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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 NPOdUNEN y3HaBaTb O HOBbIX 1 NePeaoBbIX KOHUEMLMAX B NEYEHNN KOPHEBBIX KAHAIOB 1 NOCAEAHVX AOCTVKEHNAX B 06AACTN 3HAOAOHTUIN.
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An evaluation of the compressive strength of zirconia crowns
fabricated with various tooth preparation finish lines
using a CAD/CAM system

Quasy Abdulateef Hasan' (), Raya Hatim Salal', Shahrazad Fouad Karkosh' <,
Zainab Talib Kareem?

' Middle Technical university, Baghdad, Iraq
? Dijlah University, Baghdad, Iraq
D shahrazad.almunjm@mtu.edu.ig

Abstract

INTRODUCTION. In clinical dentistry, fixed prosthetic restorations, especially those composed completely of
zirconia — are frequently utilized to restore natural teeth. The design of the tooth preparation, particularly the
finish line type, and the restoration’s resistance to occlusal forces during mastication are critical factors in its
effectiveness.

AIM. This in vitro study aimed to assess the impact of two gingival finishing lines (45° chamfer and 90° shoul-
der) on the compressive strength resistance of complete contour zirconia CAD/CAM all-ceramic crowns.
MATERIALS AND METHODS. All sixteen lower primary molars were prepped to receive full contour CAD/CAM
ceramic crowns utilizing a sophisticated paralleling equipment. Based on the kind of finishing line that was
planned, the teeth were split into two groups. group A prepared with 90° shoulder finish line and group B
prepared with 45° chamfer finish line. Materials are tested for compressive strength using a universal testing
machine.

RESULTS. The data analysis manifested that, shoulder and chamfer margins of zirconia crowns showed
that the mean compressive strength resistance of chamfer margin is 5287.50N and the shoulder margin is
3200.00N. The statistically significant difference between the groups and compressive strength of chamfer
margin was more than shoulder margin.

CONCLUSIONS. The study’s findings suggested a connection between the finishing line’s design and the
entire CAD/CAM zirconia crowns’ compressive strength.

Keywords: finishing line, compressive strength, CAD/CAM system, zirconia full contour, shoulder finishing
line, chamfer finishing line
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OueHKa NPOYHOCTU Ha CXKaTuUe LIUPKOHUEBbIX KOPOHOK,
M3roTOBJ/IEHHbIX C Ppa3/IM4HbIMU BapuaHTaMu GUHULLHOW JIMHUMU
npenapupoBaHuAa 3yba c ucnonnsosaHuem cucremol CAD/CAM
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' CpepHeTexHnyecknin yimusepcuter, r. barpan, Mpak
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Pesiome

BBEAOEHUME. B knunHuyeckoi ctomaTtonorum GbuKCMpoOBaHHbIE OpToneauyeckme pectaBpaumm, 0COOEHHO
MOJIHOCTbIO LMPKOHUNEBbIE KOHCTPYKLUUW, LLULMPOKO NMPUMEHAIOTCA ANd BOCCTAHOBNEHNA eCTEeCTBEHHbIX 3y6OB.
CyLecTBEHHOE 3Ha4YeHue Ons UX KJIMHUYECKON 3PDEKTUBHOCTU MMEIOT OCOBEHHOCTM NMpenapupoBaHms
3y6a, B HaCTHOCTU TUN ¢)VIHI/ILIJHOI7I JINHNWN, a TaKXe crnocobHOCTb pecTaBpaunn NPOTUBOCTOATb OKKJTKO3NOH-
HbIM Harpy3kam, BO3HWKaIOLLMM B MPOLECCE XeBaHUS.

LLEJTb. OueHUTb BANSIHME ABYX BApUAHTOB AECHEBOW QUHULLHON NuHUK (wamdep 45° n nnedesown yctyn 90°)
Ha NPOYHOCTb Ha CXaTne NOJHOAHATOMNYECKNX LLUPKOHUEBBLIX KOPOHOK, M3roTOBNEHHbIX MeTogom CAD/CAM.
MATEPUAJIbI U METOAbI. B nccnepoBaHue 6610 BKAOYEHO 16 HUXHUX MONSIPOB, KOTOPble Oblin npe-
napuvpoBaHbl Nog, NosHOoaHaTOMMYeCckmne KepamMmnyeckme KOPOHKW, MU3roToBsieHHble metogom CAD/CAM.

© Hasan Q.A., Salal R.H., Karkosh S.F., Kareem Z.T., 2026
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MpenaprpoBaHme BbINOJHANOCH C UCMOIb30BAHMEM NAPaNIeNoOMeTPUIECKOro ycTpocTea anga obecneye-
HUSA cTaHpgapTM3auun. B 3aBucumocTu oT Tuna cpopmMmpoBaHHON GUHULLIHOM NUHUK 3yObl ObININ pa3aeneHbl
Ha ABe rpynnbl: rpynna A — npenap1MpoBaHune ¢ nneyveBoi GuHuwHon nuHuei 90°; rpynna B — npenapupo-
BaHMe ¢ GUHULWHOW NuHnen Tuna wamaoep 45°. icnbiTaHme 06pas3uoB Ha MNPOYHOCTbL Ha CXaTue NPOoBOANN
C NCNONb30BaHMEM YHMBEPCANIbHON NCMbITATENbHOM MALLVHBI.

PE3YJIbTATbI. AHann3 nony4YeHHbIX AaHHbIX NOKa3asl, YTO LMPKOHUEBbLIE KOPOHKM C (PUHULLIHON NTMHMEN Tuna
wamdep 1 NaeyYeBor yCTyn 4EMOHCTPUPYIOT PA3INYHYIO YCTOMYMBOCTD K CXUMAOLLMM Harpy3kam. CpegHee
3HaYeHMe NPOYHOCTM Ha cxXaTue AN KOPOHOK C amMdepHO GUHMLLHON NnHMen coctaBuno 5287,50 H, Tor-
[a Kak Ans KOPOHOK C nneyveBon puHuHonM nuHunen — 3200,00 H. Mexay rpynnamu BbiSiBEHbl CTATUCTU-
4ecKkn 3Ha4YUMble Pas3Nyns; NPOYHOCTb HA CXaTne KOPOHOK C LwaM@pepHO GUHULLIHOM NnHMeln 6bina Bbille
MO CPaBHEHMIO C KOPOHKaMM C NnevYeBon GUHNLLHOW TNHUEN.

BbIBOAbI. Mony4yeHHble pe3ynbraTbl CBMAOETENLCTBYIOT O HANMYUN CBSA3U MeXAy TUNOM GUHULLIHOW NNHUK
npenapupoBaHns U NPOYHOCTbLIO Ha CXaTne NOIHOAHATOMUNYECKNX LLMPKOHNEBLIX KOPOHOK, M3rOTOBAEHHbIX
¢ ucnonb3osaHmnem CAD/CAM-TexHonormu.
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¢ ncnonb3oBaHnem cuctemol CAD/CAM. SHaogoHTus Today. 2026;24(2):242-246. https://doi.org/10.36377/

245

ET-0182

INTRODUCTION

All-ceramic systems can be used in place of metal
ceramic systems as cosmetic restorative materials for
crowns and fixed partial dentures (FPDs). Since1965,
numerous full ceramic systems have been developed
and enhanced to satisfy the needs of patients and den-
tists with high aesthetic qualities and to resemble nat-
ural teeth [1]. Zirconia is one of the ceramics that has
been utilized a lot lately, usually taking the place of other
ceramics [2]. When at room temperature Pure zirco-
nia is monoclinic structure, and changed to tetragonal
structure upon sintering at high temperature. During
cooling It transited from tetragonal to monoclinic phase.
In this way, the volume will expand, resulting in severe
compression pressure that make the material brittle [3].
Dental prostheses are currently made using CAD-CAM
(computer-aided design and computer-aided manufac-
ture) methods, which offer good outcomes and simpli-
city of use [4]. CAD/CAM technology has driven the de-
velopment of diverse ceramic materials for monolithic
dental restorations, and producing presintered blocks
that minimize milling errors and defects enables these
restorations to achieve both high strength and excellent
aesthetics. [5]. Both the all-ceramic materials and their
processing techniques, such as CAD/CAM technology,
have improved with the introduction of stronger mate-
rials [6]. Ceramic materials are highly sensitive to tensile
stresses, and their fracture resistance is significantly
influenced by surface flaws and internal voids [7]. All
ceramic restorations’ susceptibility to fracture is de-
termined by the material’s fracture resistance, finish
line design and appropriate thickness of the material.
In addition to the colour difference between the natural
tooth and the ceramic restoration, one of the most fre-
quent issues is the potential for all ceramic restorations
to fracture in reaction to occlusal and lateral force [8].

For all-ceramic crowns, the types of finish lines and
ceramic production techniques have been studied [1].
The purpose of this study was to analyze the effect of
two gingival finishing lines (90° shoulder finish line and
45° chamfer finish line) on the compressive Strength of
full anatomic zirconia crowns.

MATERIALS AND METHODS

Tooth preparation

In the dental model (Nissin Dental Products), the
lower six molar tooth was prepared as follow, 1.5 mm
oclussal reduction, 1 mm axial reduction with different
finishing line.To replicate the shape of the perfect pre-
pared plastic tooth to accept all ceramic crowns. A full
arch mandibular impression tray was used to make im-
pression of the prepared tooth model using light bodied
consistency (DENTSPLY). Two cast with a different fi-
nishing line namely a 90° shoulder and 45° chamfer
were prepared as shown in Fig. 1. Section the prepara-
tion lower six as a die by saw to get master die.

A B

Fig. 1. Master die with a different finishing line:
A —90° shoulder and B — 45° chamfer

Puc. 1. MacTep-wtamn ¢ pas3nnyHon GUHULLIHONM
nnHuen: A — ¢ nnevom 90° n B — packoi 45°
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A

Fig. 2. Samples with 45° shoulder finish line (A)
and 90° chamfer finishing line (B)

Puc. 2. O6pasubl C IMHNEN YNCTOBOI 00PabOTKN
nneya nog yrnom 45° (A) n dackm nog yrnom 90° (B)

Sample grouping

Sixteen samples were fabricated by CAD/CAM ma-
chine. Depending on their finishing line samples were
split randomly for two groups, each group contains
8 samples. Specimens with 45° shoulder finish line and
90° chamfer finishing line, as shown in Fig. 2.

Tooth scanning

Three-dimension dental light scanner scanned pre-
pared tooth. The digital model of the die was transmit-
ted to the computer added machine software to begin
the die’s, milling process after a three-dimensional pic-
ture was captured that clearly showed the plastic die’s
finishing line and all of its surfaces. Dental stone type IV
was used to make the metal die’s base.

Following the completion of the scanning procedure,
the final three-dimensional (3D) virtual model was dis-
played on the computer screen. The margin line, crown
border, and undercut were then identified, and the final
design of the samples was built [9].

Milling process

The type, size of block and positioning of virtual
crown after determination, (Aconia Block) all the infor-
mation were sent to the milling machine to start milling
process. The grinded zirconia samples were sintered
in rise temperature furnace depending on the recom-

Compressive strength test

Compressive strength refers to a materials or
structure’s capacity to withstand loads that act to de-
crease its dimensions. It can be quantitatively evalua-
ted by recording the applied load and the resulting
deformation using a suitable testing apparatus and
analysing the resulting force-deformation curve [11].
Samples were examined using universal testing ma-
chine (UTM) to test compressive strength of zirconia
crown [12].

Statistical analysis

SPSS Statistics was used for the statistical analysis.
For compressive strength, descriptive statistics such
as means and standard deviations were computed.
To assess the differences between each group, a post
hoc multiple comparison test (Student Newman Keuls)
was used.

RESULTS

Table 1 show the compressive strength of zirconia
crown with chamfer finish line, the highest compressive
strength was 6000 N while the minimum was 5000 N,
the mean of this group was 5287.50 N.

Table 2 show the compressive strength of zirconia
crown with shoulder finish line, the highest compressive
strength was 3500 N while the minimum was 2900 N,
the mean of this group was 3200.00 N.

Table 3 shows the standard error (S.E), mean and
standard deviation (S.D) for all Samples.

Table 1. Descriptive result of compressive strength
of chamfer finish line

Ta6nuua 1. Pe3ynstathbl onpeneneHns npo4yHoCcTn
Ha cXaTtme no NIMHUK cpesa

Total samples Maximum Minimum Mean

8 6000 5000 5287.50

Table 2. Descriptive result of compressive strength
of shoulder finish line

TaGnuua 2. OnucatenbHblii Ppe3ynsTaT UCMbITAHUS
Ha NPOYHOCTb NPY CXaTUM HA TINHUK DUHULLIA

mendations that provided_ by manufacturers. The h_eat Total samples | Maximum | Minimum Mean
was elevated for 1450°C in two hour then kept at final
heat (1450°C to two hour) samples were quietly cooled 8 3500 2900 3200.00
to under than 100°C to one hour [10].
Table 3. Descriptive and compare of compressive strength between chamfer and shoulder finish line
Ta6nuuya 3. OnucaHne 1 cpaBHEeHMe NMPOYHOCTU Ha cxaTme Npu Hanuyum packu n bypTmnka

Total Samples Mean S.E S.D Minimum Maximum T-test p-value
Chamfer finish line (8N) 5287.50 114.076 322.656 5000 6000

15.554 0.001

Shoulder finish line (8N) 3200.00 70.711 200.000 2900 3500

dHdodoHmus
————TLT
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Fig. 3. The mean of statistics for all samples
45° and 90°

Puc. 3. CpegHee 3Ha4YeHNE CTAaTUCTUHECKUX
rnokasaTtenei obpasuos ans yrnoe 45° n 90°

DISCUSSION

In restorative dental practice, Fixed prosthetic res-
torations, particularly full-contour zirconia crowns, are
frequently used [13]. The cervical margin design is One
of the most crucial factors to consider as it can impact
the marginal fit of the crown leading to recurrent ca-
ries and periodontal complications [14]. The ability of
the restoration to withstand occlusal pressures during
mastication and the design of tooth preparation, espe-
cially the finish line layout, are crucial components of its
clinical efficacy [15]. Factors such as a rough, irregular,
or stepped finish line, as well as a non-anatomical oc-
clusal surface, may contribute to an increased marginal
gap and therefore must be carefully considered during
tooth preparation for CAD/CAM crowns [16]. Monolithic
zirconia’s resistance to fracture is improved by narro-
wing the finish line [17]. Regarding the material utilized,
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Device for manual unstressed osteotome mucotome
for taking three-layer autograft from maxillary tubercle
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Abstract

INTRODUCTION. Recently, the direction of dentition defects restoration on artificial supports with immediate
dentoalveolar reconstruction of the alveolar process which is widely used for the bone crest and soft tissues
loss develops rapidly. The main factors in the formation of destructive changes in the alveolar process are
chronic foci of infection in the periapical region, localized and generalized pathologies of periodontal tis-
sues, fractures of the bones of the facial skeleton and teeth, as well as non-carious lesions of the roots of the
teeth (internal and external resorption). In this regard, when performing dental implantation, it is necessary to
pay attention to the implementation of additional interventions restoring the anatomical shape of the alveolar
process using various tools, materials and methods. Taking into account the above, a manual unstressed
mucotome-osteotome device was developed for taking a three-layer autograft from the tubercle of the upper
jaw, and the results of its practical use are presented in this research.

AIM. Purpose of the research is to improve the efficiency of surgical and orthopedic stages of dental defect
repair in dental implantation with dentoalveolar reconstruction by developing a special device.

MATERIALS AND METHODS. The paper presents the results of our practical application of the manual un-
stressed mucotome-osteotome for taking a triplraft from the retromolar region of the upper jaw (tubercle)
(patent application No. 2025131706 dated 14.11.2025). At the same time, a dynamic analysis of the effective-
ness of our developed device for three years was carried out in 112 clinical cases in the age group from 21
to 69 years old. Statistical evaluation of the obtained results was carried out in the MS Office Excel program
using standard methods.

RESULTS. The combination of the main features of the developed device and its use contribute to improving
the quality of graft preparation by extracting a single three-layer graft consisting of mucosal connective tis-
sue with periosteum, cortical and spongy bone tissue from the tubercle of the upper jaw, which determine the
clinical effectiveness of its use in osteoplastic operations and simultaneous dental implantation.
CONCLUSIONS. The obtained clinical results of practical application of the developed manual unstressed
mucotome-osteotome for sampling a three-layer autograft from the maxillary tubercle characterise its effec-
tiveness, safety and ease of use of the given medical device.

