written according to the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA Statement) checklist Recom-
mendations and was registered in PROSPERO under ID
CRD42023396307

Search strategy

The search process was carried out by two exami-
ners independently. The electronic databases pubmed-
Medline, Scopus, Web of science and Google scholar
were searched for articles published from 1% January
2018 to 31°* March 2023. The articles published in Eng-
lish and those translated into English were searched.

Table 1. Keywords representing PICO
Ta6nuua 1. Knioyesble cnosa, npeacTtasngoime PICO

Primary keywords Secondary keywords

Root canal therapy Root canal therapies
(P) Endodontic treatment
Root canal treatment
Dental pulp cavity
Endodontics

Ozone therapy Ozone therapy
(1) Ozonation
Ozonizer
Conventional irrigation solution | Therapeutic irrigation
(C) Medicaments
Intracanal medication
Irrigants
Antibacterial property Antimicrobials
(0) Anti-infective
In-vitro In-vitro
(S) Extracted teeth
Human teeth
Ex-vivo

Endodontics
e tOd Y]
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Table 2. Search strategy developed for Pubmed-Medline database

Ta6nuua 2. CtpaTerus noucka, paspabotaHHas ansa 6a3bl gaHHbix PubMed-Medline
Sr. Articles
No. Search strategy found
1 |(“ozonated”[All Fields] OR “ozonating”[All Fields] OR “ozonation”[All Fields] OR “ozonations”[All Fields] OR 128
“ozone”[mesh Terms] OR “ozone”[All Fields] OR “ozone s”[All Fields] OR “ozonization”[All Fields] OR “ozonized”[All
Fields] OR “ozonizer”[All Fields]) AND ((“intracanal”’[All Fields] AND (“medica”[All Fields] OR “medicament”[All
Fields] OR “medicaments”[All Fields] OR “medicas”[All Fields])) OR (“irrigant”[All Fields] OR “irrigants”[All
Fields] OR “irrigate”[All Fields] OR “irrigated”[All Fields] OR “irrigates”[All Fields] OR “irrigating”[All Fields] OR
“irrigational”[All Fields] OR “irrigator”[All Fields] OR “irrigators”[All Fields] OR “therapeutic irrigation”[mesh Terms] OR
(“therapeutic”[All Fields] AND “irrigation”[All Fields]) OR “therapeutic irrigation”[All Fields] OR “irrigation”[All Fields]
OR “irrigations”[All Fields]) OR (“rot”[All Fields] AND (“canal s”[All Fields] OR “canaled”[All Fields] OR “canals”[All
Fields] OR “dental pulp cavity’[mesh Terms] OR (“dental”[All Fields] AND “pulp”[All Fields] AND “cavity”[All Fields])
OR “dental pulp cavity”[All Fields] OR “canal”[All Fields])) OR (“endodontal’[All Fields] OR “endodontic’[All Fields]
OR “endodontical’[All Fields] OR “endodontically”[All Fields] OR “endodontics’[mesh Terms] OR “endodontics”[All
Fields])) AND (“anti-infective agents”’[Pharmacological Action] OR “anti-infective agents’[mesh Terms] OR (“anti-
infective”[All Fields] AND “agents”[All Fields]) OR “anti-infective agents”[All Fields] OR “antimicrobial”[All Fields] OR
“antimicrobials”[All Fields] OR “antimicrobially”[All Fields])
Table 3. Search strategy developed for Scopus Table 4. Search strategy developed for Web
database of Science database
Ta6nuua 3. CtpaTerns noncka, paspaboTaHHas Ta6nuua 4. CtpaTerns noncka, paspaboTaHHas
Ansa 6a3sbl JaHHbIX SCOpus nnsa 6asbl gaHHbix Web of Science
Sr. Articles Sr. Articles
No. Search strategy found No. Search strategy found
1 TITLE-ABS-KEY (0ozone AND intracanal 7 1 Ozone intracanal medicament or irrigant 9
AND medicament OR irrigant) antimicrobial (All Fields) [Search within all
fields: Clinical Trial]

Fig. 1. Prisma flowchart
Puc. 1. bnok-cxema Prisma
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Eligibility criteria

Inclusion:

1. Comparative studies in which the disinfection dur-
ing cleaning and shaping in one group was done using
ozone therapy and other group (s) with any other irriga-
tion solution were included.

2. Studies assessing efficacy of the irrigating solu-
tions and ozone used in root canal treatment were in-
cluded.

3. Research conducted in English or in other lan-
guages for which translation into English was feasible.

4. Studies published from the year 1% January 2018
and 31 March 2023 were included.

5. All in-vitro studies or ex-vivo studies done of hu-
man teeth.

Exclusion:

1. Studies assessing outcomes other than antibac-
terial property for the irrigating solutions used during
root canal treatment.

2. Studies done on animals or their extracted teeth
were excluded.

3. Review articles.

4. Case reports.

5. Letters to the editor.

6. Short communications.

7. Conference proceedings.

8. Patents.

PICO can be referred as:

1. Patient Population: Extracted human teeth.

2. Intervention: Ozone therapy.

3. Comparison: Conventional irrigation solutions.

4. Outcome: Antibacterial property (colony forming
unit, pH variation).

5. Study design: In-vitro or ex-vivo comparative
studies.

Study selection

The titles and abstracts acquired through the search
strategy were independently reviewed by one review
author, who included them if they satisfied the inclusion
criteria. All of the included papers’ full texts were later
retrieved. After obtaining the full text of the articles, they
were read full text and were included if they met the re-
quirements for inclusion. When there was doubt about
a study’s eligibility for inclusion, that uncertainty was
resolved by referring to the second author. Finally, the
search yielded 144 studies in initial search which were
subjected for the further screening in systematic review
process.

Data collection process

A standardized data extraction form was prepared
in Microsoft Excel; called as pilot form. Initially 2-3 en-
tries of the data extraction from the articles were made
in the Excel spreadsheet. The entries were reviewed by
an expert. Any disagreement between the authors was
resolved by discussion.

Data items included for extracting the data were:

1. Study Id: Number given to each included study.

2. Study title: The title of the publication.

3. Author’s name: Name of the authors.
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4.Year of publication: Year in which the study was
published.

5. Country of research: The country in which the
study was performed.

6. Study design (groups): Whether the study was in-
vitro or ex-vivo study.

7. Sample size: Sample size for that particular study.

8. Groups: Number of groups in the study.

9. Intervention: The details regarding the ozone ther-
apy used as irrigant during root canal therapy.

10. Control: The details regarding the conventional
irrigating solution used during root canal therapy.

11. Results.

a. Colony forming units after the use of ozone thera-
py and conventional irrigating solution.

b. Reduction in bacterial count units after the use of
ozone therapy and conventional irrigating solution.
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RESULTS

The results are presented in Table 5.

The risk of bias was assessed using OHAT tool de-
veloped for assessing risk of bias for human and ani-
mal invitro studies (randomized and non-randomized
studies). For selection domain, two studies had pro-
bably high risk of bias and four studies had probably
low risk of bias. For performance domain, all studies
had probably low risk of bias. For attrition bias, de-
tection bias, and selective reporting bias domains, all
studies had definitely low risk of bias. For other poten-
tial bias domain, one study had definitely high risk of
bias while five studies had definitely low risk of bias.

DISCUSSION

The irrigation of the root canal, one of the three
crucial phases in root canal treatment, has the great-
est impact on the periapical tissues ability to heal [1].
By washing away debris, disintegrating tissue, and
cleaning the root canal system, irrigations can sup-
port mechanical debridement. In teeth with complex
internal architecture, such as fins or other irregulari-
ties that instruments could fail, chemical debridement
is particularly important [11]. For more than ten years,
ozone has been utilised successfully to treat an array of
diseases [12] It has been widely used in the treatment
of pit and fissure caries, restorative treatment, oral le-
sions, root caries, endodontics, hypersensitive teeth,
periodontics for periodontal diseases, denture stoma-
titis, post-extraction for enhanced wound healing, and
reducing demineralization [12].

The gold standard for antibacterial root canal ir-
rigants is sodium hypochlorite, which is often utilised
in endodontic procedures. Despite its many benefits,
NaOClI lacks the essential characteristics of smear layer
removal and substantivity [13]. To overcome this, the
use of NaOCI has been reported in combination with
many other irrigating solutions. NaOClI’s pH has been
demonstrated to fall when EDTA is added in a time-
dependent way [14]. It has been shown that combining
CHX and NaOCiI can strengthen their antibacterial pro-
perties. Additionally, this precipitate exhibits cytotoxi-
city and has the potential to alter tooth colour [14].
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The present systematic review focuses on the use
of ozone therapy in endodontics for root canal irri-
gation. Based on the eligibility criteria of the present
systematic review, six studies were considered for
qualitative synthesis. The search criteria for this review
was considered from the studies published between
15t January 2018 and 31% March 2023. From the six
studies included, one study was reported in the year
2019, one study in 2020, three studies were reported
in 2021 and one study was reported in 2022. All these
studies compared the antibacterial property of ozone
therapy with that of other irrigating solutions used in
root canal treatment. All the studies were done on the
extracted human teeth. With respect to the study de-
sign, two studies had in-vitro study design and four
studies had ex-vivo study design.

A total of 235 teeth were involved in the included
studies and the sample size ranged from the lowest of
15 extracted teeth to the highest of 70 extracted human
teeth. With respect to the characteristics of the included
teeth, cases of re-treatment were chosen as test sub-
jects in the study by Kumar et al. [20] In the study by
Nunes et al. [15] teeth with straight channels, no inter-
nal or external resorption, fracture, or endodontic filling
were included. Teeth with severe curved canals of 20°
to 40° were included in the study by Moraes et al. [16]
A study by Dawood A. [17] used single-canalled perma-
nent teeth with mature closed apices. Thus, the type of
teeth and the characteristics of teeth included across
studies differed with few being straight canals while few
being canals with severe curvature. Only in one of the
studies, the strains of the microorganisms like, Staphy-
lococcus aureus were obtained from the laboratories.
The bacteria were then incubated and inoculated in
the broth. 1 ml of each bacterial suspension was then
added to the tube, and the mixture was incubated for an
additional 24 hours. The bacteria were then exposed to
ozonated water or ozonated gas to evaluate CFUs [18].
In all studies, the extracted human teeth were ob-
tained which were sectioned to have standardized root
lengths. The canals were then irrigated after instrumen-
tation with conventional irrigating solutions like NaOCI
followed by EDTA. The bacterial suspensions obtained
from the laboratories were suspended into the root ca-
nals and inoculated and subjected to assess CFUs.

In the included studies of this review, ozone was
used as both, aqueous form and gaseous form across
the studies. A study by Jimenez-Gonzalez et al. [17] as-
sessed superoxidized oxoral and oxoral paste as root
canal disinfectant. Agostini et al. [19] demonstrated the
use of both, ozonated water and ozonated gas as root
canal irrigant. Likewise, studies by Kumar et al. [2] and
Dawood [18] also presented with similar intervention
groups. A study by Nunes et al. [15] focused on 0zo-
nated water without (O + S-) and with sonic activation.
In four of the study, NaOCI a conventional root canal
irrigant was used as a positive control while one study
compared ozone with chlorhexidine and other with
a normal saline.

All the included studies assessed the antibacterial
property via CFU count. Of the six studies, four studies
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supported the use of ozone therapy over other irrigating
solutions while two studies favoured the use of NaOCI
over ozone therapy in root canal treatment. A study by
Jimenez-Gonzalez et al. [17] demonstrated a permanent
reduction in the bacterial growth during 1-18 days of
using oxoral® plus Ca(OH).. The combination produced
an alkaline pH that prevented E. Faecalis from growing
into the root canals, which made the action noteworthy.
According to a study by Agostini et al. [19], ozonated gas
was noticeably more effective against E. faecalis than
ozonated water.[2] A significant reduction in microbes
was reported with sonic activation ozone therapy by
Nunes et al. [15] In contrast, Moraes et al. [16] stated
that ozone therapy did show effect against root canal
microorganisms, however, when compared with NaOCI,
the later presented with higher effects against E.faecalis
reduction. On the same line, Dawood A [18] gave sup-
porting data demonstrating that while gaseous ozone
was able to drastically lower the amount of E. faecalis,
it was unable to remove it entirely. Furthermore, it was
mentioned that ozone therapy was to be used in conjunc-
tion with sodium hypochlorite, not as a substitute for it.

The possible reason for the poor performance of
ozone over NaOCI was longer application time with
lesser concentration. Studies also report ozone-ge-
nerating machines contributing to the variation in the
obtained results. It should be noted that there is still
no standard for application frequency to be effective
against canal microbes. According to Hems et al. [20]
ozone exhibited a substantial antibacterial impact af-
ter being administered for 4 minutes [20] while another
study reported that using ozonized water and gaseous
ozone for more than 20 minutes did not completely
eradicate E. faecalis [21].

Majority of the included studies in this review inves-
tigated the action of ozone therapy on E. faecalis bacte-
rial samples. The possible reason for this could be the
linkage of pathogen with chronic apical periodontitis
and failed root canal filled teeth. Moreover, the culture
of E. faecalis is non-fastidious and easy to obtain [22].
Differences in specimen size and type, bacterial count,
incubation duration, depth of bacterial invasion, irrigant
concentrations, and irrigant quality are among methods
variations that could account for the discrepancy in CFU
values between studies.

The included studies in this review have some limi-
tations when considered the methodology and canal
characteristics considered with respect to curvature.
Also, the sample size of included studies was small.the
ozone therapy used in studies varied with respect to the
form of ozone used.

The randomized controlled trials were not consi-
dered while collection of data. Thus, future reviews can
include studies that have large sample sizes, severly
curved canals and in vivo study designs.
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CONCLUSION

Given the study’s constraints, it may be said that
ozone therapy outperforms traditional root canal ir-
rigating solutions in terms of antibacterial effects.
The use of ozone therapy has a significant impact in
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reducing colony forming units and thus can be used
as a modest root canal irrigant. However, considering
the data coming from the in-vitro and ex-vivo studies,
clinicians should cautiously take decision on the use
of ozone therapy as an adjuvant or as an alternative to
conventional root canal irrigants.

Limitations: Studies included had methodological
variations, canal characteristics presented dissimilarity

0630pbl / Reviews
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Comparative characteristic of oral hygiene items

Olga A. Uspenskaya (" [<, Sania A. Spiridonova(®, Alexey A. Alexandrov(®,
Alexandra V. Rodionova, Elizaveta |l. Smirnova, Maria S. Tarakanova
Privolzhskiy Research Medical University, Nizhny Novgorod, Russian Federation

D uspenskaya.olga2011@yandex.ru

Abstract

INTRODUCTION. The problem of pathology of hard tissues of teeth and periodontal diseases doesn’t lose its
relevance today. This is due to the high ubiquity of this problem and sometimes the patient’s ignorance of all
types of full-fledged preventive measures.

AIM. To study the effectiveness of SPLAT Sea&Power toothbrushes with two interchangeable heads and
a manual toothbrush SPLAT Professional Complete of medium hardness.

MATERIALS AND METHODS. The study was carried out on the basis of the Department of Therapeutic
Dentistry of the Federal State Budgetary Educational Institution “PIMU” of the Ministry of Health of the Russian
Federation. All respondents were divided into 3 groups: 1 group — 16 people using an electric sonic toothbrush
SPLAT Sense&Power with head 1 (sensitive) to perform individual oral hygiene, 2 group — 16 people using an
electric sonic toothbrush SPLAT Sense&Power with head 2 to perform individual oral hygiene (whitening),
group 3 — 16 people using a manual toothbrush SPLAT Professional Complete of medium hardness to perform
individual oral hygiene. An examination of the oral cavity was performed at each visit with fixation in the card of
the dental patient 043/Y, assessment of the Green-Vermillion index (OHI-S), dental plaque index PLI (Silness,
Loe), interdental hygiene index (HYG), bleeding and gum injury, PMA, SBI indices according to Muhlemann
and Son, odor oral and dental hyperesthesia, tooth colors by Vita Bleachedguide.

RESULTS The study involved 48 people of both sexes aged 21 to 49 years. At 1 visit, with a single cleansing,
there is a higher efficiency of using electric toothbrushes with head 1 and head 2 compared to manual (1.5 times
according to the OHI-S index and 2 times according to the PLI index). For the PLI index, only the difference be-
tween a brush with a head 2 and a manual brush is significant. Good cleaning of interdental spaces and areas
under the gum line was noted. The level of bad breath decreases when using all types of brushes, however,
when using electric brushes, this effect is more pronounced, the difference in effects is statistically significant.
CONCLUSIONS According to the results of the study, it can be concluded that the use of an electric sonic
toothbrush with various heads helps to improve the hygienic condition of the oral cavity, effectively remove
plaque and reduce its formation over time.

Keywords: hygienic condition of the oral cavity, electric ultrasonic brush, manual brush
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CpaBHUTeNbHAA XapaKTepucTUKa NnpeaMeToB MrMrueHbl
nosocTu pra

O.A. YcneHckaa (2 [D<, C.A. CnupungoHoBa’>, A.A. AnekcaHgpoB(),

A.B. PoguoHoBa, E.U1. CmupHoBa, M.C. TapakaHoBa

[MPUBOIXCKNIA UCCNEA0BATENBCKNI MEAULVNHCKUIA YHBEPCUTET, I HuxHMIM HoBropona, Poccuiickas depepaums
<l uspenskaya.olga2011@yandex.ru

Pesiome

BBELOEHWE. Mpobnema natonorum TBepabix TkaHe 3y6oB 1 3aboneBaHnini NnapofoHTa CEeroHs He TepsiioT
CBOE aKTyaNbHOCTU. OTO CBSA3AHO C BbICOKOW MOBCEMECTHOWM pacrnpoOCTPAaHEHHOCTbIO AaHHOM NpobneMsl
1 NOPOI HE3HAHMEM NaLMEHTA O BCEX BMAAX MNOJIHOLLEHHbIX MPOMUNAKTUYECKNX MEPOMNPUATUIA.

LIEJTb. UccnepoBaHme HanpaBneHo Ha ndyyeHune addekTnBHOCTM 3yOHbIX LweTok SPLAT Sense&Power ¢ agy-
Msi CMEHHbIMW rOJIOBKaMu U MaHyanbHo 3y6Hoi etk SPLAT Professional Complete cpeaHei xecTkocTu.
MATEPWAJIbI N METOAbI. ViccnepoBaHme BbiNONHEHO Ha 6a3e kadeapbl TepaneBTUYECKO CTOMATONOrnm
®reQy BO «MUMY» M3 P®d. Bce pecnoHaeHThl 6bin pasgeneHsl Ha 3 rpynnbl: 1-9 rpynna — 16 yenosek, uc-
nonb3yoLlme ANns BbINONHEHUS MHANBUAYANBHOW FMIMEHbl MONOCTM pTa SNEKTPUYECKYIO 3BYKOBYIO 3yOHYIO
weTky SPLAT Sense&Power ¢ ronoskori 1 (ceHcuTuB), 2-9 rpynna — 16 4yenoBek, MCNoJb3yloLLme A5 Bbinos-
HEeHUS UHANBUAYANIbHOM FMIMeHbl MOJIOCTU pTa 3N1eKTPUYECKYIO 3BYKOBYIO 3yOHYI0 LLeTKy SPLAT Sense&Power

© Uspenskaya O.A., Spiridonova S.A., Alexandrov A.A., Rodionova A.V., Smirnova E.I., Tarakanova M.S., 2025
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C ronoekoii 2 (otbenmBatowas), 3-a rpynna — 16 4enosek, NCNONb3YOLLME A5 BbINOJHEHUS UHANBUAYANIbHON
rMrueHbl NOSIOCTU pTa MaHyasbHylo 3yOHY0 WweTky SPLAT Professional Complete cpenHel xecTkocTu. Bbi-
MOJSIHANM OCMOTP MOMIOCTM pTa NMpPU KaxXaom Bu3nte ¢ Gpukcaumnein B kapte CToOMaTosorMieckoro 60sbHOro
043/Y, oueHky nHaekca lpuHa — Bepmunnumona (OHI-S), nnpekca 3ybHon 6nawkn PLI (Silness, Loe), nHtep-
OeHTaNlbHOro rmurmeHnyeckoro nHaekca (HYG), KpoBOTOUMBOCTU U TpaBMaTU3aunm AeceH, niaekcos PMA,
SBI no Muhlemann n Son, 3anaxa n3o pta n runepecrtesnun 3y6os, ueeTa 3yooB no Vita Bleachedguide.
PE3YJIbTATbI. B nccnepoBaHum npuHano yyactue 48 yenosek o60ero nona B Bo3pacte ot 21 o 49 net. Ha
1-M BU3UTE NpM OQHOKPATHOM O4nLLEHMN HabnoaaeTcsa 6onee Bbicokas 3OPEKTUBHOCTb MPUMEHEHNS INEK-
TPUYeckmnx 3yOHbIX LLLETOK C FOJIOBKOW 1 1 rOfIOBKOM 2 Mo cpaBHEHMIO C MaHyanbHoW (B 1,5 pa3da no nHaekcy
OHI-S n B 2 pasa no nHgekcy PLI). Ona nHoekca PLI 3Ha4MMO TONbKO OT/IMYME LLETKN C FOSIOBKOW 2 OT MaHy-
aNbHOM WeTkn. OTMEYEHO XOPOoLUEee OYMLLLEHNE MEX3YDOHbIX MPOMEXYTKOB W Yy4aCTKOB NOA JIMHMEN OECHbI.
YpoBeHb HEMPUATHOIO 3anaxa N30 pTa CHMXAETCs NPU NCNOSIb30BaHNN BCEX BUOOB LLLETOK, O4HAKO Npu 1UC-
NoNb30BaHUK 3/IEKTPUYECKON 3TOT 3P ekT 6onee BuipaxeH, pasHuua adPekToB CTaTUCTUYECKU 3HAYMMA.
BbIBOAbI. Mo pe3ynstatam npoBegeHHOro NCCeaoBaHns MOXHO 3aKJ/H04NTb, YTO NPUMEHEHWE SNeKTpuye-
CKOW 3BYKOBOW 3yOHOW LLETKN C PasnnyHbIMU FOSI0OBKaMM CNOCOOCTBYET YAYULLIEHWNIO FTMFMEHNYECKOr0 COCTO-
SAHMS NONOCTY PTa, 9DDEKTUBHOMY YOANEHMIO HANETA U CHUXEHMIO €r0 06pa30BaHNS C TEHEHNEM BPEMEHMN.

KnioueBble cnoBa: rurMeHnyeckoe COCTOsHME NOJIOCTUN pTa, /ieKTpuyeckad ynsTpa3BykoBag WweTka, Ma-
HyaJibHaqa WweTka

UHdopmauua o ctaTbe: noctynuna — 30.10.2024; ucnpasneHa — 27.12.2024; npuHata — 06.01.2025
KoH®AUKT nHTepecos: aBTOPbl COOOLLAIOT 06 OTCYTCTBUMN KOHPNNKTA UHTEPECOB.
BnaropgapHocTu: GHAHCUPOBAHME U HANBMOYaNbHbIE 611arofapHOCTY AN AEKNAPUPOBAHNSA OTCYTCTBYIOT.

Ana umtuposanma: YcneHckasa O.A., CnmpugoHosa C.A., AnekcaHgpos A.A., PoanoHosa A.B., CMUpPHO-
Ba E.lN., TapakaHoBa M.C. CpaBHUTEeNbHAA XapakTepucTmnka npeamMmeToB rmrmeHbl NoNoCTu pta. SHA0A0HTUS
Today. 2025;23(1):88-94. https://doi.org/10.36377/ET-0072
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INTRODUCTION

The issue of dental hard tissue pathologies and
periodontal diseases remains highly relevant today
[1]. This is attributed to the widespread prevalence of
these conditions and, in many cases, patients’ lack of
awareness regarding comprehensive preventive mea-
sures [2]. According to the literature, the primary causa-
tive factors include the formation of dental plaque, both
hard and soft deposits, and insufficient control over
their development [3]. Consequently, the primary focus
of modern dentistry is individual prevention, emphasi-
zing the use of oral hygiene products tailored to vari-
ous age groups to enhance the regular care of the oral
cavity [4]. It is well-established that oral hygiene largely
depends on the consistency and correctness of plaque
removal [5]. The key tools for personal oral hygiene are
individual toothbrushes and toothpaste [6].

The dental market is oversaturated with various
types of oral hygiene products and tools [7]. However,
the challenge of selecting the most optimal toothbrush -
capable of effectively removing dental deposits while
minimizing negative impact — remains relevant. A vast
array of toothbrushes is available, including manual,
electric, and sonic models [8]. They differ in the num-
ber and orientation of bristles, materials, bristle height
and stiffness, as well as the diversity in the design of the
brush head and handle. Manufacturers employ a va-
riety of strategies to enhance the appearance and func-
tionality of toothbrushes, which directly influences their
sales performance.

The manual toothbrush is a relatively simple de-
vice [9] and has achieved widespread global use. Howe-
ver, the advent of electric toothbrushes has simplified
personal oral hygiene. While their operating principle is
similar to that of manual toothbrushes [10], the greater
number of movements and their optimized orientation

provide significantly better results. The development of
sonic and ultrasonic toothbrushes is based on increa-
sing the frequency of bristle movements (200-400 Hz
or 20,000-40,000 vibrations per minute for sonic tooth-
brushes, and from 1.6 MHz or over 2,000,000 vibrations
per minute for ultrasonic toothbrushes), offering optimal
removal of food debris and plaque with minimal effort [11].

AIM

To evaluate the effectiveness of the SPLAT
Sense&Power sonic toothbrush with two interchange-
able heads and the SPLAT Professional Complete me-
dium-hard manual toothbrush.

MATERIALS AND METHODS

The study was conducted at the Department of
Therapeutic Dentistry of PIMU, Ministry of Health of the
Russian Federation. All participants were divided into
three groups:

Group 1: 16 individuals using the SPLAT Sense&Power
sonic electric toothbrush with Head 1 (sensitive).

Group 2: 16 individuals using the SPLAT Sense&Power
sonic electric toothbrush with Head 2 (whitening).

Group 3: 16 individuals using the SPLAT Professional
Complete medium-hard manual toothbrush.

All study participants were provided with a standard
toothpaste from the SPLAT Professional series.

The study included three visits, during which data
were collected both before and after the use of the test-
ed product.

Visit 1: The day the volunteer was enrolled in the
study and the first use of the assigned products.

Visit 2: Day 14 of the study, with participants continu-
ing the use of the assigned products.

Visit 3: Day 28 of the study, marking the final evalua-
tion of the participants after using the assigned products.
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The expected duration of participation in the study
was 28 £ 2 days.

Inclusion Criteria:

1. Signing an informed voluntary consent form to
participate in the study.

2. Agreement not to use other oral hygiene products
during the study.

3. Presence of at least 20 teeth not covered by pros-
thetic structures.

4. Ability and willingness to follow the study sched-
ule, including attending all visits as per protocol.

5. At the time of enroliment, all participants had a Gree-
ne-Vermillion index greater than 1.5 during the first visit.

Exclusion Criteria:

1. History of individual intolerance to the compo-
nents of the tested products or other oral hygiene
products, as well as food allergies.

2. Pregnancy or breastfeeding.

3. Use of medications that could potentially affect
gum or enamel conditions during the study.

4. Use of dentures, braces, or other orthodontic de-
vices.

5. Extensive dental caries, periodontal diseases, or
other oral conditions.

6. Refusal to follow protocol procedures, including
regular tooth brushing with the tested products.

7. Presence of dental calculus on teeth 1.1-1.3,
2.1-2.3, 3.1-3.3, and 4.1-4.3.

8. Presence of old, persistent plaque on teeth 1.1-1.3,
2.1-2.3,3.1-3.3,and 4.1-4.3.

9. “Overgrown teeth”, i.e., unnaturally short teeth due
to gingival overgrowth in the areas of 1.1-1.3, 2.1-2.3,
3.1-3.3,and 4.1-4.3.

10. Visible cracks or other defects in the tooth enamel.

11. Smoking, alcohol, or drug addiction.

12. Professional dental cleaning performed less
than 90 days before the study (based on medical his-
tory and records).

13. Professional teeth whitening, including the use
of at-home whitening systems, performed less than
90 days before the study.

14. Other dental procedures, including orthodontic or
surgical interventions, performed less than 30 days be-
fore the study (based on medical history and records).

15. Continuous use of anti-inflammatory agents, in-
cluding NSAIDs and corticosteroids.

16. Chemotherapy, radiotherapy, or cytokine thera-
py within five years prior to the study (based on medical
history and records).

17. Clinical manifestations of infectious diseases,
hepatitis B or C, or HIV infection (based on medical his-
tory and records).

At each visit, all participants underwent an external
examination and a dental oral cavity examination, with
findings recorded in the dental patient chart 043/U.

The Greene-Vermillion index (OHI-S) was assessed
during each visit, both before and after a 2-minute
toothbrushing session [12].

The Plague Index (PLI) by Silness and Loe was evalu-
ated at each visit before brushing and after brushing
during the first and second visits.

dHdodoHmus
————TLT
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The Interdental Hygiene Index (HYG) was assessed
at each visit before brushing and after brushing during
the first and second visits.

Bleeding and gum trauma were evaluated before
and after brushing during the first and second visits.

The PMA index, SBI index (by Muhlemann and Son),
halitosis assessment, and tooth hypersensitivity were
evaluated at every visit.

Tooth color was recorded using the Vita Bleached-
guide shade scale before brushing at every visit and af-
ter brushing during the first visit [13].

In addition to objective evaluations, participants
were surveyed regarding their experience using the
products and their preferences.

The data for the parameters were presented based
on the nature of the variable, either continuous or ca-
tegorical.

Categorical variables were analyzed as counts (n)
and proportions (percentages) of the total number of
volunteers exhibiting a specific characteristic.

A brief summary of continuous variables was provi-
ded, including the mean, standard deviation, and median.

Variables expressed as proportions of volunteers
were evaluated descriptively in percentages.

Statistical Analysis The choice of statistical tests
was based on the assessment of the normality of data
distribution. Statistical analysis was performed using
standard functions in MS Excel and the SPSS Statistics
software package.

RESULTS

The study included 48 participants of both sexes,
aged 21 to 49 years, with a median age of 28 years. All
participants completed the study in full.

During the first visit, after a single cleaning ses-
sion, the use of electric toothbrushes with Head 1
and Head 2 demonstrated greater effectiveness com-
pared to the manual toothbrush (1.5 times higher for
the OHI-S index and 2 times higher for the PLI index).
While these differences are indicative, no statistical-
ly significant difference was observed for the OHI-S
index when accounting for multiple comparisons.

For the PLI index, only the difference between the
toothbrush with Head 2 and the manual toothbrush
was statistically significant. Differences for the HYG
index were not significant. Effective cleaning of inter-
dental spaces and areas beneath the gum line was
noted (Table 1).

An analysis of changes in oral hygiene status from
the beginning of the study to Visits 2 and 3 revealed
positive dynamics across all indices (Table 2).

The dynamics differ statistically significantly
between the products when accounting for multiple
comparisons. For electric toothbrushes with both
heads, the dynamics for the OHI-S and PLI indices
are similar. However, for the HYG index, the tooth-
brush with Head 2 is more effective than the one with
Head 1. In all cases, the effectiveness of the electric
toothbrush in cleaning and preventing plaque ac-
cumulation significantly exceeds that of the manual
toothbrush (Fig. 1).
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Table 1. Indicators of the OHI-S, PLI and HYG indices in 1 session
Ta6nuua 1. MNokasatenn uigekcos OHI-S, PLI n HYG 3a ogHy npoueaypy

Visit 1 OHI-S Before | OHI-S After | Delta_OHI | PLI_Before | PLI_After | Delta_PLlI | HYG_Before | HYG_After | Delta_ HYG
Electrol 21 1.5 -0.6 2.1 1.4 -0.6 23.2 38.4 15.3
Electro 2 2.3 1.6 -0.7 2.2 1.4 -0.8 151 31.4 16.3
Manual 2.3 1.8 -0.5 2.2 1.9 -0.3 15.5 30.3 14.7

Table 2. Indicators of the OHI-S, PLI and HYG indices in the 2" and 3™ visits
Ta6nuua 2. MNMokasatenn niaekcos OHI-S, PLI u HYG Ha BTOPOM 1 TpeTbeM NOCELLEHNSAX
OHI-S 1.1 OHI-S 2.1 OHI-S 3.1 PLI_1.1 PLI_2.1 PLI_3.1 HYG_1.1 HYG_2.1 HYG_3.1
Stan- Stan- Stan- Stan- Stan- Stan- Stan- Stan- Stan-
tion tion tion tion tion tion tion tion tion
Electro1| 2.10 | 0.57 | 1.03 | 0.77 | 0.30 | 0.27 | 2.07 | 0.61 | 0.68 | 0.51 | 0.27 | 0.34 | 23.2 | 21.0 |49.25| 27.07 |72.34| 21.70
Prod |Electro2| 2.31 | 0.55 | 0.64 | 0.57 | 0.24 | 0.33 | 2.16 | 0.80 | 0.67 | 0.64 | 0.16 | 0.26 | 15,1 | 16.9 |59.37| 26.41 |84.38| 18.72
Manual | 2.29 | 0.62 | 1.46 | 0.78 | 1.08 | 0.62 | 2.23 | 0.82 | 1.74 | 0.87 | 0.98 | 0.65 | 15,5 | 14.9 |30.29| 15.61 |37.65| 21.94

According to the analysis, the level of halitosis de-
creases with the use of all types of toothbrushes; how-
ever, this effect is more pronounced with the use of
electric toothbrushes. The difference in effects is statis-
tically significant (Table 3, Fig. 2).

In the groups using the electric toothbrush with two
types of heads, a greater effect in reducing inflamma-
tory manifestations in the oral cavity and bleeding was
achieved compared to the manual toothbrush group
(2-3 times greater at Visit 2). By Visit 3, the difference
becomes somewhat less pronounced (Table 4 and 5).

Statistical analysis reveals a significant difference at
Visit 2 between the electric toothbrush 2 group and the
manual toothbrush group, while the difference for the
electric toothbrush 1 group is indicative (Fig. 3).

D_OHI_1-3 D_PLI_1-3 D_HYG_1-3
* % * * %
*kkk
ns ns %% *k kK
1
0- ) *
0 100 —
80
_1 4 -1
60
40
2 2
20
-3 -3 0-
IElElectrol [ Electro2 [ IManual

Fig. 1. Comparative characteristics of the OHI-S, PLI
and HYG indices in the studied groups

Puc. 1. CpaBHuUTENbHasA xapakTepucTuka NHAEKCOB
OHI-S, PLI n HYG B nccnenyemsbix rpynnax

On average, with the use of electric toothbrushes,
gingival condition improved in 50% of participants by the
second week, compared to 30% with the use of a manual
toothbrush. By the fourth week, this effect was observed
in 100% of participants. The difference between tooth-
brushes is indicative but not statistically significant.

Table 3. The level of unpleasant odor from the oral cavity

Tabnuua 3. YpoBeHb HENMPUSTHOIO 3anaxa
13 NOsI0CTU pTa

Smell_1 Smell_2 Smell_3
Mean SD Mean SD Mean SD
Electrotl 3.5 1.3 0.9 1.0 0.1 0.3
Electro 2 3.3 1.2 0.6 0.9 0.1 0.3
Manual 3.0 0.9 1.8 1.2 1.1 1.0
D_Smell_12 D_Smell_13
* %% * %k
ns *x% ns * %
01 0
-1 -1
_24
—24
_3_
-3 4.
-4 -5
Bl Electro1 [ Electro2 [CIManual

Fig. 2. Comparative characteristics of oral odor
in 3 groups

Puc. 2. CpaBHUTENBbHAA XxapakTepPUCTMKa 3anaxa
M3 NOJSIOCTW pTa B TPEX rpynnax
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Table 4. Indicators of the PMA index at 3 visits

Ta6nuua 4. Nokasatenu nugekca PMA
npu Tpex Bu3nTax
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Table 5. SBl index indicators at 3 visits

Tabnuua 5. NMokasaTenu nupekca SBI
npu Tpex Bu3nTax

PMA_1 PMA_2 PMA_3 SBI_1 SBI_2 SBI_3
Stan- Stan- Stan- Stan- Stan- Stan-
Mean dar_d Mean dar:d Mean dar_d Mean dar_d Mean dar:d Mean dar_d
Devia- Devia- Devia- Devia- Devia- Devia-

tion tion tion tion tion tion

Electrol | 40.5 | 21.3 | 24.0 18.4 | 11.38 | 9.32 Electrol| 1.98 1.00 | 0.74 | 0.73 | 0.43 | 0.47

Prod |Electro2| 35.6 16.5 11.6 1.7 8.01 9.34 Prod | Electro2| 2.19 1.10 0.62 | 0.82 | 0.23 | 0.44

Manual | 58.4 | 275 | 45.3 | 21.2 |30.43| 18.30 Manual | 2.76 1.11 1.97 1.09 1.21 0.85

D_PMA_1-2 D_PMA_1-3 D_SBI_1-2 D_SBI_1-3
ns ns ns ns
1 1 1 1
ns * % ns ns ns * ns ns
0 0~ 0~ 0
-10- ~107 -1
-1
_20 a
-20 -2
_30 .
—2
-30 _40 4 -3
-40 -50 -3 -4
ElElectrol [ Electro2 [IManual

Fig. 3. Comparative characteristics of the PMA and SBI indices in 3 groups
Puc. 3. CpaBHuTenbHas xapaktepucTtmka niaekcos PMA v SBI B Tpex rpynnax

Table 6. Quantitative representation for participants
who achieved improved gum health by visits 2 and 3

Tabnuua 6. KonnyectBeHHOe NpeacTaBiieHne
Yy4aCTHUKOB, Y KOTOPbIX HabloAan0Chk yny4lleHue
COCTOSIHUS AeCEH Ha BTOPOM U TPETbEM BU3UTAX

Improvement in gingival condition
2 weeks 4 weeks Sum
Electrol 7 9 16
Electro2 9 7 16
Manual 5 11 16

A noticeable improvement in gum condition was ob-
served with the use of all types of toothbrushes, which
can be attributed to the overall improvement in oral hy-
giene (Table 6).

For all toothbrushes, minor gingival trauma was
equally noted during the first visit, which may be at-
tributed to the unfamiliarity with the new brush heads
and individual characteristics of the participants. Over
time, the trauma decreased and eventually resolved
completely.

Regarding hypersensitivity, none of the participants
in any group reported significant tooth hypersensitivity.

dHdodoHmus
————TLT

Throughout the study, no significant changes in hyper-
sensitivity were recorded in any group, indicating that
the use of both electric and manual toothbrushes does
not increase tooth sensitivity.

DISCUSSION

The survey results revealed a positive perception
of the product among study participants. The electric
toothbrush with both types of heads was noted for its
convenience and high cleaning efficiency. All partici-
pants (100%) stated that they would prefer the tested
toothbrush over the ones they had previously used.

CONCLUSION

The results of the study indicate that the use of an
electric sonic toothbrush with different heads contri-
butestoimproved oral hygiene, effective plague removal,
and areduction in its formation over time. The findings of
the delayed dynamic analysis demonstrate a high level
of cleaning efficiency for tooth surfaces and interdental
spaces achieved with the electric sonic toothbrush.

The use of innovative oral hygiene products pro-
motes the improvement and maintenance of dental
health, prevents pathologies of dental hard tissues and
periodontal tissues, and has a positive impact on pre-
serving and supporting overall oral health.

Volume 23, no. 1/ 2025



B nomowb npakTndeckomy Bpady / To help a practitioner

REFERENCES / CTUCOK JINTEPATYPbI

1.

Zhukova E.S., Kudeeva E.V. The choice of individual oral
hygiene products by students of Altai State Medical
University. Scientist (Russia). 2021;(2):9. (In Russ.)
Available at: https://thescientist.ru/wp-content/uploads/
Kyneesa.pdf (accessed: 05.10.2024).

Xykoa E.C., Kyneesa E.B. Bbi6op vHAVBUAYANbHbLIX
CPenCcTB rMrneHbl NOAOCTW pTa CTyaeHTamMu AnTancko-
ro MeguunHcKoro rocyaapCtBeHHOro yHumBepcuTeTa.
Scientist (Russia). 2021;(2):9. Pexum goctyna: https://
thescientist.ru/wp-content/uploads/Kyneesa.pdf (nata
obpawteHusa: 05.10.2024).

Martyushov A.l, Spiridonova S.A., Uspenskaya O.A.
Studying the role of motivation in the prevention of dental
diseases of the oral cavity. In: Collection of abstracts of the
55" interregional interdisciplinary scientific and practical
conference on the results of industrial practice with inter-
national participation, Nizhny Novgorod, October 19-20,
2023. Nizhny Novgorod: Privolzhskiy Research Medical
University; 2023, pp. 339-341. (In Russ.)