Keywords: dental implantation, alveolar defect, maxillary tubercle, manual unstressed mucotome-osteotome
device, three-layer autograft, immediate dentoalveolar reconstruction
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Pesiome

BBEAEHMVE. B nocnenHee BpeMs akTUBHO Pa3BMBAETCA Harnpas/ieHne BOCCTAaHOBNEHUS 0edeKToB 3yOHbIX
PS00B HAa NCKYCCTBEHHbIX OMOPax C 04HOMOMEHTHOM AEHTOANIbBEONSIPHON PEKOHCTPYKLINEN afibBEONSPHOIO
OTPOCTKA, YTO LLUMPOKO NMPUMEHSIETCS NPU yTpaTe KOCTHOro rpebHsa n MArkux tkaHen. OCHOBHbIMU HaKTo-
pamMmn GOpPMMPOBAHNSA [ECTPYKTUBHbLIX UBMEHEHUI aNbBEONIIPHOIO OTPOCTKA ABAAIOTCS XPOHNYECKME O4arm
MHbeKUUM B nepmnanmukanbHon 06n1acTn, NOKanM30BaHHbIE U reHepanmM3oBaHHblie 3aboneBaHnsa TKaHel na-
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POAOHTA, NepenoMbl KOCTEN NNLEBOrO ckeneta 1 3y6oB, a TakXe HEKapPUO3HbIE MOPaXeHNs KOpHen 3y6oB
(BHYTPEHHSS 1 BHELLHAS pe3op0buuns). B aToli cBA3M Npu npoBegeHnn AeHTaNlbHOW nMnaaHTaunum Heobxoam-
MO YAENSATb BHUMAHWE BbINOJIHEHUIO JOMONHNTENbHbBIX BMeLlaTeNbCTB, HanpaBJfieHHbIX Ha BOCCTaHOB/IEHNE
aHaToMMYeckol GOPMbI aNbBEOISPHOrO OTPOCTKA C UCMOJSIb30BAHNEM PA3SINYHBIX UHCTPYMEHTOB, MaTepua-
noB 1 MeToaoB. C y4eTOM BbILLEN3NIOXEHHOIO ObI10 pa3paboTaHo YCTPOMUCTBO — PYHHOM BE3HATSAXHON MyKO-
TOM-OCTEOTOM 19 3a6opa TPEXCNOMHOro ayToTpaHcnaaHTara na 6yrpa BEpxXHEn YentoCTn, U NpeacTaBieHbI
pesynbTaThl ero NPakTUYecKoro NPUMEHEHNS.

LLEJIb. MoBbiweHne 3 PeKTUBHOCTU XMPYPrMYeCcKoro U opToneamyeckoro aTanos nevyeHmnsa nedekToB 3y6-
HbIX PSO0B NPU AEHTaNIbHON MMMNNIAHTALMN C LEHTOAIbBEONSPHON PEKOHCTPYKLUMEN NyTeM pa3paboTku cne-
LManbHOro ycTpomncTea.

MATEPUAblI N METObIl. B paboTe npencrtaBneHbl pesynbTaTbl NPakTUYeckoro npuMeHeHus paspabo-
TaHHOro HamMm pPy4yHOro 6e3HaTSXXHOro MykOTOMa-ocTeoToMa AN1s 3ab6opa TPEXCNONHOro TpaHcnaaHTara us
peTpoMonsipHon obnacTu BepxHeln YyentocTu (Oyrpa) (3asBka Ha nateHT N2 2025131706 ot 14.11.2025). Npo-
BeeH OMHaMn4Yeckunin aHanns ap@ekTUBHOCTU YCTPOMNCTBA B TEHEHNE TPEX NeT Ha OCHOoBaHUK 112 KNUHK-
Yyeckmx cnyyaeB B BO3pacTHoW rpynne oT 21 no 69 net. Ctatnctnyeckas o6paboTka NonyyYeHHbIX JAHHbIX
BbINosiHeHa B nporpamme MS Office Excel ¢ ncnonb3oBaHnem cTaHOapPTHLIX METO0B.

PE3YNbTATbI. COBOKYMHOCTb KOHCTPYKTMBHbLIX 0COOEHHOCTEN Pa3paboTaHHOro YCTPOMCTBA U METOAMKN €ro
NPMMEHEHNS CNOCOBCTBYET MNOBLILLEHMIO KA4eCcTBa 3ab0pa TpaHCMIaHTaTa 3a CHET U3BJIEHEHUS €QVMHOIO TPeX-
CNOWMHOro 6110ka, BKJIOYAOLLErO CIN3UCTO-COEANHNTENbHOTKAHHBIM KOMMOHEHT C HAAKOCTHULLEN, KOPTUKab-
HYIO 1 FyB4aTylo KOCTHYIO TKaHb 13 Byrpa BEPXHEN YEeNCTH, YTO ONPEAENSET KIMHNYECKYIO 9DPEKTUBHOCTD
€ro MCNOob30BaHNSA NPY 0OCTEOMNIACTMHECKNX ONepaumax M O4HOMOMEHTHOM AeHTaNbHON UMMNNAHTaLNN.
BbIBOAbI. Mony4yeHHble KNMHUYEeCKMe pe3ynbTaThl NPaKTUYeCcKoro NnpumMeHeHus pa3paboTaHHOro Py4yHOro
0e3HaTsXXHOro MykoToMa-ocTeoToMa A1a 3abopa TPEXCNIONHOro ayToTpaHcniaHTaTa u3 6yrpa BepxHei ye-
JIOCTN CBUAOETENLCTBYIOT O ero addekTMBHOCTN, 6€30NaCHOCTU N yO06CTBE MCMOb30BaHUS AAHHOIO Me-
OVUMHCKOrO N3aenus.

KnioueBble cnoBa: AeHTaNbHas UMMNIAHTaAUNUS, anbBEONSPHbLIA AedeKkT, 6yrop BepxHel 4entocTu, pydHoi
6e3HaTAXHON MyKOTOM-OCTEOTOM, TPEXCJIONHBIM ayTOTpaHCcniaHTaT, 04HOMOMEHTHas AeHToanbBeoNapHas
PEKOHCTPYKLMS

UHdopmauuna o ctatbe: noctynuna — 15.01.2026; ncnpasnena — 03.02.2026; npuHata — 19.03.2026
KoH)AUKT nHTepecoB: ABTOpPbI cO0OLLLaloT 06 OTCYTCTBUM KOHGIMKTA UHTEPECOB.
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INTRODUCTION

Recently, the direction of restoration of dentition
defects on artificial supports with immediate dentoal-
veolar reconstruction of the alveolar process, which
is widely used for bone crest and soft tissue losses,
is developing rapidly [1]. Despite the extensive study
of major dental diseases, their prevalence and inten-
sity do not tend to decrease, which remain the main
factors in the formation of destructive changes in the
alveolar process associated with chronic foci of infec-
tion in the periapical region, localized and generalized
pathologies of periodontal tissues, traumatic injuries
to the bones of the facial skeleton and teeth, as well as
non-carious lesions of the roots of teeth (internal and
external resorption) [2].

It should be noted that in some clinical cases, the
presence of a lack of vestibular bone tissue can lead to
gum recession and a decrease in the height of the mu-
cous membrane of the interdental papilla, which leads
to a violation of the aesthetic profile of the patient’s
smile. To eliminate such shortcomings, various me-
thods of soft and bone tissue augmentation are used,
which have their positive and negative sides [3; 4]. At the
same time, there is evidence that simultaneous dental
implantation and immediate dentoalveolar reconstruc-
tion contribute to the launch of a number of biological
metabolic processes stimulating bone repair, thereby
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allowing to preserve the initial bone volume and archi-
tectonics of soft tissue contours. This clinical approach
leads to a pronounced reduction in the total rehabilita-
tion time, a decrease in the number of repeated inter-
ventions and a decrease in the cost of treatment [5].
Inthisregard, during dental implantation, itis necessary
to pay attention to additional interventions restoring the
anatomical shape of the alveolar process using various
tools, materials and methods [6]. With simultaneous im-
plantation with immediate augmentation of extensive
defects of the vestibular bone plate, the known methods
may be ineffective when using bone substitutes (bone
graft) and soft tissues (mucograft). In this regard, the
“gold” standard of dental implantation in bone plasty is
the use of autogenic tissues, where the use of tissues
from the tubercle of the upper jaw is of particular impor-
tance [7; 8]. Taking into account the above, a manual
unstressed mucotome-osteotome was developed for
taking a three-layer autograft from the tubercle of the
upper jaw and the results of its practical use are pre-
sented in this work.

AIM

Purpose of the research is to improve the efficiency
of surgical and orthopedic stages of dental defect re-
pair in dental implantation with dentoalveolar recon-
struction by developing a special device.
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MATERIALS AND METHODS

The paper presents the results of the practi-
cal application of our developed manual unstressed
mucotome-osteotome for taking a triplraft from the
retromolar region of the upper jaw (tubercle) (patent
application No. 2025131706 dated 14.11.2025). At the
same time, a dynamic analysis of the effectiveness of
the developed device for three years was carried out in
112 clinical cases in the age group from 21 to 69 years
old who visited the dental clinic of the North-Eastern
Federal University and the surgical department of the
dental clinic LLC Avandent (Yakutsk), regarding den-
tal implantation in the front department maxilla. For
comparative evaluation, a control group was formed,
which included 34 patients aged 22-63 years old,
where bone tissue was used from a tubercle without
a soft tissue component, isolated by a standard me-
thod using a chisel and a hammer (patent No. 2733914
dated 02.12.2019). The inclusion criteria for the study
group were consent, indications for removal of frontal
teeth with simultaneous implantation, and satisfactory
oral hygiene. Criteria for non-inclusion were refusal
to participate in the study, active smokers (more than
10 cigarettes per day), concomitant pathology during
the clinical study in the acute stage, severe general
somatic diseases, intolerance to local anesthetics and
the presence of cancer, as well as refusal to comply
with the patient’s recommendations. The main and
control groups were formed by random sampling.

The proposed device is designed for less invasive,
convenient, safe and efficient sampling of mucosal con-
nective tissue with periosteum, cortical and spongy
bone tissue from maxillary tubercle due to possibility to

Fig. 2. Working part
of device (trepan)
with triangular cutting teeth

Puc. 2. Pa6o4as 4acTb A
yCTpoKncTBa (TpenaHa)
C TPEYrobHbIMU
pexyLmmmn 3yobamm
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control force and speed of reciprocating (reciprocating)
movements with hand using handle (Fig. 1). At the same
time, a special arrangement of notches with a cutting
effect (Fig. 2) during reciprocating movements ensures
immersion of the milling cutter into the thickness of soft
tissues and bone without violating their integrity, and
the difference in thickness of the outer and inner sur-
faces of the cylindrical working part contributes to the
easy movement of the extracted triplograph inside the
trepan cylinder (Fig. 3). The use of the device during
surgery helps to take a cylindrical bone graft and the
required size from the tubercle of the upper jaw quickly.
Application of claimed device provides obtaining three-
layer autograft from tubercle of upper jaw without dis-
turbance of morphological characteristics of tissues.
Taking a triple autograft and reconstructing bone de-
fects with immediate dental implantation is easy, fast
and minimally invasive.

. —

Fig. 1. Device for manual unstressed
mucotome-osteotome for taking a three-layer
autograft from the tubercle of the upper jaw:

1 — working part (trepan); 2 — rod; 3 — handle

Puc. 1. YCTpoOKCTBO py4yHOro 6e3HaTAaXHOro
MYKOTOMa-0CTeoToMa A5 B3ATUS TPEXCIOMHOIo
ayToTpaHcnnaHTara uad 6yrpa BepxHen YentocTu:

1 — paboyas yacTb (TpenaH); 2 — CTepXeHb; 3 — pykosTka

Fig. 3. Autologous three-layer autograft sampling (soft tissues, cortical
and spongy bone) from the retromolar region of the upper jaw:
A — from below; B — from the side

Puc. 3. Bbibopka ayToONorm4Horo TPEXCIOMHOro ayToTpaHcrnaaHTaTa
(MSirkne TkaHu, KopTukanbHasa 1 rydbyatas KocTb) U3 peTPOMOJISIPHO 061acTun
BEPXHEN YentoCcTu: A — CHU3y; B — cOoky
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The depth of trepan immersion is calculated on the
results of a computer cone-ray tomogram obtained
using the Pro apparatus and specialized software,
where the height (to the bottom of the maxillary sinus)
and the width of the alveolar process in the retromolar
projection of the upper jaw are measured. The possi-
ble volume for taking a triple autograft was measured
by virtual planning, placing in the retromolar region of
the maxilla, where the virtual cylinder is equal to the
trepan diameter of 6.0 mm and height, taking into ac-
count the exclusion of the probability of perforation of
the Schneider membrane from the border with the ma-
xillary sinus by 1.0 mm. After local anaesthesia with 4%
Articaine, the device was placed with the cutting part on
the mucous membrane in the region of the tubercle of
the upper jaw at the site of the alleged intake of auto-
genous tissues. The trepan was immersed in a soft tis-
sue complex, then a triple autograft was taken into the
bone tissue of the retromolar region of the upper jaw to
the required depth, while using the cutting teeth to re-
ciprocate the trepan. Chips that are formed in the inner
surface of the trepan are removed through an oval hole
from two opposite sides, which reduces the applica-
tion of forces when sawing bone tissue of the tubercle
and, in general, the complexity of the process. Further,
the device is easily removed by swinging the trepan in
different directions. The taken cylinder-shaped tripleft
remains in the inner surface of the trepan and is easily
removed by pushing through the oval holes on the sides
with tweezers. The produced triple autograph consis-
ting of mucosal connective tissue with periosteum, cor-
tical and spongy bone tissue from maxillary tubercle is
used for replacement of defect in dental implantation,
and soft tissues of donor site bring wound edges closer
together, form blood clot and apply sutures.

A comparative assessment of the effectiveness
of our device was carried out with the analysis of pain
syndrome using a visual analog scale (VAS), where 0 is
the absence of pain, then mild, moderate, severe and
intolerable pain means 10 points. In addition, the seve-
rity of hyperemia of the mucous membrane of tissues in
the donor area was assessed on the day of surgery, on
the third day and after a week in the postoperative pe-
riod according to the method of A.V. Vorobyeva, (2012).
Monoquik 5.0 conditionally absorbable threads were
used when suturing donor sites. In this case, the sutures
were removed a week after the intervention.

The research was approved by the local ethics com-
mittee of the North-Eastern Federal University (proto-
col No. 40 dated 18.09.2022).

Statistical analysis of the research was carried out in
the MS Office Excel program with an assessment of the
reliability of differences at p <0.05.

RESULTS

The assessment of clinical efficacy according
to visual analogue scale data characterizes that
in the patients of the main group, on day 1 after
transplant sampling, the level of pain symptom in
52 (46.43+1.02%) patients was detected as mild pain,
and in 21(18.75+1.51%) patients there was moderate
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pain, in 7 (6.25+1.74%) patients there was a strong
pain symptom, while in 32 (28.57+1.33%) of patients
noted that they did not experience pain. In the same
group, on day 4, 23 (20.54+1.48%) patients had
mild pain, and 89 (79.46+0.38%) had no pain syn-
drome at all. In the control group, on the 1 day after
picking up the graft with a chisel, mild pain was de-
tected in 6 patients (17.65+3.34%), moderate pain —
15 (44.12+2.29%), severe pain — 8 (23.53+3.13%),
and very severe pain — 5 (14.70+3.50%), where there
are no indicators of patients without a pain symptom.
In the same group, on day 4, 16 patients (47.06+2.17%)
had mild pain, moderate pain — 7 (20.59+3.25%), se-
vere pain — 3 (8.83+3.74%), pain syndrome was com-
pletely absent in 8 (23.52+3.13%).

A comparative assessment of the severity of gum
hyperemia in the donor zone characterizes the pres-
ence of certain features. So, in the patients of the
main group, on the first day after surgery, hyperemia
was interpreted as mild in 27 (24.10+1.40%), mode-
rate in 73 (65.17+0.64%), bright in 12 (10.71+£1.65%),
there was no ischemia and cyanosis. On the third day,
63 (56.25+0.81%) patients had mucosal recovery to
normal color, however, 3 (2.67+1.80%) patients had
bright hyperemia, 28 (25.89+1.37%) — moderate and
18 (15.19+1.55%) — mild. On the seventh day, mild hy-
peremia was detected in 7 (6.25+1.73%) patients.
Meanwhile, in the control group, on the first day af-
ter taking a bone graft from the tubercle of the upper
jaw using a chisel and hammer, hyperemia was mild
in 4 (11.77+3.64%), moderate in 23 (67.65+1.32%),
and bright in 7 (20.58+3.20%). On the third day, in
3 (8.82+£3.73%), the mucous membrane is characte-
rized as pale pink, while in 5 (14.70+3.49%) hyperemia
was detected, in 12 (35.50+2.63%) - moderate, in
14 (40.98+2.03%) — mild. On the seventh day, mode-
rate hyperemia persisted in 6 (17.64+3.37%) patients.

The obtained results of the comparative evaluation
of the proposed device use characterize clinical efficacy
compared to the control group, which are associated
with the fact that on day 4 in 79.46+0.38% (p <0.05)
the pain symptom completely disappears, while in the
control group was 23.52+3.13%. In addition, on the se-
venth day, mild hyperemia was detected in 6.25+1.73%
(p <£0.05) of patients in the main group, and in the con-
trol group — 40.98+2.03%.

The available design features of the device contribute
to solving the problem by creating a low-traumatic de-
vice, which allows effective and, most importantly, safe
sampling of a three-component autograft, consisting of
connective tissue of the mucous membrane with perios-
teum, cortical and spongy bone tissue from the tubercle
of the upper jaw with simultaneous dental implantation
with pronounced bone and soft tissue defects of the al-
veolar process, standard implantation in case of alveolar
process atrophy and removal of tooth socket. Recipro-
cating movements with the hand provide controlled ef-
fort and a complete three-layer autograft with a signifi-
cant reduction in surgical time. Application of proposed
device at sampling of three-layer autograft from tubercle
of upper jaw makes it possible to extract combined soft-
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tissue bone block of small diameter with preservation of
surrounding bone tissue with imitation of removed tooth
socket, which makes it possible to reduce edema and
pain in postoperative period, providing predicted clinical
effect. Arrangement of through oval grooves on opposite
sides of mucotome-osteotome for sampling of three-
layer autograft from upper jaw tubercle provides con-
venient extraction of transplant from trepan. In general,
the stated advantages of the device create maximum ef-
ficiency, safety and ease of use of this medical device.

DISCUSSION

Nowadays, various devices are used to take an
autograft from the tubercle of the upper jaw in dental
implantation. Thus, a useful model of a cutter for ob-
taining a bone graft for dental implantation is known
(patent No. 139356 from 20.04.2014), which consists
of a cylindrical hollow body, as well as a knife having
1 or 2blades. Local anaesthesia is followed by a scalpel
incision followed by exfoliation of the mucoperiosteal
flap, followed by fixing the bone mill into the surgical
angular tip. Bone tissue is treated at revolutions within
10 to 100 rpm. Then dental implant and plug are in-
stalled into ready bone bed. Wound surface is sutured
with application of aseptic bandage. The principal di-
sadvantages of this useful model are the impossibility
of obtaining a complete three-layer autogenous graft,
which confirms its invasiveness.

In addition, in clinical dentistry, a device for taking
bone grafts is used (patent No. 164582 from 10.09.2016)
in the form of a cylinder with a cutter and cutting teeth
at the end and the presence of a tail for fixation in a sur-
gical tip. Note here that cylinder outer surface has two
holes. After detachment of soft tissues, the device is
placed with its working part on the bone, then the cut-
ter is immersed in bone tissue to a certain depth. After
that, the device is removed by rotating the drill in re-
verse mode. The graft taken inside the device is used
to replace the defect, and the soft tissues are sutured in
layers. The disadvantage of this device for taking bone
grafts and forming bone canals is the use of a drilling
device, which determines the subjectivity of monitoring
the interventions, where a rotating milling cutter twists
the mucous membrane and periosteum with their sub-
sequent detachment from the bone, which determines
the aggressiveness of the instrument and can lead to
overheating of the surrounding tissues.

To take the graft from the retromolar region of the
upper jaw, a useful model is used (patent No. 125835

REFERENCES / CNIUCOK JINTEPATYPbI

1. Kulakov A.A., Gvetadze R.Sh., Brailovskaia T.V.,
Khar’kova A.A., Dzikovitskaya L.S. Modern approaches
to dental implants placement in deficient alveolar bone.
Stomatology. 2017;96(1):43-45. (In Russ.) https://doi.
org/10.17116/stomat201796143-45
Kynakos A.A., lBeTtaase P.LU., bpannosckas T.B., Xapb-
koBa A.A., O3unkoBuukasa J1.C. CoBpeMeHHble Noaxoabl
K MPUMEHEHUIO METOAA AEHTANbHOW MMMaHTaLUM npun
aTpodun n gedektax KOCTHOW TkaHu Yyentoctein. CTo-

251

dated 20.03.2013), which includes a cylindrical body
with a cutting part in the form of “fish scales”, a pusher
cylinder. Rounded extension is formed on proximal part
of pusher cylinder. A special handle is placed on the cy-
lindrical body and struck with a surgical hammer, where
the taken material is removed. The obtained graftin the
form of a column is removed from the inner part of the
body by means of a pusher cylinder, and soft tissues
are sutured layer-by-layer. The disadvantage of the
useful model is that when taking bone tissue, a hammer
is used to strike the body of the handle of the device,
which causes discomfort in patients and psycho-emo-
tional overstrain during the intervention, which leads to
the likelihood of some complications.

The general disadvantages of the above solutions
are the insufficient quality of autografts due to the vio-
lation of its morphological structure, which eliminates
the possibility of taking a three-layer transplant from
the connective tissue of the mucous membrane with
periosteum, cortical and spongy bone tissue.

CONCLUSION

Our device is characterized by minimally invasive,
which makes it possible to take a three-layer auto-
graft (connective tissue of the mucous membrane with
periosteum, cortical and spongy bone tissue) from
the tubercle of the upper jaw with simultaneous den-
tal implantation with pronounced bone and soft tissue
defects of the alveolar process effectively and safely,
standard implantation with alveolar atrophy process
and condom the socket of the removed tooth. Recipro-
cating movements with the hand provide controlled ef-
fort and a complete three-layer autograft with a signifi-
cant reduction in surgical time.

Application of the proposed device at sampling of
three-layer autograft from tubercle of upper jaw makes
it possible to extract combined soft-tissue bone block
of small diameter with preservation of surrounding
bone tissue with imitation of removed tooth socket,
which makes it possible to reduce edema and pain
in postoperative period, providing predicted clinical
effect. Arrangement of through oval grooves on op-
posite sides of mucotome-osteotome for sampling of
three-layer autograft from upper jaw tubercle provides
optimal extraction of triplagraft from milling cutter.
In general, the stated advantages of our device crea-
te maximum efficiency, safety and ease of use of this
medical device. This device is aimed at preserving the
donor site.

marosnorus. 2017;96(1):43-45. https://doi.org/10.17116/
stomat201796143-45

2. Silagadze E.M., SalahovA.K., Ksembaev S.S., BykeevR.F.
Factors affecting the dental status of the Russian popu-
lation. Actual Problems in Dentistry. 2020;16(1):47-57.
(In Russ.) https://doi.org/10.18481/2077-7566-20-16-1-
47-57
Cunarapse E.M., CanaxoB A.K., Kcembaes C.C., baii-
kee P.®. dakTopbl, BAUSIOLWLME HA COCTOSIHME CTO-

Tom 24, Ne 2 / 2026 \ Endodontics


https://doi.org/10.17116/stomat201796143-45
https://doi.org/10.17116/stomat201796143-45
https://doi.org/10.17116/stomat201796143-45
https://doi.org/10.17116/stomat201796143-45
https://doi.org/10.18481/2077-7566-20-16-1-47-57
https://doi.org/10.18481/2077-7566-20-16-1-47-57

252

MaTONOrM4eckoro cratyca HaceneHnua Poccuu. [Ipo- dparMeHTa KOpHS yaaneHHoro 3yba Ana coxpaHeHUs
6nembl ctomatonorun. 2020;16(1):47-57. https://doi. TkaHen anbBeonbl. Ctomartosorus. 2023;102(4):64-69.
org/10.18481/2077-7566-20-16-1-47-57 https://doi.org/10.17116/stomat202310204164

3. Losev F.F., Brailovskaya TV., Abaev A.Z., Troitsky S.S. g yanushevich 0.0., Krikheli N.1., Tsitsiashvili A.M., Pere-
Modern aspects of one-stage dental implantation in tyagin PYu., Bychkova M.N., Kramar O.V. Prospects for
the aesthetic zone of the upper jaw with alveolar bone developing domestic instruments for dental implanta-
atrophy. Stomatology. 2025;104(4):112-115. (In Russ.) tion in various clinical conditions. Russian Journal of
https://doi.org/10.17116/stomat2025104041112 Stomatology. 2024;17(4):4-11. (In Russ.) https://doi.
Jloces CD.CD., BpaVIJ'IOBCKaﬂ T.B., AbaeB A.3., Tpomu,- org/10.17116/rosstomat2024170414
knii C.C. CoBpeMeHHble acnekTbl 0OA4HOMOMEHTHON AeH- Anywesuny 0.0., Kpuxenu H.W., Unumawsunm A.M., Me-
TanbHOM MMMAAHTALUN B 9CTETUYECKON 30HE BEPXHEWN petsrud M.10., Bbiukosa M.H., Kpamap O.B. Mepcnek-
4esioCTV NPy aTpOdUM anbBEONsPHOKA KocTu. CToma- TUBbLI Pa3paboTKM OTEYECTBEHHBIX UHCTPYMEHTOB A4
Tonorus. 2025;104(4):112-115. https://doi.org/10.17116/ AEHTaNbHOM UMMNAHTALMM B Pa3NIHbIX KIVHNYECKMIX
stomat2025104041112 ycnosusx. Poccuiickas ctomatosorus. 2024;17(4):4-11.

4. Losev F.F., Brailovskaya T\V., Abaev A.Z., Troitsky S.S. https://doi.org/10.17116/rosstomat2024170414

Refinement of the immediate dental implantation . . -
method in the maxillary aesthetic zone in cases of 7. Brailovskaya T.V., Nadtochiy A.G., Gadzhikulieva A.K.,

alveolar bone atrophy: A stratified clinical study. Kuban Abayev Z.M. T_he possibility of obta_ini_ng bone autograft
Scientific Medical Bulletin. 2025:32(5):32-46. (In Russ.) from the anterior palate to restore limited bone defectg.
https://doi.org/10.25207/1608-6228-2025-32-5-32-46 Stomatology. 2023;102(5):40-49. (In Russ.) https://doi.
JloceB ®.®., Bpaiinosckasi T.B., AGaes A.3., Tpowu- org/10.17116/stomat202310205140

knit C.C. COBEPLIGHCTBOBAHNE METOAA OAHOMOMEHT- Bparinoeckas T.B., Hagrounn A.T., Napgxnkynmesa A.K.,

HOM LEHTANbHOW UMMAAHTALMU B SCTETUYECKON 30HEe Abaes 3.M. B°3MO)KH°6CT'°U nony4eHns  kOCTHOro
BepXHel YEnOCTI NpU ATPOGUM ANBEONSPHOM KO- ayToTpaHcnnaHTata ¢ HeGHOW MOBEPXHOCTU aNibBEO-

CTV: CTPaTUOULMPOBAHHOE KIMHUYECKOE WCCIeno- JIAPHOTO OTPOCTKA BEPXHEW 4eNtoCTh A1 é’CTpaHe'
Bare. KyGaHCKuii HaydHbii MERULMHCKIT BECTHIK. HUS OrpaHMYeHHbIX KOCTHbIX aedektoB. CTomaro-

5. VasilievN.l., Mokhnacheva S.B., Grahova E.V. Autotrans- 8. Adam S.A.N., Elarab A.E., Rahman A.R.A., Abel Ra-
plantation of a horizontally oriented fragment of the him D.F. Evaluation of implant stability and marginal
root of a removed tooth to preserve alveolar tissues. bone loss in immediate implant using “nano bone” ver-
Stomatology. 2023;102(4):64-69. (In Russ.) https://doi. sus “autogenous bone” for the treatment of patients
org/10.17116/stomat202310204164 with unrestorable single tooth: a randomized controlled
Bacunees H.N., MoxHaueBa C.B., paxoBa E.B. AyTo- trial. J Osseointegr. 2020;12(1):24-33. https://doi.
TpaHcnnaHTaumMsa ropuaoHTanbHO OPUEHTUPOBAHHOIO org/10.23805/J0.2019.12.01.21

INFORMATION ABOUT THE AUTHORS

Innokenty D. Ushnitsky - Dr. Sci. (Med.), Professor, Head of the Department of Therapeutic, Surgical, Orthopedic and
Pediatric Dentistry, North-Eastern Federal University, 58 Belinsky Str., Yakutsk 677027, Russian Federation; https://orcid.
org/0000-0002-4044-3004

Alexander D. Semenov - Cand. Sci. (Med.), Associate Professor of the Department of Therapeutic, Surgical, Orthopedic
Dentistry and Pediatric Dentistry, North-Eastern Federal University, 58 Belinsky Str., Yakutsk 677027, Russian Federation;
https://orcid.org/0009-0008-2937-5232

WHOOPMALIUA OB ABTOPAX

YwHunukuin UHHOKeHTMN AMutpmeBuy — O.M.H.,, npodeccop, 3asenyowmin kadenpor TepaneBTU4ECKON, XMpyp-
rmyeckon, oproneamyeckoin n getckoir ctomartonorun, GrAQy BO «CeBepo-BocTouHblli denepanbHbiil yHUBEPCUTET
uMm. M.K. AmmocoBa», 677000, Poccuiickas ®enepaums, r. AkyTck, yn. bennHckoro, a. 58; https://orcid.org/0000-0002-
4044-3004

CemeHoOB AnekcaHap AMUTpuEeBUY — K.M.H., LOUEHT Kadeapbl TepaneBTUYECKON, XMPYPrMYeckoni, opToneanyeckomn
n netckon ctomatonorun, PraQy BO «CeBepo-BocTouHbI depepanbHbii yHuBepcuteT um. M.K. AmMmocoBa», 677000,
Poccuiickaa ®epepauus, r. AkyTck, yn. BennHckoro, a. 58; https://orcid.org/0009-0008-2937-5232

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.

BKJALQ ABTOPOB

Bce aBTOpbI BHEC/IN PABHOLLEHHbIV BKia4 B MOAFOTOBKY Ny6aMKauum B 4acTu 3amMbiciia u AgnaaliHa uccnenoBaHus; cbopa
OaHHbIX; KPUTUYECKOro NnepecMoTpa CTaTbM B HAacTW 3HAYMMOI0 MHTENNIEKTYasIbHOrO COAEPXaHUA U OKOHYaTesIbHOro
0000peHus BapuaHTa ctaTtby AN onyonmMKoBaHUs.

9Hdodornmus Volume 24, no. 2 / 2026


https://doi.org/10.18481/2077-7566-20-16-1-47-57
https://doi.org/10.18481/2077-7566-20-16-1-47-57
https://doi.org/10.17116/stomat2025104041112
https://doi.org/10.17116/stomat2025104041112
https://doi.org/10.17116/stomat2025104041112
https://doi.org/10.25207/1608-6228-2025-32-5-32-46
https://doi.org/10.25207/1608-6228-2025-32-5-32-46
https://doi.org/10.25207/1608-6228-2025-32-5-32-46
https://doi.org/10.17116/stomat202310204164
https://doi.org/10.17116/stomat202310204164
https://doi.org/10.17116/stomat202310204164
https://doi.org/10.17116/rosstomat2024170414
https://doi.org/10.17116/rosstomat2024170414
https://doi.org/10.17116/rosstomat2024170414
https://doi.org/10.17116/stomat202310205140
https://doi.org/10.17116/stomat202310205140
https://doi.org/10.17116/stomat202310205140
https://doi.org/10.17116/stomat202310205140
https://doi.org/10.23805/JO.2019.12.01.21
https://doi.org/10.23805/JO.2019.12.01.21
https://orcid.org/0000-0002-4044-3004
https://orcid.org/0000-0002-4044-3004
https://orcid.org/0009-0008-2937-5232
https://orcid.org/0000-0002-4044-3004
https://orcid.org/0000-0002-4044-3004
https://orcid.org/0009-0008-2937-5232

253
Original Research M) Check for updates

https://doi.org/10.36377/ET-0185

Importance of the associative estimation
of increase caries intensities

in depending of mineralization activities

of oral liquid and nosology forms

of the congenital cleft of maxillary complex

Gayur G. Ashurov'(©) <, Akbarsho M. Olimov' (%, Safarakhmad M. Karimov' ({2,
Dzhurabek T. Makhmudov'(®), Makhmud R. Gurezov' ("), Gairat E. Mullodzhanov' (>,
Abdugaffor Z. Abdurakhmonov?

!Institute of Postgraduate Education in Health Sphere of the Republic of Tajikistan, Dushanbe, Republic of Tajikistan
2 Avicenna Tajik State Medical University, Dushanbe, Republic of Tajikistan
D shakh92@mail.ru

Abstract

AIM. Conduct the associative estimation of the increase of caries intensities in depending of the level of mi-
neralizing potential of the mixed saliva and nosology forms of the congenital unjoining of maxillary complex.
MATERIALS AND METHODS. Importance of mineralizing activities of oral liquid was studied with determina-
tion its intercoupling with expression of the increase tooth decay beside 98 children with congenita pathology
of the upper lip and palate. In this connection were chosen 4 clinical groups in depending of mineralizing level
activities of the mixed saliva and cariesresistance. 1 group has formed 19 children with high level of minera-
lizing potential of the mixed saliva and absence of tooth caries. In the second group entered 26 children with
average level of mineralizing potential of the mixed saliva and carious of molars and premolars of the jaws.
28 children with low level of mineralizing potential of the saliva and carious defeat not only chewing teeth, but
also maxillary incisor has formed the third group. In 4" group entered 25 children with very low level of mine-
ralizing potential of the mixed saliva and carious defeat all function-oriented teeth segment.