MapTiowos A.WN., CnnpugoHosa C.A., YcneHckasa O.A.
MN3y4yeHne ponu moTueauum B NnpodpunakTmke CtToMmaro-
norunyecknx saboneBaHuin nonoctun pta. B: C6opHuK Te-
31CoB 55-01 MEXPErvoOHaIbHON MEXANCLUNITINHAPHOMN
Hay4YHO-NpPaKkTNYeCKOU KOHGHepeHLM Mo NToram rnpoun3-
BOACTBEHHOM MPaKkTUKN C MEXAYHaPOLAHbIM YyHaCTUEM,
r. HwxHui Hosropoa, 19-20 okt. 2023 r. HnxHuii HoB-
ropog;: Npusonx. uccnea. meg. yH-1; 2023. C. 339-341.

Uspenskaya O.A., Spiridonova S.A., Sukhova A.V. Com-
parative characteristics of the psychoemotional sta-
tus and oral hygiene among students of the Faculty of
Dentistry of the Federal State Budgetary Educational
Institution “PIMU” of the Ministry of Health of the Rus-
sian Federation. In: VOLGAMEDSCIENCE: Collec-
tion of abstracts of the VIl All-Russian Conference of
Young Scientists and Students with international par-
ticipation, Nizhny Novgorod, March 16-18, 2021. 2021,
pp. 668-669. (In Russ.)

YcneHckas O.A., CnnpuaoHosa C.A., Cyxosa A.B. Cpag-
HUTENbHAas XapakTepucTuka MCUXO3IMOLMOHASILHOrO
cTatyca v rurmeHbl NONOCTU pTa y CTYAEHTOB CTOMATO-
norudeckoro ¢pakynsreta PreQy BO «NMUMY» Munsgpa-
Ba Poccun. B: VOLGAMEDSCIENCE: c6. Tes. 7-/i Bcepoc.
KOH¢. MOJ1I04bIX YHEHbIX 1 CTYAEHTOB C MeXXAyHapoAHbIM
yyactuem, r. HmwkHuii Hosropog, 16-18 mapra 2021 r.
HwxHuin Hoeropoa: Npueonx. nuccnen. mea. yH-1; 2021.
C. 668-669.

Tregub D.A., Chudova L.V. Comparative characteristics
of the clinical effectiveness of the use of manual and
electric toothbrushes in personal oral hygiene. Scientist
(Russia). 2024;(3):175-178. (In Russ.) Available at:
https://thescientist.ru/wp-content/uploads/175-178-1.pdf
(accessed: 05.10.2024)

Tpery6 . A., Yynosa J1. B. CpaBHuUTenbHas xapakTe-
pucCTUKa KIMHNY4ECKON 3PEDEKTUBHOCTU MPUMEHEHUSA
MaHyanbHbIX U 3NEKTPUYECKNX 3y6HbIX eToK B JINY-
HOWM rurneHe pta. Scientist (Russia). 2024;(3):175-178.
Pexunm poctyna: https://thescientist.ru/wp-content/
uploads/175-178-1.pdf (nata obpatieHus: 05.10.2024).

Uspenskaya O.A., Spiridonova S.A. Oral hygiene state
among students studying at the foreign department of
Privolzhsky Research Medical University. Dental Forum.
2022;(4):87-88. (In Russ.)

Ycnenckasa O.A., CnnpugoHosa C.A. [urneHmnyeckoe co-
CTOSIHME NOJIOCTW pTa 'y CTYAEHTOB MHOCTPAHHOrO oTAe-
neHus NpUBOIXCKOro UCCNeoBaTeNbCKOro MeanLUH-
ckoro yHuBepcuteTa. Dental Forum. 2022;(4):87-88.

6.

10.

1.

| 93

Mazitov A.l. Personal oral hygiene. In: Gulyaev G.Yu. (ed.)
Scientific research of students and pupils: collection of
articles of the 5" International scientific and practical
conference, Penza, May 30, 2022. Penza: Nauka i
prosveshchenie; 2022, pp. 181-183. (In Russ.) Available
at: (accessed: 05.10.2024)

MasutoB A.W. JlnyHaga rurueHa nonoctu prta. B: Ty-
naes KO. (pen.) HayyHbie nccnenoBaHusi CTYLEHTOB
v yyaiwymxcs: c6. cT. 5-1i MexayHap. Hay4.-npakT. KOH.,
r. MeH3a, 30 masi 2022 r. NeH3a: Hayka 1 npocBeLLeHmne;
2022.C. 181-183.

Kile E.O., Zhukova E.S. Level of hygienic knowledge
in the choice of items and means of oral hygiene
(according to the questionnaire). Scientist (Russia).
2022;(4):20-25. (In Russ.). Available at: https://
thescientist.ru/wp-content/uploads/20-25KUJIE.pdf
(accessed: 05.10.2024).

Knne E.O., XykoBa E.C. YpOBeHb rmMrmeHn4eckmnx 3Ha-
HWI Npu BbIGOpPE NPeaMeTOB U CPenCTB FMrMeHbl Noso-
CTu pTa (N0 [aHHbIM aHKETUPOBaHUS). Scientist (Russia).
2022;(4):20-25. Pexum poctyna: https://thescientist.
ru/wp-content/uploads/20-25KWJIE.pdf (nata ob6patue-
Husa: 05.10.2024).

Bondarenko L.V., Rybak O.G., Tarmaeva S.V. Modern
oral hygiene products. In: Gaidarova T.A. (ed.) National
School of Maxillofacial Surgery and Implantology in
Irkutsk: Proceedings of the 12" All-Russian Scientific and
Practical Conference, Irkutsk, March 3-4, 2021. Irkutsk:
Irkutsk Scientific Center of Surgery and Traumatology;
2021, pp. 61-64. (In Russ.)

BoHpapeHko J1.B., Puibak O.I, TapmaeBa C.B. Coepe-
MeHHble cpeacTBa rmrueHsl NonocTu pra. B: Mangapo-
Ba T.A. (pea.) HaumoHabHas LKoaa 4e/l0CTHO-INLEBOM
xvpypriunv 1 UMrJaaHTos10rnn B MpKyTCKe.' marepunarbl
12-1 Bcepoc. Hayy.-npakT. KoH., . ipkyTck, 3—4 map-
Ta 2021 r. UpkyTckK: UPKYTCKUIA HAYYHbIN LLEHTP XUPYP-
ruv n Tpaesmatonorum; 2021. C. 61-64.

Denisenko L.N., Manuylova E.V., Derevyanchenko S.P.
1% year student’s knowledge of oral hygiene. Scientific
Review. Medical Sciences. 2020;(6):78-82. (In Russ.)
Available at: https://science-medicine.ru/ru/article/
view?id=1159 (accessed: 05.10.2024).

[OeHuceHko J1.H., Manynnosa 9.B., lepeBsiHieHko C.I1.
3HaHMSa CTYyOEeHTOB MEepBOro Kypca O rMrueHe noso-
CTVn pTa. HayyHoe o0603peHne. MeauumnHckne Hayku.
2020;(6):78-82. Pexum poctyna: https://science-
medicine.ru/ru/article/view?id=1159 (naTta obpatleHus:
05.10.2024).

Seferova L.F., Galkina O.P. To the question about the
efficiency of using various toothbrushes. Scientific
Bulletin of the Crimea. 2020;(6):22. (In Russ.)
Cedeposa /1.0, MankmHa O.M. KBonpocy 06 appekTrB-
HOCTM NCNONb30BaHUS Pa3/INYHbIX 3yOHbIX LWEeTOoK. Ha-
y4HbIvi BeCTHUK Kpbima. 2020;(6):22.

Tsakoev A.G. Review and characteristics of modern
toothbrushes. In: Skorikova E.N. (ed.) Current issues
of science and practice: collection of scientific papers
based on the materials of the 41st International Scien-
tific and Practical Conference, Anapa, February 5, 2022.
Anapa: Research Center for Economic and Social Pro-
cesses; 2022, pp. 79-82. (In Russ.)

LlakoeB A.Il. O630p 1 xapakTepucTrka Ha COBpeMeHHbIe
3y6Hble weTku. B: Ckopukosa E.H. (pen.) AkTyanbHbie
BOIMPOChLI HAYKW U NPakTuku: c6. Hayy. Tp. o martepua-
nam 41-vi MexayHap. Hay4d.-npakT. KoHQ., r. AHana,
5 ¢eBp. 2022 r. AHana: Hay4yHO-uccnepoBaTenbCckui

Tom 23 N2 1/2025 ‘ Endodont(cs


https://thescientist.ru/wp-content/uploads/Кудеева.pdf
https://thescientist.ru/wp-content/uploads/Кудеева.pdf
https://thescientist.ru/wp-content/uploads/Кудеева.pdf
https://thescientist.ru/wp-content/uploads/Кудеева.pdf
https://thescientist.ru/wp-content/uploads/175-178-1.pdf
https://thescientist.ru/wp-content/uploads/175-178-1.pdf
https://thescientist.ru/wp-content/uploads/175-178-1.pdf
https://thescientist.ru/wp-content/uploads/20-25КИЛЕ.pdf
https://thescientist.ru/wp-content/uploads/20-25КИЛЕ.pdf
https://thescientist.ru/wp-content/uploads/20-25КИЛЕ.pdf
https://thescientist.ru/wp-content/uploads/20-25КИЛЕ.pdf
https://science-medicine.ru/ru/article/view?id=1159
https://science-medicine.ru/ru/article/view?id=1159
https://science-medicine.ru/ru/article/view?id=1159
https://science-medicine.ru/ru/article/view?id=1159

94 | B nomowb npakTnyeckomy Bpady / To help a practitioner

LLEHTP 9KOHOMMYECKMX U coumrabHbIX MPOLECCOB; iTOP. Scientist (Russia). 2022;(4):69-72. Pexum po-
2022. C. 79-82. ctyna: https://thescientist.ru/wp-content/uploads/69-
12. Sigitova A.A., Zhukova E.S. The effectiveness of in- 72CUTNTOBA.pdf (nata oGpatierns: 05.10.2024).
dividual oral hygiene according to the iTOP method. 13. Palutina Y.S. Advantages of controlled oral hygiene ac-
Scientist (Russia). 2022;(4):69-72. (In Russ.) Available cording to the top system. Bulletin of Medical Internet
at: https://thescientist.ru/wp-content/uploads/69- Conferences. 2020;10(6):197. (In Russ.)
72CUTNTOBA.pdf (accessed: 05.10.2024). Manytuna l0.C. NpenmyLiecTsa KOHTPOINPYEMOWN UM U-
CurntoBa A.A., XykoBa E.C. 3dPekTMBHOCTb WH- eHbl noflocTn pta no cucteme iTOP. brosineteHb meau-
OMBMAYyaNbHOW TUIMEeHbl MNONOCTUM pTa MO0 MeToAmkKe LMHCKUX MHTEepHeT-koHGepeHuui. 2020;10(6):197.

INFORMATION ABOUT THE AUTHORS

Olga A. Uspenskaya — Dr. Sci. (Med.), Associate Professor, Head of the Department of Therapeutic Dentistry, Privolzhsky
Research Medical University; 10/1 Minin and Pozharsky Square, Nizhny Novgorod 603005, Russian Federation; https://
orcid.org/0000-0003-2395-511X

Sania A. Spiridonova - Cand. Sci. (Med.), Associate Professor, Department of Therapeutic Dentistry, Privolzhsky Research
Medical University; 10/1 Minin and Pozharsky Square, Nizhny Novgorod 603005, Russian Federation; https://orcid.
org/0000-0002-7233-446X

Alexey A. Alexandrov — Cand. Sci. (Med.), Assistant of the Department of Orthopedic Dentistry and Orthodontics, Pri-
volzhsky Research Medical University; 10/1 Minin and Pozharsky Square, Nizhny Novgorod 603005, Russian Federation;
https://orcid.org/0000-0002-6999-9241

Alexandra V. Rodionova — Resident of the Department of Therapeutic Dentistry, Privolzhsky Research Medical University;
10/1 Minin and Pozharsky Square, Nizhny Novgorod 603005, Russian Federation.

Elizaveta I. Smirnova — Resident of the Department of Therapeutic Dentistry, Privolzhsky Research Medical University;
10/1 Minin and Pozharsky Square, Nizhny Novgorod 603005, Russian Federation.

Maria S. Tarakanova — Resident of the Department of Therapeutic Dentistry, Privolzhsky Research Medical University;
10/1 Minin and Pozharsky Square, Nizhny Novgorod 603005, Russian Federation.

MWHOOPMALIUA OB ABTOPAX

YcneHckaa Onbra AnekcaHgpoBHa — [O.M.H., AOLEHT, 3aBenyouias kadenpow TepaneBTUYECcKOW CTOMaTONIornu,
®dreQy BO «[MpuBosxckuii nccnenoBaTeNbCKuii MeanunHckuia yHnsepcutet»;, 603005, Poccuitckas depepaums,
r. HwxHwmin Hoeropoga, nn. MunuHa u Moxapckoro. a. 10/1; https://orcid.org/0000-0003-2395-511X

CnupupoHoBa CaHuga AxMmepoBHa — K.M.H., JOUEHT kadeapbl TepanesTuyeckon ctomartonorumn, PreQy BO «Mpusonx-
CKUIA uccnenoBaTenbCkmin MeguULIMHCKNIA yHBepcuTeT»; 603005, Poccuiickas Depepauns, r. HuxHuin Hosropoga, nn. Mu-
HuHa n Moxapckoro. a. 10/1; https://orcid.org/0000-0002-7233-446X

AnekcanpgpoB Anekceit AnekceeBu4 — K.M.H., aCCUCTEHT Kadeapbl OpTONeaMHecKOn CTOMATONIOrMM N OPTOAOHTUM,
®reQy BO «[MpuBomXCKUiA nccnenoBaTenbCknini MeanuuHckuii yHmeepcuteT»; 603005, Poccuiickas Pepepauns, r. Hux-
Hu1n HoBropog, nn. MuHmnHa mn Noxapckoro. a. 10/1; https://orcid.org/0000-0002-6999-9241

PopouoHoBa AnekcaHgpa BnagumMmupoBHa — opavHatop kadenpbl TepaneBTudeckoit ctomatonoruu, Preoy BO «Mpu-
BOJIXCKWUIA MCCnenoBaTenbCknii MeanumHckmii yHnsepcuteT»; 603005, Poccuiickas Pepepaums, r. HuxHuii Hosropoga,
nn. MuHmHa v Noxapckoro. . 10/1.

CmupHoBa EnusaBseta UropesHa — opanHaTtop kadenpbl TepanesTndeckon cromaronorum, ®re0y BO «[puBonxckuia
ncenenoBaTenbCkuii MeanumnHckmin ynmeepcuteT»; 603005, Poccuiickas depepaumns, r. HuxHuia Hoeropog, nia. MuHmHa
n Moxapckoro. g. 10/1.

TapakaHoBa Mapusa CepreeBHa — opauHaTop kadeapbl TepanesTudeckol ctomatonorumn, @reQy BO «MpuBonxckuia
ncenenoBaTebCkuii MeanumnHCKuin ynueepcuteT»; 603005, Poccuiickaa depepaums, . HuxHuia Hosropog, na. MuHuHa
n Noxapckoro. 4. 10/1.

AUTHOR’S CONTRIBUTION

All the authors made equal contributions to the publication preparation in terms of the idea and design of the article; data
collection; critical revision of the article in terms of significant intellectual content and final approval of the version of the
article for publication.

BKJAQ ABTOPOB

Bce aBTOPbI BHECTN paBHOLI,eHHbIl7I BKNand B NoAroTtoBkKy ny6nvn<au,mm B 4aCTuX 3aMbiCna 1 An3anHa nccnefoBaHns; c6opa
JAaHHbIX; KOUTUYECKOro nepecMoTpa CTaTb B HaCTV 3HAYMMOI O MHTEJIIEKTYasIbHOIo coaep>XaHnsa N OKoOH4YaTesIbHOro o40-
6peH|/|;| BapuaHTa CTaTbn Anda OI'Iy6J'II/IKOBaHI/IF|.

3H3030Hmm!lmﬂ Volume 23 no. 1 /2025


https://thescientist.ru/wp-content/uploads/69-72СИГИТОВА.pdf
https://thescientist.ru/wp-content/uploads/69-72СИГИТОВА.pdf
https://thescientist.ru/wp-content/uploads/69-72СИГИТОВА.pdf
https://thescientist.ru/wp-content/uploads/69-72СИГИТОВА.pdf
https://orcid.org/0000-0003-2395-511X
https://orcid.org/0000-0003-2395-511X
https://orcid.org/0000-0002-7233-446X
https://orcid.org/0000-0002-7233-446X
https://orcid.org/0000-0002-6999-9241
https://orcid.org/0000-0003-2395-511X
https://orcid.org/0000-0002-7233-446X
https://orcid.org/0000-0002-6999-9241

B nomowb npakTndeckomy Bpady / To help a practitioner | 95

https://doi.org/10.36377/ET-0074 AR) Check for updates

Features and challenges in the diagnosis of patients
with maxillary hypodontia

Ramiz A. Mokhamed El-Khalaf(®' ><], Nailya S. Drobysheva
Russian University of Medicine, Moscow, Russia Federation
< Dr.ramez@yandex.ru

Abstract

INTRODUCTION. In the management of patients with agenesis of maxillary lateral incisors, a number of
important issues arise related to the amount of free space, the age of the patient, types of occlusions and
the condition of adjacent teeth. There are three treatment options for patients diagnosed with agenesis of
maxillary lateral incisors. These options include canine mesialization, restoration based on adjacent teeth,
and implantation. There are also special criteria that need to be considered when choosing an appropriate
treatment option.

When planning all types of treatment, first, attention should be paid to the preservation of teeth. As a rule, the
chosen treatment method should be the least invasive and meet the expected aesthetic and functional goals. The
orthodontist plays a key role in achieving specific space requirements by placing the teeth in the ideal position
for restoration. For example, canine mesialization may be one of the acceptable aesthetic treatments for patients
with agenesis of maxillary lateral incisors. However, if it is used in the wrong patient, the result may be far from
ideal. Ultimately, an interdisciplinary approach is the most predictable way to achieve optimal end aesthetics.
AIM. To study the literature to compile a review on the diagnosis and evaluation criteria of patients with
agenesis of maxillary lateral incisors.

MATERIALS AND METHODS. Analysis of foreign literature data, scientific publications, electronic resources.
RESULTS. The treatment plan for patients with the absence of lateral incisors of the upper jaw should be drawn up
taking into account the dental, functional and aesthetic aspects identified during the initial clinical examination.
CONCLUSIONS. The absence of lateral incisors in the upper jaw, with any accompanying malocclusion,
should be treated as part of the overall treatment plan. Factors such as the individual characteristics of the
patient, the size, shape, position, and color of teeth, their effect on the bite, as well as overall facial aesthetics,
should all be taken into consideration when deciding whether to create an implant space or close one.
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0co6eHHOCTU U CNOXKHOCTU B AMArHOCTUKE NaLUeHTOoB
C afieHTUEN HA BEepXHeHn 4YenlocTn

P.A. Moxamep 9nb-Xanad(2)0<, H.C. ApoObiieBa
Poccurckinin yHmBepcuteT MeanunHel, . Mocksa, Poccuninckas @epnepauns
< Drramez@yandex.ru

Pe3iomMe

BBEOEHME. MNpwn BegeHMM naumMeHTOB C BPOXAEHHBLIM OTCYTCTBMEM BOKOBbIX PE3LLOB BEPXHEN HYENMIOCTUN BO3-
HUKaeT pPsf, BaXHbIX BOMNPOCOB, CBA3aHHbIX C KONMYECTBOM CBOOOAHOIO NPOCTPaHCTBa, BO3PacTOM naum-
€HTa, BUAOB OKKJ/IHO3MM U COCTOSIHMEM cOocenHux 3y06oB. CyLLeCTBYET TpU BapuaHTa IeYeHUs NauneHToB C
AMarHo30oM aaeHTUs GOKOBbIX PE3LLOB BEPXHEN YENIOCTU. TN BapnaHTbl BKJTIOHAIOT MEe31ann3aLunio KiblKoB,
pecTaBpauuio ¢ 0nopon Ha cocegHme 3ybbl n umnnanTaumio. CyLecTBYIOT TakxXe ocobble KpuTepmn, KOTo-
pble HE06X0AMMO Y4YNTbLIBATb NPU BbIOOPE NOAXOAALLENO BapUaHTa JieHeHus.

Mpwn NnnaHMpoBaHWK BCEX BUAOB JIEYEHMS B NEPBYIO O4epeab cnenyeT obpaliarte BHUMaHNE Ha COXPaHeEHne
3y6oB. Kak npaBuno, BbiOpaHHbIN MEeTo, Ie4eHnst AoJIXeH OblTb HAMMeEHee NMHBAa3MBHbLIM 1 COOTBETCTBOBATb
0XUNOAEMbIM 3CTETUYECKUM N DYHKUMOHANBHBIM LensaMm. OpTOLOHT UIrPaEeT KIlOYEBYHO POJib B AOCTUXEHUN
KOHKPETHbLIXTPeOOoBaHNIAKNPOCTPaAHCTBY, yCTaHaBIMBasA3yOblBUAEaIbHOMMONOXEHUNO1BOCCTAHOBIEHUS.
Hanpumep, me3nanmaauns KiblKoB, MOXET OblTb, OAHUM N3 NPUEMJIEMbIX 3CTETMYECKMX METOLOB JIEYEHUS
naumneHToB C ageHTMen OOKOBbLIX Pe3LLOB Ha BepxHel YentocTn. OaHako, eC/iv OHO NPUMEHSIETCS He Yy TOro
naumneHTa, KOHEYHbIN pe3dynbTaT MOXET ObITb ANIEK OT UAeanbHOro. B KOHEYHOM CHETE MEXANCLUUTMIMHAPHbIN
noaxon siBnsieTcs Hambonee npeackasdyemMblM CNOCOO0OM A0CTUXEHUA ONTUMANbHOW KOHEYHOW 3CTETUKU.

© Mokhamed El-Khalaf R.A., Drobysheva N.S., 2025
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LIESTb. N3yyeHune nutepaTypbl AN cocTaBneHns 0630pa no AMarHOCTUKE U KPUTEPUSIM OLLEHKUN NALMEHTOB C
OTCYTCTBYIOLVMN BOKOBbLIMY pe3LLaMU BEPXHEN YENIOCTH.

MATEPUAJbI N METOAbI. AHanu3 naHHbIxX 3apy0exHOn nuTepaTypbl, Hay4HbIX NYOAUKALMA, SNEKTPOHHbLIX
pecypcos.

PE3YJIbTATBI. MNnaH ne4yeHns NaLunMeHToB, C OTCYTCTBMEM DOKOBLIX PE3LIOB BEPXHEN YENIOCTU, AONXEH ObITh
COCTAaBJIEH C Y4€TOM CTOMATOSIOrMYECKNX, PYHKLMOHATBHBIX M 3CTETUHECKMX aCNeKTOB, BbIIBEHHbIX B X04e
NepBUYHOIO KJIMHNYECKOro 06cnenoBaHuUs.

BbIBOAbl. OTcyTcTBMe GOKOBLIX Pe3L0B BEPXHEN YeNoCTM Npu NioboM ConyTCTBYIOLWEM HernpaBuibHOM
npukyce HeoOX0AMMO Ie4nTb B pamMKax obLiero nnaHa nedenuns. MNpu npuHATUM pelleHns o TOM, cnenyeT
N1 co3paBaTb MPOCTPAHCTBO AN UMMAAHTALUN UK €ro 3aKpbiTUe, CieayeT yunTeiBatb Takne GakTopsbl, Kak
VHAMBMAYaNbHblE 0COOEHHOCTU NauneHTa, pasmep, Gopma, NnonoxeHne u ueeT 3y60B, BINSHME HA MPUKYC,
a Takxxe 00LLy0 3CTeTMKY nmua u 3yoos.

KniwoueBble cnoBa: rMnoAeHTUs, afieHTUS laTeparnbHbiX Pe3uoBs, Me3vanndauus 3y60B, OpTOA0HTUS
UHdopmauumsa o ctatbe: noctynuna — 02.11.2024; ncnpasnera — 15.12.2024; npuHata — 03.02.2025
KoH$AUKT nHTepecoB: ABTOPLI CO0OLLa0T 06 OTCYTCTBUN KOHPNUKTA UHTEPECOB.

BnarogapHocTu: GrHaHcupoBaHWe U MHAUBMOYabHbIE 6Narof4apHOCTU ANs AeKIapMpPOoBaHUsl OTCYTCTBYIOT.

Ana uutupoBaHua: Moxamep Anb-Xanad P.A., Opobbiwea H.C. OcobeHHOCTN M CAOXHOCTU B ANArHO-
CTUKE MaUVEHTOB C afleHTMEeN Ha BEepxHen yentcTtn. HaoaoHTus Today. 2025;23(1):95-100. https://doi.

org/10.36377/ET-0074

INTRODUCTION

Should spaces be maintained for implant placement
in cases of congenitally missing maxillary lateral inci-
sors, or should these gaps be closed through mesial
movement of the canines? The demand for orthodontic
treatment in such patients is increased, as this condi-
tion significantly impacts smile and facial aesthetics.
Given that a substantial proportion of these patients are
adolescents, they often experience anxiety and inse-
curity. Both patients and their parents frequently seek
a quick and simple solution, which may not always be
feasible. These individuals are often more concerned
with the aesthetics of their smile than with achieving op-
timal occlusion [1-3].

The absence of maxillary lateral incisors is asso-
ciated with an unbalanced smile, dental asymmetry,
and facial disharmony, presenting complex challenges
that require thorough diagnosis and lack straightfor-
ward solutions [4]. Inadequate treatment planning and
poor communication among the specialists involved in
the correction of such issues can lead to heightened
frustration among patients and their families. It is the
orthodontist’s responsibility to ensure functional and
healthy occlusion while simultaneously improving aes-
thetics within the constraints of each individual case.
Therefore, a diagnostic protocol that provides a sys-
tematic and comprehensive approach to evaluating
patients with missing maxillary lateral incisors can fa-
cilitate treatment planning and enhance communication
among specialists, patients, and their families.

The decision to open or close spaces is fundamen-
tally a diagnostic one, and any approach involves a de-
gree of compromise. The key question to address is:
which compromise offers the best cost-benefit ratio
for the patient, both functionally and aesthetically? To
answer this, a diagnostic protocol must be considered,
outlining the variables that should be analyzed before
determining whether to maintain spaces for prosthetic
replacement or to close them through repositioning and
reshaping of the canines and central incisors [5-7].

dHdodoHmus
————TLT

MATERIALS AND METHODS

Search Strategy

To define and examine the diagnostic protocol for
treating patients with maxillary lateral incisor agenesis,
both international and domestic publications from 2011
to 2024 were analyzed. These publications included di-
agnostic criteria essential for the assessment and treat-
ment planning of patients with missing maxillary lateral
incisors.

The data analysis involved a review of international
literature, scientific publications, and electronic re-
sources from databases such as PubMed, Google, and
reference lists of relevant studies and reviews.

Search Criteria

Publications, articles, and clinical cases meeting the
following selection criteria were included:

1. Studies published between 2011 and 2024.

2. Research focusing on the diagnostic criteria re-
quired for evaluating and treating patients with maxillary
lateral incisor agenesis.

RESULTS

A significant increase in the nasolabial angle and
a shorter upper lip due to the repositioning of maxil-
lary central incisors were observed in cases where bi-
lateral spaces were closed. A convex profile is typically
associated with Class Il skeletal malocclusions. In such
cases, space closure is often indicated, particularly
when growth potential is limited, and sagittal gap clo-
sure through retraction of the maxillary anterior teeth
is utilized to camouflage the skeletal discrepancy. In in-
stances of severe protrusion of both maxillary and man-
dibular incisors, extraction of mandibular teeth may be
indicated [3; 8-11].

Conversely, space closure in patients with a con-
cave facial profile may exacerbate maxillary deficiency
and further deepen the concavity of the profile. There-
fore, opening the spaces for future prosthetic rehabili-
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tation is often recommended, as this enhances upper
lip support, thereby masking the appearance of a Class
Il skeletal pattern. Alternatively, a combined treatment
approach involving orthognathic surgery may be con-
sidered; however, in such cases, the question of space
closure must also be addressed [9; 12-14].

When assessing facial aesthetics, additional fac-
tors such as the nasolabial angle, nasal position, size
and shape, and other critical aspects must be taken
into account. While orthodontists cannot alter nasal
morphology directly, certain orthodontic procedures
that affect lip positioning may indirectly influence nasal
appearance. Excessive lip retraction can increase the
nasolabial angle, resulting in a “pseudo-enlargement”
of the nose [9; 15].

Intraoral examination and clinical considerations

During the intraoral examination, attention is given to
the occlusal relationship in both the anterior and poste-
rior regions, tooth color, and smile aesthetics. In cases
of maxillary lateral incisor agenesis, various types of
dentofacial deformities have been observed, including
vertical displacement of antagonist teeth into the eden-
tulous space, tooth rotation, inclination toward the de-
fect area, and combinations of these conditions [16].

Uncontrolled retraction of anterior teeth may lead
to excessive vertical positioning of maxillary incisors,
resulting in malocclusion and deep overbite. In pa-
tients with a gummy smile, the need for canine reshap-
ing and color matching becomes more pronounced.
Differences between the lip and gingival contours of
canines adjacent to the central incisors become more
apparent, and clinicians must be aware of these aes-
thetic implications [17; 18].

In addition to assessing the width of the canine at
the cemento-enamel junction, clinical examination
should also consider the gingival margin relationship
between the canines and central incisors. The optimal
gingival margin alignment is defined as one where the
gingival margin of the canine is equal to or positioned
1.0-1.5 mm higher than the corresponding point on the
gingival margin of the central incisor, with the lateral in-
cisor’s gingival margin located 0.5-1.0 mm below this
reference line. A gingival margin level where the lateral
incisor aligns with the central incisor is considered ac-
ceptable, but a scenario in which the lateral incisor’s
gingival margin is higher than that of the central incisor
is highly undesirable [16].

A clinical study reported that none of the examined
patients had a canine gingival margin positioned lower
than that of the central incisors. Among the evaluated
patients, 44.3% exhibited a canine gingival margin more
than 0.5-1.0 mm higher than the central incisors, while
27.8% had a gingival margin at the same level as the cen-
tral incisors, which permitted space closure as a viable
treatment option. However, in 27.9% of patients, the ca-
nine gingival margin was significantly higher (1.0-1.5mm
above the central incisor margin), requiring substantial
surgical and prosthodontic interventions to restore the
gingival architecture when space closure was chosen as
the treatment approach [16].

9/

The ideal gingival architecture of the anterior denti-
tion assumes that the gingival margins of the central
incisors and canines are at the same level, while the
lateral incisor’s margin is approximately 1 mm lower.
Therefore, space closure may lead to an unaesthetic
gingival contour in the anterior region, particularly
in patients with a gummy smile. Clinicians should be
aware of such potential complications when deciding
on the most appropriate treatment strategy. Canine
extrusion and first premolar intrusion may be em-
ployed to achieve optimal gingival aesthetics when
space closure is performed. Additionally, the canine’s
cusp must be reshaped to simulate the morphology of
lateral incisors. If a first premolar is introduced into the
canine position, composite buildup may be required to
ensure proper canine guidance, as these teeth will as-
sume the functional role of canines [16].

The presence of an adequate color balance among
the maxillary anterior teeth plays a crucial role in
a patient’s aesthetic perception. Since canines are
typically darker than lateral and central incisors, or-
thodontists must carefully evaluate the extent of this
color mismatch when deciding whether to open or
close spaces in the maxillary arch. A lack of color har-
mony between canines and adjacent teeth has been
identified as a primary cause of patient dissatisfaction
among those who underwent orthodontic treatment
involving space closure for missing lateral incisors.
Consequently, in cases of significant color disparity,
maintaining the canines in their natural position may
be the preferred treatment approach. When other fac-
tors hold greater importance in the decision-making
process and space closure is selected, tooth whi-
tening procedures can be performed to enhance the
appearance of canines relative to the central inci-
sors [19; 20].

Evaluation of Tooth Color and Morphology
in Treatment Planning

In a clinical study, the color match between central
incisors and canines was assessed using the “Vita”
shade guide, as this parameter is a critical criterion for
evaluating the potential aesthetic outcome of orthodon-
tic treatment. It was observed thatin 66.0% of examined
patients, the color difference was within 0.5 shade units,
which was considered optimal for achieving an aes-
thetically pleasing result. However, when the difference
exceeded 0.5 shade units, it presented a significant
challenge, making it difficult to guarantee a satisfactory
aesthetic outcome [16].

Some canines exhibit such unique anatomical
characteristics that even an experienced prosthodon-
tist may struggle to reshape them into an acceptable
lateral incisor morphology. Their forms range from
conical to trapezoidal, and contour modifications can
only be performed within certain limits. When the natu-
ral shape of the canine imposes significant restrictions
on morphological alterations, the aesthetic result may
be unsatisfactory for the patient, leading the clinician
to consider space opening as a more viable option for
improving aesthetics [21].
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Complexity of Cases with Additional Dental
Anomalies

The combination of maxillary lateral incisor agenesis
with other congenital dental anomalies increases case
complexity and is relatively common in clinical practice.
Orthodontic wax-up simulations for evaluating different
treatment options provide valuable information for treat-
ment planning. A multidisciplinary approach is often
required, and patient expectations should be carefully
considered when selecting the appropriate treatment
method [22].

Anthropometric Measurements in Patients
with Maxillary Lateral Incisor Agenesis

An analysis of anthropometric parameters of the
dentoalveolar system in different patient groups with
maxillary lateral incisor agenesis revealed that patients
with Angle Class Il molar relationships exhibited the
most significant discrepancies in transverse width and
anterior arch length according to Korkhaus. In contrast,
patients with Angle Class | molar relationships showed
the smallest discrepancies [16].

Anthropometric measurements of dental models
included an evaluation of the maxillary and mandibular
apical bases using the method described by Rees [23].
In patients with Angle Class | molar relationships, 43.8%
exhibited normal apical base relationships, with an aver-
age value of 8.01+£0.7 mm. However, in 56.2% of these
patients, the apical base dimensions were smaller than
normal, averaging 2.52+0.31 mm. In patients with Angle
Class Il molar relationships, the apical base relationship
was generally within the normal range, often close to the
upper limit or exceeding it. Conversely, in patients with
Angle Class lll molar relationships, 61.5% had a reduced
apical base relationship (1.12+0.27 mm), while 38.5%
were within the normal range but close to the lower
threshold (3.17£0.58 mm).

This parameter is crucial in determining the appro-
priate treatment method for patients with a skeletal
Class | relationship. Based on the ratio of the maxil-
lary and mandibular apical bases, both space opening
and space closure may be viable options, provided that
other important factors are taken into consideration.
These include the proportional width of the canine rela-
tive to the anticipated width of the missing lateral inci-
sors, the gingival margin alignment between canines
and central incisors in different patient groups, tooth
color harmony, and the relationship between the dental
and apical arches [16].

Treatment Considerations for Arch Proportions
and Space Management

If the ratio of the basal arches is below the normal
range, expansion of the maxillary arch is required by
creating space for the replacement of missing lateral
incisors. Conversely, if this ratio exceeds the normal
values, reduction of the maxillary arch dimensions is
necessary by closing the space and mesializing the
posterior dentition [16].

Achieving an adequate aesthetic outcome with
space closure in patients with unilateral maxillary lat-

dHdodoHmus
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eral incisor agenesis is a complex clinical challenge.
A thorough comparison of the shape, color, and size
of the canine on the side of the missing lateral incisor
with the contralateral lateral incisor is crucial in deter-
mining whether space closure will result in a significant
aesthetic compromise, which may contraindicate this
approach. In cases of unilateral agenesis, the most aes-
thetically favorable outcomes are observed either when
space is maintained for prosthetic replacement or when
the existing lateral incisor is extracted to achieve sym-
metry [24].

Another important consideration is that canines
typically have wide and long roots, whereas the la-
teral incisor region often consists of a narrow alveolar
ridge, reflecting the usual morphology of the lateral in-
cisor root. The combination of a broad canine root and
a narrow alveolar ridge in the lateral incisor region may
indicate insufficient bone volume to facilitate adequate
canine movement [11; 25; 26].

DISCUSSION

When assessing the patient’s profile, a compre-
hensive evaluation must be conducted to gather all
necessary information for developing the most suita-
ble treatment plan for each individual. The orthodontic
approach selected for managing lateral incisor agen-
esis can influence the patient’s facial profile.

Appropriate orthodontic mechanics can yield fa-
vorable outcomes in patients with a straight profile,
whether by opening or closing the spaces resul-
ting from congenitally missing lateral incisors. Con-
sequently, other variables hold greater diagnostic
significance in such cases. Patients with a concave
profile present a more significant challenge when
determining whether to open space for prosthetic re-
placement of missing maxillary lateral incisors. These
patients often exhibit either an edge-to-edge or re-
verse incisor relationship. Skeletally, they frequently
present with midface deficiency and/or mandibular
prognathism.

A well-informed and appropriate decision should
be supported by additional crucial factors; dental and
functional aspects observed during the initial clinical
examination are just as important as aesthetic con-
siderations.

The position of the canine and the inclination of
its root can be complicating factors when deciding to
open space for prosthetic replacement. In patients
with congenital absence of maxillary lateral incisors,
canines frequently tend to erupt mesially, assuming
a final position adjacent and parallel to the central in-
cisors. This condition often favors utilizing the canine
as a lateral incisor substitute. Space opening would
be facilitated in cases where the canine is mesially in-
clined, with its crown positioned near the central inci-
sor and its root in close proximity to the premolar root.

Achieving an aesthetically pleasing smile line with
space closure in patients with maxillary lateral incisor
agenesis, particularly those with an excessive gingi-
val display, can be significantly more challenging than
maintaining space for prosthetic replacement.
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CONCLUSION

When planning the treatment of patients with con-
genital absence of maxillary lateral incisors, several
critical factors must be considered to ensure effec-
tive and appropriate care. These factors include the
available space within the dental arch, the patient’s
age, the maxillomandibular relationship, any existing
malocclusions, and the condition of the teeth adjacent
to the missing lateral incisor. This is not an exhaustive

REFERENCES / CTUCOK JINTEPATYPbI

1. Bavlakova V.V., Fayzulina R.A., Mamkhiagova M.M.

Early orthodontic treatment of patients with partial pri-
mary adentia. Glavnyi Vrach Uga Russia. 2019;(3):21-22.
(In Russ.)
Baesnakoea B.B., ®aiisynuHa P.A., Mamxsarosa M.M.
PaHHee opTopoHTMYecKkoe nevyeHve MauMeHTOoB C 4va-
CTMYHOW NepPBUYHOM aaeHTnen. lnasHbivi Bpay Kora Poc-
cum. 2019;(3):21-22.

2. DzhangildinYu.T., Murachuyeva A.G., Slabkovskaya A.B.,

Gadzhiyeva U.Kh. Clinical and psychological charac-
teristics of adolescents who are in need of orthodontic
treatment. Bulletin of Neurology, Psychiatry and Neuro-
surgery. 2019;(12):8-13. (In Russ.)
Ixanrmnegut KO.T., Mypauyesa A.l, Cnabkosckas A.b.,
lapxuesa Y.X. KNMHMKO-NCMXONOrMyeckme xapakrepu-
CTVKM NOAPOCTKOB, HY>XAIOLMXCS B OPTOAOHTUHECKOM
neyeHnn. BeCcTHUK HEBPOJIOrU, NMCUXNATPUN U HEKPO-
xnpyprm. 2019;(12):8-13.

3. Postnikov M.A. Orthodontic treatment of patients with

sagittal occlusion anomalies and partial anodontia.
Moscow: Ofort; 2015. 120 p. (In Russ.)
MocTHukoB M.A. OpPTOZOHTUYECKOE JIeYeHMEe MnaLneH-
TOB C aHOMasINsIMM OKKJIIO3UMU B CarnTTaabHOM Harpas-
neHnn v yactuyHovi ageHTreri. Camapa: OO0 «OdopT»;
2015. 120 c.

4. Naoum S., Allan Z., Yeap C.K., Razza J.M., Murray K.,
Turlach B., Goonewardene M.S. Trends in orthodontic
management strategies for patients with congenitally
missing lateral incisors and premolars. Angle Orthod.
2021;91(4):477-4883. https://doi.org/10.2319/092320-809.1

5. Abu-Hussein M., Watted N., Abdulgani A., Borbély P.
Modern treatment for congenitally missing teeth: A
multidisciplinary approach. International Journal of
Maxillofacial Research. 2015;1(2):179-190.

6. Josefsson E., Lindsten R. Treatment of missing maxil-
lary lateral incisors: a clinical and aesthetic evalua-
tion. Eur J Orthod. 2019;41(3):273-278. https://doi.
org/10.1093/ejo/cjy061

7. Seehra J., Al-Ali A., Pandis N., Cobourne M.T. Space
closure versus space opening for bilateral absent upper
lateral incisors: what is the duration of orthodontic treat-
ment? Eur J Orthod. 2020;42(4):460-465. https://doi.
org/10.1093/ejo/cjz062

8. DrobyshevaN.S., Lezhnev D.A., Petrovskaya V.V., Batova

M.A., Perova N.G., Mallaeva A.B. et al. Cone beam com-
puted tomography use in orthodontics. Orthodontia.
2019;(1):32-39. (In Russ.)
Opo6biwesa H.C., JlexHes [.A., MNeTtposckas B.B., ba-
ToBa M.A., Neposa H.I., Mannaesa A.b. n gp. icnonb3o-
BaHME KOHYCHO-/ly4eBOM KOMMbIOTEPHON TOMoOrpadumn
B OpTOAOHTUU. OpTohoHTUSA. 2019;(1):32-39.