RESULTS. Factors of the increase of intensities of the teeth caries amongst 67 years children with named
by vice and with high level of mineralizing activities of oral liquid after 12 months from moment of the primary
checkup have formed at the average 0.26+0.02, amongst children of 8-9 years these factors in given period
has formed at the average 0.40+0.03, amongst 10-11 year’s children they have formed 0.34+0.06, amongst
children of 12-13 years they have formed 0.41+0.07, but amongst children of 14-15 years they have formed
0.47+0.04. As a whole for three-year period of the observation from 2022 to 2024 years factors of the in-
crease of caries intensities beside children in given age groups corresponded to importance’s 0.59+0.05,
0.73+0.05, 067+0.09, 0.74+0.09 and 0.80%0.05 accordingly.

CONCLUSIONS. Reliable dynamics of caries intensities temporary and permanent teeth beside children with
congenital pathology of maxillary complex, probably, is connected with absence of the complex program of
the preventive maintenance of main dentistry diseases. Maximum dynamics of caries intensities amongst
examined persons is connected with disorders homeostatic balances of oral cavity because of anatomist-
functional disorders beside children with congenital pathology maxilla-facial area.
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Pe3iome

LIEJ1b. MNpoBecTn accoumnaTuBHYIO OLEHKY NMPMPOCTa MHTEHCMBHOCTU Kapueca 3y00B B 3aBUCUMOCTU OT
YPOBHSA MUHEPANN3ALMOHHOI0 NOTEHLMANA CMELLAHHOW CAIOHbI M HO3010rMY4eCKUX GOPM BPOXLAEHHOW pac-
LLeNMHbl BEPXHEYETIOCTHOIrO KOMIJeKca.

MATEPUWAbI U METObl. 3HaueHne MUHepanM3aunoHHOW akTUBHOCTU POTOBOM XUOKOCTU ObINI0 N3YyYEeHO
C onpefeneHneM ee B3aMMOCBSA3M C BbIPaXXeHHOCTbLIO NPUPOCTa kapueca 3yb6oB y 98 neteit ¢ BpOXAEHHOMN
naTtoniorveli BepxHei rybel 1 Heba. B cBA3M ¢ 3TUM HaMu Bblnn BblAeNeHbl 4 KNMHUYECKNE rpynnbl B 3aBUCK-
MOCTW OT YPOBHSA MUHEPANU3aLUOHHON aKTUBHOCTWN CMELUaHHOM CNIOHbI 1 KApUeCcoycTon4YnBoCcTU. NepByto
rpynny coctaBunmn 19 geTen ¢ BbICOKMM YPOBHEM MUHEPANMN3ALMOHHOIo NoTEHLMANa CMELLAHHOM CIOHbI
M OTCYTCTBMEM MOPAaXEHHbIX kapnecomM 3y6oB. Bo BTopytlo rpynny Bownum 26 geTen co CpeaHNUM YPOBHEM
MUHEepann3aLunoHHOro NoTEeHUMana CMELLAHHOW CIIOHbI M KAPMO3HbIM NOpaXXeHeM MOoJIIPOB U MPEMOISIPOB
yenocTen. 28 geTen C HU3KMM YPOBHEM MUHEPANTM3ALNOHHOIO NOTEHLMANa CoHbl U KAPUO3HBIM NMOpaxe-
HWEM He TOJNbKO XeBaTesbHbIX 3yOOB, HO U BEPXHEYENIOCTHLIX PE3L,0B COCTAaBWUM TPETLIO rpynny. B yeTBep-
TYIO Fpynny BOLWWAN 25 AeTen C 04eHb HU3KUM YPOBHEM MUHEPaNN3aLLNMOHHOMO NOTEeHLMana CMeLLIaHHOM CNio-
Hbl 1 KAPMO3HbLIM MOpPaXeHneM BCex GYHKLMOHANTbHO-0PUEHTUPOBAHHBIX 3yOHbIX CEFMEHTOB.

PE3YJIbTATbI. MNokasaTenu npupocTa MHTEHCUBHOCTM 3yOHOro Kaprueca cpeav aetein 6—7 neT ¢ Ha3BaHHbIM
NOPOKOM U C BbICOKVMM YPOBHEM MUHEPASTNIALMOHHON aKTUBHOCTU POTOBOM XUAKOCTM cnycTs 12 mecsaues
OT MOMEHTa NepBUYHOro OCMOTpa cocTaBunm B cpeaHem 0,26+0,02, cpeav neter 8—9 net 91K nokasartenu
B AaHHOM nepuoge coctasunu B cpenHem 0,40+0,03, cpean getein 10-11 net oHn coctasmnm 0,34+0,06,
cpeomn petenn 12-13 net oHm coctaBunm 0,41+0,07, a cpeaon aetent 14-15 net oHn coctasunu 0,47 +0,04.
B uenom 3a Becb TpexneTHuin nepuogd HabnogeHns ¢ 2022 no 2024 r. nokasaTenu NpMpocTa MHTEHCUB-
HOCTK 3yOHOro Kapueca y AeTeli B AaHHbIX BO3PACTHbIX rpynnax CooTBeETCTBOBANM 3HaveHuam 0,59+0,05,
0,73+0,05, 0,67+0,09, 0,74+0,09 1 0,80+0,05 COOTBETCTBEHHO.

BbIBOAbl. [locToBEpHas AMHAMUKA WHTEHCMBHOCTWU Kapueca BPEMEHHbIX M MOCTOSHHbIX 3yOOB Yy AeTen
C BPOXAEHHOW NaToNOrnein BEPXHEYEtOCTHOrO KOMMEKca, No-BUAMMOMY, CBA3aH C OTCYTCTBMEM KOM-
MJEKCHOW NporpamMmmbl NPOPUNaKTUKN OCHOBHbIX CTOMATONIOrMYeckux sabonesaHuin. MakcumanbHas au-
HamMmnKa MHTEHCMBHOCTW Kapueca cpeaun o6cnefoBaHHbIX L, CBSI3aH C HApyLLEHMEM FTOMEeOCTaTMYeCKOro
paBHOBECUS MONIOCTU PTa N3-3a aHAaTOMO-PYHKLNOHAbHbIX HAPYLLUEHU Y AeTeN C BPDOXAEHHOW NaTonornen
YeNICTHO-N1LLEBOM 06nacTu.

KnioueBble cnoBa: BpOXOEHHAa pacLLenmHa, ry6a, Heba, CMeLlaHHas CNoHa, MUHepann3aunoHHas akTuB-
HOCTb, MUHTEHCMBHOCTb Kapuneca

UHdopmauumna o ctaTbe: noctynuna — 04.02.2026; ncnpasneHa — 11.03.2026; npuHata — 20.03.2026
KoH)AUKT nHTepecoB: ABTOPbI cO0OLLLAI0T 06 OTCYTCTBUM KOHMSINKTA UHTEPECOB.
BnarogapHocTu: duHaHcupoBaHue 1 nHanBMayanbHble 61arogapHOCTY A5 OeK1apupPoOBaHUs OTCYTCTBYIOT.

Ana umtuposanua: Awypos I.[., Onumos A.M., Kapumos C.M., Maxmynos [.T., 'ype3zos M.P., Mynnogxa-
HoB 3., AbaypaxmMoHoB A.3. 3HayeHne accoLnaTUBHOM OLLEHKN NPUPOCTa MHTEHCUBHOCTW Kapueca 3y-
60B, MUHEpPaNN3aLUNOHHOM aKTUBHOCTU POTOBOM XUOKOCTU 1 HO30J10rMYeCcKkmnx GopM BPOXAEHHOM paclue-
JINHbI BEPXHEYENIOCTHOrO kKomnnekca. SHgogoHTus Today. 2026;24(2):253-259. https://doi.org/10.36377/
ET-0185

INTRODUCTION

Congenital clefts of the upper lip and palate are
among the most severe developmental anomalies of
the maxillofacial region. The majority of children af-
fected by this condition are disabled from birth and
require prolonged, comprehensive, specialized treat-

ment, as well as dedicated care and upbringing [1-3].
This is obycnoBneHo the complexity of functional im-
pairments of the oral organs and tissues, the multitude
of unresolved issues related to their prevention and
treatment, and the subsequent development of the
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patients’ personality, educational and professional at-
tainment, and social adaptation [4-5].

In the 21% century, a steady increase in the incidence
of congenital malformations of the maxillofacial region
has been observed. Over the past 40 years, the number
of children with this pathology has increased, with signi-
ficant variations across countries and regions. Currently,
the incidence of cleft lip and palate varies considerably
worldwide. In the Russian Federation, it ranges from
1:630 to 1:1280 [6]. The average prevalence among
European children is approximately 1:500 [7], in the
United States — 1:600 [8], in Japan — 1:588 [9], and on
the African continent — 1:2440 [10].

Patients with congenital cleft lip and palate, aswell as
the challenges of their subsequent rehabilitation, repre-
sent one of the most significant issues in dentistry. Re-
habilitation measures for such patients are long-term,
complex, and involve multiple stages. The rehabilitation
process extends from birth to adulthood and requires
a multidisciplinary team approach involving numerous
specialists [11-13].

Despite the large number of studies devoted to
congenital cleft lip and palate [14-16], this issue re-
mains highly relevant. To date, no clinical assessment
has been conducted of the baseline mineralization po-
tential of oral fluid in children with congenital maxillo-
facial anomalies in relation to dental caries intensity.
Furthermore, there is a lack of data on the increment
of dental caries intensity in children with cleft lip and
palate depending on the level of mineralization poten-
tial of mixed saliva.

Despite significant advances achieved by oral and
maxillofacial surgeons in correcting such defects, is-
sues related to the provision of therapeutic dental care
for these patients remain incompletely resolved. In-
vestigation of the aforementioned aspects will enable
optimization of treatment and preventive strategies, ul-
timately contributing to more effective rehabilitation of
children with cleft lip and palate.

AIM

To perform an associative assessment of the incre-
ment in dental caries intensity depending on the level
of mineralization potential of mixed saliva and the no-
sological forms of congenital clefts of the maxillary
complex.

MATERIALS AND METHODS

The mineralization activity of oral fluid was investi-
gated by assessing its relationship with the severity of
the increment in dental caries in 98 children with con-
genital pathology of the upper lip and palate. To evalua-
te the mineralization activity of mixed saliva, a clinical
method for assessing enamel remineralization rate (the
KOSRE test) was used. This method is based on the
evaluation of both the remineralizing properties of oral
fluid and the condition of dental enamel.

The enamel surface of the examined tooth was
thoroughly cleaned of plaque using a dental spatula
and a 3% hydrogen peroxide solution, followed by
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drying with compressed air. A drop of hydrochloric
buffer solution (pH 0.3-0.6) of a constant volume was
then applied. After 1 minute, the demineralizing so-
lution was removed with a cotton swab. The etched
enamel surface was subsequently exposed for 1 minu-
te to a cotton pellet soaked in a 2% methylene blue so-
lution. The susceptibility of enamel to acid exposure
was assessed based on the intensity of staining of the
etched enamel area.

The degree of enamel staining was evaluated
using a graded blue color scale, where the least stained
enamel corresponded to 10% and the most intensely
stained enamel to 100%. After 24 hours, repeated
staining of the etched enamel area was performed
without reapplication of the demineralizing solution. If
the etched area stained again, the procedure was re-
peated after another 24 hours. The loss of the enamel’s
ability to stain was interpreted as complete restora-
tion of the mineral composition of the examined area.
Enamel resistance to acid was expressed as a percent-
age, while the mineralization activity of mixed saliva
was measured in days.

Caries resistance was characterized by low enamel
susceptibility to acid exposure (<40%) and high mi-
neralization activity of saliva (24 to 3 days). In contrast,
caries susceptibility was associated with high enamel
susceptibility to acid exposure (>40%) and low mine-
ralization activity of saliva (>3 days).

Based on these parameters, four clinical groups
were identified according to the level of mineralization
activity of mixed saliva and caries resistance. The first
group included 19 children with a high level of minerali-
zation potential of mixed saliva and no carious lesions,
classified as caries-resistant. The second group com-
prised 26 children with a moderate level of mineraliza-
tion potential and carious lesions affecting molars and
premolars. The third group included 28 children with
a low level of mineralization potential and carious in-
volvement not only of posterior teeth but also of maxil-
lary incisors. The fourth group consisted of 25 children
with a very low level of mineralization potential and cari-
ous lesions affecting all functionally significant dental
segments.

Depending on the clinical form of congenital patho-
logy, the examined patients were also divided into four
groups: isolated cleft of the upper lip; isolated cleft of
the soft palate; isolated cleft of both the soft and hard
palate; and complete clefts involving the upper lip, soft
palate, and hard palate.

Statistical analysis was performed using applied
statistical software (Statistica 6.0). A p-value of <0.05
was considered indicative of statistically significant dif-
ferences, leading to rejection of the null hypothesis and
acceptance of the alternative hypothesis.

RESULTS

Planning the provision of cariological care for chil-
dren with congenital cleft lip and palate requires, in
an integrated manner, an understanding of changing
trends in the dynamics of caries intensity in both pri-
mary and permanent dentitions. The obtained data in
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this regard make it possible to develop a comprehen-
sive set of measures aimed at improving the thera-
peutic and preventive framework of cariological care.
In this context, we present the results of a study on the
dynamics of caries intensity in children with combined
clefts of the soft and hard palate.

During the study, a comparative analysis of the
dynamic indicators of dental caries intensity was
carried out in patients with high (2.09+0.22), mo-
derate (4.21+£0.39), low (5.95+0.71), and very low
(9.03+£0.93) levels of mineralization potential of oral
fluid (Tables 1-3).

Table 1. Dynamics caries intensities beside persons with high level of mineralizing potential of the mixed saliva
Ta6nuua 1. JuHamMurKa MHTEHCMBHOCTU kKapuneca 3y60oB y 1L, C BBICOKUM YPOBHEM

MUHepannsaLunoHHOro noTeHuvana CMeLwaHHON CoHbI

Age of patients, Caries intensities (CFMth + cfth) Increase of caries
Yeaus source importance after 1 year after 2 years after 3 years intensities
6-7 3.94+0.19* 3.99+0.21* 4.20+£0.21* 4.53+0.24* 0.59+0.05
8-9 4.47+0.23* 4.55+0.26* 4.87+0.26* 5.20+0.28* 0.73+0.05
10-11 2.15+0.10* 217+£0.13* 2.49+0.16* 2.82+0.19* 0.67+0.09
12-13 4.39%£0.22 4.51+0.27 4.80+0.29 5.13+£0.31 0.74+0.09
14-15 5.95+0.29 6.10+0.33 6.42+0.33 6.75+0.34 0.80x0.05
At the average 4.18+0.21 4.26+0.24 4.56+0.25 4.89+0.27 0.71+£0.07

* total importance CFMth and cfth

Table 2. Dynamics caries intensities beside persons with average level of mineralizing potential of the mixed saliva
Tabnuua 2. JuHamuka MHTEHCMBHOCTW Kapueca 3y60oB Yy N, CO CPeOHUM YPOBHEM

MUHEepPasIn3auMOHHOr o NoTeHunana CMELLAHHOM CIOHbI

Age of patients, Caries intensities (CFMth +cfth) Increase of caries
VEaIS source importance after 1 year after 2 years after 3 years intensities
6-7 4.71+£0.26* 4.94+0.22* 5.31£0.27* 5.59+0.34* 0.88+0.08
8-9 5.24+0.26* 5.55+0.28* 5.93+0.33* 6.14+0.37* 0.90+0.11
10-11 2.63+0.10* 2.80+0.12* 3.13+0.15* 3.34%£0.17* 0.71+0.07
12-13 5.16+0.24 5.45+0.29 5.82+0.31 6.11+0.34 0.95+0.10
14-15 6.72+0.30 6.95+0.32 7.27+0.36 7.55+0.42 0.83+0.12
At the average 4.89+0.23 5.14+0.25 5.49%0.28 5.75+0.33 0.85+0.10

* total importance CFMth and cfth

Table 3. Dynamics caries intensities beside persons with low level of mineralizing potential of the mixed saliva

Ta6nuua 3. JuHaMunka MHTEHCUBHOCTW Kapueca 3y60B Y JinL, C HU3KUM YPOBHEM

MUHepPasin3aLuMoOHHOr o NoTeHunana CMELLIAHHOM CIIIOHbI

Age of patients, Caries intensities (CFMth + cfth) Increase of caries
VeSS source importance after 1 year after 2 years after 3 years intensities
6-7 5.63+0.28* 5.72+0.30* 6.55+0.36* 6.93+0.38* 1.30£0.10
8-9 6.16+0.31* 6.41+£0.35* 7.13+0.39* 7.41+£0.43* 1.25%0.12
10-11 2.95+0.15* 3.29+0.18* 3.55+0.21* 3.73+0.23* 0.78+0.08
12-13 6.08+0.29 6.73+0.35 6.98+0.37 717+0.39 1.09+0.10
14-15 7.64+0.35 7.87+0.38 8.49+0.44 8.75+0.47 1.11+£0.12
At the average 5.69+0.28 6.00+0.31 6.54+0.35 6.80+0.38 1.11+£0.10

* total importance CFMth and cfth
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As shown in Table 1, in 2018 the baseline ca-
ries intensity among patients aged 6-7 years with
congenital cleft lip and palate averaged 3.94+0.19.
Among children aged 8-9 years, this indicator was
4.47+0.23; in those aged 10-11 years, 2.15+0.10; in
the 12-13-year age group, 4.39+£0.22; and in ado-
lescents aged 14-15 years, 5.95+0.29 per examined
individual.