99

list, and additional investigations are required when
planning treatment involving orthodontic and surgical
approaches.

Based on clinical data, as well as anthropometric
and radiographic analyses, the effectiveness of ortho-
dontic treatment enables the development of a diag-
nostic and therapeutic algorithm for orthodontic ma-
nagement within a comprehensive rehabilitation pro-
gram for patients with congenital absence of maxillary
lateral incisors.

9. Cheng H.C., Wang Y.C. Effect of nonextraction and
extraction orthodontic treatments on smile esthetics
for different malocclusions. Am J Orthod Dentofacial
Orthop. 2018;153(1):81-86. https://doi.org/10.1016/j.
ajodo.2017.05.033

10. Mendes L.M., Janson G., Zingaretti Junqueira-Men-
des C.H., Garib D.G. Long-term profile attractiveness
in Class Il Division 1 malocclusion patients treated
with and without extractions. Am J Orthod Dentofacial
Orthop. 2019;155(3):362-371. https://doi.org/10.1016/].
ajodo.2018.04.030

11. Rosa M. Missing teeth in the smile area: space closure in
all malocclusions looking for long term health, esthetics
and function. Semin Orthod. 2020;26(1):52-60. https://
doi.org/10.1053/j.s0d0.2020.01.006

12. Jamilian A., Darnahal A., Nucci L., D’Apuzzo F., Pe-
rillo L. Treatment considerations for missing teeth. In:
Kivang B.H. Dental Anatomy. InTech; 2018, pp. 109-120.
https://doi.org/10.5772/intechopen.69543

13. Park J.H., Oh J.., Lee SY., Kook Y.A., Han S.H. Correc-
tion of an adult Class Il malocclusion through regai-
ning of orthodontic space and an implant restoration.
J Esthet Restor Dent. 2022;34(1):297-308. https://doi.
org/10.1111/jerd. 12870

14.Zhmyrko I.N., Drobysheva N.S. Description of the
expression index index for patients with gnatic
from of mesial occlusion. Russian Journal of Den-
tistry. 2020;24(1):11-18. (In Russ.) https://doi.
org/10.18821/1728-2802-2020-24-1-11-18
Kmbipko W.H., Opobbiwwera H.C. OnucaHne wuHAOeK-
ca BbIpaXeHHOCTU 3yOO4YesNloCTHOW aHoManum Ans
nauMeHToB C rHaTuyeckom ¢opmor Me3nanbHON Ok-
KNO3UN.  Poccurickuyi CTOMAato/I0rN4eCKui  XypHall.
2020;24(1):11-18. https://doi.org/10.18821/1728-2802-
2020-24-1-11-18

15. Zhmyrko |.N. Justification for the use of combined
treatment in patients with dental arch occlusion
anomalies caused by jaw development disorders:
Dissertation. Moscow; 2021. 149 p.
XKXmbipko N.H. O6ocHoBaHue npumeHeHuss KoMOUHNPO-
BaHHOIO JIeHEHUIS1 Y NaLMEHTOB C aHOMAaJINSIMU OKKITIO3UU
3yOHbIX PSA0B, 00YC/I0BIEHHBIMU HAPYLLUEHNEM Pa3BU-
TUSI YEJIIOCTEN: OVUC. ... KaHa,. men. Hayk. M.; 2021. 149 c.

16. Jakymec’A., Drogomyrec’ka M. Clinical examination
protocol and procedure of selecting treatment of
patients with upper lateral incisors adentia. Modern
Science. 2015;2(3):164-172.

17. Rosa M., Lucchi P., Ferrari S., Zachrisson B.U., Capri-
oglio A. Congenitally missing maxillary lateral incisors:
Long-term periodontal and functional evaluation after
orthodontic space closure with first premolar intru-

Tom 23 N2 1/2025 ‘ Endodont(cs


https://doi.org/10.2319/092320-809.1
https://doi.org/10.1093/ejo/cjy061
https://doi.org/10.1093/ejo/cjy061
https://doi.org/10.1093/ejo/cjz062
https://doi.org/10.1093/ejo/cjz062
https://doi.org/10.1016/j.ajodo.2017.05.033
https://doi.org/10.1016/j.ajodo.2017.05.033
https://doi.org/10.1016/j.ajodo.2018.04.030
https://doi.org/10.1016/j.ajodo.2018.04.030
https://doi.org/10.1053/j.sodo.2020.01.006
https://doi.org/10.1053/j.sodo.2020.01.006
http://dx.doi.org/10.5772/intechopen.69543
https://doi.org/10.1111/jerd.12870
https://doi.org/10.1111/jerd.12870
https://doi.org/10.18821/1728-2802-2020-24-1-11-18
https://doi.org/10.18821/1728-2802-2020-24-1-11-18
https://doi.org/10.18821/1728-2802-2020-24-1-11-18
https://doi.org/10.18821/1728-2802-2020-24-1-11-18

100 | B nomoLLb npakTrieckomy spady / To help a practitioner

sion and canine extrusion. Am J Orthod Dentofacial 23.Rees D.J. A method for assessing the proportional re-
Orthop. 2016;149(3):339-348. https://doi.org/10.1016/]. lation of apical bases and contact diameters of the
2jodo.2015.08.016 teeth. Am J Orthod. 1953;39(9):695-707. https://doi.

18.Rosa M., Zachrisson B.U. Chapter 25 — Missing ma- 0rg/10.1016/0002-9416(53)90122-5
xillary lateral incisors: New procedures and indications ~ 24. Krassnig M., Fickl S. Congenitally missing lateral incisors -

for optimal space closure. In: Nanda R. Esthetics and a comparison between restorative, implant, and orthodon-
Biomechanics in Orthodontics. 2™ ed. Elsevier; 2014, tic approaches. Dent Clin North Am. 2011;55(2):283-299.
pp. 528-559. https://doi.org/10.1016/B978-1-4557- https://doi.org/10.1016/j.cden.2011.01.004
5085-6.00025-4 25.Mallaeva A.B., Drobysheva N.S. Features of the struc-

19. Silveira G.S., Mucha J.N. Agenesis of maxillary lateral ture of the alveolar process in patients with gnatic form of
incisors: Treatment involves much more than just ca- mesial occlusion. Endodontics Today. 2020;18(3):15-25.
nine guidance. Open Dent J. 2016;10:19-27. https://doi. (In Russ.) https://doi.org/10.36377/1683-2981-2020-18-
org/10.2174/1874210601610010019 3-15-25

Mannaea A.B., Opobbiwesa H.C. OcobeHHOCTN CTpO-

€HMS aNbBEONSIPHOrOo OTPOCTKA Yy MaUMEHTOB C rHaTU-

yeckor pOopMON Me3nasnbHON OKKO3NN. SHAOLOHTUS

Today. 2020;18(3):15-25. https://doi.org/10.36377/1683-

2981-2020-18-3-15-25

21. Calh_elros-Lob(_) M.J., _CalhelrostL_obo M F_’lnho T. Es- 26.Mallaeva A.B., Drobisheva N.S., Petrovskaya V.V., Slab-
thetic perception of different clinical situations of ma- kovskaya A.B., Drobishev AYu. Features of the struc-
xillary lateral incisor agenesis according to popula- ture and size of the jaws in patients with mesial occlu-

tions with dental and non-dental backgrounds: A syste- sion. Orthodontia. 2020;(4):11-23. (In Russ.) Available
matic review and meta-analysis. Dent J. 2023;11(4):105. at:  https://orthodont.elpub.ru/jour/article/view/86

20. Sobral M.C. Solutions for atypical problems in the inci-
sors area: a transdisciplinary challenge. Dental Press J
Orthod. 2020;25(2):86-102. https://doi.org/10.1590/2177-
6709.25.2.086-102.sar

https://doi.org/10.3390/dj11040105 (accessed: 13.09.2024).

22.Lopes-Rocha L., Garcez J., Tiritan M.E., da Silva L.F.M., Mannaesa A.B., Opo6biweBa H.C., MeTtposckas B.B.,
Pinho T. Maxillary lateral incisor agenesis and micro- Cnabkosckas A.B., Opob6biwes A.lO. OcobeHHOCTU
dontia: Minimally invasive symmetric and asymmetric CTPOEHMUS 1 Pa3MEPOB YENIOCTEN Y NALNEHTOB C ME3N-
esthetic rehabilitation. Rev Port Estomatol Med Dent Cir anbHOW okkmo3unen. OptogoHTus. 2020;(4):11-23. Pe-
Maxilofac. 2022;63(1):41-51. https://doi.org/10.24873/j. Xum goctyna: https://orthodont.elpub.ru/jour/article/
rpemd.2022.01.857 view/86 (oata obpaweHus: 13.09.2024).

INFORMATION ABOUT THE AUTHORS

Ramiz A. Mokhamed El-Khalaf — Postgraduate Student, Russian University of Medicine, 4, Dolgorukovskaya St., Moscow
127006, Russian Federation; https://orcid.org/0000-0002-9078-3197

Nailya S. Drobysheva - Cand. Sci. (Med.), Associate Professor in the Department of Orthodontics RUM, Russian Univer-
sity of Medicine, 4, Dolgorukovskaya St., Moscow 127006, Russian Federation; https://orcid.org/0000-0002-5612-3451

UHOOPMALIUA OB ABTOPAX
Moxamep dnb-Xanadp Pamus AnaepganHoeud — acnupaHTt, @r50Y BO «Poccuiicknii yHmeepcuteT MeauunHbl»; 127006,
Poccuiickaa ®epepauus, r. Mockea, yn. Jonropykosckas, 4. 4; https://orcid.org/0000-0002-9078-3197

Apo6biweBa Hauna CabutoBHa — K.M.H., goueHT, PrEQY BO «Poccuiickuii yHuBepcuteT MmeguumHel»; 127006, Poccuii-
ckas denepauus, r. Mockea, yn. [lonropykosckas, a. 4; https://orcid.org/0000-0002-5612-3451

AUTHOR’S CONTRIBUTION

All the authors made equal contributions to the publication preparation in terms of the idea and design of the article; data
collection; critical revision of the article in terms of significant intellectual content and final approval of the version of the
article for publication.

BKJA ABTOPOB

Bce aBTOpbl BHECN PABHOLIEHHbLIN BKad, B NOAroTOBKY nybnukauum B 4acTy 3aMbicria U AnsainHa uccnemosaHus; cbopa
OaHHbIX; KPUTMYECKOro NepecMoTpa CTaTby B HaCTN 3HAYMMOIO UHTENNEKTYaIbHOrO COAEPXAaHUSA M OKOHYATENbHOIO 040~
OpeHuns BapmnaHTa cTaTby A8 onyOGIMKOBaHUS.

3H3030Hmm!lmﬂ Volume 23 no. 1 /2025


https://doi.org/10.1016/j.ajodo.2015.08.016
https://doi.org/10.1016/j.ajodo.2015.08.016
https://doi.org/10.1016/B978-1-4557-5085-6.00025-4
https://doi.org/10.1016/B978-1-4557-5085-6.00025-4
https://doi.org/10.2174/1874210601610010019
https://doi.org/10.2174/1874210601610010019
https://doi.org/10.1590/2177-6709.25.2.086-102.sar
https://doi.org/10.1590/2177-6709.25.2.086-102.sar
https://doi.org/10.3390/dj11040105
https://doi.org/10.24873/j.rpemd.2022.01.857
https://doi.org/10.24873/j.rpemd.2022.01.857
https://doi.org/10.1016/0002-9416(53)90122-5
https://doi.org/10.1016/0002-9416(53)90122-5
https://doi.org/10.1016/j.cden.2011.01.004
https://doi.org/10.36377/1683-2981-2020-18-3-15-25
https://doi.org/10.36377/1683-2981-2020-18-3-15-25
https://doi.org/10.36377/1683-2981-2020-18-3-15-25
https://doi.org/10.36377/1683-2981-2020-18-3-15-25
https://orthodont.elpub.ru/jour/article/view/86
https://orthodont.elpub.ru/jour/article/view/86
https://orthodont.elpub.ru/jour/article/view/86

B nomoLps npakTuyeckoMy Bpady / To help a practitioner | 101

https://doi.org/10.36377/ET-0061 AR) Check for updates

Psychosomatic disorders and periodontal pathogens
virulence relationship

Zurab S. Khabadze(®, Mariya V. Kostinskaya (> [<, Eliso M. Kakabadze(, Nikita A. Dolzhikov(®,
Fikret V. Badalov(>, Ahmad Wehbe (>, Adam Yu. Umarov

Peoples’ Friendship University of Russia named after Patrice Lumumba (RUDN University), Moscow, Russian Federation

D Kostinskaya-MV@rudn.ru

Abstract

AIM. The relationship between psychosomatic diseases and inflammatory diseases of periodontal
tissues, depending on the constant action of stressors on the human body, and the increased virulence of
periodontopathogenic organisms in patients with psychiatric disorders.

MATERIALS AND METHODS. Currentinformationin the electronic databases Google Scholarand PubMed was
examinedthrough a systematic literature review. Articles with content related to the influence of psychosomatic
diseases and constant stress on the increase in virulence of periodontopathogenic microorganisms were
selected and included.

RESULTS. A total of 271 publications were reviewed. After analyzing the literature according to the inclusion
criteria, the final number was 58.

CONCLUSIONS. Based on the analyzed data, in patients with psychosomatic diseases and chronic stress,
the oral microflora becomes favorable for the active growth of periodontopathogenic microorganisms. In
response to the introduction of these bacteria and their virulence factors, chronic inflammation is observed in
periodontal tissues, cells secrete IL-1a, IL-1B, IL-6, IL-17, IL-10, TNF-a, which decrease the body’s resistance
to periodontopathogens. This group of patients has an increased amount of catecholamines in the blood,
which increase the virulence of bacteria such as P. Gingivalis, which are the main ones in the pathogenesis of
inflammatory diseases of periodontal tissues. High concentration of cortisol reduces the activity of immune
cells, changing the balance of T-helper and T-suppressors and making the body more susceptible to various
infections.

Keywords: periodontitis, psychosomatic diseases, stress, periodontopathogens, virulence, cytokines,
catecholamines, cortisol, neuropeptides

Article info: received — 05.11.2024; revised — 08.12.2024; accepted — 15.12.2024
Conflict of interests: The authors declare no conflict of interests.
Acknowledgments: There are no funding and individual acknowledgments to declare.

For citation: Khabadze Z.S., Kostinskaya M.V., Kakabadze E.M., Dolzhikov N.A., Badalov F.V., Wehbe A.,
Umarov A.Yu. Psychosomatic disorders and periodontal pathogens virulence relationship. Endodontics Today.
2025;23(1):101-108. https://doi.org/10.36377/ET-0061

NcuxocomaTUUuecKue paccTpoucTea
M BUPYJIEHTHOCTb NApPOAOHTONATOreHOB
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Pesiome

LIESIb. UccnenoBaHne B3aMMOCBA3N MeXAY NCUXOCOMATUYeCKUMK 3a60neBaHUsaIMNU 1 BOCNANTENbHbIMU
3a60M1€eBaHMSMM NAPOLOHTA, B 3aBUCUMOCTU OT MOCTOSHHOIO OEACTBMS CTPECCOPOB Ha OPraHn3M YyesoBe-
Ka, a Tak>Xe NOBbILLIEHHON BUPYNEHTHOCTN NapOAOHTONATOreHHbIX MUKPOOPraHM3MOB Y NauMeHTOB C NCUXM-
YECKMMU PacCTPONCTBaMMN.

MATEPUABI U METOAbI. MyTem cuctematudeckoro 063opa nutepartypbl Obian U3yYeHbl AaHHbIE U3 3neK-
TpOoHHbIX 623 Google Scholar n PubMed. Bbinn oTobpaHbl cTatbn, cogepxatimne nHpopmaumio 0 BAUSHUN
NCUXOCOMaTUYECKNX PACCTPONCTB M XPOHMHYECKOro CTpecca Ha NoBbILLEHNE BUPYIEHTHOCTU NapoaoHTona-
TOrEHHbIX MMKPOOPraHN3MOB.

PE3YJIbTATbI. Bcero 6b110 npoaHannavupoBaHo 271 nybnvkauus. Nocne npyMMeHeHns KpUTEPUEB BKJIIIOYE-
HUS B UTOrOBbI aHanNn3 BoLAK 58 nybnmkauni.

BbIBOJbl. Ha ocHOoBaHMM aHanu3a gaHHbIX Y NAUWEHTOB C NMCUXOCOMATUYECKUMU PACCTPONCTBAMMU U XPO-
HMYECKMM CTPECCOM MUKpOdopa NoaoCTU pTa CTaHOBUTCS BaaronpuaTHOM Ans akTUBHOro pocTa napo-
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OOHTOMNAaTOreHHbIX MUKPOOPraHn3mMoB. B 0TBeT Ha BHeApeHne 6akTepuin U X BUPYNEeHTHbIX GakTOPOB B TKa-
HAX NapoAoHTa HabngaeTca XPOHMYECKoe BocnaneHue, knetkm cekpetupyiot IL-1a, IL-1B, IL-6, IL-17, IL-10,
TNF-q, 4TO CHMXaeT CONpPOTUBASEMOCTb OpraHM3ma kK napogoHTonartoreHam. Y aToi rpynnbl NauveHToB
B KPOBM HabMO[aeTCs NOBbILLEHHOE COAEPXaHNE KaTeEXONaMWUHOB, YCUIMBAIOLWMNX BUPYIEHTHOCTb TaKmUX
OakTepuit, kak P. Gingivalis, KOTopble UrpatoT KJIOYEBYIO POJib B NaTOreHe3e BocnasnTenbHbiXx 3adonesaHnii
napogoHTa. Belcokne KOHUEHTpaumm KOpTrU3oaa No4aBnAsioT akTUBHOCTb MMMYHHbIX KNETOK, Hapylias 6a-
naHc T-xennepos 1 T-CynpeccopoB 1 Aenas opraHnam 6osiee BOCNPUNMUMBBLIM K UHPEKLMSM.

KnoueBble caoBa: NapoAOHTUT, NCUXOocoMaTMYeckne 3aboneBaHns, CTPecc, NapoAoHToNaToreHbl, BUPY-
JIEHTHOCTb, LIMTOKMHBI, KATEXONaMUHbI, KOPTU30S1, HEMponenTuabI

UHdopmauumsa o ctatbe: noctynuna — 05.11.2024; ncnpaenena — 08.12.2024; npuHata — 15.12.2024
KoH$AUKT nHTepecoB: ABTOPLI CO0OLLAI0T 06 OTCYTCTBUMN KOHPNUKTA UHTEPECOB.
BnarogapHocTu: duHaHCcupoBaHue 1 HAnBMAYabHble 61arofapHOCTY A5 AeKNapupPoBaHUs OTCYTCTBYIOT.

Ana umtupoBanusa: Xabanse 3.C., KoctuHckasa M.B., Kakabaa3se 3.M., Jonxukos H.A., Baganos ®.B., Bex-
6e A., Ymapos A.lO. lNMcuxocomaTtmyeckme paccTponcTBa U BUPYIEHTHOCTb Napoa0HTONATOreHOB. 9HA0A0H-
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INTRODUCTION

The gingival sulcus microflorais a highly sensitive in-
dicator system, disturbance of its composition creates
dysbiosis either as a result of overgrowth of specific or
non-specific microorganisms or as a result of changes
in local host response, where periodontopathogenic
bacteria can maintain a disease state [1]. Dysbiosis
provides a link between the patient’s systemic diseas-
es and members of the oral microflora and can lead to
periodontal tissue destruction [2].

Periodontitis is an inflammatory-dystrophic pro-
cess in the periodontium, arising under the influence of
nonspecific and specific factors [3]. In the pathogen-
esis of this disease, special attention should be paid
to the relationship between conditionally pathogenic
microorganisms of dental plaque and the patient’s or-
ganism [4]. Including the realisation of pathogenic ac-
tion of microorganisms depends on their number and
virulence, resistance factors of the organism and its
immune status [5]. Periodontopathogenic microorga-
nisms act as mediators that initiate the inflammatory re-
action in periodontal tissues, whose cells secrete pro-
inflammatory mediators. This interaction, in general,
reflects the overall condition of the host organism — the
patient with periodontitis. These relationships are par-
ticularly strongly influenced by generalised diseases,
the patient’s socioeconomic status, bad habits such as
smoking, and psychological stress [6].

Despite the fact that periodontitis is commonly con-
sidered a disease of aging [7], at the moment the most
common psychosomatic diseases among the popu-
lation are psychosomatic diseases, such as: gastric
and duodenal ulcers, essential arterial hypertension,
coronary heart disease, rheumatoid arthritis, bronchial
asthma, autonomic disorders, etc. [8; 9]. The main fac-
tor in the occurrence and progression of this group of
diseases is emotional tension, i.e. stress, which make
the human body more susceptible to many diseases,
including those affecting periodontal tissues [10]. Many
studies and clinical data have already been collected
on the relationship between the psychological status of
the patient and periodontal disease, which will be dis-
cussed in this article [11; 12].

dHdodoHmus
————TLT

AIM

To analyse the relationship between psychosomatic
diseases and inflammatory diseases of periodontal tis-
sues, depending on the constant action of stressor fac-
tors on the human body, as well as the increased viru-
lence of periodontopathogenic organisms in patients
with psychiatric disorders.

MATERIALS AND METHODS

PISO question: What mechanisms in patients with
psychosomatic disorders/chronic stress complicate
the course of periodontitis?

¢ *Population*: Periodontitis in people with psycho-
somatic disorders/chronic stress.

e *Comparison*: Immune defence disorders in pa-
tients with psychosomatic disorders.

¢ *Correlation*: Effect of stress hormones on the ac-
tivity of periodontopathogens.

® *Results*: Increased virulence of periodontopa-
thogens against the background of immune system
imbalance and increased levels of stress-related hor-
mones.

Examination of publications obtained by searching
the electronic databases Endodontics Today, Google
Scholar, PubMed, and prearticle reference lists was
done through a systematic literature review.

Inclusion criteria: Inclusion Articles published in
the English /Russian language or those having a sum-
mary in English; case series; randomized controlled
trials; randomized experimental trials.

The articles are based on the following:

1. Influence of acute emotional-pain stress on the
state of periodontal tissues.

2. Peculiarities of oral microbiome in various psy-
chosomatic diseases.

3. Specific periodontopathogenic microorganisms.

4. Increase in blood catecholamines and their effect
on anaerobic bacteria.

5. The effect of stress hormones on the growth of se-
lected bacterial species.

6. Evaluation of the association between potential
stress markers and periodontal tissue health.
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RESULTS

Atotal of 271 publications were reviewed (203 — Pub-
Med, 53 - Google Scholar, 15 — Endodontics Today).
After analysing the papers for inclusion criteria, the final
number of articles was 58. The studies discussed pro-
vide evidence for the influence of psychosomatic dis-
eases and constant stress on the increased virulence of
periodontopathogenic microorganisms.

Flow diagram: 31 articles were selected after the
selection process for final qualitative and quantitative
analysis which has been described in the following flow
diagram (Fig. 1).

DISCUSSION

According to statistics, people with chronic high
levels of stress are more prone to periodontal disea-
ses [13-15]. Stress is a confirmed and important factor
in the etiology and development of many inflammatory
and chronic diseases such as: rheumatoid arthritis, dia-
betes mellitus, cardiovascular diseases or periodontal
diseases [16]. Patients with psychosomatic diseases
have been shown to be more prone to the develop-
ment of periodontal diseases, alveolar bone loss and
increased prevalence of generalised periodontitis.

The role of stressors in the pathogenesis of perio-
dontitis and its treatment has been proved in the
course of ongoing studies in patients with different
psychological statuses, a decrease in antimicrobial
defence in the oral cavity has been noted, which in
turn increases the virulence of microorganisms [17].
Many experiments on animals have been performed,
which prove that constant stress serves as a trigger
mechanism for inflammation of periodontal tissues,
manifested by radiological “eaten” bone, a decrease
in the number of osteoblasts and the development of
osteoporosis [18]. There was also an increase in the
concentration of proinflammatory and proresorptive
factors, such as interleukin 1B (IL-1B), interferon gam-
ma, osteoprotegerin [19].

Stress leads to a slowdown in connective and bone
tissue regeneration, apical migration of multilayer epi-
thelium and periodontal pocket formation [20]. This oc-
curs under the influence of changes in the body’s de-
fences, which acquire an immunosuppressive effect,
increasing the propensity to develop diseases.

Oral microflora reacts with quantitative and qualita-
tive disturbances in its composition under the influence
of various risk factors, such as stress and psychoemo-
tional disorders [2; 9]. During the action of stressors,
there is an imbalance between the representatives of
resident microflora of the gingival groove biofilm with
increased multiplication of specific facultative species
of microorganisms. In addition, a stimulating effect of
stress hormones on the synthesis of adhesive parodon-
topathogens has been established, which accelerates
the formation of dental biofilm.

The most common periodontopathogenic micro-
organisms are Porphyromonas gingivalis (P. gingi-
valis), Tanerella forsythia (T. forsythia), Prevotella in-
termedia (P. intermedia), Aggregatibacter actinomy-
cetemcomitans (A. actinomycetemcomitans) [21-24].

103

In response to the introduction of these bacteria, the
following are secreted: prostaglandin E (PGEi), inter-
leukin L, IL-6; matrix metalloproteinases (MMP), etc.
Also, these pathogens induce the release of cytokines,
which in combination with their virulence factors cause
chronic systemic inflammation and subsequently af-
fect neural function and alter the permeability of the
blood-brain barrier [25]. In addition, the complement
system will be activated, which leads to bacterial op-
sonisation.

Cytokines and other inflammatory mediators act
as strong activators of the central stress response.
Under their influence, glucocorticoids are released,
which can regulate the recruitment of immune cells to
inflamed tissues to help the body cope with psycho-
logical stress. Thereis anincrease in pro-inflammatory
cytokines, IL-1a, IL-1B, IL-6, IL-17, IL-10, tumour necro-
sis factor (TNF)-a and decreased expression of regen-
erative factors including basic fibroblast growth factor
in serum and gingival sulcus [26-28]. There is an im-
balance of cytokine such as IL-1B, which deregulates
host response as well as resistance to pathogens, ex-
acerbating the damage in chronic periodontal tissue
lesions [29; 30].
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Fig. 1. Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Flow diagram
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Also in patients with psychosomatic diseases there
is stimulation of the hypothalamic-pituitary adrenal ad-
renal system by cytokines [31; 32]. There have been
studies that have shown that in the gingival sulcus of
patients with psychological illnesses there are changes
in the growth of 43 microorganisms, especially the loca-
lised immune response is directed towards P. Gingivalis.
Microorganisms have the ability to recognise hormones
within the host and use them to adapt to their environ-
ment [33]. Psychological stress is known to increase
circulating levels of the hormones catecholamines,
noradrenaline and adrenaline, which have been shown
to be able to act as environmental signals to alter the
growth of individual organisms in subgingival biofilms
such as Fusobacterium nucleatum, Prevotella spp, Po-
rhyromonas spp., Tanerella forsythia and Propionibac-
terium acnes, and can increase the expression of viru-
lence genes such as Clostridium perfringens, Porphy-
romonas gingivalis and Brachyspira pilosicoli [34; 35].

These hormones can exert their effects on subgin-
gival organisms by initiating the production of autoindu-
cers or simply by acting siderophore, scavenging bound
iron from the local environment, thereby increasing the
virulence of microorganisms. For example, P. gingivalis
has been observed to express genes related to iron ac-
quisition (hmuR), oxidative stress (tpx, oxyR, dps, sodB
and aphC) and pathogenesis (hem, hagA and ragA)
upon exposure to adrenaline and noradrenaline [36]. For
example, the Dps protein contains a ferroxidase centre
and protects bacteria from damage by reactive oxygen
species [37]. In many bacteria, OxyR acts as a transcrip-
tional regulator that facilitates infection by degrading hy-
drogen peroxide (H.O,) generated by the host defence
response [38; 39]. This gene increases the resistance
of cells to reactive oxygen species (ROS) by increasing
their perception of their environment and maintaining
their oxidative phosphorylation at a reasonable level to
avoid overproduction of endogenous ROS [40]. RagB
has been linked to the virulence of P. gingivalis, promo-
ting efficient growth, development of subcutaneous
lesions and invasion of epithelial cells [41].

Possible that autoinducer mechanisms may play an
important role in the response of oral microorganisms
to stress hormones, thereby contributing to the clinical
course of stress-associated periodontal diseases [42].
A study was conducted and observed a positive ef-
fect of catecholamine growth in Actinomyces naes-
lundii (+49.4%), Actinomyces gerenscseriae (+57.2%),
Eikenella corrodens (+143.3%) and Campylobacter
gracilis (+79.9%). Inhibitory effects were also observed
for Porphyromonas gingivalis (-11.9%) and Bacteroides
forsythus (-22.2%) [43].

Patients with psychosomatic diseases, first of all,
have reduced salivary secretion, which accelerates the
formation of dental plaque, as well as neurotransmitters
and neuropeptides, neuroendocrine substances that
can simulate the immune response to bacteria. Chan-
ges in saliva pH and secretory IgA release occur, IL-1
levels increase and oral hygiene quality decreases [44].

An experiment was conducted in which an increase
in saliva cortisol levels, which is responsible for main-

dHdodoHmus
————TLT

B nomowb npakTnyeckomy Bpady / To help a practitioner

taining the homeostasis of the organism, was also
proved [28; 45-47]. One experiment revealed that pro-
longed high levels of cortisol can reduce the activity of
immune cells by altering the balance of T-helper and
T-suppressor lymphocytes and changing the functio-
ning of Natural Killer cells [48]. In addition, increased
cortisol may possibly favour surface translocation of
P. gingivalis [49; 50].

Consequently, chronic psychosomatic illnesses
may indirectly contribute to the onset and worsening
of microbial infection and may increase pro-inflamma-
tory cytokines, in turn causing mild chronic inflamma-
tion [51; 52]. It is also possible to detect other stress
markers in saliva: chromogranin A, a-amylase and
B-endorphin [53-55]. It is important to highlight that
patients with psychiatric disorders have been found
to have increased amounts of neuropeptides such as:
neuropeptide Y (NPY), substance P, intestinal vasoac-
tive polypeptide (VIP), calcitonin gene-related peptide
(CGPR), insulin-like growth factor-2 (IGF-2) [56]. Many
studies have shown a positive relationship between clin-
ical measurements of SP and NKA, demonstrating their
influence on the severity of periodontal disease. Howe-
ver, anti-inflammatory neuropeptides such as NPY play
an important role in maintaining periodontal health. VIP
is a macrophage deactivating factor that prevents the
overproduction of pro-inflammatory factors and inhibits
lipopolysaccharide (LPS)-induced TNF-aq, IL-6 and IL-12
production in activated macrophages [57]. This shows
that SP and VIP play an antagonistic role in periodontal
inflammation, but in patients with psychosomatic disea-
ses, the balance between pro- and anti-inflammatory
neuropeptides is disturbed, leading to the progression
of periodontal inflammation.

CONCLUSION

In this article, various studies have been cited and
analysed on the effect of psychosomatic diseases and
constant stress on increasing the virulence of periodon-
topathogenic microorganisms. Most studies show that
periodontitis is associated with neurogenic inflammation.

After studies, it was found out that psychosomatic
diseases, for example, gastrointestinal disorders, can
cause inflammatory periodontal diseases [58]. Under
the influence of stress factors, proinflammatory cy-
tokines are released, which disturb the balance of gin-
gival sulcus microflora, which, in turn, creates a favou-
rable environment for the growth of many types of pe-
riodontopathogenic microorganisms.

Also, patients with psychosomatic disorders have
increased blood levels of catecholamines. Individual
organisms from different microbial complexes differ
in their in vitro growth responses to noradrenaline and
adrenaline. In addition, catecholamines can increase
the virulence of bacteria such as P. Gingivalis, which
play a leading role in the pathogenesis of periodontitis.
Such variations may affect the composition of the sub-
gingival biofilm in vivo in response to stress-induced
changes in local catecholamine levels and play a signifi-
cant role in the etiology and pathogenesis of periodon-
tal disease [43].
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Abstract

AIM. Removable partial dentures (RPDs) are commonly used to restore function and aesthetics in partially
edentulous patients. However, their impact on the periodontal health of abutment teeth remains a concern.
This systematic review aimed to assess the periodontal outcomes associated with the use of RPDs, focusing
on parameters such as probing depth (PD), gingival index (Gl), plaque index (Pl), and tooth mobility (TM).
MATERIALS AND METHODS. A systematic search was conducted across multiple databases, including
PubMed, Scopus, and Web of Science, to identify studies published from 2000 to 2024. The selection
criteria included studies that evaluated periodontal health in patients using RPDs, with a minimum follow-up
period of 6 months. Data extraction focused on changes in PD, Gl, Pl, and TM before and after RPD use. The
methodological quality of the included studies was assessed using standard criteria.

RESULTS. A total of n = 17 studies were included in this review, encompassing 980 patients. The majority of
studies reported an increase in PD and Pl in abutment teeth post-RPD insertion, with significant deterioration
observed in 12 studies. Gl was also noted to worsen in 10 studies, indicating increased gingival inflammation.
TM increased in several studies, particularly in those with longer follow-up periods. The findings suggest that
RPDs contribute to a decline in periodontal health, particularly in abutment teeth.

CONCLUSIONS. The use of RPDs is associated with adverse periodontal changes in abutment teeth, in-
cluding increased PD, PI, Gl, and TM. These findings underscore the importance of regular periodontal
maintenance and careful prosthetic design to mitigate the negative impact of RPDs on periodontal health.
Keywords: removable partial dentures, periodontal health, probing depth, plaque index, gingival index, tooth
mobility
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Pe3iome
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TUKM Y MALUNEHTOB C YacTUYHOM yTpaTon 3y6os. OgHaKo X BIMSHUE Ha NapoAOHTaIbHOE 3[0POBbE OMOPHbIX
3y60B BbI3blBaEeT 6€CNOKONCTBO. Lienbio 4aHHOro cucteMaTnyeckoro 063opa Ob110 OLLEHUTL MAPOAOHTANbHbIE
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M3MEHEHUS, CBsI3aHHble C ncnonb3oBaHnemM CHI, ¢ akLeHTOM Ha Takue napameTpsl, kak rnybuHa 30HANPO-
BaHusa (PD), nhpekc gecet (Gl), nHoekc 3ybHoro Haneta (Pl) u noaBmxHocTb 3y6oB (TM).

MATEPUAbI U METObIl. CuctemaTtmnyeckmini nonck nposogusncsa B 6asax gaHHolx PubMed, Scopus n Web
of Science gns BbisBNeHus nccnegosaHuin, onybnmkoaHHblix ¢ 2000 no 2024 r. Kputepum BKIIOYEHUS BKIIO-
yanu uccnenoBaHus, OLEeHMBaoLMe NapoaoHTalbHOE 3[40PO0BbLE Y NaLUNeHTOB, ncnonbayowmx CHI, ¢ mnu-
HUManbHbBIM NeprUoaoM HabnaeHns B 6 Mecaues. MI3aBneyeHne gaHHbIX GOKYCUPOBaNoCh HA N3MEHEHUSX
PD, GI, Pl u TM po n nocne ncnonb3dosanus CHlMN. MeToaonormieckoe Ka4eCcTBO BKIIOYEHHbIX UCCeaoBaHni
OLLEHMBAIOCh C MCMOIb30BAHMEM CTaHOAPTHbBIX KOUTEPUEB.

PE3YJIbTATbI. B 0630p 6b110 BkNtoYeHO 17 nccnepoBanuii (n = 980 naumneHToB). BonbLIMHCTBO nccnenoBa-
HUI nokasanu ysenndeHue PD n Pl y onopHbix 3y6oB nocne yctaHoBku CHI, npy 3TOM 3Ha4YnTENIbHOE YXY -
LeHne Oblno oTMedeHo B 12 nccneposanusx. Gl Takxe yxyawmncs B 10 uccnenoBaHusx, 4To ykas3biBaeT Ha
ycuneHne BocnaneHns necex. Ygenndedne TM Habnoganock B HECKOIbKMX MCCNEOBAHMSAX, 0OCOBEHHO Npu
Oonee onuTenbHbIX Nepuogax HabnwaeHus. MNMonyyeHHble AaHHbIE CBMAETENbCTBYIOT O TOM, YTO UCMOJIb30-
BaHne CHIN NnprMBOAUT K yXyOLIEHMIO NApOAOHTAIbHOIO 34,0P0Bbsl, 0COBEHHO Y ONOPHbLIX 3yOOB.

BbIBOAbI. icnonb3oBaHue CHIN cBA3aHO C HEraTUBHbIMU NAPOAOHTaIbHBIMU M3MEHEHUSIMU Y OMNOPHbIX 3Y-
608, Bko4vasa ysenundenme PD, Pl, Gl u TM. 3Tu pe3dynbraTbl NOAYEPKMBAIOT BAXHOCTb PErynspHoOro napo-
OOHTaNbHOrO YX04a U TWaTeNbHOro NPOTe3HOro AndanHa aAns MUMHUMMU3aunn HeratTuBHoro BansHus CHI Ha
napoaoHTasibHOE 300POBbLE.

KnioueBble cnoBa: CbeMHbI€ YaCTUYHbIE NMPOTE3bI, NAPOA0OHTaNIbHOE 300PO0BbLE, FJ'Iy6VIHa 30HAMPOBaAHUSA, NH-
AeKC HaneTa, MHAeKC AeceH, NnoaABMXHOCTb 3y603

UHdopmauuma o ctatbe: noctynuna — 02.11.2024; ncnpasneHa — 05.01.2025; npunara — 06.01.2025
KoH)AUKT nHTepecoB: aBTOPbI CO0OLLLA0T 06 OTCYTCTBUM KOHMINKTA UHTEPECOB.
bnaropaapHocTu: GUHAHCUPOBaHNE N UHAMBMAYaNbHbIE O/1arofapHOCTY 419 AeKNapupoBaHUsS OTCYTCTBYIOT.

Ana yutuposanua: Kaptnkpaax C.M., Jaw K.C., lagagx M., Natune [., LLennon M.M., Aanage ., LLlensun C.,
Matxyp A. BnmsiHne CbeMHbIX HaCTUYHbIX NPOTE30B Ha NaPOAOHTaJIbHOE 340PO0OBbE OMNOPHbIX U HEOMOPHbIX 3Yy-

00B: cucTemaTudeckmin 063op. SHAoAoHTUS Today. 2025;23(1):109-120. https://doi.org/10.36377/ET-0062

INTRODUCTION
Removable partial dentures (RPDs) are a widely
used prosthetic solution for the rehabilitation of partially
edentulous patients, providing an affordable and non-
invasive option for restoring function, aesthetics, and
speech [1-3]. Despite their advantages, the long-term
impact of RPDs on the periodontal health of both abut-
ment and non-abutment teeth has been a subject of on-
going debate within the dental community. The biome-
chanical forces exerted by RPDs, coupled with potential
alterations in the oral environment, may predispose the
supporting structures to periodontal disease, a condi-
tion that can significantly compromise the longevity and
effectiveness of the prosthetic treatment [4; 5].
Abutment teeth, which are crucial in providing sup-
port and retention for RPDs, are often subjected to
increased stress and plaque accumulation due to the
design of clasps, connectors, and other components
of the denture [6; 7]. This increased stress can poten-
tially lead to changes in gingival inflammation, PD, and
CAL [8-10]. The occlusal forces transmitted through
the RPDs may exacerbate these conditions, leading to
a higher risk of periodontal breakdown around the abut-
ment teeth compared to non-abutment teeth.
Non-abutmentteeth, while not directlyinvolvedinthe
support of the denture, may also experience changes in
periodontal health due to altered oral hygiene practic-
es and shifts in the microbial environment [11; 12]. The
coverage of the gingival margins by the denture base
may impede proper oral hygiene, contributing to plaque
accumulation and subsequent periodontal disease.
Various studies have attempted to evaluate the im-
pact of RPDs on the health of the periodontal tissues of
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the abutment as well as non-abutment teeth. The pa-
rameters employed across these studies include gin-
gival index (Gl), plaque index (PI), bleeding on probing
(BOP), pocket depth (PD), gingival recession (GR), clini-
cal attachment loss (CAL) and tooth mobility (TM) [13].

AIM

The objective of this systematic review is to compre-
hensively evaluate the existing literature on the impact
of RPDs on the periodontal health of both abutment and
non-abutment teeth. By synthesizing data from various
studies, this review aims to provide a clearer under-
standing of the potential risks associated with RPDs and
to offer insights into how these risks can be mitigated
through improved denture design, patient education,
and maintenance protocols.