The increment in dental caries intensity among chil-
dren aged 6-7 years with the specified condition and a
high level of mineralization activity of oral fluid, 12 months
after the initial examination, averaged 0.26+0.02.
Among children aged 8-9 years, this indicator during the
same period was 0.40+0.03; in those aged 10-11 years,
0.34%0.06; in the 12-13-year age group, 0.41+0.07;
and in children aged 14-15 years, 0.47 +0.04.

Overall, over the entire three-year follow-up period
from 2022 to 2024, the increment in dental caries in-
tensity in these age groups amounted to 0.59+0.05,
0.73+0.05, 0.67+0.09, 0.74+0.09, and 0.80%0.05, re-
spectively.

In children aged 6-7 years with the same condition
and a moderate level of mineralization activity of oral
fluid, the three-year increment in dental caries intensity
averaged 0.88+0.08. Among children aged 8-9 years,
itwas 0.90+0.11; in those aged 10-11 years, 0.71+0.07;
in the 12-13-year age group, 0.95+0.10; and in children
aged 14-15 years, 0.83+0.12 (Table 2).

The results of the study demonstrated a significant
increase in dental caries intensity indicators among
children with the aforementioned developmental
anomaly and a low level of mineralization activity of oral
fluid. Thus, these indicators in children aged 6-7 years
increased by 0.92+0.08 12 months after the initial
examination. In the 8-9-year age group, the increase
was 0.97+0.08; in the 10-11-year group, 0.60+0.06; in
the 12-13-year group, 0.90+0.08; and in the 14-15-year
group, 0.85+0.09 (Table 3).

As shown by the table data, over the entire three-
year follow-up period, a marked increase in caries in-
tensity was observed in children with congenital cleft
lip and palate and a low mineralization potential of oral
fluid. For example, in the 6-7-year age group, this indi-
cator increased by 1.30+0.10. In the 8-9-year group,
it increased by 1.25+0.12; in the 10—11-year group, by
0.78+0.08; in the 12-13-year group, by 1.09+0.10; and
in the 14-15-year group, by 1.11£0.12 units.

The increment in carious lesions among children with
the specified developmental anomaly and a high mi-
neralization potential of oral fluid averaged 0.71+0.07,
while in patients with a moderate level it was 0.85+0.10,
and in those with a low level it reached 1.11+0.10. It was
also established that the increment in dental caries in-
tensity in patients with congenital cleft lip and palate
and moderate and low levels of mineralization potential
of oral fluid was 22.5% and 66.2% higher, respectively,
compared to patients with a high level.

During the observation period, statistically signifi-
cant differences (p < 0.001) were identified in the dy-
namic indicators of dental caries intensity in patients
with congenital cleft lip and palate and a very low level

257

of mineralization activity of oral fluid. A similar pattern
was observed across nearly all age groups. Specifi-
cally, three years after the initial examination, the incre-
ment in carious lesions among children aged 6-7 years
with cleft lip and palate and a very low mineralization
potential of oral fluid averaged 1.68+0.14. In children
aged 8-9 years, this value was 1.70+0.13; in those aged
10-11 years, 0.99 = 0.09; in the 12-13-year age group,
1.59+0.15; and among adolescents aged 14-15 years,
1.64+0.14.

Additionally, the dynamics of dental caries inten-
sity were analyzed in relation to the nosological forms
of congenital maxillofacial pathology. The possibility
of extrapolating conclusions regarding the presence
of a correlation between the dynamics of caries inten-
sity and cleft lip and palate was assessed by comparing
individual DMFT and dmft indices according to the no-
sological form of the congenital condition. The analysis
revealed a substantial correlation between the preva-
lence of congenital cleft lip and palate and dental caries
intensity.

DISCUSSION

In a comparative analysis of the increment in ca-
ries intensity among observed children aged 6-7 years
with a moderate level of mineralization activity of
mixed saliva, this indicator was higher by 0.29+0.03
units (49.15%) compared with children of the same age
with a high mineralization potential. Among children
with congenital cleft lip and palate aged 8-9 years, this
difference was 0.17x£0.06 (23.29%); in the 10-11-year
age group, 0.04+0.01 (5.97%); in the 12-13-year age
group, 0.21+0.01 (28.38%); and among adolescents
aged 14-15years, 0.03+0.01 (2.4%).

In a three-year follow-up with examinations at fixed
intervals, in the group of 6-7-year-old children with iso-
lated cleft lip, the increment in caries intensity for pri-
mary and permanent teeth corresponded to 1.54+0.40
and 0.77+0.05, respectively. In the 8-9-year age
group, the corresponding values were 1.76+0.57 and
1.35+0.24; in the 10-11-year group, 1.93+0.14 and
1.70%0.14; in the 12-13-year group, 1.99%+0.16 and
1.75%0.15; and in the 14-15-year group, 0.03+0.02 and
2.46= 0.20, respectively.

A similar protocol was applied for a comprehensive
assessment of caries status in children with isolated
cleft palate. Detailed processing of the obtained data
revealed distinct patterns in dental caries intensity and
allowed evaluation of its three-year dynamics. A con-
sistent increase in caries intensity was observed. Over
this period, the increment for primary and permanent
teeth in children aged 6-7 and 8-9 years with iso-
lated cleft palate was 1.78+0.77 and 0.70%0.05; and
2.06+0.95 and 1.14x0.15 per patient, respectively.
In the 10-11 and 14-15-year age groups, these values
were 1.86+0.16 and 1.43+0.41; and 0.07+0.01 (reduc-
tion) and 2.54+0.74, respectively.

Three years after the initial dental examination, the
increment in caries of primary and permanent teeth
in children aged 6-7 years with complete clefts of the
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upper lip, soft palate, and hard palate was 1.34+0.53
and 0.05+0.01, respectively. Among examined children
aged 8-9 and 10-11 years, the corresponding values
were 1.82+£0.27 and 5.21£1.99; and 2.74=1.06 and
1.97+0.68, respectively. In the 14-15-year age group,
the increment for permanent teeth was 2.32+0.59.

The observed positive dynamics of dental caries
intensity in children with congenital cleft lip and palate
across high, moderate, low, and very low levels of mi-
neralization potential of oral fluid indicate the feasibi-
lity of increasing the scope of targeted therapeutic
and preventive dental care.
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Abstract

AIM. Development strategic base of programs primary and secondary personality preventive maintenances
of the inflammatory of parodontal diseases beside patients with congenital pathology of maxillary complex.
MATERIALS AND METHODS. When using anamnestic, clinical, x-ray and laboratory methods of the study
were examined 35 patients of the group of the traditional prophylactic of the inflammatory parodontal di-
seases with congenital pathology of the upper lip and palate and 40 persons of the group of personality
prophylactic of the inflammatory parodontal diseases with similar pathology at the age from 6 to 30 years.
In the 1% group when planning and undertaking action within the framework of primary and secondary
prophylactic of the inflammatory parodontal diseases were used general acceptance traditional methods,
realized parodontologist in respect of given contingent patients. To participant of the 2" group was used
individual approach, which was actively developed and was used by us for 10 years amongst stationary
patients with congenital disorders of maxillary complex. Clinical and laboratory diagnostics included bacte-
rial and cytological study of the contents of teeth-gingival groove and parodontal pocket.

RESULTS. Personality medical-preventive actions of parodontal nature beside patients with congenital di-
sorders of adapted-compensatory of the reserve of maxillary complex under dynamic observation on
length three years have allowed obtaining the significant reduction prevalence and intensities of parodontal
pathology. Active realization of personality medical-preventive action of dentistry nature within the frame-
work of regular checkup promoted maintenance good level hygienic condition of oral cavity, making the
happy circumstances not only for liquidation all parodontal manifestations of the pathological process, but
also for achievement by rack to stabilizations got result, improvement of the condition hard tissue of teeth
and mucous of oral cavity.

CONCLUSIONS. Active realization three stages of dispensaryzation promoted significant increasing effi-
ciency of the revealing the persons with congenital pathology of maxillary complex, planning the individual
programs of the prophylactic, full-fledged systematic observation and checking on their realization.

Keywords: congenital pathology, maxillary complex, parodont, parodontal pocket
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CoBeplUeHCTBOBAHUE METOL40/I0MMUYECKUX ACMEKTOB JIeYeHUA
BOCNaMTesNbHbIX 3a60neBaHMA NapoAoOHTa NPU OCYLLECTBICHUU
nepcoHaM3NpPOBaHHbIX NPOrpaMM NpoPUNAKTUKM Y NaLMEHTOB
C BPOXXAEeHHbIM HapyLleHUEM BEepXHEeUesIloCTHOr0 KOMIJIeKca
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PeslomMe

LIEJTb. Pa3paboTka cTpaTrernieckmx OCHOB NPOrpaMm NepBUYHOM U BTOPUYHOM NEPCOHANM3NPOBAHHON Npo-
drnakTUKM BocnanmTesbHblX 3a60neBaHnii NapoaoHTa y 60J1bHbIX C BPOXAEHHO NaToNornein BepxHeventocT-
HOro KoMrJekca.

MATEPUANbI N METObl. C ncnonb3oBaHMEM aHAMHECTUYECKUX, KIIMHUKO-PEHTIEHONOrn4eckux n nabopa-
TOPHbIX METOAOB UCCNIEA0BaHWS HaMV Obinuv 06cnefoBaHbl 35 nauneHToB rpynnbl TPAANLVMOHHON NTPOMUAaKTU-
K1 BOCManuTesibHbIX 3a00neBaHnii NapoaoHTa C BPOXAEHHOW NaTonorneli BepxHei rydbl n HEba 1 40 yenosek
rpynnbl NEPCOHANN3NPOBAHHON NPOdUNaKTUKK 3a60oneBaHNin NapoAoHTa C aHaIOrMYHOM NaTonornein B BO3-
pacTte oT 6 8o 30 neT. B nepsoii rpynne npu n1aHMpoBaHMmM U NPOBEAEHUN MEPOMNPUSATUIA B paMKax MEPBUYHON
1N BTOPUYHOM NPOdUNAKTVKN BOCMANUTESNbHbLIX 3a00N€BaHN NapoLoOHTa MCMNOb30BAMCh OBLLENPUHATHLIE
TPaaAMLNOHHbIE METOAbI, OCYLLECTBSIEMbIE BPAYaMU-NapOAOHTONOraMn B OTHOLLIEHUN JAHHOMO KOHTUHIEHTa
O0nbHbIX. K ydacTHMKaM BTOPOW rpynmbl NPUMEHSANCSA MHAMBUAYANbHbIA NOAXOA, KOTOPbIA akTUBHO pa3paba-
ThiBaICS U NPUMeEHsINCS Hamu B TedyeHre 10 net cpeau cTaumoHapHbIX 60/bHbIX C BPOXAEHHBIMU HAPYLLEHUS -
MW BEPXHEYENOCTHOro Komnnekca. KnnHunko-nabopatopHas guarHocTuka Bkovana 6akteprnockonmyeckoe
1 LLUTONOrMYeCcKoe nccnenoBaHue coaepxnmMoro 3yboaecHeBol 60po3abl U NapoaoHTaIbHOro KapmaHa.
PE3YJIbTATbI. MepcoHannanpoBaHHble ne4ebHO-NpodunakTUYECKe MeponpmaTUs NapoaoHTONOMMYECKOro
xapaktepa y 60/bHbIX C BPOXAEHHbIM HapYyLLIEHMEM afanTauMOHHO-KOMMNEHCAaTOPHOro pesepBa BepxHeye-
JIIOCTHOrO KOMMJIEKca NpPY AMHAMMYECKOM HabN0AeHUN Ha NPOTAXEHUN TPEX TIET NO3BONNAN AO0OUTHLCHA 3HAUYUN-
TENbHOI0 CHMXEHUS PacnpOCTPAaHEHHOCTN N MHTEHCUBHOCTW NATONOrMN NapoaoHTa. AKTUBHaAsA peannsauns
nepcoHanM3npoBaHHbIX 1e4ebHO-NPOPUIAKTUHECKNX MEPONPUSATUIA CTOMATONIOMMYECKOr0 XapakTepa B pam-
Kax perynsipHbiXx OCMOTPOB CNOCcOBCTBOBasNa NOAAEPXKAHNIO XOPOLLEro YPOBHS M’MIrMeHNYecKoro COCTOSHUS
nonocTn pTa, co3aaHuio 61aronpUATHbLIX YCIIOBUIA HE TOJIbKO AJ1S NMIMKBUAALMW BCEX NAPOAOHTONOMMYECKNX
NPOSIBJIEHNIA NATOIOrMYECKOro NPOLLeCca, HO U AN AOCTUXEHUSI CTOMKON CTabunmnsaumm nonyyeHHbIx pe-
3yNbTaTOB, YNYYLLIEHUIO COCTOAAHWS TBEPAbIX TKaHe 3y60B 1 CNIM3NCTON 060104KM NOIOCTY pTa.

BbIBObI. AkTuBHaa peanusauus Tpex aTanos gMcnaHcepmsauum cnocobcTeoBasna 3Ha4NTENIbHOMY MOBbI-
LeHno 3dPEKTUBHOCTU BbIABIEHUS UL, C BPOXAEHHOM NATONOrMeENn BEPXHEYENIOCTHOIO KOMIJIEKCa, NfiaHun-
pOBaHWsi NePCOHANN3NPOBaHHbIX MPOrpaMm NPOGUNAKTUKK, MOAHOLEHHOMY CUCTEMATMYeckoMy Habnoae-
HUIO N KOHTPOJIO Ha A, X OCYLLLECTBJIEHNEM.

KnwoueBble cfnoBa: BPOX/AEHHAA MaToNorusi, BEPXHEYEloCTHON KOMMEKC, NapOfAoHT, NapoAOHTasbHbIN
KapMaH

UHdopmMauuma o ctaTbe: noctynuna — 04.02.2026; ucnpasneHa — 15.03.2026; npuHarta — 27.03.2026
KoH®AUKT nHTepecos: ABTOPbLI CO0OLLAIOT 06 OTCYTCTBUMN KOHPNUKTA UHTEPECOB.
BnaropgapHocTu: duHaHCUMpPOBaHWE U NHANBMAYaANbHbIE 61arofapHOCTY A5 AEKNapPUPOBaHUS OTCYTCTBYIOT.

Ana umtuposanua: Kapmumos C.M., Onumos A.M., Awypos I, icmounos A.A., AbaypaxmoHoB A.3., Xynoé-
pos C.A., imomoBa @.3. CoBepLueHCTBOBaHME METOA0JIOMMYECKMX aCNEKTOB JIeHEHUS BOCNANUTENbHbIX 3a-
6oneBaHuii NapofoHTa NPU OCYLLECTBIEHNM NEePCOHANIM3NPOBAHHbLIX NPOrpaMm NPodUNakTUKK y NauneH-
TOB C BPOX/AEHHbIM HapyLUEHNEM BEPXHEYENIOCTHOro KoMnekca. IHao040HTms Today. 2026;24(2):260-269.
https://doi.org/10.36377/ET-0186

INTRODUCTION

The high prevalence of inflammatory periodontal
diseases in the general population, along with their ten-
dency to approach a near-universal occurrence in the
context of increasing severity and disease progression,
as well as the proportional deterioration in quality of life
relative to the activity of the pathological process, ne-
cessitates the continuous improvement of methods for
early diagnosis and the implementation of effective pre-

ventive and therapeutic interventions across different
age groups [1-4].