MATERIALS AND METHODS

Search Strategy

The systematic review was conducted and reported in
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guide-
lines. A systematic search was conducted across multiple
electronic databases, including PubMed, Scopus, Web of
Science, and Google Scholar, to identify relevant studies
published in the English language between January 2000
and July 2024. The search terms used included combina-
tions of the following keywords: “removable partial den-
tures”, “periodontal health”, “abutment teeth”, “non-abut-
ment teeth”, “gingival inflammation”, “CAL”, and “plaque
accumulation” with Boolean operators (AND, OR). The
reference lists of included studies were also manually
screened to identify additional relevant articles.
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Inclusion and Exclusion Criteria

Studies were included in the review if they met the
following criteria:

— Population: Adult patients with partially edentulous
arches rehabilitated using RPDs;

— Intervention: Use of removable partial dentures;

— Comparison: Periodontal health outcomes in abut-
ment and non-abutment teeth;

— Outcomes: Gingival inflammation, PD, CAL, and
plaque accumulation;

— Study Design: Randomized controlled trials (RCTs),
cohort studies, case-control studies, and Cross-sec-
tional studies.

Studies with full text not available in English lan-
guage or involving patients with systemic conditions
affecting periodontal health were excluded from the
review. Case reports, reviews, and studies with insuf-
ficient data /ambiguity on periodontal outcomes were
also excluded.

Data Extraction and Synthesis

Data extraction was performed independently by
two teams of reviewers using a pre-standardized data
extraction form. The extracted data included study
characteristics (author, year, country), study design,
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sample size, participant demographics, type of RPDs
used, duration of follow-up, and periodontal health out-
comes for both abutment and non-abutment teeth. Any
discrepancies between the reviewers were resolved
through discussion and mutual agreement or by con-
sulting a senior reviewer. A qualitative synthesis of the
included studies was performed, summarizing the fin-
dings in a narrative format.

The quality of the included studies was assessed
using the JBI tool for critical appraisal of analytical
cross-sectional studies.

RESULTS

Study Selection and Characteristics

A total of 19 studies that investigated the impact of
RPDs on the periodontal health of both abutment and
non-abutment teeth were included in the final data
analysis of the present systematic review [14-32]. The
PRISMA flow diagram indicates the study selection pro-
cess (Fig. 1). The data extracted from these studies re-
lated to their study designs, populations, and methods
issummarized in Table 1. The studies were conducted in
various countries, including Germany, Belgium, Croatia,
Japan, Brazil, Iraq, Kosovo, Pakistan, and India, repre-
senting a diverse sample population.

—

Records identified through .| Total records identified after | Additional records identified through
_5 database searching (n = 508) | initial search (n = 530) | other sources (n = 22)
= # Records excluded: (n = 220)
g »{ Titles clearly indicating the unfulfillment
; v of inclusion and exclusion criteria
# Records after duplicates
— removed and titles screened:
(n=310)
2 # Records excluded: (n=171)
'GE) Titles indicating one of the following:
o »| — Studies not conducted on RPDs;
8 — Study not assessing periodontal
parameters
v
— # Abstracts screened
for eligibility: (n = 139)
# Records excluded: (n = 95)
Abstracts indicating one of the following:
— — Studies not conducted on RPDs;
= Study not assessing periodontal
> 7| parameters;
% — Studies with inappropriate population
S variables;
] — Study with inappropriate study group
4
- # Full-text articles assessed
for eligibility: (n = 144)
# Full-text articles excluded: (n = 25)
= | — Irrelevant outcomes (n = 11);
g | - Inadequate/ambiguous data (n = 8);
=) — Non-English studies (n = 6)
o v
- # Articles included in final
qualitative synthesis: (n = 19)

Fig. 1. Study Selection Process
Puc. 1. MNpouecc ot6opa nccnenoBaHum
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Table 1. Characteristics of the study designs included in the present systematic review
Ta6nuua 1. XapakTepucTmnkn An3aiHOB UCCNe0BaHUN, BKJIIOYEHHbIX B IAHHbIN CMCTEMAaTUYECKN 0630p
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Gender Type Duration
Sr.| Authors, | ¢ ry| Study | Sample |, . | pistri- | ofRPDs | RPD Details |of Follow-|P2rameters
No. Year Design Size . Assessed
bution Used up
1 |Kernetal.,, | Germany | Follow-up |74 pts with Adult Not CCRDs, Claspson 10yrs PD, BOP,
2001 [14] Study 101 den- specified| Clasp-re- molars, conical PTV
tures tained RPDs, | crowns on ante-
Combination rior teeth
of CCRDs
and RPDs
2 |Vanzeveren | Belgium | Longitudi- | 30pts |[36-74yrs, 19, Cobalt- Occlusal rests, 2yrs Gl, PII,TM,
etal., 2002 nal Study avg 59.7 11 chromium | clasps for reten- AL, PD
[15] framework tion, saddles
RPDs with acrylic resin
teeth connected
by lingual bars
or plates
3 |Zlataric et Croatia Cross- 205pts | 38-89yrs| M:80, |VariedKenne-|Various maxillary| 1-10yrs Pl, GI, ClI,
al., 2002 sectional F: 125 | dyclassifica- | and mandibular PD, TM, GR
[16] tion, mucosa | designs, pre-
andtooth- |dominantly metal
supported frameworks
4 |Mineetal., Japan Cross- 38 pts Mean: M: 14, Unilater- Acrylic resin 12-65 Red
2009 [17] sectional 62.2 yrs, F: 24 |allydesigned| RPDs mostly, months complex
SD: 6.9 RPDs, Type | some with Type (Mean: bacteria, PI,
IV Gold, IV Gold and 28.3 Gl,PD, TM
Co-Crmetal,| Co-Crmetal months,
acrylic resin |frameworks. Dif-| SD: 14.2
ferentclaspand | months)
rest configura-
tions used
5 [Amaral Brazil | Longitudi-| 50 pts Average: M: 18, | Notspecified Divided into 1yr PI, GI, PD
etal., 2010 nal 45yrs F. 32 groups of direct
[18] retainers, indi-
rect retainers,
and control
teeth based on
their involve-
ment with den-
ture elements
6 |Dulaetal.,, | Kosovo Retro- |64 ptswith| 40-64yrs | M: 36, Clasp- 75 RPDs with 5yrs PI, Cl, BOP,
2015[19] spective | 91 RPDs F:. 28 retained and | clasp-retained, PD, GR, TM
Study attachment | 16 with attach-
RPDs ments
7 |Tadaetal., Japan | Practice- | 192 pts Median |38.5% M,| Clasp-re- | 304 new RPDs, 7yrs Survival
2015 [20] based age: 64 yrs| 61.5% F | tained RPDs | Kaplan—Meier of abut-
Cohort method ment teeth,
Study periodontal
maintenance
8 |Almeida Brazil Cross- 45 pts 20-75yrs Not Ackers’ Assessed RPD 2yrs PD, CAL,
etal., 2015 sectional specified| clasp, Bar hygiene with PI, GI, RPD
[21] clasp Tarbet Index, hygiene
type of clasp on
abutment teeth
9 |[Carreiro et Brazil Longi- 22pts |Meanage:|22.7% M,| Tooth-sup- Maxillary and 7yrs GR, PD,
al., 2016 tudinal 52.67yrs | 77.3% F | portedand mandibular BOP, Tooth
[22] Compara- tooth-muco- arches integrity
tive Study sa-supported
RPDs
10 |Costaetal.,| Brazil |Longitudi- 11 pts Mean age:| 100% F | Mandibular 3 bilateral, 6 months Microbial
2016 [23] nal Study 53.3yrs distal free- 8 unilateral genome
end RPDs counts, PD,
GR, BOP
11 |Fayyad Egypt Rando- 28 pts Not 35.7% M, Conven- Mandibular 1yr PD, Alveolar
etal., 2017 mized specified | 64.3% F | tionaland | Kennedy class| bone height
[24] Clinical Telescopic arches
Trial RPDs
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Table 1. (Eng) / Tabnuua 1. (OkoH4YaHue)

Gender Type Duration
Sr.| Authors, | o iy | Study | Sample |\, . | Distri- | ofRPDs | RPDDetails |of Follow- | 2rameters
No. Year Design Size . Assessed
bution Used up
12 |[Kazem Iraq Compara- 26 pts 30-59yrs | 38.5% F, RPDs Not specified 3-12 PI, GI, PD
etal., 2017 tive Study 61.5% M months
[25]
13 |Dulaetal., | Kosovo |Longitudi-| 107 pts | 33-80yrs | M: 58, Clasp- 87 clasp-re- 3 months |PLI, Cl, BOP,
2019 [26] nal F. 49 retained and | tained, 51 with PD, T™M
attachment attachments
RPDs
14 |Yadav et al., India Longitudi- 50 pts Not Not RPDs RPD for man- 2yrs PI, GI, CAL
2019 [27] nal specified |specified dibular first and
second molar
replacement
15 |Almeida Brazil | Longitudi- 14 pts | Mean age: M: 3 Mandibular |T-bar clasps with | 48 months | PI, BOP, PD,
etal., 2020 nal Study 66 yrs (£ | (21.4%), Kennedy |occlusal rests on GR, CAL,
[28] 7.8) F: 11 Class | RPDs | mesial surfaces, KM
(78.6%) lingual plate or
lingual bar con-
nectors
16 |Shafig Pakistan | Descrip- | 65abut- | Meanage: |M: 52.3%, ARPDs Castmetalalloy | 60days | CAL, TM, Gl
etal., 2022 tive Case ments  [49.22+6.64| F: 47.7% (Co/Cr) clasp
[29] Series yrs assembly, full
coverage acrylic
lingual plate,
and palatal
plate/strap ma-
jor connectors
17 |Bukleta Kosovo | Prospec- 40 pts 45-65yrs | M: 40%, ARPDs, ARPD: Acrylic | 12 months | MPD, MAL,
etal., 2023 tive Clini- F: 60% MRPDs base, MRPD: PLAQ, BOP,
[30] cal Study Metallic frame- CRP, ALP,
work MOB
18 |Hussain Pakistan | Quasi-ex- 90 pts 20-40yrs |M: 43.3%, ARPDs Specific design | 30 days PI, GI, PPD
etal., 2024 perimental F: 56.6% used at AFID
[31] study
19 |Ullah etal., | Pakistan Cross- 145pts | 40-64 yrs | M: 36%, RPDs Specific design | 6 months PD,T™M
2024 [32] sectional F: 28% used at Bacha
study Khan Medical
College

Abbreviations: PD: Probing Depth; BOP: Bleeding on Probing; PTV: Periotest Values; Gl: Gingival Index; PI I: Plaque Index;
TM: Tooth Mobility; AL: Attachment Level; Pl: Plaque Index; ClI: Clinical Index; GR: Gingival Recession; CAL: Clinical Attachment
Level; RPD: Removable Partial Denture; CCRD: Conical Crown-Retained Denture; M: Male; F: Female; ARPD: Acrylic Removable
Partial Denture; MRPD: Metallic Removable Partial Denture; MPD: Mean Probing Depth; MAL: Mean Attachment Level; PLAQ:
Plaque; CRP: C-Reactive Protein; ALP: Alkaline Phosphatase; MOB: Mobility; PPD: Probing Pocket Depth

The sample sizes of the included studies ranged
from 11 to 205 participants, with ages varying be-
tween 20 and 89 years. The studies employed various
research designs, including 5 cross-sectional stu-
dies, 6 longitudinal studies, 2 retrospective studies,
3 prospective clinical studies, 1 practice-based co-
hort study, and 2 randomized clinical trials. The types
of RPDs examined included both acrylic and metallic
frameworks, with different designs such as clasp-re-
tained, attachment-retained, and conical crown-re-
tained dentures (CCRDs).

The following text provides a brief account of the
outcomes reported by the various studies included in
the present systematic review. An overall presentation
of these outcomes is tabularized in Table 2.

Impact on Abutment Teeth

Probing Depth: Except for one study, 13 out of the
14 studies that assessed PD reported a significant in-
crease in probing depth in abutment teeth after RPD
insertion. For instance, Kern et al. reported an increase
in mesial probing depth from 2.7 mm to 3.1 mm over
a 10-year period [14], and Vanzeveren et al. observed an
increase from 2.2 mm to 2.7 mm over 2 years [15].

Plaque Index: 12 of the 13 studies that measured
Pl noted a significant increase in plaque accumulation
around abutment teeth post-RPD use. Hussain et al., for
example, documented arise in Pl from 0.39 to 1.21 within
30 days of RPD use, [31] while Mine et al. recorded an
increase from 1.2 to 2.0 over a mean follow-up period of
28.3 months [17].
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Table 2. Characteristics of the outcomes of the studies included in the present systematic review

Tabnuua.2. XapakTepncTnkn pedynstaTtoB UCCEA0BAHMN, BKITIOYEHHbIX B AAHHbI CUCTEMATUYECKUIA 0030p

S.e- Author (s) Baseline After RPD Use — Baseline After RPD Use — -
rial and Year Abutment Abutment Teeth Non-Abutment | Non-Abutment Key Findings
No. Teeth Teeth Teeth
1 |Kernetal, PD Mesial: PD Mesial: PD Mesial: PD Mesial: Increased PD and PTV over 10 yrs; more
2001 [14] 2.8 mm, 3.1 mm, 2.8 mm, 2.8 mm, pronounced in abutment teeth than in
PD Distal: PD Distal: PD Distal: PD Distal: non-abutment teeth. Higher extraction
2.7 mm, PTV: 3.0mm, 2.7 mm, 2.7mm, rates in abutment teeth (26.4%) com-
10.6 PTV: 13.1 PTV: 10.6 PTV: 11.7 pared to non-abutment teeth (14.2%)
2 |Vanzeveren |Gl: 1.2, PII: 1.4,| GI:2.1,PII: 2.0, | Gl: 1.1,PIl: 1.2, Gl: 1.8, PI1l: 1.7, | No significant long-term changes in TM;
etal., 2002 PD:2.2mm PD: 2.7 mm PD: 2.0 mm PD:2.5mm Periodontal health influenced by RPD
[15] use, especially noticeable in non-abut-
ment teeth regarding PD and AL
3 |Zlataric PI:1.2,Gl: 1.4, | Pl:2.0,Gl: 2.2, PI: 1.0, Gl: 1.2, Pl: 1.5, Gl: 1.8, | Significant periodontal health impact on
etal., 2002 PD: 1.8 mm, PD: 2.4 mm, PD: 1.6 mm, PD: 2.0 mm, abutment teeth compared to non-abut-
[16] TM: 0.5 mm, TM: 1.0 mm, TM: 0.3 mm, TM: 0.7 mm, ment teeth; design and maintenance of
GR:0.5mm GR: 1.0 mm GR: 0.3 mm GR: 0.6 mm RPD crucial for periodontal health
4 |Mineetal., | P:1.2,Gl: 1.4, | Pl.2.0,Gl: 2.2, PI: 1.0, Gl: 1.2, PI: 1.5, Gl: 1.8, Abutment teeth showed significantly
2009 [17] PD: 2.0 mm, PD: 2.5 mm, PD: 1.8 mm, PD: 2.2 mm, higher PI, GI, TM, and red complex pres-
TM: 0.5mm TM: 1.0 mm TM: 0.4 mm TM: 0.8 mm ence compared to non-abutment teeth.
Regular oral maintenance identified as
crucial for managing microbiological
risks associated with periodontitis in
RPD wearers
5 |Amaral PI: 1.5,Gl: 1.8, | Pl:2.3,Gl: 2.5, PI: 1.3, Gl: 1.5, PI: 1.8, Gl: 2.0, Teeth involved in RPDs demonstrated
etal., 2010 PD:2.2mm PD: 3.0 mm PD: 2.0 mm PD:2.5mm more periodontal issues. Pl signifi-
[18] cantly increased over the year across
all groups. No significant differences in
periodontal conditions but notable dif-
ferences in Plamong the groups
6 |Dulaetal., Pl: Higherin No significant Not Assessed Not Assessed RPD with clasp increased levels of gin-
2015 [19] clasp-retained | difference in peri- gival inflammation in regions covered by
odontal parame- the dentures and below the clasp arms
ters between RPD in abutment teeth. Regular maintenance
designs except and proper design can prevent peri-
GR-indexwhich odontal diseases of abutment teeth
was significantly
higherin clasp-
retained RPDs
7 |Tadaetal., 3-6M group: 3-6M group: 1Y group: 7-year | 1Y group: 7-year Frequent periodontal maintenance
2015 [20] 7-year 7-year cumulative cumulative (every 3—6 months) had the most favora-
cumulative cumulative survival rate: survival rate: ble outcome for abutment tooth survival.
survival rate: survival rate: 75.5% 75.5% The no-maintenance group had the
83.7% 83.7% poorest outcome
8 |Almeida PD: 3.53 mm, PD: 3.53 mm, PD: 3.08 mm, PD: 3.08 mm, Higher PD and CAL in abutment teeth
etal., 2015 | CAL: 1.31 mm, | CAL: 1.31 mm, CAL: 1.08 mm, CAL: 1.08 mm, | compared to non-abutment teeth. Most
[21] PI:2.0,Gl: 2.2 | PI:2.0,Gl:2.2 PI:1.8,Gl: 2.0 PI: 1.8, Gl: 2.0 prostheses showed poor hygiene and
high plaque levels. No significant differ-
ence in periodontal status of abutment
vs. non-abutment teeth due to RPD use
9 |Carreiro GR: Direct GR: Direct abut- GR: Control: GR: Control: RPDs caused more periodontal dam-
etal., 2016 abutment: ment: 0.83 mm, 0.00 mm 0.33mm age to direct abutments compared to
[22] 0.42 mm, Indi- Indirect abut- indirect abutments and non-abutments.
rectabutment: | ment: 0.59 mm Significantincrease in GR and PD was
0.59 mm observed
10 |Costaetal.,| PD: 1-3mm, PD: 2-3 mm, Not specified Not specified Both total and individual microbial counts
2016 [23] GR: Minimal GR: 1.3 mm significantly increased after 6 months.
GRincreased in abutment teeth
11 |Fayyad et PD: Group I: PD: Group I: Not applicable Not applicable Telescopic RPDs showed more gin-
al., 2017 8.62 mm, 9.20 mm, gival inflammation and increased PD
[24] Group Il: Group II: compared to conventional RPDs. Bone
7.02mm 10.52 mm loss was minimal and not statistically
significant
12 |Kazem et Pl: Control: Pl: Study group: PD: Control: PD: Study group: Significantincrease in Pl for RPD
al., 2017 1.06 1.66 0.02mm 0.05mm wearers compared to non-wearers.
[25] No significant differences in Gl and PD
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Table 2. (Eng) / Ta6nuua 2. (OkoH4aHMe)

S_e- Author (s) Baseline After RPD Use — Baseline After RPD Use — .
rial and Year Abutment Abutment Teeth Non-Abutment | Non-Abutment Key Findings
No. Teeth Teeth Teeth
13 |Dulaetal.,, |PLI:0.07+0.26| PLI: 1.20+0.46 | PLI:0.06+0.24 PLI: 0.75+0.64 | Significant differences in PLI, BOP, and
2019 [26] PD between abutment and non-abut-
ment teeth after 3 months of RPD wear.
No significant differences in TM and ClI.
Regular maintenance and good oral
hygiene are crucial for preventing peri-
odontal diseases in RPD wearers
14 |Yadavetal,, Pl: 1.61 PI: 1.29 Gl: 1.48 Gl: 1.37 Improper oral hygiene led to significant
2019 [27] increases in Pland CAL in RPD group
compared to control. Non-significant
differences in Gl were observed be-
tween RPD and control groups
15 |Almeida Pl: Direct PI: Direct Not applicable Not applicable Non-surgical periodontal therapy was
etal., 2020 abutment: abutment: effective during the first 18 months, but
[28] 87.5%, Indirect | 56.25%, Indirect periodontal conditions worsened by
abutment: abutment: 48 months. Distal sites of abutment teeth
79.17% 53.13% with direct retainers presented the worst
periodontal conditions
16 |Shafiq CAL: 1.55mm | CAL: 1.72mm Not applicable Not applicable | Statistically insignificant effects on CAL
etal., 2022 on 30™ day, and Gl. TM increased slightly on 30" day
[29] 1.71 mm but returned to normal by 60™ day.
on 60" day Regular recall visits and proper denture
hygiene are critical for maintaining peri-
odontal health
17 |Bukleta MPD: 0.195 MPD: 0.225 MPD: 0.360 MPD: 0.490 MRPDs had higher PLAQ scores com-
etal., 2023 | (MRPD), 0.185 | (MRPD), 0.240 (MRPD), 0.350 (MRPD), 0.505 | pared to ARPDs. ARPD users had higher
[30] (ARPD) (ARPD) (ARPD) (ARPD) BOP values. No significant differences
were found in mobility or biochemical
markers (CRP, ALP) between ARPD and
MRPD users. The study supports the use
of ARPDs as a temporary solution for up
to 1year
18 |Hussain PI: 0.39+0.03 | PI: 1.21£0.07 Not Assessed Not Assessed Significant worsening of gingival health
etal., 2024 and plaque index scores 30 days post-
[31] insertion of ARPDs. No significant differ-
ences were found between age, gender,
or smoking status groups
19 |Ullah etal., PD: Significant Not Assessed Not Assessed | Significantimpact on periodontal health
2024 [32] |0.28+0.04 mm, association was observed. The study suggests
T™: between PD and a link between probing depth and tooth
0.26+0.03mm | TM post-RPD mobility with RPD use, emphasizing the
use (p <0.05) importance of oral hygiene and proper
RPD design

Abbreviations: PD: Probing Depth; BOP: Bleeding on Probing; PTV: Periotest Values; Gl: Gingival Index; Pl I: Plaque Index;
TM: Tooth Mobility; AL: Attachment Level; PI: Plaque Index; Cl: Clinical Index; GR: Gingival Recession; CAL: Clinical Attachment
Level; RPD: Removable Partial Denture; CCRD: Conical Crown-Retained Denture; M: Male; F: Female; ARPD: Acrylic Removable
Partial Denture; MRPD: Metallic Removable Partial Denture; MPD: Mean Probing Depth; MAL: Mean Attachment Level; PLAQ:
Plaque; CRP: C-Reactive Protein; ALP: Alkaline Phosphatase; MOB: Mobility; PPD: Probing Pocket Depth

Gingival Index: 10 out of 11 studies that assessed Gl
reported a significant increase in gingival inflammation in
abutment teeth. Amaral et al. observed an increase in Gl
from 1.8 to 2.5 over one year, [18] while Hussain et al. re-
ported anincrease from 0.19 to 1.50 in just 30 days [31].

Bleeding on Probing: 8 of the 9 studies that evalua-
ted BOP showed increased BOP in abutment teeth post-
RPD use. Bukleta et al. found that acrylic RPD (ARPD)
users had higher BOP values (2.55) compared to metal-
lic RPD (MRPD) users (2.00), indicating a higher degree
of gingival inflammation in ARPD users [30].

Tooth mobility: 9 out of 10 studies that assessed TM
noted a significant increase in TM in abutment teeth as-
sociated with RPD use. Dula et al. reported increased
TM in patients with clasp-retained RPDs compared to
those with attachment-retained RPDs [19]. Ullah et al.
observed a significant correlation between increased
PD and TM in their study population [32].

Clinical Attachment Level: All 6 studies that measu-
red CAL reported an increase in CAL in abutment teeth.
Shafiq et al. documented a slight increase in CAL from
1.55 mm to 1.72 mm after 30 days of ARPD use [29],
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while Carreiro et al. observed more significant attach-
ment loss in direct abutment teeth compared to indirect
abutments and non-abutment teeth [17].

Gingival Recession: 4 out of 5 studies that assessed
GR reported increased GR in abutment teeth. Carreiro
et al. found that direct abutments experienced more
significant GR (from 0.42 mm to 0.83 mm) compared to
indirect abutments and non-abutment teeth [22].

Periotest Values: Kern et al. was the only study that
assessed PTV, reporting an increase from 10.6 to 13.1
over 10 years, indicating a deterioration in periodontal
support of abutment teeth [14].

Biochemical Markers and Microbial Assessments:
Both studies assessing CRP and ALP, including Bukleta
et al., found no significant differences between ARPD
and MRPD users. However, increased inflammatory
markers were noted overall in RPD users [30]. Costa
et al. and Mine et al. reported significant increases in
microbial counts, including red complex bacteria, asso-
ciated with increased periodontal inflammation in abut-
ment teeth post-RPD use [17; 23].

Comparison with Non-Abutment Teeth
Non-abutment teeth generally exhibited less in-
crease in probing depth compared to abutment teeth.
For example, Zlataric et al. reported a probing depth in-
crease from 1.6 mm to 2.0 mm in non-abutment teeth,
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which was less pronounced than the increase seen in
abutment teeth [16]. Non-abutment teeth consistently
showed lower plaque and gingival indices compared to
abutment teeth. Mine et al. recorded a Pl of 1.5 in non-
abutment teeth compared to 2.0 in abutment teeth,
demonstrating better periodontal health in non-abut-
ment teeth [17]. Studies generally reported no signifi-
cantincrease in TM in non-abutment teeth compared to
abutment teeth. For instance, Dula et al. found minimal
changes in TM in non-abutment teeth over 5 years [19].

Influence of RPD Design and Maintenance

The design and maintenance of RPDs were found
to be critical factors in determining the extent of peri-
odontal damage. Studies such as Dula et al. and Fayyad
et al. indicated that clasp-retained RPDs were associ-
ated with higher plaque accumulation, increased GR,
and greater TM compared to attachment-retained
RPDs [19; 24]. Tada et al. highlighted the importance of
regular periodontal maintenance, showing that patients
who received maintenance every 3—-6 months had sig-
nificantly better periodontal outcomes than those who
did not receive regular maintenance [20]. Bukleta et al.
compared ARPDs with MRPDs, finding that ARPD users
had higher BOP values, while MRPD users had higher
plague scores, suggesting that the material of the RPD
may influence specific periodontal parameters [30].

Table 3. Risk of bias of the included studies according to the JBI tool for cross-sectional studies

Ta6nuuya 3. OueHka pycka CMCTEMaTUYECKOM OLLIMOKN B BKJIIOYEHHbBIX MCCNIeA0BaHUSAX
cornacHo MHCTpymeHTy JBIl ang nonepeyHbix uccnegoBaHum

Were the | Were the . Were |Were stra- Was
e . Was the | Were objec- .
criteriafor| study . con- | tegiesto | Were the | appro-
L . . exposure (tive, standard . ol .
inclusion | subjects . foun- | dealwith [Outcomes| priate | Quality
. measured| criteria used . . .
Author (s) and Year in the and the . ding | confoun- measured| statis- | of Evi-
. validly |for measure- . . N
sample setting factors ding validly and| tical dence
. andre- | mentof the | . . . .
clearly |described liablv? condition? identi- | factors | reliably? |analysis
defined? | in detail? y? : fied? | stated? used?
Kern etal., 2001 [14] Yes Unclear Unclear Unclear No Yes Yes Yes |Moderate
Vanzeveren etal., 2002 [15] Yes Yes Yes Yes Yes Yes Yes Yes High
Zlataric etal., 2002 [16] Yes Yes Yes Yes Yes Yes Yes Yes High
Mine etal., 2009 [17] Yes Yes Yes Yes Yes Yes Yes Yes High
Amaral etal., 2010 [18] Yes Yes Yes Yes Yes Yes Yes Yes High
Dulaetal., 2015[19] Yes Yes Yes Yes Yes Yes Yes Yes High
Tadaetal., 2015 [20] Yes Yes Yes Yes No Yes Unclear Yes |Moderate
Almeida etal., 2015 [21] Yes Yes Yes Yes Yes Yes Yes Yes High
Carreiro etal., 2016 [22] Yes Yes Yes Yes Yes Yes Yes Yes High
Costaetal., 2016 [23] Yes Yes Yes Yes Yes Yes Yes Yes High
Fayyad etal., 2017 [24] Yes Yes Unclear Unclear No Yes Yes Yes |Moderate
Kazem etal., 2017 [25] Yes Yes Yes Yes Yes Yes Yes Unclear [Moderate
Dulaetal., 2019 [26] Yes Yes Unclear Unclear No Yes Yes Yes High
Yadav et al., 2019 [27] Yes Yes Yes Yes Yes Yes Yes Yes High
Almeida et al., 2020 [28] Yes Yes Unclear Unclear Yes Yes Yes Unclear [Moderate
Shafig et al., 2022 [29] Yes Yes Yes Yes Yes Yes Yes Yes High
Bukleta etal., 2023 [30] Yes Yes Yes Yes Yes Yes Yes Yes High
Hussain etal., 2024 [31] Yes Yes Yes Unclear Unclear Yes Yes Yes |Moderate
Ullah et al., 2024 [32] Yes Yes Unclear Unclear No Yes Unclear Yes Low
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Overall, findings of the present systematic review in-
dicated that RPDs, particularly clasp-retained designs,
were associated with adverse effects on the periodontal
health of abutment teeth, including increased probing
depth, plague and gingival indices, TM, and GR. Non-
abutment teeth generally fared better but were not im-
mune to the negative impacts of RPD use. The design of
the RPD and the frequency of periodontal maintenance
were critical in mitigating these adverse effects. Regular
maintenance, proper RPD design, and material selec-
tion are essential to minimizing the periodontal damage
associated with RPD use.

The risk of bias and quality of evidence for all the in-
cluded studies is provided in Table 3.

DISCUSSION

The findings of this systematic review revealed the
significant impact that RPDs can have on the periodon-
tal health of abutment teeth, which is a critical concern
in prosthodontic treatment. Across the studies re-
viewed, a consistent pattern emerged, highlighting the
detrimental effects of RPDs, particularly those retained
by clasps, on the periodontium. The increased plaque
accumulation, gingival inflammation, and probing depth
observed in abutment teeth compared to non-abutment
teeth is a recurring theme in the literature. These fin-
dings reflect the challenges posed by the mechanical
and biological interactions between RPDs and the oral
environment, emphasizing the need for meticulous de-
sign and maintenance of these prostheses.

One of the most striking outcomes was the increase
in PD and GR associated with RPD use. Studies such as
those by Kern et al. and Dula et al. reported significant
increases in PD and GR in abutment teeth over time,
with some studies observing these changes within just
a few months of RPD insertion [14; 19]. This suggests
that the design and maintenance of RPDs are crucial in
mitigating these adverse outcomes. The biomechani-
cal forces exerted by RPDs, particularly those with
clasps, appear to contribute to the deepening of perio-
dontal pockets and the recession of the gingiva, which
can compromise the long-term viability of abutment
teeth [5]. These findings align with previous research
indicating that the design and material of RPDs play
a pivotal role in determining their impact on periodontal
health [5; 9].

The review also highlighted the importance of regu-
lar maintenance and oral hygiene practices in patients
with RPDs. Tada et al. and Carreiro et al. both empha-
sized that frequent periodontal maintenance visits were
associated with better outcomes in terms of abutment
tooth survival and overall periodontal health [20; 22].
This finding underscores the necessity of patient edu-
cation and the implementation of rigorous maintenance
protocols to prevent the progression of periodontal
disease in RPD wearers. However, despite these mea-
sures, some studies, like those by Hussain et al., still re-
ported significant worsening of periodontal parameters
even with relatively short follow-up periods, indicating
that RPDs inherently pose a risk to periodontal health,
which can be difficult to completely mitigate [31].
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TM was another parameter that showed consider-
able variation across the studies. The findings from Ul-
lah et al. and Kazem et al. suggest that while some RPD
designs can lead to an increase in TM, this effect is not
uniformly observed across all studies or patient popula-
tions [25; 32]. Factors such as the duration of RPD use,
the design of the denture, and the type of abutment
teeth may influence the degree of mobility observed [7].
The variation in TM outcomes highlights the complex
interplay between RPD design and periodontal health,
suggesting that more refined design strategies may be
necessary to minimize this adverse effect. Additionally,
it was noted that non-abutment teeth were generally
less affected, though they were not entirely spared from
periodontal deterioration, particularly in the presence
of poor oral hygiene.

The review also brought to light the role of bio-
chemical markers, such as C-reactive protein and al-
kaline phosphatase, in monitoring the systemic effects
of RPDs. Although studies like Bukleta et al. did not
find significant differences in these markers between
different types of RPDs, the limited number of studies
assessing these biomarkers suggests that further re-
search is needed to fully understand the systemic im-
plications of RPD use [30]. These markers could poten-
tially serve as valuable tools for early detection of sys-
temic inflammatory responses in patients using RPDs,
aiding in the prevention of more severe periodontal and
systemic conditions.

Another key finding is the role of RPD design in in-
fluencing periodontal outcomes. Studies consistently
reported that RPDs with clasp retention were associ-
ated with worse periodontal outcomes compared to
those with attachment-based designs. For example,
Dula et al. found that RPDs with clasps led to higher
plaque indices, probing depths, and GR compared to
attachment-retained RPDs [19]. This suggests that
while clasps provide effective retention, they may do
so at the cost of increased periodontal stress, which
can exacerbate plaque accumulation and gingival in-
flammation [24; 31]. The mechanical irritation caused
by clasps, coupled with their tendency to trap plaque,
could explain the higher rates of periodontal complica-
tions associated with these designs.

The evidence from this review also points to the po-
tential for RPDs to cause more harm to abutment teeth
than non-abutment teeth. This differential impact un-
derscores the need for careful selection of abutment
teeth and the consideration of alternative prosthetic
options, such as fixed partial dentures or implant-sup-
ported prostheses, especially in patients with pre-exi-
sting periodontal issues. The higher extraction rates
observed in abutment teeth across several studies fur-
ther highlight the long-term risks associated with RPD
use, emphasizing the importance of thorough patient
assessment and tailored treatment planning [14-17].

Despite these insights, the systematic review also
revealed several limitations inherent in the studies re-
viewed. Many of the included studies were of cross-
sectional or retrospective design, which limits the abil-
ity to establish causal relationships between RPD use
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and periodontal outcomes. Additionally, the variation
in study designs, sample sizes, and follow-up periods
across the studies makes it challenging to draw defini-
tive conclusions. The heterogeneity in the types of RPDs
evaluated, ranging from acrylic to metallic frameworks
with various retention mechanisms, further complicates
comparisons between studies. Moreover, some studies
did not control for confounding factors such as smo-
king, systemic diseases, or variations in oral hygiene
practices, which could have influenced the outcomes.
The relatively short follow-up periods in some studies
also raise concerns about the long-term applicability of
the findings, as periodontal changes may become more
pronounced over time. Finally, the lack of standardized
reporting on key periodontal parameters across stu-
dies limits the ability to perform meta-analyses or more
sophisticated statistical comparisons.

Overall, while the findings of this systematic review
provide valuable insights into the impact of RPDs on
periodontal health, they also highlight the need for
more longitudinal studies with standardized metho-
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BKJIAQ ABTOPOB

C.M. KapTtukpapx — 3Ha4nTeNbHbIN BK1a, B KOHLENLWIO UM An3aliH CTaTbUW; NOAFOTOBKA TEKCTA CTATbU UK €€ KpUTUYe-
CKOe pepakTnpoBaHue and BaXHOro UHTenNneKTyaabHOro cogepxXxaHu4.

Ka6|/|p CymaH Aaw — 3Ha4YNTENbHbIN BKAa4, B KOHLENUMIO NN AU3aNH CTaTbW; NOAFOTOBKA TEKCTA CTaTb MU €€ KPUTU-
4yeckoe penakTmpoBaHMe Onga BaXHOro MHTeJIIEKTYasIbHOro coaep>XaHu4.

Maxew MapgapXx — 3Ha4MTENbHbIN BK1a, B KOHUENLUMIO NNU OM3aiH CTaTby; C60p, aHann3 nnn nHTepnpetTauna agaHHbIX ng
cTaTbn.

Aunnyaxxa MaTtunb — NOAroTOBKa TEKCTa CTaTbU UM €€ KPUTUYECKOe peaakTMpoBaHmMe O BaXHOro MHTENNeKTyalbHOro
cogepxaHus; yTBepxaeHue sepcumn ana nyénmkauum.

Madrew ManakaHpxe WeHHoI — cOop, aHann3 UM MHTepnpeTaumsa AaHHbIX 418 CTaTby; YTBEPXAEHE BepCcum ons ny-
onvkaumu.

Mpanuta Aanase — NOArOTOBKA TEKCTA CTATbM UM €€ KPUTUHECKOE pefakTUpoBaHme A9 BaXXHOro MHTEeNNeKTyanbHOro
coaepXaHud; yteepXxageHune sepcun anga ny6n|/||<au,|/||/|.

Cypeuw LLleHBu — c60p, aHaNU3 NN MHTEPNpPeTaLns AaHHbIX 419 CTaTbW; yTBEPXAEHNE BEPCUN ANs nybnukaumm.

AHkuTa MaTtxyp — NoAroToBka TEKCTA CTaTbM UMK €€ KPUTUYECKOE peaakTUPOBaHME AN BaXHOMO UHTENNEKTYaIbHOro
coaepxXxaHusi; yTBepxXaeHue Bepcun ans nyonmkaumm.
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Abstract

INTRODUCTION. Dental health is an integral part of the overall health of children. Dental morbidity in children
remains one of the pressing health problems. A feature of dental morbidity in children at the present stage
is the high prevalence of dental caries and its complications. Dental caries is a multifactorial disease and is
recorded in patients of any age. The prevalence of early childhood caries in children aged 6 months to 6 years
is an important social problem for health care worldwide. The study of dental morbidity in children is dictated
by the need to obtain information on their prevalence in all age groups.

AIM. To study the prevalence of dental caries in children of early and preschool age (from 1 year to 5 years)
based on data from preventive medical examinations of minors.

MATERIALS AND METHODS. An epidemiological survey of the child population was conducted as part of
preventive medical examinations of minors aged 1 to 5 years, clinical research methods were used, and all
results obtained were processed statistically.

RESULTS. Analysis of the prevalence of early childhood caries showed that this indicator increases as children
grow older. Using the Pearson x? criterion for contingency tables, a statistically significant relationship was
found between the prevalence of caries and the age group (% = 34.1, df = 4, p < 0.0001). Absolute indicators
of the prevalence of dental caries are higher in girls in all age groups and lower in boys. Statistically significant
differences in the prevalence of caries in boys and girls were observed only in the age group of 1 year
(¥*=31.45, df = 1, p < 0.0001) and 5 years (y*=4.61, df =1, p < 0.032). In the age groups of 2, 3, 4 years,
statistically significant differences in the prevalence of dental caries among boys and girls were not found.
CONCLUSIONS. The prevalence rate of dental caries in children aged 1 to 5 years increases as the child
grows older and does not tend to decrease. The absolute prevalence rate of dental caries is higher in girls in
all age groups and lower in boys. Statistically significant differences in the prevalence of dental caries in boys
and girls were observed in the age groups of 1 year and 5 years, this indicator is higher in girls than in boys.
In the age groups of 2, 3, 4 years, statistically significant differences in the prevalence of dental caries among
boys and girls were not found.
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PacnpocTpaHeHHOCTb Kapueca 3y60B y aeter
B Bo3pacTte oT 1 roga A0 S neT, npoXxusawuwmx B r. Mockse

O.M. AaeunpsaH (204, H.C. Tytypoe(, E.A. JlykbsiHOBa (2,

E. Oxpaxec(>, A. Hacaaun(>, H. A6gypasakoB

Poccuickinin ynmeepcuteT Apyxobl Hapoaos Mvenu MNatpuca Jlymym6ol (PYAH), Mocksa, Poccuiickaa deaepaums
< 0.m.davidjan@gmail.com

Pe3ioMe

BBEOEHWME. CTomaTonornyeckoe 340poBbe ABNSAETCH HEOTbEMJIEMOW COCTaBNAIOLLEN 00LLLEr0 300P0BbS Ae-
Ten. CTomartonoruyeckasi 3a60/1eBaeMOCTb [ETCKOr0 HACENEeHUA OCTAaeTCA OHOM U3 akTyasbHbIX NPobnem
34paBooxpaHeHnss. OCoO6EHHOCTbLIO CTOMATONOrM4eCckor 3a601EBAaEMOCTHM AETEN HA COBPEMEHHOM 3Tare sB-
NIeTCS BblCOKAs pacrnpoCcTPaHeHHOCTb kapueca 3yO60oB 1 ero 0cnoxHeHnin. Kapuec 3y60oB SABNSIeTCS MHOMO-
dakTopHbIM 3a60neBaHNEM N PEFMCTPUPYETCH Y NALMEHTOB NIOOOro Bo3pacTta. PacnpoCTpaHeEHHOCTb paHHe-
ro OeTcKoro kapmeca Bo3pacTta y AeTen B Bo3pacTe OT 6 mecsaueB A0 6 NeT ABNSeTCS BaXHOM CounanbHOM
npo6aemMon ona 30paBoOOXpPaHEHMs BCero mmpa. MayyeHme ctomaTonorn4yeckor 3aboneBaemMocTun y neTen
OUKTYeTCs He0OXOANMMOCTbIO NONYYEHUS CBEAEHMIN 00 MX PpacnpoCTPaAHEHHOCTN BO BCEX BO3PACTHbIX Fpynnax.
LLENb. N3yunTb pacnpocTpaHeHHOCTb Kapueca 3y60oB y AeTEN paHHEro U AOLWKONIbHOIo Bo3pacTa (0T 1 roga
[0 5 neT) Ha OCHOBE AaHHbIX NPOPUIAKTUYECKUX MEONLMNHCKNX OCMOTPOB HECOBEPLUEHHONETHUX.
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MATEPUAJbI N METO/ZbI. Bbino npoBeaeHo annaeMmnonornieckoe o6cnenoBaHne AeTCKOro HaceneHus B pam-
Kax NpodpuaaKkTMYeCKMX MeANLMHCKMX OCMOTPOB HECOBEPLLEHHONETHMX B BO3pacTe oT 1 roga Ao 5 net, uc-
NoNb30BaHbl KJIMHMYECKME METOAbI UCCNen0BaHNs, BCe NOyYeHHble pe3ynbTaTtbl 00pabdoTaHbl CTaTUCTUYECKM.
PE3YJIbTATbI. AHann3 pacnpoCcTpPaHEeHHOCTN paHHero AeTCKoro kapmeca nokasaln, 4To JaHHbI nokasaTesb
YBENIMYMBAETCS N0 Mepe B3pocsieHns aeteit. C noMoLubio kputepus x2 MupcoHa ans Tabnmu, ConpsixKeHHOCTH
NPM3HaKkoB Oblna BbIIBIEHA CTATUCTUYECKN 3HAYMMas CBS3b PaCNpOCTPaHEHHOCTU Kapueca 1 BO3PacTHOWN
rpynnsl (x* = 34,1, df =4, p < 0,0001). AGCONOTHLIE NOKa3aTENN PACMPOCTPAHEHHOCTU Kapueca 3y60B Bbille
Yy AEBOYEK BO BCEX BO3PACTHbIX FPYMNMax U HUXe y Manb4ynkoB. CTaTUCTUYECKN 3HAYMMbIE PA3IMYNS pacnpo-
CTPaHEHHOCTM Kapueca y MasibuvkoB 1 AeB0oYeK Habioaanmch TONLKO B Bo3pacTHoM rpynne 1 rog (2 = 31,45,
df=1, p<0,0001) n 5 net (y*=4,61, df =1, p < 0,032). B BO3paCTHbIX rpynnax ot 2, 3, 4 neT cTaTUCTUYECKN
3HAYMMBbIX PA3/INHUIA PacnpPoOCTPaHEHHOCTUN Kapueca 3y60B cpeam ManbinkoB N AEBOYEK HE BbISIBJIEHO.
BbIBOAbI. Moka3aTenb pacnpocTpaHeHHOCTN Kapueca 3y6oB y geten B Bo3pacTe oT 1 roga oo 5 net yse-
NNYMBAETCH NO Mepe B3pocsieHns pebeHka n He UMeeT TeHAEHUMN K CHMXEHMO. ADCONIOTHbLIN nokasaTtesb
pPacnpoCcTPaHEHHOCTUN Kapmeca BbllEe Y AEBOYEK BO BCEX BO3PACTHbLIX FPYMNMax n HUXe y Manbunkos. Ctatum-
CTMYECKM 3HaUYNMble pasnnymsa pacnpoCcTPaHeHHOCTM Kapneca y Masib4nKoB U AeBo4Yek Haboaanmnce B BO3-
pacTHbIX rpynnax 1 roga) v 5 neT, gaHHbIM NokasaTe b BbilE Yy AEBOYEK BbILLE, YEM Y MaNib4MKOB. B Bo3pacT-
HbIX rpynnax ot 2, 3, 4 n1eT cTaTUCTMYECKM 3Ha4YNMbIX PasnNymin pacrnpocTpaHeHHOCTU kapueca 3yOoB cpean
Mab4nkoB N AEBOYEK HE BbISIBJIEHO.

KnwueBble cnoBa: pacnpoCcTpPaHEeHHOCTb Kapueca, kapuec, paHHUn eTCKUin kapuec, Kapuec paHHero aet-
CKOro Bo3pacTta

UHdopmauuma o ctaTbe: noctynuna — 16.11.2024; ncnpasnena — 15.01.2025; npmnnara — 23.01.2025
KoH®AUKT nHTepecoB: aBTOPbl COOOLLAIOT 06 OTCYTCTBUMN KOHPNNKTA UHTEPECOB.
BnarogapHocTu: GHAHCUPOBAHWE U MHANBMAYaANbHbIE 611arofapHOCTY AN OEKNAPUPOBAHNSA OTCYTCTBYIOT.

Ana umtuposaunua: JasmasaH O.M., Tytypos H.C., NlykesiHoBa E.A., Ixxpaxec E., Hacaann A., Aboypa3sakos H.
PacnpocTpaHeHHOCTb kapueca 3y60oB y aetel B Bo3pacTte oT 1 roga o 5 net, npoxmsarowmx B . Mockse.

OHpopoHTMs Today. 2025;23(1):121-126. https://doi.org/10.36377/ET-0070

INTRODUCTION

Oral health is an integral part of children’s overall
health. Dental morbidity in the pediatric population re-
mains one of the pressing issues in healthcare. Over
the past decades, the study of the prevalence of dental
diseases in children has been a subject of scientific and
practical interest for healthcare administrators, pedia-
tricians, and pediatric dentists. Despite significant ad-
vancements in the diagnosis and treatment of dental
diseases, these pathologies are still registered in chil-
dren of all ages [1-3].

A distinctive feature of pediatric dental morbidity at
the present stage is the high prevalence of dental caries
and its complications.

Despite improvements in the quality and expansion
of preventive and therapeutic measures, the preva-
lence, intensity, and severity of dental caries remain
high and show no tendency to decrease [4].

Dental caries is a multifactorial disease and is ob-
served in patients of all ages. According to the World
Health Organization, caries of both primary and perma-
nent teeth in children is a major global health issue [5].

Early childhood caries (ECC) is considered one of
the most challenging problems in pediatric dentistry.

The term “early childhood caries” refers to cari-
ous lesions and their complications in children aged
6 months to 6 years (6—71 months). At this age, caries
is characterized by rapid, aggressive progression and
multiple lesions, often requiring restoration of teeth with
artificial crowns and early tooth extraction due to com-
plications [6-8].

The prevalence of early childhood caries in children
aged 6 months to 6 years is a significant social problem
for global healthcare [9; 10].

dHdodoHmus
————TLT

The treatment of dental caries and its complica-
tions in young children is technically challenging due
to their negative attitude toward dental procedures.
Therefore, according to Clause 19 of the Russian
Ministry of Health Order No. 910n dated 13.11.2012
(as amended on 21.02.2020) “On the Approval of the
Procedure for Providing Medical Care to Children
with Dental Diseases”, the treatment of multiple car-
ies complications in children under 3 years of age,
as well as other dental conditions for children of any
age based on medical indications, is performed under
general anesthesia'.

Early childhood caries and its impact on the quality
of life of children increase the burden on the healthcare
system, including its financial costs. Due to the sig-
nificant prevalence of dental caries in all age groups,
prevention remains a highly relevant and crucial issue
in dentistry, with substantial medical and social impor-
tance, especially for the pediatric population.

The study of dental morbidity in children is essen-
tial for obtaining data on its prevalence across all age
groups.

AIM

To investigate the prevalence of dental caries in
young and preschool-aged children (from 1 to 5 years
old) based on data from preventive medical examina-
tions of minors.

' Order of the Ministry of Health of the Russian Federation of
13.11.2012 No. 910n (as amended on 21.02.2020) “On approval of
the Procedure for providing medical care to children with dental
diseases”. (In Russ.) Available at: https://normativ.kontur.ru/docu
ment?moduleld=1&documentld=217427 (accessed: 14.02.2025).
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MATERIALS AND METHODS

To achieve the stated objective, an epidemiological
survey of the pediatric population was conducted as
part of preventive medical examinations of minors aged
1to 5 years. Clinical research methods were employed,
and all obtained results were statistically analyzed.

Categorical variables are presented as absolute and
relative frequencies.

The prevalence of dental caries by age was analyzed
using Pearson’s y? test for contingency tables. To ana-
lyze the relationship between the prevalence of caries
among boys and girls, Pearson’s y? test with Yates’ con-
tinuity correction was applied.

RESULTS

The study included 1,440 children aged 1 to 5 years
residing in Moscow. The epidemiological survey was
conducted as part of preventive medical examinations
aimed at studying dental morbidity in children aged
1to Syears.

During clinical examinations, the dental status of
each patient was recorded. Informed voluntary con-
sent for all examinations and the use of the collected
data for scientific purposes was signed by the par-
ents or legal guardians, in accordance with Article 20
“Informed Voluntary Consent to Medical Intervention
and Refusal of Medical Intervention” of Federal Law
No. 323-FZ of November 21, 2011, “On the Funda-

Table 1. Prevalence of dental caries among children
aged 1to 5years
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mentals of Health Protection of Citizens in the Russian
Federation” (with amendments and additions effective
from January 11, 2023)2.

The prevalence of dental caries was determined as
the ratio of the number of patients with carious teeth to
the total number of examined individuals, expressed as
a percentage (%). Table 1 presents data on the preva-
lence of dental caries among children aged 1 to 5 years.

Data analysis revealed that teeth are affected by
carious processes across all age groups. Using Pear-
son’s ¥ test for contingency tables, a statistically signi-
ficant association was identified between caries preva-
lence and age group (3> = 34.1, df =4, p < 0.0001). The
prevalence of caries increases as children grow older.
Figure 1 presents a graph of the prevalence of dental
caries among children aged 1 to 5 years.

At the age of 1 year, dental caries was recorded in
31.3% of patients; at 2 years — in 32.9%; at 3 years — in
36.6%; at 4 years — in 38.4%; and at 5 years — in 52.4%.
Thus, the prevalence of dental caries increases with age.

Figure 2 graphically presents the analysis of dental
caries prevalence by age and gender.

2 Federal Law of November 21, 2011 No. 323-FL (as amended
on July 24, 2023) “On the fundamentals of protecting the
health of citizens in the Russian Federation” (as amended and
supplemented, entered into force on July 13, 2022). (In Russ.)
Available at: https://www.consultant.ru/document/cons_doc_
LAW_121895/ (accessed: 14.02.2025).
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Table 2. Pearson’s y? test with Yates’ correction. Analysis of the relationship between the prevalence

of dental caries in boys and girls

Ta6nuua 2. Kputepuii 2 Mupcoxa ¢ nonpaskoi Meritca. AHanus B3aMOCBA3M pacnpoCTPaHeHHOCTM Kapueca

3y00B Yy Masib41MKOB U AEBOYEK

Presence of Caries
Number 2
Factor of Children No Yes X df P
n % n %

boys 132 113 85.6 19 14.4

1year 31.45 1 <0.0001
girls 152 82 53.9 70 46.1
boys 146 105 71.9 41 28.1

2 years 2.64 1 0.103
girls 143 89 62.2 54 37.8
boys 131 90 68.7 41 31.8

3years 2.45 1 0.118
girls 159 94 59.1 65 40.9
boys 129 7 59.7 52 40.3

4 years 0.23 1 0.635
girls 160 101 63.1 59 36.9
boys 148 80 541 68 45.9

Syears 4.61 1 0.032
girls 140 57 40.7 83 59.3

The analysis of dental caries prevalence among
boys and girls revealed that in all age groups, the
absolute prevalence was higher in girls and lower in
boys: at 1 year — 19 boys (14.4%) and 70 girls (46.1%);
at 2 years — 41 boys (28.1%) and 54 girls (37.8%);
at 3 years — 41 boys (31.3%) and 65 girls (40.9%); at
4 years — 52 boys (40.3%) and 59 girls (36.9%); at
5 years — 68 boys (45.9%) and 83 girls (59.3%). The
relative prevalence of dental caries in children was
higher in girls across all age groups, except for the
4-year age group.

Table 2 presents the results of Pearson’s y? test with
Yates’ continuity correction for analyzing the relation-
ship between the prevalence of dental caries in boys
and girls.

The analysis of dental caries prevalence by gender
revealed that the absolute prevalence was higher in
girls across all age groups. Statistically significant dif-
ferences in dental caries prevalence between boys and
girls were observed in the 1-year age group (x® = 31.45,
df =1, p < 0.0001) and the 5-year age group (3> = 4.61,
df=1,p <0.032).

In the age groups from 2 to 4 years, no statistically
significant differences in dental caries prevalence be-
tween boys and girls were identified.

DISCUSSION

The analysis of data obtained from the epidemio-
logical study of the pediatric population in Moscow
aged 1 to 5 years, conducted as part of preventive
medical examinations of minors, demonstrated that
the prevalence of dental caries increases as children
grow older.

Using Pearson’s 2 test for contingency tables,
a statistically significant association was identified

dHdodoHmus
————TLT

between caries prevalence and age group (x®=34.1,
df =4, p <0.0001).

The absolute prevalence of dental caries was higher
in girls across all age groups and lower in boys.

Statistically significant differences in caries preva-
lence between boys and girls were observed only in the
1-year age group (x® = 31.45, df = 1, p < 0.0001) and the
5-year age group (x* =4.61,df = 1, p < 0.032).

In the age groups of 2, 3, and 4 years, no statistically
significant differences in dental caries prevalence be-
tween boys and girls were identified, despite categori-
cal (absolute) variables indicating a higher prevalence in
girls compared to boys (except for the 4-year age group).

CONCLUSION

1. The prevalence of dental caries in children aged
1 to 5 years increases as they grow older and shows no
tendency to decrease. A statistically significant asso-
ciation between caries prevalence and age group was
identified (y* = 34.1, df = 4, p < 0.0001).

2. The absolute prevalence of dental caries was
higher in girls across all age groups and lower in boys:

— 1 year: 19 boys (14.4%) and 70 girls (46.1%);

— 2 years: 41 boys (28.1%) and 54 girls (37.8%);

— 3 years: 41 boys (31.3%) and 65 girls (40.9%);

— 4 years: 52 boys (40.3%) and 59 girls (36.9%);

— 5 years: 68 boys (45.9%) and 83 girls (59.3%).

3. Statistically significant differences in caries pre-
valence between boys and girls were observed in the
1-year age group (¥* = 31.45, df = 1, p < 0.0001) and the
5-year age group (¥® = 4.61, df = 1, p < 0.032), with girls
showing higher prevalence than boys.

4. In the age groups of 2, 3, and 4 years, no statisti-
cally significant differences in dental caries prevalence
between boys and girls were identified.
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of the clinical and hygienic condition of periodontal tissues
in patients with anatomical and functional disorders

of the mucogingival complex
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Abstract

AIM. Conduct the structuration of clinical and hygienic condition of nearteeth tissues beside patients with
anatomist-functional disorders of mucous-gingival complex.

MATERIALS AND METHODS. The clinical and epidemiological study of dentistry status was organized for
achievement of the delivered problems, in which have took part 498 patients with caries and parodontal
pathology. From the common amount of examined patient beside 167 (33,5%) of them diagnosed anatomist-
functional disorders of mucous-gingival complex, which were divided into 3 groups. In first clinical group
64 (38,3%) patient were enclosed with average threshold of oral cavity, Il type of the correlation division
free and attached games, average and get fat biotype of the gums, Il type of the correlation division free
and attached games, Il type of the fastening bridle lips, without clinical symptoms needs thresholds, bridles
or lateral bridle of mucous oral cavity in correction. In second group entered 57 (34,1%) patient with small
threshold of the oral cavity, which had a correlation division free and attached games on Il type, fine and
average biotype of the gums, and Il type of the fastening bridle lips or mucous shell of oral cavity, as well
as their hypertrophy, with positive symptom’s needs enumerated anatomical structures in correction. In
third group entered 46 (27,6%) patient with afore-mentioned anatomist-functional disorders, discovered in
second group, as well as are discovered recession games lll, but coronal comparatively apical to border of
vestibule recession.

RESULTS. Amongst examined patient with average threshold of the oral cavity factors of the index hygiene on
Fedorov-Volodkin beside 25 (34,3%) patients corresponded to good level, beside 29 (39,7%) patients they
corresponded to satisfactory level, beside 13 (17,8%) patients level hygiene was estimated as unsatisfactory,
but beside 6 (8,2%) patient as bad.

CONCLUSIONS. Factors of the hygienic condition of oral cavity beside patient with anatomist-functional
disorders of mucous-gingival complex in greater degree were indicative of insufficient satisfactory level,
that can be the full-fledged moving conditioned by impossibility of the performing the toothbrush when
cleaning teeth.

Keywords: hygiene of oral cavity, teeth, parodont, mucous-gingival complex, bridles of the lips, thresholds of
oral cavity
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Pesiome

LLENTb MCCNEOOBAHUYA. MpoBecTn CTPYKTYpPM3aLNN KIMHUKO-TUIMEHNYECKOIO COCTOSIHUS OKOJ103YOHbIX
TKaHen y naumMeHToB C aHaTOMO-(YHKLMOHANbHbIMU HAPYLLUEHUSAMM MYKOTMHIMBaIbHOrO KOMMeKca.
MATEPUAJIbI N METOAbI. Ansa nocTuXeHns nocTaBfieHHbIX 3aAa4 Oblflo NPOBEAEHO KJIMHUKO-3NMUaEeMu-
0JIorn4eckoe nccrieaoBaHMe CTOMaTOIONMYECKOro cTaTyca, B KOTOPOM NMpuHanu ydyactue 498 605bHbIX C
Kapuecosornyeckom n napogoHToNoOrnyeckom natonorunein. 3 obuiero konnyecTsa od6cnenoBaHHbIX NaLy-
eHToB Yy 167 (33,5%) 13 HMX AMarHoCTUPOBaHblI aHATOMO-(GYHKLIMOHANBHOMO HAPYLLIEHUS MYKOrMHIMBabHO-
ro KomMmrjekca, KoTopble ObIIN pasgeneHbl Ha 3 rpynnebl. B nepByto KAMHUYECKYIO rpynny Obliv BKJIKOYEHbI
64 (38,3%) nauMeHTOB CO CpeaHMM NpeaaBepuemM noiocTn pTa, |l TMNoM cooTHOLLEHWS 0TAEN0B CBOOOAHOM
M NPUKPENIEHHOM AECHbI, CPEOHUM U TONCTUM BUOTUNOM OECHBDI, || TMMOM Npukpennenus y3gedek ryo, 6es
KJIMHWYECKMX CUMNTOMOB HYXAaeMOCTU NpeaaBepust, y3aedkn nam 60KoBOro Tsxa Clmnms3ncToin NnonocTm pta
B kOoppekuun. Bo BTopyto rpynny sownu 57 (34,1%) naunmeHToB ¢ MeNKMM NpPeaaBepuem NonocTn pra, KoTo-
pble MMEeJIN COOTHOLLIEHNE OTAEN0B CBOOOAHOM U NPUKPENIEHHOM AeCHbI No |l TRy, TOHKUM 1 cpeaHuM 6uo-
TUNOM JecCHbI U || TN NprkpenneHns yaaedvek ryé nnm Tsxen cam3mcTon o60104KM NOSOCTU pTa, a Takxke Ux
rmnepTpodus, ¢ NONOXKNTENbHBIMUA CUMNTOMaMN HYXAAEMOCTU NEePEYNCNEHHbIX aHATOMUYECKNX CTPYKTYP
B KOoppeKkuun. B TpeTbio rpynny sownu 46 (27,6%) naumMeHTOoB C BbilLENEePEYNCIEHHBIMN aHATOMO-DYHKLMNO-
HasbHbIMUM HapyLUEeHUSAMK, OOHaPY>XXeHHbIMW BO BTOPYIO FPynny, a Takxxe 0OHapy>XeHbl peLeccum aecHsi lll, Ho
KOpOHabHEE OTHOCUTENbHO anuKasbHOW rpaHuLLEe BECTUOYNSPHON peLeccun.

PE3YJIbTATbI. Cpean 06cnenoBaHHbIX NALVMEHTOB CO CPEAHUM NPeaABEPUEM MONOCTU pTa NoKkasaTenu nH-
nekca rurnensl no ®epoposy-BonoakuHoii y 25 (34,3%) nauMeHToOB COOTBETCTBOBAJIM XOPOLUEMY YPOBHIO,
y 29 (39,7%) nauneHTOB OHN COOTBETCTBOBAM YAOBNETBOPUTENBHOMY YPOBHIO, Y 13 (17,8%) nauneHToB ypo-
BEHb M’MrMeHbl PaCLEHNBASICS Kak HEYO0BNETBOPUTENbHBIN, a'y 6 (8,2%) NaunMeHTOoB Kak NioXoMn.

BbIBOJ. MNoka3aTenn rurneHn4eckoro COCTOSHMS NON0OCTY pTay NauVMeHTOB C aHAaTOMO-dYHKLMOHAIbHBIMN
HapyLEHNAMN MYKOTUHIMBaNbHOIO KOMMJiekca B 60MbLUEN CTEMNEHN CBUOETENLCTBOBAIN O HEAOCTATOYHOM
YOOBNETBOPUTENIbHOM YPOBHE, 4TO MOXET OblTb 00YCNOBNEHO HEBO3MOXHOCTbIO BbINO/HEHUS NOMHOLLEHHbBIX
OBUXEHUI 3yOHOW LLLETKW NPU YNCTKe 3yOO0B.

KnloueBble caoBa: rmrneHa nosiocTy pTa, 3y0, NapoaoHT, MYKOrMHIMBasIbHbI KOMMEKC, y3aedka ryo, npen-
[BEepus NonocTn pra

UHdopmauua o ctaTbe: noctynuna — 14.10.2024; ncnpasnena — 18.12.2024; npuHata — 09.01.2025
KoH)AUKT MHTepecoB: aBTOPbl CO0OLLLA0T 06 OTCYTCTBUM KOHDINKTA UHTEPECOB.
BbnarogapHocTu: GMHAHCUPOBaHWE N MHAMBMAOYaNbHbIE O/1aro4apHOCTM 419 AeKNapUpPOBaHUSA OTCYTCTBYIOT.

Ana uutuposanuma: Kapumos C.M., Xamuaos A.U., LLiapunos X.C., Ucmounnos A.A., ImomoBa @.3. Pesynbra-
Tbl CTPYKTYPHOW OLLEHKU KIIMHUKO-TUFMEHNYECKOr0 COCTOSIHUS OKOJTIO3YOHbIX TKaHEN y NauneHTOB C aHaTOMO-
GYHKLMOHANBbHBIMU HAPYLLIEHUSIMU MYKOTMHIMBANBbHOIO KoMnnekca. 9Hao0a0HTus Today. 2025;23(1):127-132.
https://doi.org/10.36377/ET-0069

INTRODUCTION

Diseases of periodontal tissues remain a pressing is-
sue in dentistry due to their high prevalence among the
population, which creates prerequisites for tooth loss,
dysfunction of the dentoalveolar system, and patho-
logical processes in the gastrointestinal tract [1-3].
Inflammatory and destructive processes in periodontal
tissues, as chronic sources of oral infection, can con-
tribute to the onset and progression of systemic dis-
eases associated with focal infections [4-6]. Therefore,
a structural assessment of the clinical and hygienic con-
dition of periodontal tissues in patients with anatomical
and functional disorders of the mucogingival complex
is of significant importance in dentistry.

dHdodoHmus
————TLT

AIM

To structurally evaluate the clinical and hygienic
condition of periodontal tissues in patients with ana-
tomical and functional disorders of the mucogingival
complex.

MATERIALS AND METHODS

To achieve the objectives, a clinical-epidemiological
study of dental status was conducted, involving 498 pa-
tients with carious and periodontal pathologies. Among
the total number of patients examined, 167 (33.5%)
were diagnosed with anatomical and functional disor-
ders of the mucogingival complex and were divided into
three groups.
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First clinical group: Included 64 patients (38.3%)
with an average vestibule depth (up to 10 mm), Type Il
ratio of free (F) and attached (A) gingiva (size of free
gingiva exceeding attached gingiva), medium and thick
gingival biotype, Type Il frenulum attachment (high at-
tachment in the mandible and low attachment in the
maxilla, frenulum width equal to 2 mm), and no clinical
symptoms requiring correction of the vestibule, frenu-
lum, or lateral bands of the oral mucosa.

Second group: Comprised 57 patients (34.1%) with
a shallow vestibule (depth up to 5 mm), a Type Il ratio of
free and attached gingiva (F > A), thin and medium gin-
gival biotypes, and Type Il frenulum attachment (width
less than 2 mm) or mucosal bands, as well as their hy-
pertrophy. These patients exhibited positive indica-
tions for the need for correction of the listed anatomical
structures.

Third group: Consisted of 46 patients (27.6%) with
the anatomical and functional disorders described in
the second group, along with gingival recessions clas-
sified as Type lll (characterized by the loss of height of
the interdental papillae and/or interdental bone septa
apically to the cementoenamel junction), but coronally
relative to the apical border of the vestibular recession.

The results were analyzed using parametric (Stu-
dent’s t-test, Mann-Whitney test, Fisher’s exact test)
and non-parametric methods (Spearman correlation
analysis). Differences were considered statistically sig-
nificant at p < 0.05. All calculations were performed us-
ing the Statistica 7.0 software package.

RESULTS

Out of the total number of patients with anatomi-
cal and functional disorders of the mucogingival com-
plex (167 individuals), 97 (58.1%) were diagnosed with
chronic localized gingivitis. Among these, a mild form
of the pathology was observed in 29 patients (29.9%),
a moderate form in 56 patients (57.7%), and a severe
form in 12 patients (12.4%) (Fig. 1).

In patients with structural disorders of the muco-
gingival complex, out of the total number of examined
individuals, 70 (41.9%) were diagnosed with chronic lo-

Mild
12.4%
Severe
Mo

Fig. 1. Prevalence of chronic localized gingivitis
amongst patient with anatomist-functional disorders
of muco-gingival complex

Puc. 1. PacnpocTpaHeHHOCTb XPOHMYECKOIO
NI0KaNnM30BaHHOIO NMHIrMBUTA CPeaM NauMEHTOB
C aHaTOMO-dYHKLUMOHANbHBIMM HAPYLLEHUSMUN
MYKOIMHIMBasIbHOrO KOMMJekca
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calized periodontitis. Among these patients, a mild form
of the disease was observed in 44 individuals (62.9%),
a moderate form in 18 patients (25.7%), and a severe
form in 8 patients (11.4%) (Fig. 2).

The participants of the initial clinical-epidemiologi-
cal study of dental status (498 individuals) were further
divided into four separate groups based on the ini-
tial condition of their mucogingival complex. The first
group (control group) included 331 individuals with
a normal structural condition of the vestibular area and
dental arches.

In patients with a normal condition of the mucogingi-
val complex, the average hygiene index value according
to the Fedorov-Volodkina scale was 1.39+0.15. Among
these patients, 186 individuals (56.2%) demonstrated
hygiene index values corresponding to a good level of
hygiene, 66 individuals (19.9%) had satisfactory hy-
giene levels, 50 cases (15.1%) showed unsatisfactory
hygiene levels, and 29 cases (8.8%) corresponded to
poor hygiene levels.

Among the individuals with a normal condition of the
mucogingival complex, the average value of the Papil-
lary-Marginal-Alveolar (PMA) indexwas 0.2+0.07%, the
vestibule depth was 9.4+0.8 mm, and the gingival at-
tachment height was 3.2+0.8 mm (Table 1).

The second observation group included 29 patients
(17.4%) with anatomical and functional disorders of the
mucogingival complex, characterized by dental crow-
ding in the anterior segment of the mandible. In this
group, a shallow oral vestibule was observed in 19 indi-
viduals (11.4%), and a short lower lip frenulum was diag-
nosed in 48 patients (28.7%). The average hygiene index
according to the Fedorov-Volodkina scale in this group
was 1.80+0.21. Specifically, in 16 cases (55.2%), the in-
dex corresponded to a good hygiene level, in 7 cases
(24.1%) to a satisfactory level, in 4 patients (13.8%) to an
unsatisfactory level, and in 2 patients (6.9%) it was con-
sidered poor. Signs of chronic localized gingivitis were
detected in 11 patients (37.9%) within this group. The
average PMA index, vestibule depth, and gingival at-
tachment height in the second group were 14.7+0.8%,
8.6+0.6 mm, and 3.0+0.7 mm, respectively.

Severity Levels Distribution (3D Representation)

Severe

Moderate

Severity Level

Mild

0 10 20 30 40 50 60 70
Percentage
Fig. 2. Frequency meeting of gravity local forms
parodontitis beside patient with anatomist-functional
disorders of muco-gingival complex

Puc. 2. HacToTa BCTPE4YaeMOCTU TAXECTHU
o4yaroBow popMbl NAPOAOHTUTA Y NALUMEHTOB
C aHaTOMO-)YHKLUMOHANbHBIMN HAPYLLEHNSMM
MYKOTIVMIHIMBasIbHOrO KOMMJieKca
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The third observation group included patients with
anatomical and functional disorders of the mucogin-
gival complex who were diagnosed with an average or
shallow oral vestibule. This group comprised 73 pa-
tients with an average vestibule and 46 with a shal-
low vestibule, representing 43.7% (vestibule depth
up to 10 mm) and 27.5% (vestibule depth up to 5 mm),
respectively.

The fourth group consisted of 19 patients with a short
frenulum of the lips. Among them, 6 patients (31.6%)
had a short frenulum on the lower lip, while 13 patients
(68.4%) had a short frenulum on the upper lip. Structural
evaluation within this group revealed that patients with
an orthognathic bite exhibited a combination of short
frenula on the upper and lower lips in 4 cases (21.1%).
In patients with a deep bite, this combination was ob-
served in 5 cases (26.3%), in those with a straight bite
in 3 cases (15.8%), and in patients with an open bite in
7 cases (36.8%).

In this group, the hygiene index indicated a good hy-
giene level in 7 patients (36.8%), a satisfactory level in
4 patients (21.1%), an unsatisfactory level in 3 patients
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(15.8%), a poor level in 2 patients (10.5%), and a very
poor level in 3 cases (15.8%) (Fig. 3).

In this group of patients, the average hygiene index
was 1.91%0.13, while the mean values of the PMA index,
vestibule depth, and gingival attachment height were
21.3£0.5%, 6.2+0.4 mm, and 1.9+£0.2 mm, respective-
ly. Chronic localized gingivitis was diagnosed in 15 pa-
tients (78.9%) within this group.

During the structural analysis of anatomical and
functional disorders of the mucogingival complex, it
was found that inflammatory periodontal diseases were
most frequently observed in patients with a shallow oral
vestibule in all observed groups (Fig. 4).

In the study of age characteristics of patients with
mucogingival disorders, it was found that among the to-
tal number of examined individuals with this condition
(167 patients), cases with a shallow oral vestibule were
most frequently observed in the 30-39 age group, ac-
counting for 83 cases (49.7%). In the 40—-49 age group,
the frequency was 25.2% (n=42), in the 20-29 age
group 10.2% (n=17), and in the age group of 50 years
and older 25 cases (14.9%) (Fig. 5).

Table 1. Factors of the estimation of condition parodontal tissues and thresholds to oral cavity

amongst observed patient

Ta6nuua 1. NokasaTenu oLeHKN COCTOSHUSA TKaHel NapoaoHTa 1 npeaaBepus POTOBOM MOJIOCTH

cpeauv HabntoaaeMblix NaLMeHToB

ofl::;a‘r;;itﬁe;ls"e Hygiene Index PMA Index, % Vestibule Depth, mm GingLv;lgl;ttt’a:Il;Iment
Control 1.39+0.15 0.2+0.07 9.4+0.8 3.2+0.8
Crowding 1.80+0.21 14.7+0.8* 8.6+0.6 3.0+0.7
Average Vestibule 1.93+0.14* 23.9+0.9* 2.8+0.3* 1.7+0.3*
Shallow Vestibule 2.12+0.17* 28.8+0.8* 3.2+0.4* 1.5£0.2%
Short Lip Frenulum 1.91+£0.13* 21.3%£0.5* 6.2+0.4 1.9+0.2

Note: * Significance of Differences from the Control (p < 0.05).

lNMpumevaHue: * [OCTOBEPHOCTb pPasnnymnin ¢ koHTposiem (p < 0,05).

Very Poor
Good 10.5%
15.8%
Poor
15.0%
Satisfactory
21.1%
Unsatisfactory

36.8%

Fig. 3. Feature of the condition hygiene oral cavity
beside patient with anatomist-functional disorders

of muco-gingival complex

Puc. 3. XapakTepucTtnka COCTOAHMUA TMrMeHbl POTOBOM
NMosIOCTN Y MALMEHTOB C aHATOMO-MYHKLMOHATbHBIMUA
HapyLIEHNAMN MYKOTUHIMBaIbHOrO KOMMJIEKCA

dHdodoHmus
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Prevalence of Oral Conditions
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Fig. 4. Frequency meeting inflammatory diseases
of parodont beside patient with anatomist-functional
disorders of muco-gingival complex

Puc. 4. HacToTa BCTpe4aeMoCTV BOCNANUTENbHbIX
3abosieBaHWii NapoAoHTa y NauMeHTOB

C aHaTOMO-PYHKLMOHANbHBIMW HAPYLLEHNSIMM
MYKOFMHIMBaIbHOrO KOMMaekca
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Age Distribution Pyramid
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Fig. 5. Distribute the small threshold of oral cavity
in depending of the age factor

Puc. 5. PacnpepeneHune menkoro npeaasepus
NnosoCTW pTa B 3aBUCUMOCTM OT BO3PACTHOro paktopa

DISCUSSION

Among the examined patients with an average ves-
tibule depth (73 individuals), the Fedorov-Volodkina
hygiene index indicated a good level of hygiene in
25 patients (34.3%), a satisfactory level in 29 patients
(89.7%), an unsatisfactory level in 13 patients (17.8%),
and a poor level in 6 patients (8.2%). The average hy-
giene index in this group was 1.93+0.14. Chronic loca-
lized gingivitis was diagnosed in 34 patients (46.6%) in
this group, while chronic localized periodontitis of mild
severity was diagnosed in 5 patients (6.9%). The aver-
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age values of the PMA index, vestibule depth, and gin-
gival attachment height in this group were 23.9+0.9%,
2.8+0.3 mm, and 1.7+0.3 mm, respectively.

Among the patients with a shallow vestibule (46 in-
dividuals), the Fedorov-Volodkina hygiene index in-
dicated a good level of hygiene in 9 patients (19.6%),
a satisfactory level in 7 patients (15.2%), an unsatis-
factory level in 22 patients (47.8%), and a poor level in
8 patients (17.4%). The average hygiene index in this
group was 2.12+0.17. Chronic localized gingivitis was
diagnosed in 36 patients (76.1%), while chronic loca-
lized periodontitis of mild severity was diagnosed in
6 patients (13.0%). Among these patients, the average
values of the PMA index, vestibule depth, and gingival
attachment height were 28.8+0.8%, 3.2+0.4 mm, and
1.5£0.2 mm, respectively.

CONCLUSIONS

1. The oral hygiene status of patients with anatomi-
cal and functional disorders of the mucogingival com-
plex largely indicated an insufficient or unsatisfactory
level of hygiene, which may be attributed to the inability
to perform full brushing movements due to anatomical
limitations. Correlation analysis of the results revealed
a relationship between the size of the attached gingiva
and the depth of the vestibule.

2. Among patients with anatomical and functional
disorders of the mucogingival complex, a significant
proportion of inflammatory periodontal diseases was
observed in individuals with a shallow vestibule and
a short lip frenulum, which correlates with their oral hy-
giene status.
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Clinical and situational analysis structured elements
of caries intensities in motivation of the algorithm’s rehabilitation
of caries pathology beside flying personnel of civil aviation

Gayur G. Ashurov( >4, Mirzoumar K. Shokirov, Gairat E. Mullodzhanov,

Dzhurabek T. Makhmudov, Makhmud R. Gurezov

Institute of Postgraduate Education in Health Sphere of the Republic of Tajikistan, Dushanbe, Republic of Tajikistan
DA< shakh92@mail.ru

Abstract

AIM. Study the structured factors of caries intensities in depending of cariesology status’ level besides flying
personnel of the civil aviation for the reason’s motivations of the algorithm to rehabilitations of caries pathology.
MATERIALS AND METHODS. In the article presented results of structured caries intensities in depending the
level of cariesology status besides flying personnel at the age 20-60 years and senior. In the course of called
on studies were examined 568 employees of the flying composition of civil aviation. Structured estimation of
caries intensities was organized according to designed and approved methods of the professor A.V. Alimskiy.
RESULTS. Total importance of the complicated forms of caries amongst aircraft workman with compensates
and subcompensates forms of cariesology status has formed accordingly 0.88+0.11 and 3.00+0.19, while
amongst examined with decompensate form of cariesology status total importance under investigation
realistically increased to 5.77+0.49 units in calculation on one examined.

CONCLUSIONS. The highestindex of caries intensities revealed besides flying personnel with decompensates
form of cariesology status.
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KAMHMKO-CUTYALMOHHBIA QHANN3 CTPYKTYPHbIX 3/IEMEHTOB
MHTEHCUBHOCTU Kapueca 3y6oB B 060cHOBaHUM anropuTtMa
peabunutauum Kapmeconormueckou nNaTosiorum y JIeTHOro
nepcoHana rpaXAaHcKou aBuaLum

I.I. Awypogr( <, M.K. llokupos., 9. MynnoaxaHoB., A.T. Maxmynog., M.P. l'ype3os
VIHCTUTYT nocneamMnaoMHOro obpasoBaHya B cepe 3apaBooxpaHeHus Pecnybnnkin TagxmnkucTan, ywanoe, TaaxnkmucTtan
< shakh92@mail.ru

Pe3lome

LIEJTb. M3yuyeHune cTpYyKTYpHbIX Noka3aTenel MHTEHCUBHOCTU Kapueca 3y60B B 3aBUCMMOCTU OT YPOBHS Ka-
pMeconornyeckoro cratycay néTHOro nepcoHana rpaxgaHckom aBnaumm ¢ Lenbio 000CHOBaHUS anroputma
peabunuraumm KapmMeconornyeckomn naTonornu.

MATEPUAJblI U METO/Lbl. B paboTe npeacTaBneHbl pedynbtaTbl CTPYKTYpU3aumMm MHTEHCUBHOCTU Kapueca
3y060B B 3aBUCMMOCTN OT YPOBHS KAPUECOJIOrMYEeCcKoro ctatyca y IETHOro nepcoHana B Bo3pacte 20-60 net
M cTapwe. B xoae npoBeaeHHOro uccnenoBanus 6110 o6cnenosaHo 568 coTpygHMKOB NETHOMO cocTaBa
rpaxaaHckon aBnaumnmn. CTpyKTypHas oLleHka MHTEHCMBHOCTU kapueca 3y6oB Obifia NpoBeaeHa CorfiacHo
pa3paboTaHHOM 1 anpobupoBaHHOW MeToauke npodpeccopa A.B. Anmmckoro.

PE3YJIbTATbI. CymMapHOe 3Ha4yeHMe OCNIOXHEHHbIX GOpM Kapueca 3y60oB cpean aBnapaboTHUKOB C KOM-
NMEHCMPOBAHHOM 1N CyOKOMMEHCMPOBAHHOM dOpMaMn KapuecosIormM4yeckoro cratyca CoOCTaBuUaM COOTBET-
ctBeHHO 0,88+0,11 1 3,00+0,19, B TO Bpemsa kak cpean obcnenoBaHHbIX C AEKOMNEHCUPOBAHHOM HOpPMOi
Kapmneconormyeckoro ctatyca CyMMapHoe 3Ha4eHe UCCneayemMblx nokasaTenei LOCTOBEPHO YBENINYMNIOCH
0o 5,77+0,49 eanHuL, B pacyeTe Ha 0gHOro 06cneao0BaHHOrO.

BbIBObl. Hanbonee BbICOKUIA NHAEKC MHTEHCUBHOCTUN Kapueca 3y60B HaMM BbISIBAIEH Y IETHOIO NepcoHana
C 0eKOMMEHCMPOBAHHO GOPMOI KAPNECOSIOMMYECKOro CTaTyCca, HECKOJIbKO MEHbLLE OH OblN1 Y N1L, UMEo-
wmx cy6- n KOMMNEHCMPOBaHHbIE GOPMbI KAPUECOSIONMYECKOro cTaTyca.

© Ashurov G.G., Shokirov M K., Mullodzhanov G.E., Makhmudov D.T., Gurezov M.R., 2025
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KnloueBble cnoBa: KapnecosIorM4ecknin cTaTyc, NETHbIA NepcoHan, rpaxgaHckas aBuaums, MHTEHCUBHOCTb

Kapvieca

UHdopmaumna o ctatbe: noctynuna — 15.11.2024; ncnpasnena — 15.01.2025; npunara — 17.01.2025

KOoHGAUKT uHTepecoB: aBTOPblI CO0OLLAa0T 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.

bnarogapHocTum: durHaHCMpoBaHme n nHaneunaoyanbHble 6J'IaI'O,EI,apHOCTVI Ana neknapnposaHna OTCYTCTBYIOT.