Scientific studies conducted over the past ten years
by staff of the Department of Therapeutic Dentistry at
the State Educational Institution of Postgraduate Medi-
cal Education in the Field of Healthcare of the Republic
of Tajikistan, together with their clinical experience in
treating periodontal patients, convincingly demonstrate
that meaningful improvements in periodontal disease
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prevention can only be achieved when each individual
perceives the personalized nature of preventive pro-
grams [5-10].

Individual prevention of inflammatory periodontal
diseases is aimed at identifying risk factors and elimi-
nating them at the level of the individual patient. Some
of these factors are common at the regional level and
within specific age groups; therefore, they can and
should be addressed through community-based and
group prevention programs [11; 12].

However, at present, the integrated system for the
prevention of dental diseases, particularly periodontal
pathology, is disrupted [13].

For this reason, individual prevention of major den-
tal diseases currently accounts for nearly all measures
aimed at eliminating risk factors for the development
and progression of inflammatory periodontal diseases,
with a focus on lifestyle characteristics as well as the
somatic and oral health status of a specific patient.

Nevertheless, without the implementation of a new
population behavior model that assumes responsibi-
lity for one’s own oral health status, it is impossible to
achieve meaningful improvements in the quality of den-
tal care delivery or a reduction in the incidence of di-
seases of the oral cavity and its tissues [14].

During periodontal examination, in addition to identi-
fying the microbial factor, itis essential to consider other
key aspects of the pathology, including socio-economic
status, systemic diseases, and risk factors. This ena-
bles appropriate planning of preventive and therapeutic
strategies for periodontal diseases [15].

In light of the above, neglecting the etiopathogenetic
relationship and interdependence between congenital
maxillofacial anomalies and periodontal pathology, as
well as underestimating the importance of preoperative
sanitation prior to surgical correction of congenital ab-
normalities of the maxillary complex, creates significant
challenges for the development and implementation of
periodontal disease prevention programs. Furthermore,
the development of a personalized preventive program
requires the identification of individual patient-specific
characteristics associated with this nosological entity,
and accordingly, the determination of preventive me-
thods and tools based on the results of a comprehen-
sive individualized diagnostic assessment.

It is therefore evident that modern approaches to
organizing this field of activity are necessary. This in-
cludes the development and planning of individualized
preventive measures aimed at reducing the incidence
of periodontal pathology, improving the effectiveness
of periodontal interventions, and defining priority direc-
tions for primary and secondary prevention of inflam-
matory periodontal diseases in patients with congenital
impairment of the adaptive-compensatory capacity of
the maxillary complex.

AIM

Development of the fundamental framework for pri-
mary and secondary personalized prevention programs
for inflammatory periodontal diseases in patients with
congenital pathology of the maxillary complex.

dHdodoHmus
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MATERIALS AND METHODS

The study was conducted in accordance with the
Declaration of Helsinki and was approved by the Local
Ethics Committees of the State Educational Institu-
tion of Postgraduate Medical Education in the Field of
Healthcare of the Republic of Tajikistan and the Avicen-
na Tajik State Medical University. The results of the ethi-
cal review confirmed that the study protocols complied
with international regulatory and ethical standards, in-
cluding the World Medical Association Declaration of
Helsinki (1964) and the Ethical Principles for Medical
Research Involving Human Subjects, as amended by
the 64th General Assembly of the WMA (2013).

Inclusion criteria comprised patients with congenital
cleft lip and palate, patients with maxillary constriction,
age ranging from 6 to 30 years, individuals presenting
with periodontopathogenic and predisposing oral risk
factors, as well as patients with localized forms of gin-
givitis and periodontitis. Exclusion criteria included age
below 6 and above 30 years, and absence of congenital
maxillofacial anomalies or periodontal pathology.

A total of 35 patients were examined in the conven-
tional periodontal prevention group with congenital
cleftlip and palate, and 40 patients were included in the
personalized periodontal prevention group with similar
pathology, aged between 6 and 20 years. In the first
group, primary and secondary preventive measures
for inflammatory periodontal diseases were carried
out using standard conventional approaches applied
by periodontists for this category of patients. These in-
dividuals agreed only to follow-up examinations, citing
lack of time and motivation.

In the second group, an individualized preventive
approach was implemented, which had been deve-
loped and applied over a 10-year period in hospitalized
patients with congenital maxillofacial developmental
disorders. A critical step prior to group allocation was
the assessment of baseline periodontal status, inclu-
ding comprehensive evaluation of all parameters cha-
racterizing the pathological condition.

The diagnostic protocol included a range of clini-
cal methods: medical history taking, visual and tactile
examination of periodontal tissues, assessment of gin-
gival bleeding, the Schiller-Pisarev test, gingivoscopy,
measurement of periodontal pocket depth and gingival
sulcus depth, as well as the use of periodontal and oral
hygiene indices, including the Green-Vermillion index,
PMA index, CPITN, DMFT index, modified periodon-
tal index (Pl), and pH measurement of oral fluid. The
KOSRE test was also performed, along with radiogra-
phic examination. Clinical and laboratory diagnostics
further included bacterioscopic and cytological analy-
sis of gingival crevicular fluid and periodontal pocket
contents in order to evaluate the impact of preventive
and therapeutic interventions on periodontal status, as
well as on the structure and metabolic processes of su-
rrounding hard dental tissues.

In the personalized prevention group, the scope
and content of preventive and therapeutic measures
were individually determined for each patient based
on examination findings. These measures included
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standardized components such as individualized oral
hygiene instruction, complete oral cavity sanitation,
elimination of local traumatic factors, daily interdental
cleaning using floss and interdental brushes, profes-
sional oral hygiene procedures, and supervised tooth
brushing with evaluation of technique and correction
of identified errors. Additional components included
patient motivation toward maintaining optimal oral hy-
giene and the implementation of maintenance therapy
courses.

In the conventional prevention group, similar base-
line general measures were performed; however, sub-
sequent management was limited to follow-up exami-
nations using the same clinical and laboratory methods
for comparative assessment, without scheduled spe-
cialized preventive interventions.

Statistical analysis of the obtained data was per-
formed using the Statistica 9.0 software package and
Microsoft Office Excel 2007.

RESULTS

The primary functional and organizational frame-
work for delivering personalized therapeutic and pre-
ventive interventions in patients with congenital impair-
ment of the adaptive-compensatory capacity of the
maxillary complex, encompassing a series of manda-
tory sequential stages, should be a hospital-based
dental clinic. This structure ensures long-term effec-
tiveness in preventing the onset and progression of in-
flammatory periodontal diseases.

Since 2015, a dedicated periodontal clinic has been
operating at the Department of Maxillofacial Surgery of
the Avicenna Tajik State Medical University. The clinical
staff of this unit is responsible for diagnosing inflamma-
tory periodontal diseases, assessing disease risk, de-
veloping and monitoring individualized dental preven-
tive and therapeutic programs, and, when necessary,
performing their modification in patients with congenital
impairment of the adaptive-compensatory reserve of
the maxillary complex.

Preliminary clinical examination of patients with
congenital maxillofacial anomalies, as well as the iden-
tification of pathways to achieve the aims and objec-
tives of the study, determined the necessity of estab-
lishing a structured system in which the dentist operat-
ing within a hospital-based setting is actively involved
at all stages of periodontal disease progression, in-
cluding remission, as well as in the long-term follow-up
of patients with congenital cleft lip and palate and as-
sociated periodontopathogenic risk factors. This is en-
sured through an active recall system with individually
defined follow-up intervals.

To address these challenges in patients with con-
genital maxillofacial pathology, a dispensary-based
management model was developed and implemented
into clinical practice. This model enables a differentiated
approach to the prevention of inflammatory periodontal
diseases based on a three-stage principle: (1) dispen-
sary selection, involving identification of patients with
periodontal risk factors eligible for registration; (2) dis-
pensary registration of patients with congenital cleft lip
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and palate requiring structured periodontal follow-up;
and (3) dispensary monitoring, including implementa-
tion of individualized dental preventive and therapeutic
interventions and dynamic assessment of their effec-
tiveness.

In order to ensure timely and targeted personalized
periodontal preventive measures in patients with con-
genital cleft lip and palate, a diagnostic complex was
developed, in which the integral mechanisms of pe-
riodontal disease development and its external clini-
cal manifestations are systematically represented. The
selection of 15 most relevant periodontal assessment
methods was performed using a method of non-strict
a priori ranking. This set included the most informative
and clinically feasible indices that reliably reflect the
patient’s dental status and enable objective monitoring
of periodontal tissue condition in patients with congeni-
tal maxillofacial disorders.

The results of identifying the most significant indica-
tors of periodontal tissue status represent an important
contribution to the refinement of methodological ap-
proaches for the diagnosis of inflammatory periodontal
diseases within personalized preventive programs in
patients with congenital cleft lip and palate.

Following clinical interviews and primary diagnostic
assessment during the dispensary screening stage, pa-
tients were registered and allocated into the following
study groups:

— patients with clinically intact periodontium (n = 5);

— patients with clinically intact periodontium pre-
senting periodontopathogenic and predisposing oral
risk factors (supragingival and subgingival soft and
hard deposits, impaired functional loading of periodon-
tal tissues, pathological changes in oral structures, re-
tention factors, poor oral hygiene status, and harmful
habits) (n = 15);

— patients with localized forms of gingivitis (n = 20);

— patients with localized forms of periodontitis
(n=16);

— patients with generalized forms of gingivitis (n = 12);

— patients with generalized forms of periodontitis
(n=T7).

Taking into account the characteristics of periodon-
tal disease prevalence and the presence of periodontal
risk factors in the oral cavity of patients with congenital
maxillofacial pathology, dispensary observation groups
were established as follows:

— Group | — patients requiring active prevention or
treatment of inflammatory periodontal diseases;

— Group Il - patients receiving secondary prevention
or maintenance therapy for periodontal diseases;

— Group Il - rehabilitation group undergoing routine
periodontal control examinations.

At the second and third stages of dispensary mana-
gement, patients with congenital maxillofacial anoma-
lies underwent comprehensive examination using highly
informative diagnostic methods for early detection and
prognostic assessment of inflammatory periodontal
diseases. The depth and extent of pathological involve-
ment of periodontal structures were assessed using
periodontal indices as well as simple and extended gin-
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givoscopy, enabling objective evaluation of periodontal
status dynamics and the effectiveness of preventive and
therapeutic interventions during follow-up.

According to the obtained data, baseline values of
the PMA index (19.12+1.10 and 18.20+0.92, respec-
tively) and the Pl index (Russell periodontal index)
(0.72%£0.09 and 0.69+0.08, respectively) were compa-
rable between both groups of patients with congenital
impairment of the adaptive-compensatory capacity of
the maxillary complex and corresponded to the severity
of the inflammatory process in periodontal structures.

In the personalized prevention group, after one year,
a marked clinical improvement in periodontal status
was observed: PMA index values decreased by 2.3-fold
(56.8%), while the Russell periodontal index (Pl) de-
creased by 2.3-fold (56.5%). In contrast, in the conven-
tional prevention group, these indices remained largely
unchanged (PMA: 19.12+1.10% vs. 18.98%0.76%; PI:
0.72+0.09% vs. 0.68 +0.07%).

As demonstrated by the obtained data, in the con-
ventional prevention group of patients with congenital
cleft lip and palate, no significant changes in perio-
dontal status were observed throughout the follow-up
period. Baseline values of the above-mentioned indi-
ces were 19.12+1.10% and 0.72+0.09%, respectively,
while after three years they were 18.05+0.92% and
0.65+0.07%, respectively. Thus, the reduction of the
inflammatory process in periodontal tissues amounted
to only 5.60% for the PMA index and 9.72% for the mo-
dified Russell index compared to baseline values.

For a more precise objective assessment of perio-
dontal status in patients with congenital maxillofacial
disorders during dispensary follow-up, Schiller—Pisarev
testing and gingivoscopy were additionally applied.
After three years of follow-up in the conventional pre-
vention group, clinical deterioration indicative of pro-
gression of the pathological process was observed
in three patients (8.57%) who initially presented with
clinically intact periodontium. Furthermore, extended
gingivoscopy revealed grade | iodine positivity (yellow
staining of gingival mucosa), indicating the develop-
ment of inflammatory changes in periodontal tissues.

In comparative analysis, in the personalized pre-
vention group, following the active implementation of
a comprehensive preventive and therapeutic proto-
col - including professional oral hygiene (removal of
supragingival and subgingival calculus and plaque),
use of anti-inflammatory therapeutic toothpastes, and
low-intensity laser therapy (2-7 sessions) — signs of
gingival inflammation were eliminated. This was con-
firmed by a pale-yellow staining response to Lugol’s
solution, absence of epithelial whitening during the
Kéchke test, and tissue blanching upon application of
4% acetic acid. An exception was observed in one pa-
tient (2.5%) with chronic generalized mild periodontitis
in remission, in whom grade | iodine positivity (yellow
staining) persisted.

In the conventional prevention group (n = 30) with an
initially diagnosed intact periodontium, gingivoscopy
enabled not only the refinement of the extent of patho-
logical involvement in patients with congenital cleft lip
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and palate combined with periodontal pathology during
follow-up examinations, but also the detection of a sub-
clinical, visually non-detectable inflammatory gingival
response at the end of the observation period in 2 indi-
viduals (6.7%). Accordingly, this parameter may be con-
sidered an important preclinical diagnostic test, allo-
wing timely identification of patients with congenital im-
pairment of the adaptive-compensatory capacity of the
maxillary complex who require comprehensive diagnos-
tic evaluation and dynamic follow-up by a periodontist.

Among the examined cohort, data regarding the need
for therapeutic and preventive periodontal care were
reflected in the Community Periodontal Index of Treat-
ment Needs (CPITN). The findings demonstrated a rela-
tively high prevalence of periodontal involvement in both
groups, amounting to 80.8% and 81.3% in the persona-
lized and conventional prevention groups, respectively.

However, following active implementation of a com-
prehensive preventive and therapeutic program in pa-
tients with congenital maxillofacial impairment, the pro-
portion of individuals with healthy periodontal segments
in the personalized prevention group increased to 78.6%
after 6 months of follow-up, representing a 4.1-fold im-
provement compared with baseline levels (19.2%).

At 3 years post-intervention, periodontal status in
the personalized prevention group stabilized, with only
9.9% of patients requiring periodontal treatment, which
was 8.2 times lower than baseline values (80.8%) prior
to implementation of the preventive program.

As a result of the active implementation of perso-
nalized preventive and therapeutic measures, the most
significant improvements were observed in oral hygiene
status, contributing to the elimination of periodontal
risk conditions, cessation of inflammatory-dystrophic
progression, and long-term stabilization of periodontal
structures throughout the observation period in patients
with congenital maxillofacial anomalies. After 3 years,
the outcomes achieved during the first year of dispen-
sary follow-up remained stable in the personalized
prevention group, with a predominance of individuals
demonstrating good and satisfactory oral hygiene le-
vels. In contrast, over the same observation period, the
conventional prevention group continued to be charac-
terized by a predominance of patients with poor oral
hygiene status, accounting for 18 individuals (51.4%)
out of 35 examined subjects.

It is well established that oral hygiene status is
closely associated with the pH of oral fluid, which repre-
sents a key homeostatic parameter influencing plaque
accumulation and calculus formation. At baseline, both
study groups were stratified according to oral hygiene
status in relation to salivary pH values. Poor and unsa-
tisfactory oral hygiene associated with a shift of pH to-
ward acidic values was observed in 8 patients (22.9%)
in the conventional prevention group and in 9 indivi-
duals (22.5%) in the personalized prevention group.
This indicates that the hydrogen ion concentration of
oral fluid has a direct impact on oral hygiene status,
thereby possessing diagnostic value as a criterion for
the development of periodontal pathology and serving
as an early diagnostic indicator.
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In the course of the study, we recorded a correlation
between the level of oral hygiene and the hydrogen ion
concentration (pH) of the oral environment surroun-
ding the teeth and periodontal tissues. After three years
of dispensary follow-up in the conventional preven-
tion group, whose participants used neutral toothpaste
formulations, both oral hygiene indices and salivary
pH values remained largely unchanged.

In contrast, in the group of patients who underwent
individualized interventions aimed at preventing the on-
set and progression of inflammatory periodontal disea-
ses — including personalized selection of oral hygiene
products, restorative materials, topical medications
for applications and rinses, management of carious le-
sions, as well as treatment of gastrointestinal and other
systemic conditions in coordination with an internist —
the proportion of individuals demonstrating good and
satisfactory oral hygiene status with neutral salivary
pH increased from 11 patients (27.5%) to 22 patients
(55.0%), i.e., a twofold increase.

Very low enamel
susceptibility +
very high
remineralizing

i i High enamel
Capaggg;,sa“va susceptibility +
reduced
remineralizing
capacity of saliva
42.5%
Low enamel

susceptibility +
reduced remineralizing
capacity of saliva
32.5%

Fig. 1. Distribution of the personalized prevention
group according to enamel susceptibility to acids

and remineralizing capacity of oral fluid

Puc. 1. PacnpepeneHnue rpynnsl uHANBUAYabHOMN
npoduNakTMK1 B 3aBMCMMOCTI OT NOAaTIUBOCTU
amManu K 4eNCTBMIO KNCNOT N PEMUHEPANN3NPYIOLLLEN
CNOCOOHOCTbLIO POTOBOM XUAKOCTU
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However, a decrease in salivary pH, which serves
as an exchange medium for hard and soft oral tissues,
creates favorable conditions not only for the develop-
ment of periodontal pathology but also for focal ena-
mel demineralization. This process is associated with
the accumulation of dental plague and biofilm contai-
ning acidogenic microorganisms. Therefore, during the
examination of patients with congenital impairment of
the adaptive-compensatory capacity of the maxillary
complex, enamel resistance was additionally assessed
using the clinical test of enamel remineralization rate
(TER test), which allowed evaluation of the reminera-
lizing capacity of oral fluid.

The obtained data indicate that prior to the study,
patients in both the conventional and individualized
prevention groups were approximately evenly distribu-
ted according to varying degrees of enamel suscep-
tibility to acid exposure and differing levels of salivary
remineralization capacity (Fig. 1).

As shown in Fig. 2, in the personalized prevention
group of patients with congenital maxillofacial anoma-
lies combined with inflammatory periodontal diseases,
individuals were initially predominantly characterized
by high enamel susceptibility to acid exposure com-
bined with reduced remineralizing capacity of oral fluid
(n = 17; 42.5%), followed by those with low enamel
susceptibility and reduced remineralizing capacity of
oral fluid (n = 13; 32.5%), as well as those with very low
enamel susceptibility to acid action and very high re-
mineralizing capacity of oral fluid (n = 10; 25.0%).

In the conventional prevention group of patients with
congenital cleft lip and palate combined with inflamma-
tory periodontal diseases, the baseline distribution of
the above parameters was 13 (34.3%), 12 (34.3%), and
10 (28.6%), respectively.

During the three-year follow-up period in the con-
ventional prevention group, enamel resistance remained
largely unchanged compared with baseline values, de-
monstrating no significant dynamic improvement in the
structural resistance of dental hard tissues.

Very low enamel susceptibility +
very high remineralizing capacity of saliva

Low enamel susceptibility +
reduced remineralizing capacity of saliva

High enamel susceptibility +

reduced remineralizing capacity of saliva — 24.0%

25.0%
28.2%

32.5%
22.8%

42.5%

o

%
50

20 30 40
M After the course

10
Before the holding

Fig. 2. Distribution of patients in the personalized prevention group according to TER test (enamel remineralization
rate) during dispensary follow-up in patients with congenital maxillofacial pathology (CMFP)

Puc. 2. PacnpepeneHne naunMeHToB MHOMBMAYaNbHOM NpodunakTnkm no pesynstatam KOCP3-TecTa
Ha 3Tanax AncrnaHcepHoro HabnaeHNs NaUNeHTOB C BPOXAEHHOM YeNtoCTHO-NNLEBOoM naTonormen (BYJM)
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In parallel, in the personalized prevention group, fol-
lowing the implementation of a comprehensive dental
therapeutic and preventive protocol - including a course
of remineralizing therapy combined with low-intensity la-
ser therapy, as well as the home use of R.0.C.S. Medical
Minerals gel and R.O.C.S. toothpaste with the Mineralin
complex, and, in cases of dentinal hypersensitivity, de-
sensitizing agents (Lacalut Sensitive, Sensodyne Total
Care, Asepta Sensitive) — the proportion of individuals
with very low enamel susceptibility and high reminerali-
zing capacity of saliva increased from 10 patients (25.0%)
to 22 patients (55.0%), representing a 2.2-fold increase.

The number of patients with low enamel susceptibi-
lity to acid exposure and reduced remineralizing capa-
city of oral fluid decreased from 13 (32.5%) to 7 (17.5%),
while the proportion of individuals with high enamel sus-
ceptibility and reduced remineralizing capacity of oral
fluid decreased from 17 (42.5%) to 11 (27.5%), corre-
sponding to a 1.6-fold reduction.

Considering that inflammatory processes in perio-
dontal tissues stimulate the cariogenic activity of dental
plagque and contribute to a reduction in the pH of oral
and gingival fluids, thereby promoting caries develop-
ment, it was deemed essential for the successful imple-
mentation of personalized periodontal prevention pro-
grams to assess the prevalence and severity of dental
caries status in both study groups.

The analysis demonstrated a high baseline preva-
lence of dental caries in both the conventional and pe-
rsonalized prevention groups (29 patients, 82.9%, and
33 patients, 82.5%, respectively). However, following
the active implementation of core principles of perso-
nalized dental preventive care, after three years of dis-
pensary follow-up, caries prevalence in the persona-
lized prevention group stabilized at 85.0% (34 patients),
whereas in the conventional prevention group this in-
dicator continued to increase steadily, reaching 97.1%
(34 patients). Mathematical analysis showed that the
increase in caries prevalence over the three-year ob-
servation period amounted to 14.2% in the conventional
prevention group, compared with 2.5% in the persona-
lized prevention group relative to baseline values.

One of the primary objectives in the prevention of in-
flammatory periodontal diseases is the identification of
risk factors reflected in cytological and bacterioscopic
parameters, which often precede clinical manifestations.
The obtained cytobacterioscopic data indicated that at
baseline, in patients with congenital impairment of the
adaptive-compensatory capacity of the maxillary com-
plex combined with inflammatory periodontal diseases,
both study groups exhibited leukocytes, epithelial cells,
macrophages, as well as elements of Candida albicans
in smears obtained from the gingival sulcus and perio-
dontal pockets.

Cytomorphological assessment of imprint smears
revealed immature epithelial cells with a nucleus-to-
cytoplasm ratio of 1:2, indicating disruption of the epi-
thelial lining within the periodontal pocket. During the
first year of follow-up in the personalized prevention
group, a reduction in cellular components of gingival
fluid was observed: leukocytes decreased to 6.50+0.13
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compared with the baseline 11.4+0.28 (1.8-fold re-
duction), macrophages decreased to 0.28+0.05 ver-
sus 0.43+0.07 (1.5-fold reduction), epithelial cells de-
creased to 3.8 +0.12 (1.5-fold reduction), and yeast-like
fungal elements decreased 2.5-fold.

After three years of dynamic observation, signifi-
cant changes were recorded in the composition of gin-
gival crevicular fluid and periodontal pocket contents
in this group. The quantitative levels of leukocytes and
epithelial cells decreased by 2.7-fold and 3.2-fold, re-
spectively, compared with baseline values, alongside
an almost complete absence of pathogenic coccal and
fungal microbiota.

In the conventional prevention group, no substantial
temporal changes were observed in the composition
of gingival crevicular fluid and periodontal pocket con-
tents throughout the follow-up period. Accordingly, no
statistically or clinically relevant differences were iden-
tified between cytomorphological parameters obtained
at different observation points and baseline values.

At the same time, a slight decrease in Candida albi-
cans elements was recorded (to 1.8+0.03 per field of
view). However, this finding was accompanied by a shift
toward maturation of pseudomycelial forms and a pro-
nounced predominance of coccal microflora, which
extensively covered the microscopic fields in the majo-
rity of patients. These cytomicrobiological characteris-
tics indicate persistence and progression of the inflam-
matory process within the structural components of
periodontal tissues, reflecting an unfavorable microbial
and cytological profile under conditions of conventional
preventive management.

DISCUSSION

Three-year follow-up interventional studies conduc-
ted among patients with congenital maxillofacial com-
plex pathology demonstrated a favorable trend in clinical
indices reflecting inflammatory activity within periodontal
tissues.

In the personalized prevention group, a pronounced
reduction in periodontal inflammation was observed, with
regression rates of 94.4% for the papillary-marginal-alve-
olar index and 82.6% for the modified Russell Periodontal
Index (Pl) compared with data obtained at earlier stages
of dispensary follow-up. The statistically significant de-
crease in the modified Russell Index corresponded to
a periodontal status categorized as a risk level for the de-
velopment of inflammatory periodontal diseases, primari-
ly due to the presence of patients with generalized perio-
dontitis in remission. In contrast, prior to the implemen-
tation of individualized periodontal preventive measures,
the modified Russell Index reflected an initial stage of
inflammatory involvement within periodontal structures.

Comparative analysis between the personalized and
conventional prevention groups demonstrated that in
the former, the reduction in periodontal disease preva-
lence reached 87.7% relative to the three-year follow-up
data, whereas in the conventional prevention group an
increase in periodontal pathology was observed, amoun-
ting to 7.4% (baseline and three-year values: 88.7% and
81.3%, respectively).
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The critical role of oral hygiene should be empha-
sized, as subgingival and supragingival mineralized de-
posits are regarded as a key microbial etiopathogenic
factor in inflammatory periodontal diseases. Their dy-
namic control represents an essential component of
preventive strategies in patients with congenital impair-
ment of the adaptive-compensatory capacity of the
maxillofacial complex.

Based on the obtained findings, it can be concluded
that prevention programs for inflammatory periodontal
diseases in this patient cohort should include targeted
interventions aimed at enhancing metabolic processes
in dental hard tissues and periodontal structures, as well
as reducing dental plaque accumulation, thereby exer-
ting a beneficial effect on the adjacent gingival tissues.

The presented results further confirm that tradi-
tional preventive and therapeutic approaches do not
fully meet the requirements for effective prevention of
inflammatory periodontal diseases and dental caries.
Conversely, the implementation of personalized pre-
ventive programs, incorporating a komnnekc of mea-
sures aimed at eliminating both cariogenic and perio-
dontopathogenic conditions in the oral cavity, enables
a significant reduction in the incidence of major dental
diseases in patients under dispensary supervision for
congenital maxillofacial abnormalities, thereby impro-
ving the overall condition of periodontal tissues.
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Abstract

AIM of the study is to improve the effectiveness of dental caries prevention by creating new organizational
and methodological principles for patients who have had a coronavirus infection.

MATERIALS AND METHODS. A single-center, retrospective, non-randomized study was conducted to iden-
tify the impact of inflammatory periodontal diseases on the effectiveness of the applied complex of products
on the level of oral hygiene and caries reduction in patients who had previously had a coronavirus infection.
The study involved 150 patients aged 28 to 56 years, who were divided into 3 groups (50 people in each): the
control group (group 1) included patients with inflammatory periodontal diseases who did not have COVID-19,
with traditional treatment for inflammatory periodontal diseases under regular monitoring by a periodontist.
The comparison group (group 2) included patients with inflammatory periodontal diseases who had reco-
vered from COVID-19 with traditional treatment for inflammatory periodontal diseases under regular supervi-
sion of a periodontist. The main group (group 3) included patients with inflammatory periodontal diseases who
had recovered from COVID-19 with traditional treatment of inflammatory periodontal diseases with regular
monitoring by a periodontist and the appointment of additional local (“Fagodent” bacteriophage gel, ROCS
PRO Moisturizing toothpaste) and general treatments (“Immunofan”, “Dentobalance”). Research methods:
OHI-S, PMA index, SBI index, tooth sensitivity index, deodorizing action index of S.B. Ulitovsky, functional
indicators of saliva.

RESULTS. The increase in caries was minimal in the study group. Over 18 months, 1.4 new cases of caries
were recorded, compared to the initial indicator of 0 cases. In the control group, an increase of 0 to 3.1 new
cases of dental caries was recorded, while in the comparison group, it increased to 4.3 new cases. The ef-
fectiveness of the preventive programs was assessed by the reduction in the number of new cases of dental
caries in the study groups. The best result was achieved in the study group, where additional interventions to
restore normal oral flora and moisturizing components of the hygiene product reduced the incidence of new
cases by 67%. In the comparison group, which used standard prophylaxis, the reduction was 28%, with a 39%
difference between the groups.

CONCLUSIONS. An individualized prevention program for patients who recovered from COVID-19 reduced
the incidence of primary dental caries by 2.21 times compared to a general prevention program not based on
restoring normal oral flora.

Keywords: oral cavity, coronavirus infection, inflammatory periodontal diseases, caries prevention, hygiene
products
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Pesiome

LIESIb. MoBbiweHne 3dpdeKTUBHOCTU NPOodUNAKTUKN Kapueca 3y6oB NyTEM CO34aHNS HOBbIX OpraHn3aLm-
OHHbIX 1 METOANYECKUX MPUHLMIMOB A5 NALUUEHTOB, NePEHECLLUNX KOPOHABUPYCHYIO NMHDEKLNIO.
MATEPUWANbI N METObI. Bbino npoBefeHO OOHOLLEHTPOBOE PETPOCMNEKTUBHOE UCCNEeA0BaHME C OTCYT-
CTBMEM PaHAOMMU3ALUN U BbIIBEHNEM BAVSIHUSA BOCNANNTENbHbIX 3a00eBaHnin napoaoHTa Ha apdekTuB-
HOCTb NPUMEHEHHOIO KOMMJIEKCa CPEACTB HAa YPOBEHb MMIMEHBI MOIOCTM PTa 1 PeAyKUMIO Kapueca y naum-
€HTOB, paHee NnepeHecLInx KOPOHaBUPYCHYIO MHdekuuio. NauneHTos, obwmm konmyectsomMm 150 yenosek,
B Bo3pacTe oT 28 0o 56 net, pasgenunu Ha 3 rpynnbl (no 50 yen. B KaxA0n): KOHTpPOsibHas rpynna (rpynna 1)
BKJlOYasa NauueHToB C BOCNanuUTeNbHbIMU 3ab0neBaHMaMn NapoaoHTa, He 6oneswnx COVID-19, ¢ Tpaau-
LIMOHHbIM NlIe4eHneM BoCnanmTebHbiX 3a601eBaHMn NapOaOHTa NPW PerynsapHoM HabnioaeHn NapoaoHTO-
nora. lpynna cpaBHeHus (rpynna 2) BkJtoyana nauMeHToB C BOCNaNUTENbHbIMW 3a60n1eBaHUSMN NApPOLAOHTA,
nepeboneswmnx COVID-19 ¢ TpaaMLUMOHHBIM ledeHneM BOCNanTENbHbIX 3ab0NeBaHU NapoaoHTa Npu pe-
rynsipHom HabnoaeHum napogoHTonora. OcHoBHasa rpynna (rpynna 3) Bkatoyana nauneHToB C BOCNannTeNb-
HbIMM 3aboneBaHNAMN NapoaoHTa, nepeboneswnx COVID-19 ¢ TpaguUMOHHBIM Ne4YEHNEM BOCTNaNIUTENbHbIX
3aboneBaHUl NApPOLOHTA NPU PErYASPHOM HAbMIOAEHM MAPOAOHTONOrAa N Ha3HAYEeHNEM AOMNOJIHUTESbHbIX
MecTHbIX (lenb ¢ BakTepunodaramm «ParoneHT», 3ybHasa nacta ROCS «PRO Moisturizing. YBnaxHsioLLas»)
1 obwmx («MmmyHodaH», «[leHToBanaHc») cpencTs neveHnsa. Metoabl nccnegosanus: OHI-S, nHgekc PMA,
nHpekc SBI, nhoekc ceHcUTMBHOCTU 3y60B, MHAEKC Ae3onopupytowero aencteuns C.b. YnutoBckoro, yHk-
LMOHasNbHblE MoKa3aTesnu CIOHbI.

PE3YJIbTATbI. MpunpocT kapreca okasanca MMHUMabHbIM B OCHOBHOW rpynne. 3a 18 mecsaues 3aperncTpu-
pOBaHO 1,4 HOBbIX Cy4Yas MOPaxXeHUs Kapnecom nocne Nnepsn4HoOro nokasarensa 0 cnyyaes. B KOHTPONbHOWN
rpynne 3adukcmpoBaHo ysenunyeHme ¢ 0 8o 3,1 HOBbIX Cly4aes, a B rpynne cpaBHeEHUS — 00 4,3 HOBbIX C/ly4YaeB
KapWO3HOro nopaxeHusi. APPeKTUBHOCTb NPOPUNAKTUYECKNX NPOrPaMM OLLEHMBAJICS MO CHUXEHMIO Yncna
HOBbIX CJly4aeB Kapmeca B rpynnax uccnenoBanus. Jlyyunii pesaynstat 6bin A4OCTUIHYT B OCHOBHOM rpynne,
rae OOMONHUTENbHbIE BO3AENCTBUS BOCCTAHOBNEHUS HOPMOMNOPbI MNOAOCTN PTa U YBNAXHAKOLLME KOMMO-
HEHTbl CPEACTBA MMrMeHbl, MO3BOJIUM CHU3UTb YAaCTOTY HOBbIX Clly4aeB Ha 67%. B rpynne cpaBHeHus, roe
NpUMeHsiNacb CTaHAapTHas NPO@UIaKTMKa, CHUXEHME COCTaBmno 28%, pa3Huua B rpynnax coctasuna 39%.
BbIBOAbl. MHanBmnayansHas nporpaMmma npodunakTuku, nposoammMas naumneHTam, nepeHecumm COVID-19,
CHM3una 3a6oneBaeMoCTb NEPBUYHLIM Kapruecom 3y06oB B 2,21 pasa No cpaBHEHUIO C 00LLEeN NpodUNakTn-
KOW, HE OCHOBAHHOW Ha BOCCTAHOBAEHUN HOPMOGIOPLI NOSIOCTU pTa.