Ana untuposanusa: Awypos I, LWoknpos M.K., Mynnogxanos 3., Maxmypnos [.T., l'ypesos M.P. KnuHuko-
CUTYaLMOHHBIV aHaNN3 CTPYKTYPHbIX 3/1EMEHTOB UHTEHCUBHOCTU Kapreca 3y6oB B 060CHOBaHUM anropntmMa
peabunuraumm KapmecosormMyeckor NaToaorum y IETHOro NnepcoHana rpaxaaHckon asnaunn. SHA040HTUS
Today. 2025;23(1):133-138. https://doi.org/10.36377/ET-0068

INTRODUCTION

Pathological processes in the oral tissues and or-
gans are a pressing issue in medicine and dentistry
due to their high prevalence among the population.
As chronic sources of infection, these conditions of-
ten contribute to the development of focal diseases.
Untimely oral sanitation leads to more severe and ad-
vanced forms of diseases affecting the hard tissues of
the teeth and periodontium, complicating treatment,
prolonging recovery, and worsening outcomes [1-3].
Improving and enhancing the quality of dental care
relies on knowledge of the clinical-epidemiologi-
cal and socio-economic characteristics of a specific
region, which is related to the multifactorial origin of
dental diseases [4-6].

AIM

To examine the structural indicators of dental caries
intensity based on the level of carious status among civil
aviation flight personnel to substantiate an algorithm for
rehabilitating carious pathology.

MATERIALS AND METHODS

In the course of the study, 568 civil aviation flight per-
sonnel were examined to assess the intensity of den-
tal caries according to the level of carious status. The
structural assessment of dental caries intensity was
performed following the methodology developed and
validated by Professor A.V. Alimsky. During the structur-
al analysis, the following structural indicators of caries
intensity were studied and analyzed:

— element K — superficial and medium caries;

— element P — caries complications requiring treat-
ment;

— element H — caries complications requiring ex-
traction;

— element F —filled teeth;

— element M — missing teeth.

Statistical analysis of the obtained data was per-
formed according to general medical statistical princi-
ples applied to dentistry using the Statistica software.
The reliability of differences in mean values was as-
sessed using Student’s t-test. Differences were consi-
dered statistically significant at p < 0.05.

RESULTS

The study revealed that among the examined flight
personnel, 14.5% had a compensated carious status
level (CPI=1-3), 40.9% had a subcompensated level
(CPI=4-7), and 36.5% had a decompensated level

dHdodoHmus
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(CPI1>8). In 8.1% of cases, an intact carious status
(CPI1=0) was observed.

The data on dental morbidity among flight personnel
confirm its high intensity in individuals with a decom-
pensated carious status compared to those with com-
pensated and subcompensated forms. Comparative
datain Table 1 indicate that the caries intensity tends to
increase with age.

Accordingto Table 1, the cariesintensity valuesinthe
20-29 age group among flight personnel with compen-
sated, subcompensated, and decompensated carious
statuses were 1.51+£0.22,4.63+0.37, and 8.12+0.69 af-
fected teeth per patient, respectively. In the 30-39 and
40-49 age groups, these indicators were 1.68+0.26,
5.87+0.41, 8.97+0.76, and 1.86+0.28, 5.98+0.44,
11.11£1.12, respectively. In the 50-59 age group and
60 years and older, the average values were 2.46+0.32,
6.73+0.46, 12.60+1.91, and 2.92+0.34, 6.95+0.61,
13.18+£2.01, respectively.

The results indicate that the average CPI values
among individuals with compensated, subcompen-
sated, and decompensated carious statuses were
2.09+£0.28, 6.03+£0.46, and 10.80x1.3, respectively.
Thus, the highest average caries intensity index was
observed in individuals with a decompensated carious
status, followed by those with subcompensated and
compensated statuses.

The calculations revealed that the positive difference
in the dynamics of caries intensity among flight person-
nel, depending on the form of carious status, ranged
from 3.94+0.18 to 4.77 +£0.84 affected teeth per indivi-
dual. A similar difference, depending on the age factor,
among individuals with a compensated form of carious
status ranged from 0.17+0.04 to 0.60+0.04 affected
teeth. Among individuals with a subcompensated form
of caries intensity, the variability based on age ranged
from 0.11+0.03 to 1.24+0.04, while among flight per-
sonnel with a decompensated form of carious status, it
ranged from 0.58 +£0.10 to 2.14 +£0.36 affected teeth.

For planning and developing a differentiated ap-
proach to improving caries management, the most
valuable information comes from data characterizing
the structure of caries intensity among civil aviation
flight personnel. The results of the structural analysis of
caries intensity in flight personnel indicate that despite
a moderate level of caries prevalence, the structure of
the CPI index among individuals with compensated,
subcompensated, and decompensated forms of cari-
ous status was highly unfavorable. This is primarily due
to the high proportion of missing teeth.
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This issue is particularly evident across all age
groups of flight personnel with compensated carious
status. For example, in the 20-29 age group, the pro-
portion of missing teeth averaged 0.86+0.09, accoun-
ting for 56.95% of the total CPI index (1.51+0.22) per
individual (Table 2).

In the 30-39 age group of flight personnel with
compensated carious status, missing teeth accounted
for 56.55% of the CPI index structure, with an average
value of 1.68+0.26 per individual. In the 40-49, 50-59,
and 60+ age groups, the corresponding figures were
54.30%, 52.85%, and 50.68%, respectively, of the to-
tal quantitative values of the caries intensity index
(1.86+0.28, 2.46+0.32, and 2.92+0.34, respectively).

When analyzing the components comprising the
CPI index, it was found that the age-specific structure
among flight personnel with a compensated carious sta-
tusinthe 20-29 age group was 5.30%, 11.26%, 23.84%,
56.95%, and 2.65% for the elements K, P, H, Fu M.

For civil aviation flight personnel in the 30-39 age
group, the values of the structural elements of caries in-
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tensity with a compensated carious status were 2.38%,
13.10%, 24.40%, 3.57%, and 56.55% for uncomplicat-
ed forms of caries (element K), caries complications
requiring treatment (element P) and extraction (ele-
ment H), and missing teeth (element M) (Fig. 1).

As shown in the figure, the structural elements of ca-
ries intensity among flight personnel with a compensated
form of carious status aged 40-49 years, except for the
proportion of missing teeth (54.30%), were also compa-
ratively higher for the other elements (K, P, H, F), amoun-
ting t0 2.69%, 15.59%, 24.73%, and 2.69%, respectively.

Among flight personnel aged 50-59 years, the val-
ues of the aforementioned elements of caries intensity
were 1.22%, 19.10%, 25.20%, 1.63%, and 52.85%, re-
spectively. For individuals aged 60 years and older,
the percentage values were 0.69%, 20.89%, 26.71%,
1.03%, and 50.68%, respectively.

Overall, the average values of the structural ele-
ments of caries intensity for flight personnel with a com-
pensated form of carious status were 2.39%, 16.75%,
25.36%, 1.91%, and 53.59% (Fig. 2).

Table 1. Age factors of caries intensity in depending of forms cariesology status beside flying personnel (at the

average on one examined)

Ta6nuua 1. NoBo3pacTHbIE NOKA3aTENMM UHTEHCUBHOCTM NOPAXEHNS KapuecoM 3y60B B 3aBUCUMOCTUN OT GOPMbI
Kapueconorn4yeckoro cratyca y NéTHoro nepcoHana (B cpegHemM Ha 0aHOro o6¢cnenoBaHHOro)

Caries Intensity (CPI Index)
FCS On average
20-29 years 30-39 years 40-49 years 50-59 years 60 years and >
C-FCS 1.51£0.22 1.68+0.26 1.86+0.28 2.46+0.32 2.92+0.34 2.09+0.28
S-FCS 4.63+0.37 5.87+0.41 5.98+0.44 6.73+0.46 6.95+0.61 6.03+0.46
P;<0.01 P;<0.001 P;<0.001 P;<0.001 P;<0.001 P;<0.001
D-FCS 8.12+0.69 8.97+0.76 11A1+£1.12 12.60+1.91 13.18%£2.01 10.80£1.3
P><0.001 P,<0.001 P»<0.001 P,<0.001 P,<0.001 P»,<0.001

Note: FCS - Form of Carious Status; C-FCS — Compensated Form; S-FCS — Subcompensated Form; D-FCS — Decompensated
Form; P, — Significance in relation to values of individuals with a compensated form of carious status; P, — Significance in relation

to values of individuals with a subcompensated form of carious status.

Mpumeyarne: PKC — popma kapmeconormyeckoro cratyca; KPKC — komneHcuposaHHas dopma; CPKC — cybkomneHcpoBaH-
Has popma; ODPKC — pekomneHcupoBaHHas dopma; P1 — AOCTOBEPHOCTb MO OTHOLLEHMIO K 3HAYEHUSIM Y L, C KOMAEHCUPOBAH-
HOW POPMOII KapMEeCONOrMYecKoro crTaTyca; P, — LOCTOBEPHOCTb MO OTHOLLEHMIO K 3HAYEHUAM Y N1L, C CYyOKOMMNEHCMPOBAHHOM
dopMmoii Kaprmeconormyeckoro crartyca.

Table 2. Structuredof caries intensity beside flying personnel with compensate form of cariesology status
in depending of age (at the average on one examined)

Ta6nuuya 2. CTpykTypmnsauusa MUHTEHCUBHOCTN Kapueca 3yb6oB y NETHOrO NepcoHasna ¢ KOMNeHCUPOBAHHOMN
dopMOoI KapnecosorMi4eckoro ctatyca B 3aBMCMMOCTU OT Bo3pacTa (B cpeHeM Ha oaHOro o6cnenoBaHHOMO)

Age, year Structural Elements of CPI Index e E T
K P H F M
20-29 0.08+0.02 0.177+0.04 0.36+0.05 0.04+0.02 0.86+0.09 1.51£0.22
30-39 0.04+0.02 0.22+0.05 0.41+0.06 0.06+0.02 0.95+0.11 1.68+0.26
40-49 0.05+0.03 0.29+0.06 0.46+0.06 0.05+0.02 1.01+0.11 1.86+0.28
50-59 0.03+0.01 0.47+0.06 0.62+0.06 0.04+0.02 1.30+0.17 2.46%0.32
601> 0.02+0.01 0.61+0.07 0.78+0.07 0.03+0.01 1.48+0.18 2.92+0.34
B cpenHem 0.05+0.02 0.35+0.06 0.53+0.05 0.04+0.02 1.12+0.13 2.09+0.28

Note: here and in Tables 3 and 4: K — superficial and moderate caries of teeth; P — caries complications requiring treatment; H —
caries complications requiring extraction; F — filled teeth; M — missing teeth.

lMpumeyarue: 3pecb U panee B Tabn. 3 n4: K- noBepxHOCTHLIN 1 cpeaHuii kapuec 3y6oB; P — ocnoxHeHus kapueca 3yboB, noge-
xatume neveHunio; H — ocnoxHeHus kapueca 3yboB, noanexaiume yganenunio; F — nnomoérnpoBaHHble 3y6bl; M — yaaneHHble 3y0Obl.
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The data presented in Table 3 convincingly demon-
strate a comparatively higher volume of anticipated the-
rapeutic and surgical dental care required among flight
personnel with a subcompensated form of carious status
compared to those with a compensated form of caries in-
tensity. Among the examined individuals, the proportion of
caries complications requiring treatment (element P) re-
mains relatively stable across all age groups (1.03+0.06,
1.21+£0.07, 1.31+£0.08, 1.42%+0.09, and 1.53+0.10) and
should be appropriately considered when planning the-
rapeutic dental care for these individuals.

Additionally, among flight personnel with a subcom-
pensated form of carious status, an importantindicator —
caries complications requiring extraction (element X) —
with corresponding values of 1.43%=0.13 (30.67%),
1.99+0.14 (33.90%), 2.05%0.18 (34.28%), 2.69+0.20
(39.97%), and 3.17+ 0.36 (45.61%), reflects a significant
need for tooth extractions among the examined indi-
viduals. It should be noted that these extractions include
teeth requiring removal not only due to caries complica-
tions but also as a result of periodontal diseases.

The findings presented in Table 3 strongly highlight
the considerable volume of required therapeutic and
surgical dental care among flight personnel with a sub-
compensated form of carious status, surpassing the
needs of those with a compensated form of caries in-
tensity. The stable proportion of caries complications
requiring treatment (element P) across all age groups
underlines the need to prioritize this element in plan-
ning dental care. Furthermore, the elevated propor-
tion of caries complications requiring extraction (ele-
ment H) in individuals with a subcompensated form of
carious status underscores a substantial need for tooth
extractions, reflecting both caries complications and
periodontal disease-related cases.

The proportion of missing teeth (element M) among
flight personnel increases from 1.43 + 0.13 units per in-
dividual with a subcompensated form of carious statusin
the 20-29 age group to 3.17 + 0.36 in the 60+ age group,
i.e., more than doubling. A comparative analysis of ele-
ment “X” indicates that its value increases by 1.4 times
in individuals aged 60 years and older. This fact should
guide dentists toward expanding the scope of surgical
dental care for the examined cohort of aviation workers.

Table 3. Structured of caries intensity beside flying personnel, having subcompensate form
of cariesology status in depending of age (at the average on one examined)

Tabnuua 3. CTpykTypu3saumns MHTEHCUBHOCTU Kapueca 3y00oB y NETHOIO nepcoHana, MMelLmux
CYOKOMMEHCUPOBAHHOM HGOPMbI KAPUECONOrMYECKOro cTaTyca B 3aBUCUMOCTM OT BO3pacTa

(B cpegHeM Ha 0gHOro o6cnefoBaHHOMO)

Structural Elements of the CPI Index
Age, in years Total CPI Index
K P F M
20-29 0.77+0.06 1.03+0.06 1.33+£0.09 0.07£0.03 1.43%0.13 4.63+0.37
30-39 0.92+0.07 1.21+0.07 1.70+0.10 0.05+0.03 1.99+0.14 5.87+0.41
40-49 0.84+0.05 1.31+0.08 1.75+0.11 0.03+£0.02 2.05+0.18 5.98+0.44
50-59 0.77+0.04 1.42+0.09 1.83+0.12 0.02+0.01 2.69£0.20 6.73+0.46
60mn> 0.33+0.02 1.53%+0.10 1.90+0.12 0.02+0.01 3.17+£0.36 6.95+0.61
On average 0.73+0.05 1.30+0.08 1.70+0.11 0.04x0.02 2.27+0.20 6.03%£0.46
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Table 4. Structured of caries intensity beside flying personnel, having debcompensate form of cariesology status

in depending of age (at the average on one examined)

Ta6nuua 4. CTpyKTypM3aunsa MHTEHCUBHOCTM Kapuneca 3y60oB y NETHOro nepcoHana ¢ A4eKOMNeHCMpPOBaHHOM
dOopMOI KapnecosIorM4eckoro cratyca B 3aBMCMMOCTW OT Bo3pacTa (B cpefHeM Ha o4HOro o6¢cnenoBaHHOMO)

Age, in years Structural Elements of the CPI Index Structural Elements
’ K P H F M of the CPI Index
20-29 0.54+0.06 2.25+0.15 2.37+£0.17 0.10+0.04 2.86+0.27 8.12x0.69
30-39 0.61+£0.07 2.34%0.16 2.42+0.19 0.09+0.04 3.51+0.30 8.97+0.76
40-49 0.67+0.07 2.90%£0.20 3.11+0.26 0.10+£0.06 4.33+0.53 11112112
50-59 0.32+0.03 3.03+0.28 3.57+0.36 0.06+0.03 5.62+1.21 12.60+1.91
60mn > 0.10+0.02 3.17+0.30 3.69+0.41 0.03%0.01 6.19+1.27 13.18+2.01
On average 0.45+0.05 2.74+0.21 3.03+0.28 0.08+0.04 4.50+0.72 10.80+1.30

As we have determined, the average intensity of ele-
ments C and F within the CPI index structure among
flight personnel with a decompensated form of carious
status was at its minimum (respectively 0.45+0.05 and
0.08+0.04), while the average values for elements P,
H, and M were 2.74+0.21, 3.03+0.28, and 4.50+0.72,
respectively (Table 4).

DISCUSSION

The collected data reveal a pronounced age-rela-
ted dynamic in the proportion of missing teeth within
the CPI index structure for flight personnel with a sub-
compensated form of carious status. The proportion of
this element sharply increases with age, ranging from
an absolute value of 1.43+0.13 and 1.99+0.14 missing
teeth perindividual in the 20-29 and 30-39 age groups,
respectively, to 2.05+£0.18 and 2.69+0.20 in the 40-49
and 50-59 age groups, and finally reaching 3.17+0.36
in the 60+ age group. In other words, nearly half of the
CPl index structure in the examined age groups of flight
personnel with a subcompensated form of carious sta-
tus is represented by missing teeth (37.6%) alongside
average values for the elements K (12.1%), P (21.5%), H
(28.2%), and F (0.6%).

A comparison of the obtained data for flight person-
nel in the aviation sector with a decompensated form
of carious status against those with compensated and
subcompensated forms showed a significant increase
in the proportion of missing teeth (element M) within
the CPI index. The average number of missing teeth
for compensated, subcompensated, and decompen-
sated carious statuses was 1.12+0.13, 2.27+0.20, and
4.50%0.72, respectively. The increase in the number of
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Abstract

AIM. The study’s objective was to assess the levels of oral health literacy (OHL) and dental anxiety (DA) among
patients and to examine any potential correlation between OHL and DA.

MATERIALS AND METHODS. This study is a cross-sectional analysis of 97 dental patients at AIMST Dental
Centre in Malaysia. Oral Health Literacy (OHL) was assessed with the Oral Health Literacy Instrument (OHLI),
while Dental Anxiety (DA) was evaluated by the Modified Dental Anxiety Scale (MDAS) questionnaire.
RESULTS. A significant proportion (70.1%) of participants exhibited sufficient oral health literacy, although mo-
derate levels of anxiety were observed in 39.8% of individuals as measured by the MDAS. OHL exhibited a strong
correlation with age (p=0.031) and education (p<0.001), while DA showed no significant association with any
sociodemographic parameters. Ultimately, OHL had a substantial correlation with the MDAS (p=0.004).
CONCLUSIONS. Our study revealed a substantial correlation between oral health literacy (OHL) and dental
anxiety (DA) among participants, indicating a necessity for oral health education to enhance OHL and therefore
improve oral health outcomes, perhaps mitigating their DA.
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FpaMoTHOCTb B 0651acTK 340pOBbA NOMOCTU pTa
M CTOMATOJ/IOrMYecKana TPeBOXKHOCTb:
MccnefoBaHUe Cpeay CTOMATO/IOrMUECKMX NauueHToB B Manaisum
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Pe3iome

LIE/b. OueHka ypoBHS rpaMOTHOCTM B 061acTu 340p0Bbs NonocTth pta (O3) n ctomaTonornyeckomn Tpe-
BoXHOCTK (CT) cpean nauneHToB, a TakXe N3y4nTb BO3MOXHYI0 koppenauumio mexay Or3 n CT.
MATEPUANbI N METObI. ViccnepoBaHune npeactaenseT coboii nonepeyHblii aHanua 97 ctomartonoruye-
ckmnx naumeHToB LeHTpa AIMST Dental Centre B Manaiiaum. l(pamMoTHOCTb B 06/1aCTV 340P0OBbsi MONOCTU pTa
(OI'3) oueHmBanacs ¢ ucnonb3oBaHmem nHcTpymeHnTa Oral Health Literacy Instrument (OHLI), a ctomaTtono-
rmyeckas TPeBOXHOCTb (CT) — C NOMOLLbI0O MOANDULMPOBAHHOM LLKAsbl CTOMATONOrMYECKOM TPEBOXHOCTH
(Modified Dental Anxiety Scale, MDAS).

PE3YJIbTATbI. 3HaunTtenbHas 4actb yyacTHUKoB (70,1%) npoaeMOoHCTpMpoBana 4OCTAaTOUYHbI YPOBEHb rpa-
MOTHOCTM B 0611acTu 340POBbS NOSIOCTU PTa, XOTS YMEPEHHbI YPOBEHb TPEBOXHOCTU Habnoganca 'y 39,8%
y4acTHUKOB, cornacHo peaynstatam MDAS. OI'3 nokasana cuibHyio koppensuuvio ¢ Bo3pacTtom (p=0,031)
1 ypoBHem obpaszoaHus (p<0,001), B To Bpems kak CT He 6blsia 3HAYMMO CBsi3aHa ¢ Kaknmu-nmbo coumoae-
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Morpaduyeckumn napameTpamu. B koHeuHom utore, O3 nmena 3HauYnTENbHYO KOPPENSALMIO C pelynbTa-
Tamu MDAS (p=0,004).

BbIBO/,. ViccnenoBaHue BbISIBUIO 3HAYUTENbHYIO KOPPENALMIO MeXY rPaMOTHOCTbIO B 0611aCTX 34,0P0BbS
nonoctu pta (Or3) n cromaronornyeckomn TpeBoxHocTbo (CT) cpean y4acTHUKOB, YTO NoAYepknBaeT Heob-
XOOVMOCTb NOBBLILLIEHNS YPOBHA 06pa3oBaHuMsa B 06/1aCTN 34,0P0BbS MOIOCTY pTa AN YNyyLEeHMUs CTOMATo-
JIOFMYECKMX nokasarenen n, BO3MOXHO, CHUXeHNS ypoBHA CT.

Kniouesble cnoBa: rpaMOTHOCTbL B obnactu 340pO0BbA MNOJIOCTU PTA; CTOMATONI0rM4eckad TPEeBOXXHOCTb; CTO-
MaTosiornieckme naunmeHTbl; 340Pp0BbE YesloBeKa

UHdopmauuma o ctatbe: noctynuna — 01.11.2024; ncnpaenexa — 09.01.2025; npunsarta — 15.01.2025
KoH®AUKT nHTepecos: aBTOPbl COOOLLAIOT 06 OTCYTCTBUMN KOHPNNKTA UHTEPECOB.
BnarogapHocTu: GUHAHCUPOBAHWE U MHANBMAYaANbHbIE 611arofapHOCTY AN OEKNAPUPOBAHNSA OTCYTCTBYIOT.

Ana untupoBanma: MNMunnan [., CenbBapagx C., Mexta B., JleHr 3.10.W1., Tunr E., Wun EJ1.[., Ben .,
TabHpx A. T[paMOTHOCTbL B 0611aCTy 340POBbSA MOAOCTM PTa U CTOMATONOrn4yeckas TPeBOXHOCTb: UCCNeno-
BaHWe cpeam CToMaToNormyeckmx nauneHTos B Manansunun. SvaogoHtus Today. 2025;23(1):139-147. https://

doi.org/10.36377/ET-0067

INTRODUCTION

Health literacy is the capacity of individuals to ac-
quire, interpret, and understand the essential health
information and services that are required to make in-
formed decisions. The American Dental Association
(ADA) defined oral health literacy (OHL) as the extent to
which individuals can access, comprehend, and apply
essential oral health information and services to make
informed decisions about their oral health. This includes
the ability to read and comprehend written material, ef-
fectively communicate health-related information, and
achieve and maintain optimal health [1]. Decreased
literacy has been associated with postponed medical
diagnoses, poor compliance with medical instructions,
impaired self-management abilities, heightened mor-
tality risks, negative health outcomes, and escalated
healthcare expenses. Health-related information can
be obtained from numerous sources. This information
can take the form of printed materials including leaf-
lets, magazines, and newspapers. Moreover, audio-
visual media, Internet resources, and direct information
from healthcare personnel are good ways to access
health-related information. However, misunderstanding
of health instructions or information can have severe
health consequences [2]. According to evidence, OHL
plays a crucial role in improving individual oral health,
and poor OHL impedes effective communication be-
tween dentists and patients, thereby serving as a sig-
nificant obstacle to patient-centered care [3].

DA is a negative emotional state that dental patients
experience in an excessive and unreasonable manner.
[4]. It shares homogenous attributes with a spectrum of
anxiety disorders, especially those pertaining to spe-
cific fears and phobias. These involve several debilita-
ting conditions of different dimensions such as physio-
logical behavioral, cognitive, and emotional compo-
nents. DA is a common phenomenon that often pre-
sents challenges to both dentists and patients during
practice [5]. The dentist experiences stress as a result
of the reduced collaboration that is required to treat
apprehensive patients. This results in an increase in
treatment time and resources, which ultimately leads to
a negative perception of both the patient and the den-
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tist [6; 7]. Studies have demonstrated that it is a criti-
cal factor in the prevention of dental treatment [8; 9].
A variety of negative health outcomes are associated
with DA and anxiety [10]. Additionally, DA impairs oral
health-related quality of life (OHQOL) and impedes
procedures. In 2003, McGrath and Bedi reported
a correlation between DA and social and economic
disadvantage, unfavourable oral health, and negative
impacts on subjects’ oral health-related quality of life.
High levels of DA are associated with the lowest quality
of life in terms of oral health [11]. Owing to the wide-
ranging consequences, it is critical to not only recog-
nize DA quickly but also treat them effectively once they
attend a dental appointment. The practitioner should
try to alleviate patients’ anxiety and fear so that they
are motivated to return for appointments in the future.
The execution of the treatment plan and general ma-
nagement of patients’ DA requires effective communi-
cation, informative education, and a supportive, trus-
ting dentist-patient relationship [12].

Although a few studies have shown a negative re-
lationship between OHL and DA [13-15], research on
this topic remains limited [16]. Therefore, this research
aimed to improve our comprehension on the associa-
tion between OHL and DA.

OHL is a concept that is gaining prominence and has
the potential to greatly impact oral health. By incorpo-
rating both crucial elements of OHL and DA, patient-
centered dental care and the overall oral health of pa-
tients can be provided. However, only three publications
are available exploring OHL and DA relationship [13-15].
A study by Shin and colleagues in the year 2014, on
187 parents and their kids in the US suggested that in-
dividuals with low OHL would have greater DA and that
a lack of understanding might be a contributing factor
to DA [13]. An association was demonstrated, indica-
ting a relationship between OHL and DA, although the
precise pathways remain unknown. Barasuol et al. (2017)
conducted a study of 168 Brazilian children and their ca-
regivers. In this study, a Poisson regression model was
produced by researchers using DA as the dependent
variable. Furthermore, the two domains (OHL and DA)
were reported to have a significant association in both
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the bivariate and multivariable analyses. Additionally,
the authors emphasized the strength of this association
across cultures. Both research outcomes emphasize the
necessity for additional research in community-based
settings since DA can vary significantly in an environ-
ment where dental care is actively sought [14].

The objective of this study was to determine the level
of OHL and DA among patients attending the AIMST
Dental Centre, and to determine whether there is any
association between OHL level and DA among these
patients.

MATERIALS AND METHODS

This cross-sectional survey was conducted over
a period of 5 months, from August 2022 to January
2023. The AIMST University Human Ethics Committee
accepted this study (AUHEC/FOD/2022/07). The study
subjects were patients aged 15 to 45 years who un-
derwent dental treatment at the AIMST Dental Centre.
Participants were chosen using convenience sampling,
based on their appointments, availability, and willing-
ness to engage.

Patients who came for dental treatment or regular
check-ups at the AIMST Dental Centre and provided
written consent were included in this study. Exclusion
criteria were patients with mental or psychological
problems, those requiring emergency care, those who
were notliterate in English or Malay, and those who were
not willing to participate. The G*Power program 3.1.9.7
was used to calculate the sample size through power
analysis, given a = 0.05, power = 0.8 [16]. The minimum
required sample size of 87 patients was needed from
AIMST Dental Centre. The non-response rate was es-
timated at 10%, necessitating a final sample size of 96
patients from the AIMST Dental Centre.

The questionnaire [17-20] comprised of two parts.
The first section consists of a tool to assess OHL which
is Oral Health Literacy (OHLI), and a Modified Dental
Anxiety Scale (MDAS), an instrument to measure DA.
Overall, 62 items were included in the questionnaire,
and the approximation of the completion time was
20 minutes.

The overall performance of the OHLI was deter-
mined by aggregating the weighted scores, resulting in
atotal score that varied between 0 and 100. The greater
anindividual’s OHLI score, the greater is their functional
OHL. Furthermore, the OHLI score can be divided into
three groups: inadequate (0-59), marginal (60-74), and
adequate (75-100).

DA was determined using the Modified Dental Anxi-
ety Scale (MDAS). The MDAS is a concise, self-admin-
istered questionnaire comprising five questions and
a five-point rating scale ranging from “not anxious” to
“extremely anxious”. The scores from each question
were added together, yielding a total score that ranged
between a minimum of 5 and a maximum of 25. It has
good psychometric properties; a short period of time is
sufficient to complete, and scoring is easy. In addition,
the completion process does not increase the respond-
ents’ anxiety. The MDAS scores can be categorized into
three DA levels: normal anxiety (5-10), moderate anxie-
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ty (11-18), and extreme anxiety (19-25). A value of 19 or
higher was found through empirical determination to
signify a high DA, which warrants special attention from
dental professionals.

The data were analysed utilising SPSS software for
Windows (version 27, SPSS Inc., IBM). Descriptive sta-
tistics for socio-demography were presented as means
and standard deviations (SD) or medians and interquar-
tile ranges (IQR) for numerical variables, while frequen-
cies and percentages (%) were utilised for categorical
variables. Pearson’s chi-square test was employed to
determine any statistically significant association be-
tween two category variables. All statistical analyses
were two-tailed, and a p-value <0.05 was deemed sta-
tistically significant.

RESULTS

The study sample consisted of 97 dental patients
from the AIMST Dental Centre (ADC), which achieved
a 100% response rate. The characteristics of the study
participants were presented through descriptive sta-
tistics.

The sample characteristics were comprised of four
general sociodemographic factors. Of the 97 partici-
pants, 53 (44.9%) were aged between 15 and 25 years
and 44 (37.3%) were aged 26 years and above.

Most participants were female (57.6%). Twenty
(20.6%) participants were Malay and Indian, and 77
(79.4%) were Chinese. 71 (73.2%) were either at their
undergraduate or diploma level, whereas 26 (26.8%)
had completed only primary or secondary education
(Table 1).

Oral Health Literacy (OHL) and Modified Dental
Anxiety Scale (MDAS)

Most of the participants (70.1%) attained scores
correlating to sufficient OHL levels, while 29.9% corre-
sponded to inadequate OHL levels. 29 (24.6%) partici-
pants had scores of normal or no anxiety, 47 (39.8%)
had experienced moderate anxiety, and 21 (17.8%)
were categorised as potentially phobic due to their his-
tory of encountering extreme DA (Table 2).

Table 1. Characteristics of participant’s
sociodemographic factors (n = 97)

Tabnuua 1. XapakTepucTukm coumoaemMorpadmnyeckmnx
daKkTOpOB y4acTHUKOB (N = 97)

Factors Characteristics n (%)
Age 15t0 25 53 (44.9)
26 and above 44 (37.3)
Gender Male 29 (24.6)
Female 68 (57.6)
Race Malay and Indian 20(20.6)
Chinese 77(79.4)
Education Primary and secondary 26 (26.8)
Undergraduate and diploma 71(73.2)

Tom 23 N2 1/2025 ‘ Endodont(cs



142 |

Table 2. Distribution of OHL and MDAS scores (n = 97)

Tabnuua 2. PacnpeneneHne nokasatenen O3
n MDAS (n =97)

Variables Characteristics n (%)?®
OHL Inadequate 29 (29.9)
Adequate 68 (70.1)
MDAS Normal 29 (24.6)
Moderate 47 (39.8)
Extreme 21(17.8)

Note: ? Inadequate OHL refers to scores < 74 and Adequate
OHL refers to scores > 75

lNMpumeyaHue: * HepoctaTouHbil ypoBeHb O3 oTHOCUTCS K 3HA-
YyeHusaM < 74, a 4OCTaTO4HbIN ypoBeHb O3 — k 3Ha4YeHusaM > 75.

Association between sociodemographic factors
and oral health literacy

The participants aged 15 to 25 years showed
a more adequate OHL than those aged 26 years and
above, with a p-value of 0.031. Therefore, there was
a significant association between age and OHL levels.
More female participants (75%) showed adequate
OHL compared to males (25%), with a p-value of 0.107.
Thus, there was no significant association between
gender and OHL levels. Among the participants of the
three races, the Chinese showed a higher level of ad-
equate OHL than Malays and Indians, with a p-value
of 0.591. Hence, race and OHL had no significant as-
sociation. The p-value for education is less than 0.001
which means education and OHL were significantly as-
sociated (Table 3).

Association between sociodemographic factors
and DA based on the MDAS

The p-value for age was 0.197 which meant there
was no significant association between age and DA.
The p-value for gender was 0.512 which meant that
there was no significant association between gender
and DA. The p-value for race was 0.978, indicating
that there was no significant association between race
and DA. The p-value for educational level was 0.599.
Hence, there was no significant association between
educational level and DA (Table 4).

Association between oral health literacy
and dental anxiety

Of the 97 participants, 25 (36.8%) with adequate
OHL levels showed normal levels of DA compared to
four (13.8%) with inadequate OHL levels. 34 (50%)
participants with adequate OHL levels showed mod-
erate anxiety compared with 13 (44.8%) participants
with inadequate OHL levels. Only nine (13.2%) par-
ticipants with adequate OHL levels showed extreme
levels of DA compared to 12 (41.4%) participants with
inadequate OHL levels. The p value is 0.004. Hence,
there was a significant association between OHL and
DA (Table 5).
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Table 3. Association between sociodemographic
factors (age, gender, race and education) with OHL
(n=97)

Tabnuua 3. Accouyaums mexay
coumnogemorpadunyecknmn dakTopamm (Bo3pacT, o,
paca v obpazoBaHue) n yposHem O3 (n = 97)

Factors Inad:g)z)ate", Ad(:'q(l:/oa)t = p-value®
Age
15t0 25 11 (37.9) 42 (61.8) 0.031
26 and above 18 (62.1) 26 (38.2)
Gender
Male 12 (41.4) 17 (25.0) 0.107
Female 17 (58.6) 51(75.0)
Race
Malay and Indian 5(17.2) 15(22.1) 0.591
Chinese 24 (82.8) 53(77.9)
Education
se”ég"’r‘fdya"’;gd 17 (58.6) 9(13.2) | <0.001
gr?ggfglr aduate 12 (41.4) 59 (86.8)

Note: ? chi-square test for independence; ° inadequate OHL
refers to scores < 74 and Adequate OHL refers to scores > 75
lMpumeyvaHmne: ® KpuTeEpPUn ¥2 0N NPOBEPKMN HE3ABUCUMOCTH;
® HeOCTaTOYHBIN ypoBeHb O3 OTHOCKTCS K 3HAYEeHUAM < 74,
a [OoCTaTOYHbIN ypoBeHb O3 — K 3Ha4YeHUaM > 75.

Table 4. Association between sociodemographic
factors (age, gender, race and education) with dental
anxiety based on MDAS (n = 97)

Ta6nuua 4. Accouyaumns Mexay
couunoagemorpaduniyeckummn pakTopamm (BO3pacT,
non, paca v obpasoBaHne) U1 CTOMaTOIOrM4YECKOM
TPEBOXHOCTbIO HA 0cHoBe MDAS (n = 97)

Factors Normal, | Moderate, | Extreme, p-value®
n (%) n (%) n (%)
Age
15-25 14(48.3)| 30(63.8) | 9(42.9) | 0.197
o6andabove | 15(517)| 17(36.2) | 12(57.1)
Gender
Male 11(37.9)| 12(25.5) | 6(28.6) | 0.512
Female 18(62.1) | 35(74.5) | 15(71.4)
Race
mg::%a”d 6(207) | 10(21.3) | 4(19.0) | 0.978
Chinese 23(79.3)| 37(78.7) | 17(81.0)
Education
Eergirgafry‘d 6(20.7) | 13(277) | 7(33.3) | 0.599
gggz:g(gﬂ‘;ate 03(79.3)| 34(72.3) | 14(66.7)

Note: @ Chi-square test for independence.
lMpumeyvaHmne: * Kputepuin y2 ans NnpoBEPKN HE3ABUCUMOCTW.
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Table 5. Association between OHL and MDAS (n=97)

Ta6nuuya 5. Accouyauns mexay yposHem O3
n MDAS (n = 97)

MDAS
OHL Normal, | Moderate, | Extreme, | p-value®
n (%) n (%) n (%)
Inadequate 4(13.8) 13 (44.8) 12 (41.4) 0.004
Adequate | 25(36.8) | 34(50.0) | 9(13.2)

Note: ? Chi-square test for independence; ° Inadequate OHL
refers to scores < 74 and Adequate OHL refers to scores > 75.
lMpumeyvaHms: ® KpuTepnn X2 N NPOBEPKN HE3ABUCUMOCTM;
® HemoOCTaTOYHbIN ypoBeHb O3 COOTBETCTBYET 3HAYEHUAM
< 74, a pocTaTouHbIl ypoBeHb O3 — 3HavyeHusm > 75.

DISCUSSION

This study presents the results of OHL and DA
among 97 dental patients at the AIMST Dental Centre.
The sample characteristics, including age, gender,
race, and education, were described using appro-
priate descriptive statistics. In addition, this study
examined the association between these variables
against OHL and DA.

Most participants were female, Chinese, and had ei-
ther undergraduate or diploma education levels. Most
participants had adequate OHL, whereas almost 18%
experienced extreme DA and were classified as poten-
tially phobic.

Age and education had a substantial correlation
with OHL, while gender and race did not demonstrate
a significant association with OHL. Participants aged
15-25 had a more adequate OHL than those aged
> 26 years. There are a few possible reasons; for ex-
ample, people in the 15-25 age group are typically still
in school or college, where they may receive education
on oral health and hygiene as part of their curriculum.
In contrast, older individuals may not have had access
to a similar education or may have forgotten what they
have learned in school. A study by Nunes et al. showed
that younger individuals may be more exposed to oral
health information through social media and other on-
line resources, which can help increase their know-
ledge and awareness [21]. Additionally, they may be
more likely to visit dentists regularly, which can pro-
vide them with more opportunities to learn about their
oral health. According to Nicola J Gray et al.,2005, one
way to help young people develop health literacy skills
is by including internet-based health interventions in
school programs. Since the younger generation has
more exposure to the Internet and social media, this
can be done by teaching them how to search for and
select information from electronic sources, which can
provide valuable opportunities to learn about health-
related topics [22].

In addition, participants with undergraduate and di-
ploma education had higher OHL than those with prima-
ry and secondary education. In this study, OHL scores
were significantly higher among undergraduates and
diplomas (89.9%) than among primary and secondary
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levels (10.1%). The current findings indicate that indi-
viduals with higher education levels are proficient in as-
sessing health-related information and services, hence
improving their capacity to make informed decisions re-
garding their oral health [23-26]. In contrast, those with
lower educational attainment may lack the essential
skills to comprehend and utilise health-related informa-
tion, recognise the need for timely action, and navigate
intricate healthcare systems.

There were more female participants (75%) who
showed adequate OHL than males (25%), but there
was no significant association between gender and
OHL. Studies conducted across multiple nations have
failed to exhibit any discernible disparity among various
levels of OHL and gender. In Tehran, research con-
ducted by Naghibi et al. demonstrated that female par-
ticipants exhibited a greater level of OHL, aligning with
the findings of this study. This disparity is attributed to
women’s heightened emphasis on oral health and hy-
giene, along with their more frequent engagement with
oral health services, pertinent facts accessible via me-
dia outlets [27].

Furthermore, Chinese participants had higher OHL
than Malay or Indian participants. According to the
study by Zolkifli et al., such disparity may be due to dif-
ferences in educational level, with Chinese participants
having higher levels of education on average compared
to Malays and Indians. Cultural and language diffe-
rences, particularly in a country like Malaysia with its
multi-ethnicity can be barriers that may influence the
variation in knowledge levels of oral health between the
groups [23]. A further study [24] indicated that Chinese
individuals exhibited superior oral health status and
greater oral health awareness compared to Indian par-
ticipants. However, in our study, ethnicity was not found
to be significantly associated with OHL, which could be
because our study population was predominantly Chi-
nese (79.4%). Alimitation of this study is that the current
sample may not adequately represent the ethnic variety
among dental patients in Malaysia’s OHL.

Regarding the association between sociodemo-
graphic factors and DA, the study found no significant
association between age, gender, race, education, and
DA. Some studies have found no association between
DA and age. One possible explanation for this lack of
association is that DA may be related to other factors
such as personality traits, prior dental experiences, or
cultural background rather than age alone [28; 29]. In
2003, Beaton et al. found that DA was more strongly re-
lated to the performed dental treatment type, such as
root canal treatment, extraction, or restoration, than to
the age of the patient [30]. A 2003 study by Haaglin et
al. revealed that psychological factors, including fear of
pain and loss of control, exhibited a stronger correla-
tion with DA than age [31]. Furthermore, a 2008 study
by Armfield JM et colleagues identified a significant cor-
relation between cognitive vulnerability, a characteristic
linked to anxiety and negative thought patterns, and DA
[82]. This indicates that personality features could in-
fluence the emergence of DA, and age may not be the
primary determinant in forecasting DA.
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Regarding gender, female participants exhibited
higher scores on the MDAS (moderate or extreme DA)
than their male counterparts; nonetheless, the study
indicated no significant correlation between gender
and DA, a finding commonly observed in prior DA in-
vestigations [33-35]. The literature indicates that
women often possess lower pain tolerance and exhibit
elevated anxiety levels, data that align with this study’s
results. The findings of this study indicated no signifi-
cant correlation between race and DA, a conclusion
further corroborated by additional research [36; 37].
Chellapah determined that there were no substan-
tial racial disparities in the prevalent rate of DA [36].
Another study by Tan A. et al. (2019) found that eth-
nicity was not a significant predictor of DA [37]. Accor-
ding to the limited studies available, it was indicated
that there were were no statistically significant corre-
lations between race and DA. Nonetheless, additional
research with bigger sample sizes and varied popula-
tions may enhance our comprehension of the intrica-
cies between race and DA.

An elevated degree of education may result in im-
proved oral health and hygiene, together with an in-
creased frequency of routine dental examinations [38].
Recent studies indicate that a higher degree of educa-
tion correlates with a reduction in DA [38; 39]. Never-
theless, the results of this study indicated no substan-
tial correlation between DA and educational achieve-
ment. This discovery corresponds with the work of Oz-
demir et al. [40] and Ay et al. [41], indicating that dental
anxiety (DA) is a complex phenomenon influenced by
various factors, including prior dental experiences,
personality characteristics, and cultural perceptions
of dentistry, indicating that the relationship between
education and DA is likely intricate. Hence, a com-
prehensive understanding of the various factors that
contribute to DA is required to effectively address and
manage this issue.

Identifying the correlation between OHL and DA
in dental patients at the AIMST Dental Centre was the
primary focus of the current research. This study’s re-
sults indicated a strong connection between OHL and
DA levels, which persisted at the multivariable level.
More subjects in the category of having adequate OHL
(86.8%) scored significantly lower on the MDAS (nor-
mal or moderate DA) than those with inadequate OHL
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Abstract

INTRODUCTION. The manifestations of Crohn’s disease (CD) and ulcerative colitis (UC) in the oral cavity
include both nonspecific lesions and specific lesions directly associated with intestinal inflammation. Oral
lesions that remain undiagnosed may subsequently be difficult to manage with therapeutic and preventive
measures.

AIM. To evaluate the developed diagnostic algorithm for oral mucosal pathology in patients with CD and UC.
MATERIALS AND METHODS. The comprehensive clinical and dental examination included an assessment of
complaints, medical history, findings from an objective examination, and laboratory investigations.
RESULTS. This retrospective, multicenter study included young adults with CD and UC who were under regu-
lar medical supervision in gastroenterology departments and adhered to general treatment protocols. Clini-
cal manifestations of lip vermilion pathology were observed in 51.43% and 42.85% of patients with CD and
UC, respectively (p < 0.01), including glossodynia in 31.43% (p < 0.01) and 17.15% (p < 0.05) of cases. The
main complaints of patients with diagnosed oral mucosal pathology were unpleasant sensations in the form
of soreness and pain when consuming irritant foods in 100% and 65.71% of cases, respectively; discomfort
during speechin 31.43% and 25.71% of cases; and dry mouth in 51.43% and 25.71% of cases. Burning sensa-
tion in the oral cavity was reported in 31.43% and 17.15% of patients.

CONCLUSIONS. The correlation between clinical manifestations of oral mucosal pathology and labora-
tory findings necessitates biochemical monitoring of reduced vitamin B6 and B12 levels in the blood. De-
ficiency of these vitamins was observed in 42.9% and 28.57% of patients with CD and in 34.4% and 20.0%
of patients with UC, justifying the diagnosis of desquamative glossitis (KACD = 0.73 and KAUC = 0.64). The
diagnosis of fissured tongue was established in 42.9% and 28.57% of CD patients and in 14.3% and 8.6% of
UC patients (KACD = 1.0, KAUC = 0.64). In CD patients in remission with vitamin B12 deficiency, the relative
risks for the development of aphthous stomatitis, fissured tongue, and burning mouth syndrome with glos-
sodyniawere OR =7.1 (Cl: 1.2-41.0), OR=11.5 (Cl: 1.7-77.2), and OR = 29.3 (Cl: 4.1-200.0), respectively. In
the same group, vitamin B6 deficiency increased the risk of fissured tongue (OR = 12.7, Cl: 1.3-121.4) and
burning mouth syndrome with glossodynia (OR = 13.5, Cl: 2.3-80.8). In UC patients, deficiencies in vitamin
B12 and B6 were criteria for the development of recurrent aphthous stomatitis (OR = 19.2, Cl: 1.9-196.5 and
OR=9.2, Cl: 1.4-59.6, respectively), fissured tongue (OR = 13.5, Cl: 1.6-115.9 and OR = 9.8, Cl: 1.2-77.7,
respectively), and burning mouth syndrome with glossodynia (OR=8.7, Cl: 1.02-63.8 and OR = 17.3,
Cl: 2.2-138.2, respectively). Low hemoglobin levels in CD patients increased the risk of geographic glos-
sitis (OR = 4.9, Cl: 1.01-29.4) and the manifestation of burning mouth syndrome with glossodynia (OR = 6.0,
Cl: 1.2-29.7). Interdisciplinary collaboration between dentists, gastroenterologists, general practitioners,
and neurologists is essential for the early diagnosis of lip vermilion and oral mucosal pathology in patients
with CD and UC manifestations.

Keywords: diagnosis, aphthous stomatitis, glossitis, burning mouth syndrome, Crohn’s disease, ulcerative
colitis
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Pe3siomMe

BBELOEHME. MposieneHua 6one3nn KpoHa (BK) n Hecneumdumnyeckoro saseHHoro konmta (HAK) B nonoctu
pTa BKJOYaAOT Hecneundunyeckme nopaxeHus n cneumduyeckme nopaxeHns, HENOCPEACTBEHHO CBA3aH-
Hble C BOCNnaJsieHnemM Kumnie4vyHumka. I'Iopa>|<eH|/|9| B NOJNIOCTUN PTa, KOTOPbIe MOryT 6bITb He ANarHoCTUpOBaHbI
B AafibHeNLWeM TPYAHO NoaaanTcs N1e4ebHo-NpodnNakTUYECKUM MEPONPUSTUSM.

LLEENb NCCNEOOBAHUNYA. OueHka pa3paboTaHHOro ajroputMa npu AnNarHOCTUKE MaTosorMm CIM3ncTon
obonouku pta y naumeHToB ¢ BK n HAK.

MATEPUAblI U METOZbl. Komnnekc KIMHNMKO-CcTOMaToNornyeckoro oocnenoBaHns BKJOYan aHanns xa-
no6, aHamMHe3a, JaHHbIX 06bEKTUBHOIO 06CcnenoBaHms, N1abopaTopHOro NCcnenoBaHnS.

PE3YJILTAT. B 3T0 peTpocnekTUBHOE TPEXLEHTPOBOE MCCnenoBaHne Oblav BKIOYEHb! LA MONOA0ro
Bo3pacTta ¢ bK n HAK, koTopble HaxoaunMcb Ha AUCNaHCepHOM HabNlAeHUN B racTpO3HTeponoruye-
CKMX oTAeneHusx n cobnopanu tpedboaHus obuero nedvenus. MNpu BK n HAK knuHnyeckmne nposisneHus
naTosIorum KpacHom kammel ryb BoisieneHbl y 51,43% u 42,85% nuu (p < 0,01), B TOM Yncne rnoccoanHmm
B 31,43% (p < 0,01) u 17,15% (p < 0,05) cny4yaeB. OCHOBHbLIMU Xan0b6amMn NALMEHTOB NMPW BbIIBJIEHHO Na-
Tonormn COP 6b11n HENPUATHBIE OLLYLLEHNS B BUAE CCaaHEHUS 1 OONE3HEHHOCTU NP NpUeme, pasapaxa-
iowen nuwmn B 100% n 65,71% cny4vaes, npu pasrosope B 31,43% u 25,71% cny4aeB, Ha HaNM4Yne CyxocTu
B nonoctu pta B 51,43% un 25,71% cnydyaeB. CUMNTOM X>XEHUS NONoCTn pTa BbigBaeH y 31,43% un 17,15%
nauneHToB.

BbIBO/bl. B3anMoCBA3b KIIMHMYECKUX NPOSIBAEHWI NaTONOrnMm CAM3ncTon 060104KkM pTa ¢ nabopaTopHbI-
MW NokasaTensaMun npeaycMaTpnuBaeT 6MOXUMNYECKNIA MOHUTOPUHT B KPOBU CHUXEHHOIO YPOBHS BUTAMU-
Ha B6 n B12, 4to cooTBeTCTBEHHO B 42,9%, 28,57% cny4aeB npu 6one3Hn Kpona, B 34,4%, 20,0% cnyyaeB
npu HeCI'IeLI,I/Id)I/I‘-IeCKOM A3BEHHOM KONUTE O6OCHOBbIBaeT NMOCTaHOBKY AMnarHo3a ,El,eCKBaMaTVIBHbIVI rnoc-
cunT (KAsk = 0,73  KApak = 0,64), B 42,9%, 28,57% cnydasax npun 6one3Hn KpoHa 6K n B 14,3%, 8,6% cnyyaax
Hecneumdunieckoro A3BEHHOro KOaMTa AnarHocTuky cknagyatoro a3bika (KAsq = 1,0, KAuac = 0,64). Y na-
umneHToB ¢ BK B cTtagmmn pemuccum npm Hannummn gedpuumta Butammia B12 B KpOBM OTHOCUTESIbHbIE LLIAH-
Cbl U LOBEPUTENbHbLIX MHTEPBANOB pa3suTna adTo3HOro ctomaTtuta coctaensaiot ¢ OR=7,1 (Cl: 1,2-41,0),
cknapyatoro sa3blika ¢ OR = 11,5 (Cl: 1,7-77,2), cMHApOMa X>XeHus NoNoCcTu pTa, rnoccoamHum ¢ OR = 29,3
(Cl: 4,1-200,0). Mpun peduumnte B6 y 911X Xe BONbHbLIX BO3pacTaeT PMCK cknaadyaToro s3bika ¢ OR = 12,7
(Cl: 1,3-121,4) n cuHppoma xxeHus nonoctn prta, rnoccogmHum ¢ OR = 13,5 (Cl: 2,3-80,8). Y 605bHbIX
¢ HAK npu Hannyun gedpunumnta ButammHoB B12 n B6 B KpoBU SBNSIETCHA KPpUTEPUEM AN PA3BUTUSA pPeLn-
ansupyoulero agptosHoro ctomatuta (OR = 19,2 (Cl: 1,9-196,5) u OR =9,2 (Cl: 1,4-59,6) COOTBETCTBEH-
HO, cknag4yatoro a3bika (OR = 13,5 (Cl: 1,6-115,9) n OR =9,8 (Cl: 1,2-77,7), COOTBETCTBEHHO, CUHAPOMA
XOKEHMSA NOoCcTu pTa, rnoccoanHmm (OR = 8,7 (Cl: 1,02-63,8) u OR = 17,3 (Cl: 2,2-138,2), COOTBETCTBEH-
HO). H13kuin ypoBeHb remornobuHa y nauneHToB ¢ BK noBbIWwan puck KNMHMYeCKoro Te4eHuns reorpapuye-
ckoro rnoccuta (OR =4,9 (Cl: 1,01-29,4)) n nposiBAEHUI CUHAPOMA X KEHWS NOAOCTU PTa U rMOCCOANHUN
(OR=6,0(Cl: 1,2-29,7).

SAKJIIOHEHUE. MexancumnanHapHoe COTPYAHWYECTBO MEXAY CTOMAaTosioramu, racTpO3HTEpOsioramu,
TepaneBTamMu, HEBPOJIOramMu SIBASIETCS KPUTEPUEM PaHHEel ANarHOCTMKM NaTofiorMmM KpacHoW KanMbl ryo
1 CNM3NCTOM 000SI0HKM pTa y NaumeHToB ¢ nposisneHnamu BK n HAK.

KnwoueBblie cnoBa: ANarHoCTuka, a¢)TO3HbII7I CTOMATUT, NMOCCUT, CUHOPOM XXKEeHUdA NMoJIOCTU pPTa, 6OJ'Ie3Hb
KpoHa, Hecneundunyecknin A3BEHHbIN KOAUT

UHdopmauuma o ctaTbe: noctynuna — 13.01.2025; ncnpasnena — 25.02.2025; npunsata — 02.03.2025
KOoHGAUKT nHTepecoB: aBTOPbLI CO0OLLAOT 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.
BbnaropaapHocTu: GMHAHCUPOBaHWE N MHAMBMAYaNbHbIE O/1arofapHOCTY 419 AeKNapupoBaHUsa OTCYTCTBYIOT.

Ana umtnposaHua: YcmaHosa W.H., lOHycoBa P.[., JlTakmaH W.A., lepacumoBa J1.I., MwmyxameToBa A.H.,
AkonsH A.M., AmuHesa I®., Makaposa H.A., Ctapuesa E.l0. OcobeHHOCTN anropntMa AnarHoCTUKM NaTono-
rMn CAM3ncTor 06004KM pTa y naumMeHToB ¢ 60ne3Hbio KpoHa 1 HecneumdunyeckuMmmn a3BeHHbIM KOTMTOM.
OHpopoHTnsa Today. 2025;23(1):148-157. https://doi.org/10.36377/ET-0079
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INTRODUCTION

Inflammatory bowel diseases (IBD) primarily include
ulcerative colitis (UC) and Crohn’s disease (CD). Both
conditions have significant social relevance, as the pri-
mary cohort of patients predominantly consists of young,
working-age individuals who fall into the category of
“chronically ill” and require frequent hospitalizations [1].

According to data obtained from 78 regions of Rus-
sia, inflammatory bowel diseases (IBD) have been
diagnosed in 3,827 patients, including 2,358 cases of
ulcerative colitis (UC) and 1,469 cases of Crohn’s dis-
ease (CD) [1]. The global number of IBD patients ex-
ceeds 4.9 million. In Europe, the incidence of CD ranges
between 0.4 and 22.8 per 100,000 people per year,
while the incidence of UC varies between 2.4 and 44.0
per 100,000 people per year [2; 3].

From an epidemiological perspective, CD affects
men and women equally. The age of disease onset fol-
lows a bimodal distribution, with a peak between 20 and
40 years and a second peak between 50 and 60 years.
The incidence and prevalence of the disease have sig-
nificantly increased worldwide [4].

The presence of oral manifestations that precede
or follow the intestinal symptoms of Crohn’s disease
(CD) and ulcerative colitis (UC) should be a matter of
serious attention for dentists, gastroenterologists, and
general practitioners to ensure early diagnosis [5; 6].

Oral mucosal pathology associated with the clini-
cal course of CD and UC may be observed in more than
60% of patients and is more frequently found in males
and those diagnosed with inflammatory bowel disease
(IBD) at a younger age [7; 8]. In this patient category,
nonspecific oral manifestations such as aphthous sto-
matitis and glossitis [9; 10], as well as burning mouth
syndrome, may appear several years before the onset
of systemic symptoms [10].

Extraintestinal orofacial manifestations often go unno-
ticed during a clinical examination by a gastroenterologist,
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leading to suboptimal management of this patient group.
On average, 50% of practicing gastroenterologists and
general practitioners experience difficulties in the early di-
agnosis of oral mucosal lesions compared to dentists [11].

According to the literature, extraintestinal manifes-
tations of Crohn’s disease (CD) and ulcerative colitis
(UC) are directly associated not only with changes in
dental and general health status but also with altera-
tions in blood parameters [12].

The presence of oral mucosal lesions should raise
suspicion of inflammatory bowel disease (IBD) not only in
its active stage but also during remission, even in the ab-
sence of pronounced or any gastrointestinal symptoms.
Since oral lesions may precede the onset of CD and UC,
early diagnosis requires close collaboration between
dental specialists and gastroenterologists [13], which
underlines the relevance and objective of our study.

AIM

The aim of the study was to develop and implement
a diagnostic algorithm for detecting pathology of the lip
vermilion and oral mucosa in patients with manifesta-
tions of Crohn’s disease and ulcerative colitis in clinical
practice.

MATERIALS AND METHODS

From 2020 to 2022, a comprehensive clinical and
dental non-randomized, open-label, multicenter study
was conducted at GBUZ RB City Clinical Hospital No. 21
in Ufa, the BSMU Clinic, and the Republican Clinical
Hospital (RCH). The study included a retrospective anal-
ysis of medical records of 70 patients diagnosed with
chronic inflammatory bowel diseases (CIBD). Based on
the results, two clinical groups were formed:

1. The first group included 35 patients with Crohn’s
disease (CD), with a mean age of 37.5+ 1.6 years.

2. The second group consisted of 35 patients with ul-
cerative colitis (UC), with a mean age of 42.2+ 1.8 years.

Non-Randomized, Open-Label, Multicenter Study of Patients with Chronic Inflammatory Bowel Disease (CIBD)

Group | — Primary Clinical Group
with Crohn’s Disease (CD) (n = 35)

Group Il = Primary Clinical Group
with Ulcerative Colitis (UC) (n = 35)

Clinical and Dental Examination

Risk Assessment for Oral Mucosal Diseases (OMD)

Composition of the pH, Free Radical
Oral Microbiota — Oxidation of Oral
Candida spp. Fluid

CBC, BBA, Vitamins
B6 and B12

Visual Analog Scale
(VAS) for Pain, DN4
Questionnaire

Questionnaire
Ty 7

Dynamic Monitoring

Fig. 1. Study design
Puc. 1. ln3anH nccnepoBaHus
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All participants with clinical manifestations of CIBD
underwent treatment at GBUZ RB City Clinical Hospi-
tal No. 21, the BSMU Clinic, and RCH in Ufa. Based on
medical record data, clinical features, laboratory pa-
rameters, and endoscopic findings, we identified risk
factors, the nature of the clinical course, remission du-
ration, and the frequency of relapses in CD and UC.

The design of the comprehensive clinical and dental
examination is presented in Fig. 1.

To describe the characteristics, medians and inter-
quartile ranges were used for quantitative variables,
while relative frequencies were used for categorical var-
iables. Group comparisons were performed using the
chi-square test for categorical variables and the Mann-
Whitney test for quantitative variables. Differences were
considered statistically significant at p < 0.05.

To assess the association between clinical mani-
festations of oral mucosal pathology and laboratory
parameters in patients with Crohn’s disease (CD) and
ulcerative colitis (UC), association coefficients were
calculated. Since the significance of association co-
efficients cannot be tested using standard hypothesis
testing procedures, an association was considered
present when the coefficient exceeded 0.5.

To evaluate the risk of oral mucosal diseases in
patient groups, odds ratios (OR) and confidence in-
tervals (Cl) were calculated. For better visualization of
odds ratio, a forest plot was constructed. All statisti-
cal analyses were performed using the R programming
language.

RESULTS

In our study, anemia was observed in 31.4% (n=70)
of patients. Although the prevalence of anemia was 1.2
times lower in Crohn’s disease (CD) (28.57%) compared
to ulcerative colitis (UC) (34.29%), these differences were
not statistically significant (p = 0.607). The median hemo-
globin concentration in IBD patients was 118.5 g/L, with
120 g/LinCD and 117 g/Lin UC (p = 0.299, Table 1).

A comprehensive general therapeutic blood analysis
revealed that patients with inflammatory bowel disease
(IBD) exhibited deficiencies in hemoglobin, iron, vitamin
B12, and vitamin B6, while ferritin levels were at the low-
er limit of the normal range (Table 1). Comparative anal-
ysis demonstrated that vitamin B12 and B6 deficiencies
were significantly more pronounced in CD patients than
in UC patients (p < 0.001).

A comprehensive clinical and dental examination of
patients with IBD allowed us to determine the preva-
lence of oral mucosal pathology in patients with CD and
UC. However, no significant differences in their distribu-
tion between the patient groups were identified (p > 0.1,
Table 2).

The calculation of association coefficients to assess
the relationship between clinical manifestations of oral
mucosal pathology and laboratory parameters in pa-
tients with Crohn’s disease (CD) and ulcerative colitis
(UC) demonstrated a significant impact of vitamin B6
and B12 deficiencies on the occurrence of aphthous
stomatitis. This association was found to be stronger in
UC patients than in those with CD.
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Additionally, deficiencies in vitamins B6 and B12
were linked to the frequency of burning mouth syn-
drome and fissured tongue, with similar associations
observed in both CD and UC patients.

Low hemoglobin levels (below normal) contributed
to the development of recurrent aphthous stomatitis,
geographic glossitis, and burning mouth syndrome, but
only in CD patients.

Table 3 presents the cross-tabulated frequen-
cies for CD and UC patients with hemoglobin, vitamin
B6, and vitamin B12 levels below normal (considering
sex-specific reference values) and the corresponding
prevalence of oral mucosal diseases in these groups.

Table 1. Median values of the comprehensive general
therapeutic blood analysis in patients

with Crohn’s disease (CD) and ulcerative colitis (UC)
(median [interquartile range])

Ta6nuuya 1. MeguaHHble nokasaTenm pa3BepHyToro
obLeTepaneBTUYECKOr0 aHann3a KPoBM y NauMeHTOB
¢ bBK 1 HAK (MeamnaHa (MexkBapTMbHbIA pa3max))

Group | — Group Il -
Primary Primary clinical
clinical group group with
with Crohn’s ulcerative
Blood test parameters | disease (CD), | colitis (UC),
ICD-10 code: ICD-10 code:
K50 (n = 35) K51 (n=35)

Z-statistic#, p-value

Hemoglobin, g/L 120 (113-132) ‘ 117 (103.0-135.5)
Men: 130-160 g/L,

Women: 120-140 g/L

Z=1.04;p=0.299

Serum iron, umol/L
Men: 9-31 umol/L,
Women: 9-31 umol/L

9.9 (5.7-15.6) ‘ 11(4.8-18.4)

Z=0.07;p=0.943

Vitamin B6 55 (29-70) ‘ 122 (96-140)

Normal range: 20-125 ng/mL

Z=9.60""; p<0.001

Vitamin B12, ng/mL 274.5 (241—313)‘ 417 (389-496)
Normal range:

87-883 ng/mL

Z=9.03""; p<0.001

Leukocytes 6.7 (5.3-8.0) ‘ 7.3(6.1-8.4)

Normal range: 4-9 x 10%/L

Z=1.33;p=0.183

Erythrocytes
Men: 4-5x 10'2/L
Women: 3.9-4.7 x 10'2/L

4.5(4.2-4.9) ‘ 4.5(4.1-4.9)

Z=0.27,p=0.786

Erythrocyte Sedimentation
Rate (ESR)

Men: 2-10 mm/h

Women: 2-15 mm/h

14 (7-16)

17 (10-32)

Z=2.27;p=0.024

Serum Ferritin, ug/L 43.5(14-104) 41.5(19-138)
Men: 30.00-400.00 pg/L

Women: 13.00-150.00 pg/L Z=0.92;p=0.350
Note: #According to the Mann-Whitney test; *, *** Statistically
significant differences at the level of p <0.05 and p <0.001,
respectively.

lNpumedaruns: # CornacHo kputepuio Mana-Yuthu; *, *** Ctatu-
CTUYECKM 3HAYMMBbIE pa3nuums npm ypoeHe p < 0,051 p < 0,001,
COOTBETCTBEHHO.
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Table 2. The prevalence of oral mucosal pathology in patients with Crohn’s disease (CD) and ulcerative colitis (UC)
Tabnuua 2. HYactoTa BCTPEYAEMOCTU NATONOrNU CAM3UCTOM 060104KM pTa 'y naumeHToB ¢ BK 1 HAK

Group | — Primary | Group Il — Primary
Clinical Group with | Clinical Group with
Oral Mucosal Pathology Crohn’s Disease Ulcerative Colitis | x2-statistic# | p-value
(CD), ICD-10 Code: | (UC), ICD-10 Code:
K50 (n = 35) K51 (n = 35)

Recurrent aphthous stomatitis (ICD-10: K12.0) 17 (48.5%) 11 (31.4%) 2.1483 0.144
Geographlul: glossitis (ICD-10: K14.1) (Desquamative or migra- 15 (42.9%) 11(31.4%) 0.979 0.323
tory glossitis)
Fissured tongue (Scrotal, furrowed glossitis) (ICD-10: K14.5) 7 (20.0%) 5(14.3%) 0.402 0.526
Burning mouth syndrome, glossodynia (ICD-10: K14.6) 11 (31.4%) 6 (17.2%) 1.942 0.164

Note: #The chi-square (x?) test.
lMpumeyanus: #CornacHo x*-kpuTepuio.

Table 3. Association between clinical manifestations of oral mucosal pathology and laboratory parameters
in patients with Crohn’s disease (CD) and ulcerative colitis (UC), association coefficients

Ta6nuua 3. B3aMocBA3b KJIMHNYECKUX NPOSBIEHNIA NATONOMMN CAN3NCTON 0060/104KM pTa ¢ nabopaTopHbIMM
nokasartensamun y naumeHnToB ¢ BK u HAK, koaddprnumneHTo accoumaumn

Association of Disease Symptoms with Oral
Mucosal Pathology (OMP)

Group | — Primary Clinical Group
with Crohn’s Disease (CD),
ICD-10 Code: K50 (n = 35)

Group Il - Primary Clinical Group
with Ulcerative Colitis (UC),
ICD-10 Code: K51 (n = 35)

a6c. ‘ % abc. ‘ %
Association Coefficients

Low Hemoglobin Levels / Recurrent Aphthous 10/7 ‘ 28.57/41.17 16/5 ‘ 45.71/45.45
Stomatitis (ICD-10: K12.0) KAos = 0.56 KA = 0.07
Lower Border of Vitamin B12 / Recurrent Aphthous 10/8 ‘ 28.57/47.06 6/5 ‘ 17.14/45.45
Stomatitis (ICD-10: K12.0) KAcn =075 KA 0.0
Lower Border of Vitamin B6 / Recurrent Aphthous 15/10 ‘ 42.86/58.8 7/5 ‘ 20.0/45.45
Stomatitis (ICD-10: K12.0) KAos = 0.58 KA 0.8
Low Hemoglobin Levels / Geographic Glossitis (ICD-10: 10/7 ‘ 28.57/46.7 16/6 ‘ 45.71/54.55
K14.1) (Desguamative or Migratory Glossitis) KAco = 0.66 KAuc = 0.25
Lower Border of Vitamin B12 / Geographic Glossitis 10/6 ‘ 28.57/40.0 6/2 ‘ 17.14/18.18
(ICD-10: K14.1) (Desquamative or Migratory Glossitis) KAco = 0.45 KAucC =0.05
Lower Border of Vitamin B6 / Geographic Glossitis (ICD- 15/8 \ 42.86/5.33 7/3 \ 20.0/27.27
10: K14.1) (Desquamative or Migratory Glossitis) KAco = 0.36 KAuc=0.3
Low Hemoglobin Levels / Fissured Tongue (Scrotal, 10/4 ‘ 28.57/57.14 16/4 ‘ 45.71/80.0
Furrowed Glossitis) (ICD-10: K14.5) KAco = 0.66 KAue = 0.71
Lower Border of Vitamin B12 / Fissured Tongue (Scrotal, 10/5 ‘ 28.57/17.14 6/3 ‘ 17.14/60.0
Furrowed Glossitis) (ICD-10: K14.5) KAcp = 0.84 KAuc = 0.86
Lower Border of Vitamin B6 / Fissured Tongue (Scrotal, 15/6 ‘ 42.86/85.71 7/3 ‘ 20.0/60.0
Furrowed Glossitis) (ICD-10: K14.5) KAco = 0.86 KAyc = 0.81
Low Hemoglobin Levels / Burning Mouth Syndrome, 10/6 ‘ 28.57/54.55 16/2 ‘ 45.71/33.33
Glossodynia (ICD-10: K14.6) KAco = 0.71 KAuc = 0.3
Lower Border of Vitamin B12 / Burning Mouth 10/8 ‘ 42.86/72.73 6/3 ‘ 17.14/50.0
Syndrome, Glossodynia (ICD-10: K14.6) KAco = 0.93 KAuc=0.79
Lower Border of Vitamin B6 / Burning Mouth Syndrome, 15/9 ‘ 42.86/81.82 /4 ‘ 20.0/66.66
Glossodynia (ICD-10: K14.6) KAcp = 0.86 KAy =0.89

Note: KAcp — Association coefficient between characteristics for patients with Crohn’s disease (CD); KAyc — Association
coefficient between characteristics for patients with ulcerative colitis (UC).

MNMpumevanns: KABK — koadpunumeHT accoumnaumn mexay npmsHakamm gna naumeHToB ¢ bK, KAHAK — koadpdurnumneHT accoumn-

aunm mexay npnadHakamu gnsa naumneHTtos ¢ HAK.

dHdodoHmus
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Additionally, to assess the extent to which hemo-
globin, vitamin B6, and vitamin B12 deficiencies con-
tribute to the development of oral mucosal pathologies,
odds ratios (OR) were calculated, along with the lower
and upper confidence interval (Lower Cl and Upper CI)
boundaries, separately for Crohn’s disease (CD) and ul-
cerative colitis (UC).

Based on these calculations, forest plots were con-
structed (Fig. 2-7).

The calculation of odds ratios (OR) and confidence
intervals (Cl) demonstrated that in patients with Crohn’s
disease (CD), vitamin B12 deficiency increased the
likelihood of developing recurrent aphthous stomati-
tis (OR=7.1, Cl: 1.2-41.0), fissured tongue (OR = 11.5,
Cl: 1.7-77.2), and burning mouth syndrome with glos-
sodynia (OR =29.3, Cl: 4.1-200.0). In the same group,
vitamin B6 deficiency was associated with an increased

OMD in CD and decreased Hb Odds Ratio Lower ClI
Recurrent aphthous stomatitis 3.50 0.73
Geographic glossitis 4.96 1.01
Plicated tongue 4.89 0.85
Burning mouth syndrome, glossodynia 6.00 1.21
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risk of fissured tongue (OR=12.7, Cl: 1.3-121.4) and
burning mouth syndrome with glossodynia (OR = 13.5,
Cl: 2.3-80.8).

Vitamin B12 and B6 deficiencies also contributed
to the development of oral mucosal diseases in pa-
tients with ulcerative colitis (UC): recurrent aphthous
stomatitis (OR=19.2, Cl: 1.9-196.5 and OR=9.2,
Cl: 1.4-59.6, respectively), fissured tongue (OR = 13.5,
Cl: 1.6-115.9 and OR=9.8, CI: 1.2-77.7, respective-
ly), and burning mouth syndrome with glossodynia
(OR=8.7, Cl: 1.02-63.8 and OR =17.3, Cl: 2.2-138.2,
respectively).

Furthermore, low hemoglobin levels, based on our
study findings, increased the risk of geographic glos-
sitis (OR=4.9, CI: 1.01-29.4) and burning mouth syn-
drome with glossodynia (OR=6.0, Cl: 1.2-29.7), but
only in CD patients.

Upper CI
16.85 —=
24.37 =
20.08 =
29.73 =
(5 215 ':"; 715 1‘0 12‘.5 1‘5 17‘.5 2‘0 22‘.5 2‘5 27‘.5 3‘0

Odds Ratio

Fig. 2. Forest-plot Odds Ratio and CI for Oral mucosal diseases (OMD) in Crohn’s disease (CD) and decreased Hb

Puc. 2. JlecHow rpadwuk (Forest plot) oTHoweHuns waHcoB (OR) u poBeputensHoro nutepsana (Cl) ans
3aboneBaHuit cnmaucTton obonoykm pta (OM3) npu 6onesHn KpoHa (BK) 1 cHuxeHnn ypoBHA remornobuHa (Hb)

OMD in NSUC and decreased Hb Odds Ratio Lower CI
Recurrent aphthous stomatitis 0.99 0.24
Geographic glossitis 1.68 0.39
Plicated tongue 6.00 0.59
Burning mouth syndrome, glossodynia 0.54 0.08

Upper CI
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Fig. 3. Forest-plot Odds Ratio and CI for Oral mucosal diseases (OMD) in non-specific ulcerative colitis (NSUC)

and decreased Hb

Puc. 3. JlecHon rpaduk (Forest plot) oTHoweHuns waHcoB (OR) u goseputensHoro nutepsana (Cl)
ans s3aboneBaHuii cnuamnctoi ob6onoydkm pta (OM3) npu Hecneundpuyeckom siaeeHHoOM konuTte (HAK)

M CHUXEHWW YPOBHSA remornobuHa (Hb)

OMD in CD and B12 deficiency Odds Ratio Lower ClI
Recurrent aphthous stomatitis 7.1 1.28
Geographic glossitis 2.67 0.59
Plicated tongue 11.50 1.71
Burning mouth syndrome, glossodynia 29.33 4.12

Upper CI
4098 m——
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Fig. 4. Forest-plot Odds Ratio and CI for Oral mucosal diseases (OMD) in Crohn’s disease (CD) and B12 deficiency

Puc. 4. JlecHow rpaduk (Forest plot) oTHoweHus waHcoB (OR) u poBeputensHoro nutepesana (Cl)
nns 3abonesaHunii cnnancToii obonoyvkn pta (OM3) npn 6ones3nun Kpora (BK) n apedpumumte Butammya B12
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OMD in NCUC and B12 deficiency Odds Ratio Lower CI
Recurrent aphthous stomatitis 19.16 1.87
Geographic glossitis 1.1 0.17
Plicated tongue 13.50 1.571
Burning mouth syndrome, glossodynia 8.67 1.02

B nomowb npakTnyeckomy Bpady / To help a practitioner

Upper CI
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Fig. 5. Forest-plot Odds Ratio and CI for Oral mucosal diseases (OMD) in non-specific ulcerative colitis (NSUC)

and B 12 deficiency

Puc. 5. JlecHoln rpaduk (Forest plot) oTHoweHuns waHcoB (OR) n goseputensHoro nHtepeana (Cl) ans 3aboneBaHui
cnuancton obonoyku pta (OM3) npu Hecneumpudeckom a3seHHOM konute (HAK) n peprnumnte Butammnna B12

OMD in CD and B6 deficiency Odds Ratio Lower CI
Recurrent aphthous stomatitis 3.71 0.90
Geographic glossitis 2.12 0.54
Plicated tongue 12.67 1.32
Burning mouth syndrome, glossodynia 13.50 2.26

Upper CI
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Fig. 6. Forest-plot Odds Ratio and CI for Oral mucosal diseases (OMD) in Crohn’s disease (CD) and B 6 deficiency

Puc. 6. JlecHoi rpacduk (Forest plot) oTHoweHns wancos (OR) n poseputensHoro nHtepsana (Cl)
nns 3abonesaHnii cnnuancToii obonoyvku pta (OM3) npu 6one3nn Kpona (BK) n pedpuuymte sutammHa B6

OMD in NSUC and B6 deficiency Odds Ratio Lower CI
Recurrent aphthous stomatitis 9.17 1.41
Geographic glossitis 1.88 0.34
Plicated tongue 9.75 1.23
Burning mouth syndrome, glossodynia 17.33 2.17

Upper CI
5959 —mw—
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Fig. 7. Forest-plot Odds Ratio and CI for Oral mucosal diseases (OMD) in non-specific ulcerative colitis (NSUC)

and B 6 deficiency

Puc. 7. JlecHoit rpaduik (Forest plot) oTHoweHus waHcos (OR) n poBeputensHoro nHtepsana (Cl) ona 3abonesaHuin
cnuanctom obonoykm pta (OM3) npu Hecneunduryeckom s3seHHoM konute (HAK) n aedpnuymte Butammnna B6

DISCUSSION

The European Crohn’s and Colitis Organization
(ECCOQO) classifies anemia in patients with Crohn’s
disease (CD) and ulcerative colitis (UC) into iron de-
ficiency anemia (IDA), anemia of chronic disease
(ACD), and anemia associated with vitamin B12 or
folic acid deficiency [12]. Additionally, a previous
study [10] reported that oral lesions occur with near-
ly the same frequency regardless of the type of in-
flammatory bowel disease (IBD), which is consistent
with our findings.

According to data from a retrospective study of
257 patients with CD and 208 patients with UC who
had anemia, the mean hemoglobin levels in a complete
blood count (CBC) were 12.1 g/dL for CD and 12.5 g/dL

dHdodoHmus
————TLT

for UC [14], which aligns with our study results. The prev-
alence of anemia was higher in CD (62.1%) compared to
UC (55.7%) (p = 0.04) [15], whereas our study did not
identify a significant difference (p = 0.138).
Extraintestinal manifestations (EIMs) of IBD are di-
verse and may be secondary to the disease, a reaction
to IBD, associated with it, or a consequence of nutrient
deficiencies. The most common vitamin and nutrient
deficiencies in IBD patients include iron, vitamin B6,
and vitamin B12, which contribute to the clinical course
of glossitis and burning mouth syndrome [16; 17].
Recurrent aphthous stomatitis (RAS) may arise as
a manifestation of IBD and is considered an extraintes-
tinal feature [18; 19]. However, glossitis may not always
be a direct part of IBD but rather a consequence of
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nutritional deficiencies induced by the disease [20],
which is consistent with our study findings.

Various studies have identified several oral manifes-
tations associated with ulcerative colitis (UC). These in-
clude recurrent aphthous ulcers (RAU), atrophic glossi-
tis (AG), which affects taste perception, burning mouth
syndrome (BMS), and angular cheilitis (AC). These
manifestations can sometimes serve as early indica-
tors of the clinical course of Crohn’s disease (CD) and
UC and are valuable for monitoring patients’ health sta-
tus [9; 21], further confirming the association between
oral mucosal pathology and IBD found in our study.

The main symptoms in patients with CD and UC in-
clude chronic diarrhea and secondary anemia, while
extraintestinal oral manifestations are observed in this
population, with a prevalence ranging from 16.7% to
40% [22], which is consistent with our findings.

The obtained data on the relationship between the
clinical course of oral mucosal pathology (including
aphthous stomatitis, glossitis, and burning mouth syn-
drome) in CD and UC patients during remission align
with the results of recent clinical studies.

CONCLUSIONS

The association between clinical manifestations of
oral mucosal pathology and laboratory parameters ne-
cessitates biochemical monitoring of blood levels of vi-
tamin B6 and B12. A deficiency of these vitamins was
observed in 42.9% and 28.57% of patients with Crohn’s
disease (CD) and in 34.4% and 20.0% of patients with
ulcerative colitis (UC), which justifies the diagnosis of
desquamative glossitis (KAcp =0.73, KAyc = 0.64). Ad-
ditionally, fissured tongue was diagnosed in 42.9% and
28.57% of CD patients and in 14.3% and 8.6% of UC pa-
tients (KAcp = 1.0, KAyc = 0.64).
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In CD patients in remission, the presence of vitamin
B12 deficiency increased the odds ratio (OR) for the de-
velopment of:

— aphthous stomatitis (OR = 7.1, Cl: 1.2-41.0);

— fissured tongue (OR = 11.5, Cl: 1.7-77.2);

—burning mouth syndrome and glossodynia
(OR=29.3, CI: 4.1-200.0).

In the same group, vitamin B6 deficiency significant-
ly increased the risk of:

— fissured tongue (OR = 12.7, Cl: 1.3-121.4);

—burning mouth syndrome and glossodynia
(OR=13.5, Cl: 2.3-80.8).

In UC patients, vitamin B12 and B6 deficiencies were
critical factors for the development of:

- recurrent aphthous stomatitis (OR =19.2, CI: 1.9-
196.5and OR =9.2, Cl: 1.4-59.6, respectively);

— fissured tongue (OR=13.5, Cl: 1.6-115.9 and
OR =9.8, Cl: 1.2-77.7, respectively);

—burning mouth syndrome and glossodynia
(OR=8.7, Cl: 1.02-63.8 and OR=17.3, Cl: 2.2-138.2,
respectively).

Low hemoglobin levels in CD patients increased the
risk of:

— geographic glossitis (OR = 4.9, Cl: 1.01-29.4);

—burning mouth syndrome and glossodynia
(OR=6.0, Cl: 1.2-29.7).

Thus, the chronic course of CD and UC in remission
serves as a criterion for developing a diagnostic algo-
rithm for oral mucosal pathology in IBD patients, with
the goal of integrating it into clinical practice.

The results of this study confirm that extraintestinal
oral manifestations can precede gastrointestinal symp-
toms in CD and UC. Dentists, during clinical examina-
tions, can identify these extraintestinal manifestations
and contribute to the early diagnosis of IBD.
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The significance of kinesiotaping in the rehabilitation of patients
after orthognathic surgery

Roman I. Slabkovsky(: I<, Nailya S. Drobysheva(:, Anna B. Slabkovskaya
Russian University of Medicine, Moscow, Russian Federation
> bazananna88@gmail.com

Abstract

INTRODUCTION. Orthognathic surgery aims to restore the anatomical shape, spatial position of the man-
dible, and normalize its functions, thereby improving facial aesthetics and patients’ quality of life. However,
the postoperative period is often accompanied by complications such as edema, pain syndrome, decreased
sensitivity, and soft tissue induration. Currently, there is a lack of systematic data on early postoperative re-
covery, highlighting the need for new rehabilitation methods.Kinesiotaping has proven to be an effective non-
pharmacological technique that reduces edema and hematomas, regulates the tone of masticatory muscles,
improves microcirculation, and accelerates rehabilitation. Its mechanism of action is based on the stimulation
of skin and fascial receptors, promoting pain relief and muscle function recovery. This study aims to assess
the effectiveness of kinesiotaping in patients undergoing orthognathic surgery.

AIM. To analyze the effects of kinesiotaping on the rehabilitation process of orthodontic patients after orthog-
nathic surgery.

MATERIALS AND METHODS. The study included 20 patients who underwent unilateral kinesiotaping (left
side) in the postoperative period. To assess postoperative edema severity, facial symmetry was analyzed
using frontal photographs, measuring facial width indices at various anatomical landmarks (Fr-Fl, Zyl-Zyr,
NmI-Nmr, NcI-Ncr, Gol-Gor) on the 1%, 2", and 7" postoperative days.Functional diagnostics of the maxillofa-
cial muscles included myotonometry and electromyography (EMG). Myotonometry measured the tone of the
masticatory muscles at rest and during maximal voluntary contraction, comparing the results with normative
values. EMG analyzed the bioelectrical activity of the temporal, masseter, suprahyoid, and sternocleidomas-
toid muscles. The assessment was conducted using ARV (Averaged Rectified Value) and RMS (Root Mean
Square) parameters at rest and during maximum occlusion.

RESULTS. Maximum edema was observed on the 2" postoperative day, but it was less pronounced in the
kinesiotaping group: a 20% reduction in the nasal wings area and a 17% reduction in the lower face. By the 7"
day, edema decreased more significantly on the taped side. Myotonometry showed a preoperative difference
in masticatory muscle tone of 11.9% between the sides. After kinesiotaping, tone normalization was faster —
reducing the difference by 64.1% compared to 7.1%. EMG analysis revealed that on the 7" postoperative day,
bioelectrical activity in untaped muscles exceeded normal values (masseter: +83.8%, temporal: +112%). On
the taped side, EMG readings were closer to normal, and by the 21st day, they had fully stabilized. Kinesiotap-
ing effectively reduces postoperative edema, normalizes muscle tone and bioelectrical activity, and acceler-
ates rehabilitation.

CONCLUSIONS. In the early postoperative period, kinesiotaping using a fascial technique without pressure
alleviates pain, restores muscle function, and facilitates the resumption of orthodontic treatment, ultimately
reducing overall rehabilitation time.

Keywords: rehabilitation, orthognathic surgery, combined treatment
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Pesiome

BBELOEHMWE. OpTorHatuyeckas xmpyprus HanpasieHa Ha BOCCTaHOBNEHWEe aHaTOMU4eckon dopmebl, Npo-
CTPAHCTBEHHOIO MOJIOXEHUS HUXHEN HENIOCTN N HOpManusauunio ee GyHKUNIA, 4TO ynydluaeT 3CTeTUKy nuua
N Ka4yeCTBO XM3HM nauueHToB. OAHAKO MOCNEeOnepaumMoHHbI Nepnos COnpoBOXAAETCS PALOM OCHIOX-
HeHI/II7I, BK/1lO4aA OTEKWU, 6onesoii CUHAOPOM, CHMXEeHNe 4yBCTBUTEJSIbHOCTU N YNNOTHEHUE MATKNX TKaAHEWn.
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B HacToSLee BpeMs CyLLLECTBYET HEAOCTATOK CUCTEMATU3NPOBAHHbLIX AAHHbBIX O PAHHEM NOCNeonepauoH-
HOM BOCCTaHOBJIEHMN MALMEHTOB, YTO 0OyCNaBaMBaeT HEOOXOAMMOCTb NOMCKA HOBbIX PEAOUAINTALLMOHHbIX
MeToank. KnHeamoTerinnpoBaHme 3apekoMeHaoBano ceds kak apPeKTUBHbIN HEMeANKaMEeHTO3HbIN MeTof,
CMOCOOCTBYIOLLNIA YMEHBLUEHUIO OTEKOB N FEMATOM, PEryASLNM TOHYCA XeBaTeflbHbIX MbILULL, YYHLEHWIO
MUKPOLIMPKYNSLMN N YCKOPEHUIO peabunutaumn. Ero npuMeHeHne OCHOBaHO Ha MeXaHu3me CTUMYNALUN
peuenTopoB KOXKU 1 dacuuin, 4To cnocobcTByeT 06e36011MBaHNIO M BOCCTAHOBNIEHMIO MbILLEYHON DYHKLWN.
B cBA3K € 3TM nccnenoBaHne HanpaBneHo Ha OueHKY 3P PEKTUBHOCTU KMHE3UOTENNMPOBAHNS Y NALMEH-
TOB NOCJ/E OPTOrHATMYECKOM onepauunn.

LLENb. AHann3 oencTBnsa KMHE3MOTENMNOB B NpoLecce peadbunntaumm opToa0OHTUYECKUX NALUMEHTOB Nocne
opTOorHaTM4eckon onepaumnn.

MATEPUAbI N METOAbI. B nccnepoBaHue BktoYeHbl 20 naumMeHToB, KOTOPbIM MPOBOAMIIOCH OAHOCTOPOH-
HEee KNMHE3NOTENNMNPOBAHME (1eBasi CTOPOHA) B NOCNE0NEPaLMOHHbBIN NEPUOL,

J1ns OLEeHKN BbIPAXXEHHOCTU NOCe0NepauMoHHOro otTeka aHaanm3npoBaam CUMMETPUYHOCTb nua No GoTo-
rpadpuam aHdac, namMepss MHOEKCHl MOMYLWMPWHBI Uua B PasnnyHbiX aHaTOMUYeckmnx opuenTupax (Fr-Fl,
Zyl-Zyr, NmI-Nmr, Ncl-Ncr, Gol-Gor) Ha 1-e, 2-e 1 7-e CyTKu nocne onepaunu.

dyHKUMOHaIbHAaA AMarHOCTYKa MbILLLL YeJlOCTHO-INLEBOM 06/1acTy BKJIlOYana MMOTOHOMETPUIO N SN1IEKTPO-
Munorpaduio. MMOTOHOMETPUS onpeaensna TOHYC XeBaTeslbHbIX MblLUL, B MOKOE 1 NPy MakcumanbHOM BoJie-
BOM CXaTun C NOCAEAYIOLLNM CPAaBHEHWNEM NOYHYEHHbIX JAaHHbIX C HOPMaTMBaMn. AnekTpommorpadust aHanm-
3npoBana 61Mo3NEeKTPUYECKYIO aKTUBHOCTb BUCOUHBIX, XXE€BATESbHbIX, HaAMOAbA3bIYHBLIX M FPYANHO-KIIOYMYHO-
cocueBuaHbIX Mbily,. OueHka nposoannack no nokasartenam ARV (ycpeaHeHHoe BbINpsMIEHHOE 3HaYeHune)
1 RMS (cpenHekBaapaTuyHOe 3Ha4YeHne curHana) B nokoe 1 npu MakcumMasibHOM CMbIKaHWUM 3yOHbIX PSO0B.
PE3YJIBTATbI NCCNEOOBAHUA. MakcumanbHbIi OTEK OTMEYEH Ha 2-e CYyTKM nocne ornepauuu, HO B rpyrn-
ne ¢ KNHeE3MOTENNMPOBaHMEM OH Oblfl MeHee BblpaxkeH: B 06/1aCTh KpblibeB HOoca (Ha 20%) 1 HUXHEN YacTu
nmua (Ha 17%). K 7-M cyTkam OoTek yMeHbLUWSICS 3Ha4MTeNlbHEE Ha CTOPOHE TelnnpoBaHusa. MMOTOHOMETpUS
rnokasana, 4To pasHuLa B TOHYCE XeBaTesbHbIX MbILLL, MeXAy CTOpoHaMu Ao onepauunmn coctaensana 11,9%.
Mocne TenupoBaHns TOHYC HOpManM3oBasca ObICTpee — CHUXeHue pasHuLbl Ha 64,1% npoTuB 7,1%. Anek-
TpoMuorpadus BbisiBUNA, YTO HA 7-€ CYTKN BLUonoTeHuMan Mol 6e3 TeNNMPoBaHMs NPEeBbILLAN HOPMY (ke-
BaTesbHble — Ha 83,8%, BUCOYHbIE — Ha 112%). Ha cTopoHe TennmpoBaHns nokasaTenm Obinv 6anxe K Hopme,
a Kk 21 gHi0 NONHOCTLIO cTabunmanposanncek. KnHeamnoternmposaHue adpdOEKTUBHO CHMXAET OTeK, HopMasn-
3yeT TOHYC N BNO3NEKTPUYECKYIO aKTUBHOCTb XXEBATESIbHbIX MbILLLL, YCKOPSAS peabunmraunio.

BbIBOZbl. B paHHeM nocneonepaunoHHOM neproae KMHe3noTennmpoBaHme ¢ dacumanbHol TEXHUKON 6e3
[aB/IEHNS CHMXAET 60/1b, BOCCTaHaBNBAET MbILLEYHYIO PYHKLMIO U YCKOPSIET BO3OOHOBNEHNE OPTOAOHTU-
4eCKOro fevyeHuns, cokpalLas obuime cpokm peabunuraumm.

KnioueBble cnoBa: peabunutauusi, opTorHaTnieckas Xmpyprmsi, KOMOMHUPOBAHHOE ieHeHne
UHdopmauumna o ctatbe: noctynuna — 07.10.2024; ncnpaeneHa — 03.12.2024; npuHata — 29.12.2024
KoH®AUKT nHTepecos: aBTOPbl COOOLLAIOT 06 OTCYTCTBUMN KOHPNNKTA UHTEPECOB.

BnaropgapHocTu: GHAHCUPOBAHME U HANBMOYaNbHbIE 611arofapHOCTY AN OEKNAPUPOBAHNSA OTCYTCTBYIOT.

Ana umtuposaHua: Cnadkosckuin P.N., Apobbiwwesa H.C., Cnabkoeckas A.b. 3Ha4yeHMe kKMHe3noTennmposa-
HUS B peabunmtauum naumeHToB Nocie opTorHaTuyeckon onepaumn. SHaoaoHTus Today. 2025;23(1):158-169.
https://doi.org/10.36377/ET-0080
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INTRODUCTION

Ensuring optimal conditions for full rehabilitation in
the postoperative period remains a pressing issue at all
stages of combined treatment for jaw anomalies. The
primary postoperative complaints of patients are pro-
gressive edema, followed by reduced sensitivity and
soft tissue induration. While these conditions typically
resolve within a few months, complications may arise,
and many patients require a faster recovery due to vari-
ous social factors.

This study examined 20 patients with jaw anomalies
who underwent unilateral kinesiotaping in the postope-
rative period. Diagnostic methods were used to assess
facial symmetry, masticatory muscle tone, and bioelec-
trical activity of the maxillofacial muscles. A comparative
analysis demonstrated that, in the early postoperative
period, kinesiotaping can be recommended using the
fascial correction technique without pressure, which in-
volves shifting the skin over the fascia. This technique
facilitates pain relief, restores muscle function, accele-
rates the resumption of orthodontic treatment, and ulti-
mately shortens the overall treatment duration.

Surgical treatment of patients with jaw deformities
is a critical and complex task. Restoring the anatomical
shape and proper spatial position of the mandible, nor-
malizing its functions, ensuring harmonious develop-
ment of the facial skeleton, and prosthetic rehabilitation
contribute to improved mastication, speech, and facial
aesthetics [1-3].

Rehabilitation after orthognathic surgery involves
addressing multiple postoperative complications, in-
cluding nausea, edema, pain relief, discomfort reduc-
tion, and the restoration of oral function, normal daily
activity, and lifestyle. However, there is limited system-
atic medical documentation on the condition of patients
during the first few weeks or months post-surgery, as
well as on the time required for recovery and return to
normal life [4-8].

Inrecent years, increasing patient demands have led
dental specialists to focus on the need for accelerated
rehabilitation methods. A new approach to postopera-
tive recovery emphasizes that pharmacological inter-
ventions alone may not always yield the desired thera-
peutic effect and may sometimes cause adverse side
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effects (toxicity, allergies) due to frequent use. Con-
sequently, interest has grown in non-pharmacological
therapies such as physiotherapy, reflexotherapy, ma-
nual therapy, and massage [9-13]. Despite continuous
advancements in rehabilitation techniques, challenges
persist in optimizing recovery strategies, necessitating
the exploration of new approaches for more effective
patient management.

Recently, kinesiotaping has been introduced in den-
tistry as a method to reduce edema and hematomas,
regulate muscle function by modifying muscle tone,
enhance kinesthesia, and, consequently, accelerate
rehabilitation. Pain reduction through kinesiotaping
is achieved via two primary mechanisms: activation of
afferent signaling through thick myelinated fibers and
improved microcirculation in connective tissues. Kine-
siotape stimulates tactile and baroreceptors, sending
afferent signals to the dorsal horn of the spinal cord,
thereby reducing pain while enhancing tissue microcir-
culation [14].

The elastic properties of kinesiotapes closely re-
semble those of the skin. Their mechanism of action
extends beyond muscle movement; they also facilitate
venous return and lymphatic drainage. Since lymphatic
fluid movement is entirely dependent on muscle acti-
vity, any dysfunction in muscle function can contribute
to the development of various pathological symptoms.
Therefore, greater attention must be given to muscle
function restoration to activate and expedite the hea-
ling process [15; 16]. If a muscle is injured, lymphatic
drainage is impaired, leading to increased pressure on
pain receptors, which transmit discomfort signals to
the brain (myalgia).

AIM

To analyze the effects of kinesiotaping on the reha-
bilitation process of orthodontic patients after orthog-
nathic surgery.

A
Fig. 1. Unilateral kinesiotaping after orthognathic surgery: A — frontal view, B — profile view
Puc. 1. OgHOCTOPOHHEE TENNMPOBAHWE OpTOrHaTnyeckom onepaunmn: A — aHdac, B — npodunb

dHdodoHmus
————TLT
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MATERIALS AND METHODS

A total of 20 patients were examined, all of whom un-
derwent unilateral kinesiotaping (on the left side) after
surgery (Fig. 1).

To assess the severity of postoperative edema, fa-
cial symmetry was evaluated using frontal photographs
by measuring reference anatomical landmarks on both
the left and right sides relative to the midline on the 1%,
2" and 7™ postoperative days. Symmetry was deter-
mined based on facial width indices, including the ratio
of hemifacial width at the mid-forehead (Fr and Fl), the
zygomatic arches (Zyl-Zyr), the nasal bridge (NmI-Nmr),
the nasal wings (Ncl-Ncr), and the mandibular angles
(Gol-Gor).

Functional diagnostic methods, including myoto-
nometry and electromyography (EMG) of the maxillo-
facial muscles, were used to assess muscle function.
Myotonometry determined the compliance of the mas-
ticatory muscle motor zone to indentation by an electro-
myotonometer probe, which was interpreted as muscle
tone. The examination was conducted three times: at
physiological rest of the mandible (relaxed muscle tone)
and during maximum voluntary contraction (contracted
muscle tone). The results were analyzed by comparing
differences between the right and left sides and with
normative values established by T.V. Lisova [17].

Electromyography was performed to assess the
bioelectrical activity of the maxillofacial muscles. The
study analyzed biopotentials (BP) in muscles involved in
mandibular elevation, including the anterior parts of the
right and left temporal muscles (Tp and Tl) and the right
and left masseter muscles (Mp and MI). Additionally,
muscles involved in mandibular depression, such as the
right and left suprahyoid muscles (Shp and Shl), were
examined, along with the cervical muscles responsible
for maintaining head position and stabilizing the mandi-
ble at rest—specifically, the right and left sternocleido-
mastoid muscles (Scp and Scl).
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For EMG assessment, patients performed func-
tional tests, including the mandibular resting position
and maximum occlusion. The amplitude of biopoten-
tials (BP) was analyzed using two numerical calcula-
tion systems: ARV (Averaged Rectified Value, uV), cal-
culated as the mean rectified signal over a given time
period, and RMS (Root Mean Square, uV), represen-
ting the root mean square value of the signal.

RESULTS

The analysis of facial width dynamics on the 15, 2",
and 7" postoperative days revealed a significant in-
crease in facial edema on the 2nd day after surgery.

Facial symmetry assessment (Table 1) showed that
edema was symmetrically distributed on the 1% postop-
erative day. However, by the 2" day, after kinesiotape
application, significant differences were observed be-
tween the right and left sides, with reduced swelling on
the taped side-by 20% in the nasal wings area and by
17% in the lower face region (Fig. 2). By the 7" day, ede-
ma reduction was more pronounced on the taped side,
particularly in the nasal bridge (by 20%), mandibular an-
gles (by 7%), and zygomatic region (by 6%).

Thus, the use of kinesiotaping in the postoperative
period helps to prevent abrupt changes in facial con-
figuration caused by postoperative edema.

Myotonometry of the masticatory muscles was per-
formed before and on the 21 day after orthognathic
surgery. The significance of differences in muscle tone
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between the right and left sides was analyzed using the
student’s t-test for independent samples, while chang-
es in muscle tone before and after treatment were as-
sessed using the student’s t-test for paired samples.

The analysis of A (difference) between myotonom-
etry values at rest and during maximum contraction re-
vealed statistically significant differences between the
right and left sides both before and after surgery.

Before treatment (Table 2), A on the left side (taped
side) was 37.00%1.14 myoton, while on the right side it
was 42.00+1.17 myoton, which was 11.9% lower on the
taped side. Compared to normative values, the left side
deviated by 206.3%, and the right side by 258.7%.

After treatment, A on the left side decreased to
14.00£1.09 myoton, while on the right side it remained
at 39.00+1.15 myoton, showing a 64.1% reduction on
the taped side.

On the left side, values deviated from normal
by 15.9%, while on the right side, the deviation was
233.0% (Table 3). After surgery, despite the extended
study period (21 days), significant asymmetry persis-
ted, with a trend toward normalization on the taped
side (Table 4).

Before treatment, myotonometry values were nearly
symmetrical between the right and left sides but signifi-
cantly exceeded normal values. Comparison of masti-
catory muscle tone before and after surgery revealed
a 62.2% reduction in A on the taped side and a 7.1% re-
duction on the non-taped side (Fig. 3).

Table 1. Anthropometric Indices of Facial Width on the 1%, 2" and 7" Postoperative Days
Ta6nuuya 1. AHTPONOMETPUYECKNE UHAEKCHI LLNPUHBLI LA Ha 1, 2 1 7-e cyTKM Nocre onepauum

Index
Day F.—n-sn/F,—n-sn | Zy,—n-sn/2y,— n-sn | Go, — n-sn /Go,— n-sn | Nm,— n-sn /Nm;— n-sn | Nc,— n-sn/ Nc,— n-sn
1 1.03 1.03 0.94 1.00 1.09
2 1.14 1.03 117 1.00 1.20
7 1.00 1.06 1.07 1.25 1.00

A

>

C

Fig. 2. Frontal view of the patient’s face after orthognathic surgery with kinesiotaping on the 15t (A), 2™ (B),
and 7™ (C) postoperative days
Puc. 2. JInuo nauneHTkn aHdac nocnie opTorHaTM4eCkom oneparmm ¢ NCMoJib30BaHNEM KMHE3VUOTENNOB
Ha 1-e (A), 2-e (B) u 7-e (C) cyTkmn
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Table 2. Analysis of Differences in Masticatory Muscle
Tone Before Surgery

Ta6nuua 2. AHanu3 pas3nmuunii ToHyca
XEBaTeIbHbIX MbILLLL, A0 Onepauum

B nomowb npakTnyeckomy Bpady / To help a practitioner

Table 3. Analysis of Differences in Masticatory Muscle
Tone on the 21 Postoperative Day

Ta6nuua 3. AHanNM3 pas3nnyuin ToHyca
XeBaTebHbIX MbiLLL, Ha 21-11 feHb rnocne onepauumn

Note: * Differences are statistically significant at p < 0.05;
** Differences are statistically significant at p < 0.001.
lpumevaHys: * Pasnuung [OCTOBEPHbI HA YPOBHE 3HAYMMO-
ctn p < 0,05; ** Paznuynsa [OCTOBEPHbI HA YPOBHE 3HA4YMMO-
ctnp <0,001.

Side of Examination Side of Examination
Test left right Test left (with right
kinesiotaping) 9
107.00£1.68 | 103.00x1.57
Atrest At ‘ 135.00+1.71 120.00+1,.63
*x res
p<0.001 p<0.05*
144.00+£1.76 | 145.00+1.77
During Maximum Contraction ‘ During Maximum 149.00+1.78 ‘ 159.00+1.89
p>0.05 Contraction p<0.001**
A 37.00£1.14 ‘ 42.00£1.17 A 14.00+1.09 ‘ 39.00+1.15
p<0.001** p<0.001**
N 12.08+1.12 ‘ 11.71£1.48 N 12.08+1.12 ‘ 11.71+1.48

Note: * Differences are statistically significant at p < 0.05;
** Differences are statistically significant at p < 0.001.
lMpumeyvaHns: * Pasnnuns JOCTOBEPHbI HA YPOBHE 3HAYMMO-
ctn p < 0,05; ** Pasnnyuns AOCTOBEPHbI HA YPOBHE 3HAYMMO-
ctnp <0,001.

Table 4. Analysis of Differences in Masticatory Muscle Tone on the 21% Postoperative Day
Tabnuua 4. AHann3 pasInynii TOHyca XeBaTesbHbIX MblLUL, Ha 21-1i AeHb Nocne onepaumm

Time and side
Test left (with kinesiotaping) P Before and right P Before and
before after After (Left Side) before after After (Right Side)
At rest 107.00+1.68 | 135.00+1.71 <0.001** 103.00+1.57 | 120.00+1.63 <0.001**
During Maximum Contraction 144.00+1.76 | 149.00+£1.78 <0.001** 145.00+1.77 | 159.00+1.89 <0.001**
A 37.00£1.14 | 14.00+1.09 <0.001** 42.00£1.17 | 39.00%1.15 <0.001**
N 12.08+1.12 11.71+1.48
% During electromyographic examination of the maxil-
50 lofacial muscles in patients with left-sided kinesiota-
401 ping, the biopotential at the “Mandibular Resting Posi-
tion” test on the 7" postoperative day significantly ex-
35 ceeded normal values (p < 0.001).
301 The biopotential of the right-side muscles showed
a substantial increase compared to normative values:
257 masseter muscles by 83.8%, temporal muscles by
201 112.0%, suprahyoid muscle group by 94.0%, sterno-
cleidomastoid muscles by 68.9% (Fig. 4).
157 The biopotential of the left-side muscles also
] showed a statistically significant difference from nor-
10 mative values, though the magnitude of these differ-
51 ences was 3 to 6 times lower (Fig. 5).
Masseter muscles (left) exceeded the norm by
0 Left ' Right 16.4%, Temporal muscles (left) by 63.8%, Suprahyoid
Study Localization muscle group (left) by 33.0%, Sternocleidomastoid
Il Before After Normal muscle (left) by 71.4%.

Fig. 3. Comparative Analysis of Masticatory Muscle
Tone Before and After Orthognathic Surgery
with Normative Values

Puc. 3. CpaBHUTeNbHAsA XapakTepucTmnka ToHyca
XeBaTesbHbIX MbILLL, 40, NOCNe OPTOrHaTUYeckomn
onepauun ¢ HopMabHbIMU 3HAYEeHUAMMA

dHdodoHmus
————TLT

All EMG parameters at rest between the right and left
sides with kinesiotape fixation on the 7™ postoperative
day showed significant differences (p < 0.001). The EMG
values on the right side exceeded those on the left by:
25.5% for the temporal muscles; 51.6% for the masseter
muscles; 69.7% for the suprahyoid muscle group; 8.7%
for the sternocleidomastoid muscles (Table 5, Fig. 6).
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On the 21 postoperative day, the biopotential of
the left-side muscles no longer showed a statistically
significant difference from normative values. Masseter
muscles (left) exceeded the norm by 2.3%, Temporal
muscles (left) by 0.4%, Suprahyoid muscle group (left)
by 6.9%, Sternocleidomastoid muscle (left) by 5.6%
(Table 6).

However, all EMG parameters at rest between the right
and left sides remained significantly different (p < 0.001)
on the 21% postoperative day. The biopotential of the right-

10 10.05

8.01
6 6.23 5.86 5.98
5.50
4.11
4 3.47
0

Temporal Masticatory  Suprahyoid Sternocleido-
mastoid

Left with Taping

Values

N

B Right

Fig. 4. Significant Differences in EMG Parameters
for the “Mandibular Resting Position” Test Between
the Right and Left Sides with Kinesiotape Fixation
on the 7" Postoperative Day

Puc. 4. 3Haummble pasnnumnsa mexay nokasarensamm
OMI npu npobe «CoCTOsAHNE OTHOCUTENBHOIO NMOKOS
HUXHEN YeniocTu» cnpasa v cnesa ¢ dukcaunemn
TENnoB Ha 7-1 AeHb NOCne onepauumn
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side maxillofacial muscles continued to exceed normative
values (p < 0.001), with the following deviations: masse-
ter muscles (right) by 45.3%, temporal muscles (right) by
29.3%, suprahyoid muscle group (right) by 37.4%, sterno-
cleidomastoid muscles (right) by 19.8%.

Additionally, the right-side EMG values exceeded
the left-side values by: 24.8% for the temporal mus-
cles, 36.8% for the masseter muscles, 48.7% for the
suprahyoid muscle group, 25.1% for the sternocleido-
mastoid muscles (Fig. 7, 8).

10 10.05

8

6 6.23 5.86 5.08
[%2]
)
=) 4.74
()
=4 3.54

3.40 3.02 .
2
0 : : :
Temporal Masticatory  Suprahyoid Sternocleido-
mastoid
I Right Normal

Fig. 5. Significant Differences in EMG Parameters
for the “Mandibular Resting Position” Test

on the Right Side on the 7th Postoperative Day
Compared to Normative Values

Puc. 5. 3HaunmMble pa3nmuunsa nokasarenen IMI
npu Npobe «COCTOSAHNE OTHOCUTESIBHOIO NMOKOS
HMXXHEN 4eniocTu» cnpasa Ha 7-i AeHb nocne
onepaumn oT HOPMbl

Table 5. Analysis of Differences in Electromyography (EMG) Parameters for the “Mandibular Resting Position”
Test on the 7™ Postoperative Day Compared to Normative Values with Unilateral Kinesiotaping

Ta6nuua 5. AHanus pasnmumii Mexay nokasaTenssmmn afiekTpomuorpadum npu npobe «cocToaHne
OTHOCUTENLHOIO NMOKOSA HUXHEN Y4etoCTW» Ha 7-14 AeHb NocNe onepaLumm ¢ HOPMaTUBHBIMWN 3HAYEHNAMMN

npw OAHOCTOPOHHEM TEMNUPOBaHUM

p-value (T-Test for independent p-value (T-Test for independent
Muscles Side Values samples) between right and left Norma samples) between measured
sides values and norm

right | 10.05+1.30 4.74+0.30 <0.001**
Temporal <0.001**

leftT | 8.01+0.30 4.89+0.20 <0.001**

right | 6.23+0.40 3.40%0.10 <0.001**
Masseter <0.001**

leftT | 411+0.35 3.583%0.10 <0.001**

right | 5.86%0.51 3.02+£0.20 <0.001**
Suprahyoid <0.001**

leftT | 3.47+0.28 2.61+0.20 <0.001**

right | 5.98+0.19 3.54+0.10 <0.001**
Sternocleidomastoid >0.05

leftT | 5.50+0.21 3.21£0.10 <0.001**

Note: ** Differences are statistically significant at p < 0.01.
lMpumeyvaHns: ** Pas3nnymsa 3Haummbl Ha yposHe p <0,01.
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Thus, the comparison of the effects of kinesiotaping
on muscle biopotentials during the “Mandibular Resting
Position” test revealed the following (Fig. 9):

- significantly lower and more normalized biopoten-
tial values on the taped side;

— greatest impact of kinesiotaping on the masseter
muscles;

— minimal impact on the sternocleidomastoid mus-
cles;

—normalization of EMG parameters on the taped
side by the 21 postoperative day.

8.01

5.50
5 4.89

Temporal Masticatory  Suprahyoid Sternocleido-

mastoid

I Left with Taping Normal

Fig. 6. Significant Differences in EMG Parameters
for the “Mandibular Resting Position” Test on the Left
Side with Kinesiotaping on the 7" Postoperative Day
Compared to Normative Values

Puc. 6. 3HaunmMble pa3nnunsa nokasarenen AMI
npu npobe «COCTOSAHME OTHOCUTENBHOIO MOKOS
HUXHEW YentoCTu» cneBa ¢ TennamMmm Ha 7- OeHb
rnocrne onepauun OT HOPMbI

B nomowb npakTnyeckomy Bpady / To help a practitioner

The biopotential of the maxillofacial muscles during
the “Maximum Teeth Clenching” test on the 7" postopera-
tive day was significantly lower than normal (p < 0.001).

The biopotential of the right-side muscles showed
substantial deviations from normative values: masse-
ter muscles by 90.0%, temporal muscles by 93.2%, su-
prahyoid muscle group by 63.6%, sternocleidomastoid
muscles by 46.2%.

The biopotential of the left-side muscles also signifi-
cantly differed from normative values, but the deviations
were 1.5 10 2 times less pronounced: masseter muscles
(left) by 87.7%, temporal muscles (left) by 76.3%, su-
prahyoid muscle group (left) by 56.7%, sternocleido-
mastoid muscle (left) by 24.7%.

All EMG parameters during the “Maximum Teeth
Clenching” test showed significant differences be-
tween the right and left sides on the 7" postoperative
day (p < 0.001). The right-side EMG values were lower
than the left-side values by: 241.4% for the temporal
muscles, 20.1% for the masseter muscles, 16.2% for the
suprahyoid muscle group, 21.2% for the sternocleido-
mastoid muscles (Fig. 10-12, Table 7).

On the 21% postoperative day, during the “Maximum
Teeth Clenching” test, the biopotentials of the right
masticatory muscles (decreased by 58.7%) and right
temporal muscles (decreased by 48.2%) showed statis-
tically significant differences from the normative values.
The EMG parameters of the suprahyoid muscle group
(decreased by 7.7%) and the sternocleidomastoid mus-
cles (decreased by 8.4%) did not exhibit statistically sig-
nificant differences.

The biopotentials of the left masticatory and tempo-
ral muscles also demonstrated statistically significant
differences from the norm. The left masticatory muscles
had a 39.9% lower biopotential than the normative va-
lues, while the left temporal muscles showed a 20.3% re-
duction. Changes in the biopotentials of the suprahyoid
muscle group (1.5% lower than the norm) and the ster-
nocleidomastoid muscle (24.7% higher than the norm)
were not statistically significant (Table 8, Fig. 13).

Table 6. Analysis of Differences in Electromyography (EMG) Parameters for the “Mandibular Resting Position”
Test on the 21% Postoperative Day Compared to Normative Values with Unilateral Kinesiotaping

Tabnuua 6. AHanns pasnmunii mexay nokasatensmm anekTpoMmmuorpadum Nnpu Nnpode «CoCTosHNE
OTHOCUTENBHOIO MOKOS HUXXHEW YeNoCTW» Ha 21-11 AeHb Nocne onepaumm ¢ HOPMaTUBHBIMU 3HAYEHUSIMA

npu OAHOCTOPOHHEM TENNMUPOBAHUN

p-value (T-Test for independent p-value (T-Test for independent
Muscles Side Values samples) between left and right Norma samples) between measured
sides values and norm
right | 6.183x0.54 4.74+0.30 <0.001**
Temporal <0.001**
leftT | 4.91+£0.35 4.89%0.20 >0.05
right | 4.94+0.49 3.40+0.10 <0.001**
Masseter <0.001**
leftT | 3.61+£0.24 3.53%0.10 >0.05
) right | 4.15+0.35 3.02+0.20 <0.001**
Suprahyoid <0.001**
leftT | 2.79+0.40 2.61+0.20 >0.05
) ) right | 4.24+0.32 3.54+0.10 <0.001**
Sternocleidomastoid <0.001**
leftT | 3.39+0.19 3.21£0.10 >0.05

Note: ** Differences are statistically significantat p < 0.01**.
lMpumeyvaHuns: ** Pasnnuuns 3Ha4ymmbl Ha ypoBHe p < 0,01**
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Fig. 7. Significant Differences in EMG Parameters
for the “Mandibular Resting Position” Test Between
the Right and Left Sides with Kinesiotape Fixation
on the 21% Postoperative Day

Puc. 7. 3Ha4ynmbie pasnuyma mexay nokasaTtensamm
OMI npu npobe «COCTOSAHME OTHOCUTESILHOIO NMOKOS
HMDKHEN YeniocTu» cnpasa u creBa ¢ dukcaumen
Tennos Ha 21-n AeHb Nocne onepauumn
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Fig. 9. Dynamics of Muscle Biopotential Changes
During the “Mandibular Resting Position” Test
in the Group with Left-Sided Kinesiotaping

Puc. 9. lnHamunka nameHeHus GnonoTeHLmana MbiLl,
npu Nnpobe «COCTOAHNE OTHOCUTENIBHOIO NOKOSA HUXHEN
YenCTW» B rpynne ¢ 1IEBOCTOPOHHUM TENMMPOBAHMEM

Masticatory

Temporal
Muscle Group

A

B Right

165

6.13
4.15 4.24
3.54
3'40 IS.02 I

Temporal Masticatory  Suprahyoid Sternocleido-
mastoid

Values
o = N W A OO

Il Right Normal

Fig. 8. Significant Differences in EMG Parameters
for the “Mandibular Resting Position” Test

on the Right Side on the 21 Postoperative Day
Compared to Normative Values

Puc. 8. 3Haunmble pasnuunsa nokasarenen MM
npu Npobe «COCTOSAHNE OTHOCUTESIbHOIO NOKOS
HUXHEN YentoCcTu» cnpaea Ha 21-11 AeHb nocne
ornepauun oT HoOpMbl
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Fig. 10. Significant Differences in EMG Parameters
During the “Maximum Teeth Clenching” Test

on the Right and Left Sides with Tape Fixation

on the 7" Postoperative Day

Puc. 10. 3Haummble pa3nnums mexay nokasatensiMmm
OMTI npu npobe «MmakcuManbHOe CMbIKaHue

3y6BHbIX pS,O0B» CripaBa U c/ieBa ¢ uKcaunen TeNnos
Ha 7-1 oeHb Nocsie onepauumn

Sternocleidomastoid
Muscle Group

Suprahyoid

Fig. 11. Significant Differences in EMG Parameters During the “Maximum Teeth Clenching” Test on the Right Side
on the 7" Postoperative Day Compared to Normative Values: A — Temporal and masticatory muscles;

B - Suprahyoid and sternocleidomastoid muscles

Puc. 11. 3Haummble pasnnuuns nokasarteneii AMI npm npobe «MakcruMabHOE CMblkaHme 3yBHbIX psaoB» cripaBa
Ha 7-1 geHb Nocsie onepaunm OT HOPMbI: A — BUCOYHOW 1 XeBaTesibHOM MbiLlL,; B — Haanoaba3bl4HON

W FPYANHO-KJIIOYNYHO-COCLEBUAHOMN MbiLLL],
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Fig. 12. Significant Differences in EMG Parameters During the “Maximum Teeth Clenching” Test
on the Left Side on the 7" Postoperative Day Compared to Normative Values: A — Temporal and masticatory
muscles; B — Suprahyoid and sternocleidomastoid muscles

Puc. 12. 3Haunmblie pasnnyusa nokasareneit AMI npu npobe «MakcMmanbHOe CMblKaHMe 3yOHbIX pSaoB» ClieBa
Ha 7-1 oeHb Nocne onepaunm oT HOpMbl: A — BUCOYHOWM 1 XeBaTesibHOM MblLwL,; B — Haanoobasbl4HON
U rPYAVHO-KJIIOYNYHO-COCLEBUNAHON MbILLIL,

Table 7. Analysis of Differences in Electromyography (EMG) Parameters During the “Maximum Teeth Clenching”
Test on the 7" Postoperative Day Compared to Normative Values Under Unilateral Taping

Ta6nunua 7. AHanns pasnuunin Mexay nokasarensMmm anekTpomuorpadumn npu npobe «MakcrumasibHoe CMblKaHue
3yOHbIX PAAOB» Ha 7-11 IeHb NOCcJ/ie onepaLmm ¢ HOPMaTUBHBLIMU 3HAYEHUAMW NPY 0AHOCTOPOHHEM TENMNMPOBAHU

p-value significance level p-value significance level (T-Test
Muscles Side Value (T-Test for independent Norma for independent samples)
samples) left-right for deviation from the norm
right 14.54%1.00 214.83+13.80 <0.001*~*
Temporal <0.001**
leftT | 49.64+2.09 209.65+12.75 <0.001**
) right | 25.32+1.60 253.86+5.60 <0.001**
Masticatory <0.001**
leftT | 30.42+1.40 246.50+5.84 <0.001**
right 5.75+0.80 15.79+£0.67 <0.001**
Suprahyoid <0.001**
leftT 6.68+0.90 15.41+£1.40 <0.001**
right 4.10+0.41 7.62+0.32 <0.001*~*
Sternocleidomastoid <0.001**
leftT 4.97+0.33 6.60+0.35 <0.001**

Note: ** Differences are significantat p < 0.01. **
lMpumeyvaHns: ** Pa3nnymsa 3Ha4mmbl Ha yposHe p < 0,01. **

Table 8. Analysis of Differences in Electromyography (EMG) Parameters During the “Maximum Teeth Clenching”
Test on the 21%' Postoperative Day Compared to Normative Values Under Unilateral Taping

Tabnuua 8. AHann3 pasnmunini Mexay nokasarensiMmmu afekTpoMmorpadum Npy npode «MakcuManbHOe CMblKaHue
3y0OHbIX pSA0B» Ha 21-11 AeHb NOCNe onepaLmm C HOPMATUBHLIMY 3HAYEHUSIMU NP OAHOCTOPOHHEM TENNUPOBAHMN

p-value significance level p-value significance level (T-Test
Muscles Side Value (T-Test for independent Norma for independent samples)
samples) left-right for deviation from the norm
right 111.38+7.30 214.83+13.80 <0.001**
Temporal <0.001**
leftT | 167.06+11.80 209.65+12.75 <0.001**
) right 104.96+8.90 253.86+5.60 <0.001**
Masticatory <0.001*~*
leftT | 148.14£15.30 246.50+5.84 <0.001**
right 14.57+3.30 15.79+0.67 >0.05
Suprahyoid >0.05
left T 15.18+1.75 15.41+£1.40 >0.05
) ) right 6.98+1.00 7.62+0.32 >0.05
Sternocleidomastoid >0.05
left T 7.08+0.55 6.60+0.35 >0.05

Note: Differences are significant at p < 0.01**
lMpumeyvaHns: ** Pa3nnymsa 3Ha4nmbl Ha yposHe p < 0,01**

dHdodoHmus
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Fig. 13. Significant differences in EMG parameters of muscles during the “Maximum Teeth Clenching” test
on the 21st postoperative day compared to the norm: A — right side; B — left side

Puc. 13. 3Haunmble pasnuyus nokasarteneit Ml Mol Npu Npo6e «MakCManbHOE CMblKaHWe 3yOHbIX PAL0B»
Ha 21-11 oeHb Nocfe onepaunn oT HOpMbl: A — cnpasa; B — cnesa
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Fig. 14. Significant differences in EMG parameters
during the “Maximum Teeth Clenching” test

on the right and left sides with tape fixation

on the 21% postoperative day

Puc. 14. 3Hauumble pasnmynsa mexay nokasarensamm
OMI npu npobe «MakcManbHOE CMblKaHne 3yOHbIX
psooB» cripasa u criesa ¢ dGukcaunen TENMNOB

Ha 21-1 AeHb Nocne onepaunmn

On the 21% postoperative day, EMG parameters
of the masticatory and temporal muscles during the
“Maximum Teeth Clenching” test showed significant
differences between the right and left sides (p < 0.001).
The EMG values of the temporal muscles on the right
side were 50.0% lower than those on the left, while the
masticatory muscles exhibited a 41.1% decrease. Dif-
ferences in the biopotential of the suprahyoid muscle
group (4.2%) and the sternocleidomastoid muscles
(1.4%) were not statistically significant (Fig. 14).

Thus, the comparison of the effects of kinesiotapes
on muscle biopotential during the “Maximum Teeth
Clenching” test demonstrated (Fig. 15):

—a decrease in muscle biopotential values in the
postoperative period, followed by gradual recovery;

%
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—e— Suprahyoid Left

Fig. 15. Dynamics of Muscle Biopotential Changes
During Unilateral Taping in the “Maximum Teeth
Clenching” Test

Puc. 15. lnHamMmnka nameHeHus bmonoTteHumana
MbILLLL NP OQHOCTOPOHHEM TernMpoBaHn Npu Nnpobe
«MakCMManbHOE CMblkaHne 3yOHbIX psaoB»

— a significant impact of kinesiotapes on the stu-
died parameters of the masticatory and temporal
muscles;

— a less pronounced effect on the suprahyoid mus-
cle groups and sternocleidomastoid muscles.

CONCLUSION

In the early postoperative period, the use of kine-
siotapes can be recommended, applying the fascial
correction technique without pressure. This technique
involves shifting the skin over the fascia, which helps
to relieve pain and restore muscle function. As a result,
orthodontic treatment can be resumed more quickly
after surgery, thereby reducing the overall treatment
duration.
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