KnioueBble cnoBa: NosoCTb pPTa, KOPOHOBMPYCHAs I/IH(DeKLJ,I/Iﬂ, BOCMNanuTeNbHble 3ab0neBaHms napoanoHTa,
I'IpOd)VIJ'IaKTI/IKa Kapueca, cpencrtea rmrmeHbl

UHdopmauua o ctaTbe: noctynuna — 14.01.2026; ncnpasnena — 12.03.2026; npunara — 30.03.2026
KoH)AUKT nHTepecoB: ABTOPbI cO0OLLLAI0T 06 OTCYTCTBUM KOHMINKTA UHTEPECOB.
BnarogapHocTtu: ®rHaHCcHpoBaHMe 1 MHANBMOYabHbIE 6narog4apHOCTY ANS AeK1apupPOBaHUs OTCYTCTBYIOT.

Ana umtupoBanua: beneHosa N.A., MutpoHuH A.B., Pnzaes X.A., TuxoHosckas K.C., ®ucenko H.A., KpacHu-
koBa A.T", MpomakoBa A.WN., MutpoHuH 0.A. PazpaboTka n oueHka 9dPeKTUBHOCTM NPOPUNaKTUKM Kapueca
y NaLMEeHTOB, NePEHECLUNX KOPOHABMPYCHYIO nHdekuunio. SHaogoHTusS Today. 2026;24(2):270-279. https://
doi.org/10.36377/ET-0187

INTRODUCTION

Analysis of symptoms and complaints reported by
patients who have recovered from coronavirus infec-
tion suggests that COVID-19 and post-COVID syn-
drome have a negative impact on oral health [1-3].
The variety of clinical manifestations is noteworthy: the
majority of patients report xerostomia and disturban-
cesin taste and smell, indicating a dose-dependent re-

lationship between disease severity and its effects on
dental health. In many individuals who have recovered
from COVID-19, clinical examination of the oral cavity
may reveal pathological changes in the mucosa, in-
cluding erythema, vesicles, and papules; furthermore,
patients with post-COVID syndrome more frequently
present with diseases of the oral mucosa, tongue, and
periodontal tissues [4-7]. From a clinical perspective,
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it is essential to assess the prevalence and severity
of periodontal disease, oral mucosal pathology, and
hard dental tissue disorders, taking into account the
influence of background factors, including post-CQOVID
syndrome [8-11].

Dental caries is also significantly affected by post-
COVID syndrome. Studies have shown that the preva-
lence of dental caries and caries-related complications
is directly associated with the severity of COVID-19 in-
fection and post-COVID syndrome [2; 12]. Moreover,
patients with COVID-19 demonstrate a higher incidence
of dental caries and periodontal diseases compared to
healthy individuals [13-15]. A positive correlation be-
tween oral pathology and COVID-19 highlights the need
for targeted prevention and treatment strategies [16—21].

AIM

The aim of the study is to improve the effectiveness
of dental caries prevention through the development of
new organizational and methodological principles for
patients who have recovered from coronavirus infection.

MATERIALS AND METHODS

A single-center retrospective, non-randomized study
was conducted to evaluate the impact of inflammatory
periodontal diseases on the effectiveness of a therapeu-
tic complex, oral hygiene status, and caries reduction in
patients who had previously recovered from coronavirus
infection.

Dental complaints in the post-COVID period demon-
strated a wide range of clinical manifestations. A com-
parative analysis of clinical changes in the dental status
of patients who had recovered from COVID-19 versus
healthy individuals revealed the necessity of incorpo-
rating agents aimed at restoring both systemic and local
immune defense within oral health rehabilitation pro-
grams. For this purpose, the following preventive and
therapeutic measures were included in the protocol:

1. Imunofan solution - administered intramuscu-
larly at a dose of 1 ml every other day for 20 days.

2. Dentobalance Fresh Effect Synbiotic (7 bio-
components) — powder for oral solution, sachets of
5 g (No. 10). Its pharmacological action is based on
a natural complex formulation containing probiotics,
prebiotics, plant extracts, and other active compo-
nents aimed at correcting conditions associated with
halitosis (bad breath).

3. Phagodent gel with bacteriophages for gums —
used to normalize oral microbiota and prevent inflamma-
tory diseases of the oral cavity.

4. As a hygiene measure, R.0.C.S. PRO Moisturi-
zing toothpaste was prescribed. One of its key prop-
erties is hydration. Clinical studies have shown that
this toothpaste, containing a specialized complex, al-
leviates xerostomia, including in patients with diabetes
mellitus and post-COVID syndrome.

The study included 150 patients aged 28 to 56 years.
All participants were divided into three equal groups
(n =50 each):

— Control group (Group 1): patients with inflamma-
tory periodontal diseases (IPD) who had not contracted
COVID-19 and received standard periodontal therapy
under regular specialist supervision.

— Comparison group (Group 2): patients with
IPD who had recovered from COVID-19 and received
standard periodontal therapy under regular specialist
supervision.

— Main group (Group 3): patients with IPD who had
recovered from COVID-19 and received standard pe-
riodontal therapy under regular specialist supervision,
supplemented with additional local (Phagodent gel,
R.0.C.S. PRO Moisturizing toothpaste) and systemic
(Imunofan, Dentobalance) agents.

Methods of investigation included OHI-S, PMA in-
dex, SBI index, Tooth Sensitivity Index (TSI), Ulitovsky’s
deodorizing effect index (UDEI), and salivary functional
parameters. Measurements were recorded in all groups
at baseline, one week after initiation, at one month, and
at three months.

Statistical analysis was performed using STATISTI-
CA 6.0 software package (StatSoft Inc., USA) for Win-
dows, with the application of purpose-built modules
developed with author participation. Primary quantita-
tive data were tabulated in Microsoft Excel (version 7.0)
and subsequently transferred to the statistical software
for analysis using descriptive statistics modules. The
threshold for statistical significance was set at p < 0.05.

RESULTS

The Oral Hygiene Index Simplified (OHI-S) in the
examined patient groups demonstrated the following
dynamics. Prior to treatment, all groups exhibited poor
hygiene levels, with values ranging from 3.29+0.10 to
3.80%0.14 points, indicating baseline comparability of
the groups for subsequent analytical comparison.

During the study period, a positive trend in OHI-S
values was observed across all groups both in the
short-term and long-term follow-up periods, with statis-
tically significant improvements compared to baseline
(p <0.001) (Table 1).

Table 1. Dynamics of the OHi-S index (M+m), points in the study groups
Ta6nuua 1. nHamumka nokasatenei nugekca OHi-S (M+m), 6annbl B rpynnax uccnegoBaHus

Patient groups Baseline 1 week 1 month 3 months 0-1 Cveek 0-1 n’:onths 0-3 n‘:onths
Control group 3.29+0.10 0.41+£0.10 0.70%£0.11 0.96+0.16 <0.001 <0.001 <0.001
Comparison group 3.48%0.08 0.60£0.12 0.87+0.14 1.61£0.14 <0.001 <0.001 <0.001
Intervention group 3.80+0.14 0.54+0.11 0.78+0.12 0.99+0.14 <0.001 <0.001 <0.001
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In the control group of patients who had not con-
tracted COVID-19, the OHI-S index demonstrated the
following dynamics over the observation period. One
week after the initiation of treatment, an improvement
in oral hygiene was observed, with the index increasing
by 9.3+0.10-fold. However, at the three-month follow-
up, a tendency toward a return to baseline values was
noted, with a deterioration of 2.3+0.10-fold compared
to the achieved short-term improvement.

In the comparison group of patients who had re-
covered from COVID-19 and received conventional
treatment for inflammatory periodontal diseases, oral
hygiene improved by 5.5+0.13-fold one week after the
initiation of therapy. However, at the three-month fol-
low-up, a deterioration of 2.7 +0.10-fold was recorded.

In the main group, oral hygiene improved by
6.4+0.12-fold, while at three months a lesser dete-
rioration of 1.8 +0.10-fold was observed (p < 0.001).

Thus, the effectiveness of the cleansing impact
of the therapeutic interventions across the studied
groups can be characterized as follows: the best OHI-S
outcomes were observed in patients with inflamma-
tory periodontal diseases who had not experienced
COVID-19, showing results 1.69+0.10 times better
than in patients who had recovered from COVID-19
and received conventional periodontal therapy, and
1.45+£0.10 times better than in patients who had re-
covered from COVID-19 and received an enhanced
therapeutic protocol. However, the sustainability of the
achieved results was superior in the main group, being
1.5%+0.13 times higher than in the comparison group
and 1.27£0.13 times higher than in the control group.

Baseline PMA index values corresponded to
a “pronounced prevalence and intensity of the inflam-
matory process” in all study groups, ranging from
49.86+1.03% to 53.95+x0.72%, which reflects the
upper limit of moderate severity of periodontal inflam-
mation (Table 2).

Table 2. Dynamics of the PMA index indicators (M£+m), %
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During the study period, changes in PMA index values
were observed across all patient groups, with the cor-
responding numerical dynamics presented in Table 2.
A positive trend was recorded in all groups, with the in-
flammatory process corresponding to a mild degree.

The most pronounced improvement after treat-
ment was observed in the control group, showing
a 2.57%0.03-fold reduction. In the main group, the im-
provement amounted to 2.35+0.01-fold, while in the
comparison group it reached 2.11+0.03-fold (p < 0.001).

At the three-month follow-up, PMA index values
in both the control and main groups remained con-
sistent with a “mild degree of inflammatory process,”
whereas in the comparison group the values returned
to a “moderate degree of gingival inflammation.”

The most effective long-term maintenance of the
anti-inflammatory effect, based on PMA index reduc-
tion, was observed in the main group, with a 1.1+0.03-
fold decrease. In contrast, outcomes in the control and
comparison groups demonstrated deterioration, with
increases of 1.3x0.03-fold and 1.4+0.02-fold, res-
pectively.

One of the primary clinical markers of periodontal
inflammation is the presence and progression of blee-
ding on probing. At baseline examination, prior to treat-
ment, the SBlindex ranged from 2.45+0.07 t0 2.47+0.02
points (Table 3).

At the one-week follow-up after treatment initiation,
gingival bleeding was virtually eliminated across all stu-
dy groups. By the third month, however, mild bleeding
reappeared in 60.00+2.68% of patients in the control
group, 86.00+3.16% of patients in the comparison group,
and only 13.00+1.03% of patients in the main group.

The most sustained suppression of gingival blee-
ding was achieved in the main group. In the comparison
group, outcomes were 2.05+0.08 times less favorable,
while in the control group they were 1.98+0.03 times
less favorable than in the main group.

Ta6nuuya 2. [inHamuka nokasartenen nugekca PMA (M+m), %

Patient groups Baseline 1 week 1 month 3 months 0-1 Cveek 0-1 nfonths 0-3 nfonths
Control group 49.86+1.03 19.35+2.35 22.91+2.72 24.16+3.09 <0.001 <0.001 <0.001
Comparison group 51.21+1.03 24.21+2.68 27.86%2.95 34.04+3.16 <0.001 <0.001 <0.001
Intervention group 53.95+0.72 | 22.93+2.53 | 25.42+2.77 | 25.42+2.93 <0.001 <0.001 <0.001

Table 3. Dynamics of the bleeding index SBI (M +m), points
Ta6nuua 3. JuHamuka nokasatenen nHaekca kposotoumsocTt SBI (M£m), 6anibi

Patient groups Baseline 1 week 1 month 3 months 0-1 eveek 0-1 n?onths 0-3 n?onths
Control group 2.45+0.07 0.61+0.09 0.79+0.09 1.21£0.16 <0.001 <0.001 <0.001
Comparison group 2.47+0.06 0.77+0.18 1.03%£0.20 1.58=0.21 <0.001 <0.001 0.001
Intervention group 2.47+0.02 0.66+0.12 0.94+0.12 0.99+0.13 <0.001 <0.001 <0.001
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Dentin hypersensitivity was also recorded in all
study groups. At baseline, the Tooth Sensitivity Index
(TSI) ranged from 35.29+2.66% in the control group to
57.48+1.52% in the comparison group and 59.29+1.01%
in the main group. During the study period, a reduction
in this index was observed across all groups (Table 4).

In the control group, at the three-month follow-up,
dentin sensitivity decreased by 1.2-fold, while in the
comparison group it decreased by 1.8-fold. In contrast,
in the main group, dentin hypersensitivity was reduced
by 2.7-fold, indicating its clinical resolution.

Halitosis in the examined patients with a history of
COVID-19 was detected in 36.52% of cases (84 pa-

tients). During the observation period, all study groups
demonstrated a positive trend in the deodorizing index.

At baseline, the deodorizing effect index ranged
from 0.49+0.03 points in the control group to
0.61+0.01 points in the comparison group and
0.60%0.02 points in the main group. Throughout the
study period, a reduction in this index was observed
across all groups (Table 5).

In the control group, at the three-month follow-up,
dentin sensitivity decreased by 1.96-fold, while in the
comparison group it decreased by 1.74-fold. In con-
trast, in the main group, dentin hypersensitivity was re-
duced by 4.03-fold, indicating its clinical resolution.

Table 4. Dynamics of the L.Yu. Orekhova — S.B. Ulitovsky tooth sensitivity index (M£+m), %
Tabnuua 4. lnHamMmuvKa nokasaTtesnei nHaekca ceHcuTBHoCTY 3y6oB J1.K0. OpexoBoii — C.B. Yautosckoro (M+m), %

Patient groups Baseline 1 week 1 month 3 months 0-1 week 0-1 n‘:onths 0-3 n‘:onths
Control group 35.29+2.66 35.29+2.66 34.29+2.66 29.45+2.36 0.068 <0.001 <0.001
Comparison group 57.48+1.52 55.18+1.43 33.60%2.16 31.08+£1.77 <0.001 <0.001 <0.001
Intervention group 59.29+1.01 55.87+0.83 | 28.26+0.68 22.10+£0.49 0.116 <0.001 <0.001

Table 5. Dynamics of the deodorizing action index of S.B. Ulitovsky (2008) (M +m), points
Ta6nuua 5. lnHamurka nokasareseit nigekca gesogopuvpytowero gecteus C.b. Ynutoeckoro (2008) (M+m), 6ansnbl

RaliSstaioups trzz::::nt LA enty SIS 0-1 Cveek 0-1 r:onths 0-3 nfonths
Control group 0.49+0.03 0.39+0.03 0.36+0.04 0.25+0.03 0.002 0.002 0.001
Comparison group 0.61+0.01 0.47+0.04 0.35+0.01 0.35+0.01 0.012 0.005 0.005
Intervention group 0.60+0.02 0.33+0.01 0.23+0.01 0.15+0.01 0.002 0.002 0.002

Table 6. Average indicators of changes in functional parameters of saliva over time
Ta6nuua 6. CpegHue nokasatenm n3MeHHeHne GYHKLIMOHaIbHbIE NapaMEeTPbl CIIOHbI B AUHAMUKE

Monitoring period | Salivary functional parameters Control group Comparison group Main group
pH 6.4+0.2 6.6+0.22 6.3+0.18
Baseline values Buffer capacity 5.3+£0.199°° 6.0+0.16 5.6%£0.16
Salivary secretion rate (mL/min) 0.3£0.01° 0.4+0.01 0.3£0.01°
pH 6.6+0.21 6.7+£0.25 6.7£0.3
After 6 months Buffer capacity 5.6+0.16 6.1£0.19 6.01+0.22
Salivary secretion rate (mL/min) 0.4+0.004°*~ 0.5+0.01 0.5+0.01~
pH 6.8+0.17 6.7+£0.23 7.2+0.3
After 12 months Buffer capacity 6.0+0.23 5.8+0.02 6.5+0.21°°
Salivary secretion rate (mL/min) 0.5+0.01°* 0.4+0.01 0.7£0.01°
pH 7.0£0.17°°° 6.6+0.24 6.3+0.22
After 18 months Buffer capacity 6.4+0.19°° 5.9+0.15%** 5.5£0.1444
Salivary secretion rate (mL/min) 0.6+0.02°4 0.3+£0.014% 0.3+0.01%

Note: O Versus the control group (°°° p < 0.05; °° p < 0.01; © p < 0.001); ® versus the main group (*** p < 0.05; ** p < 0.01;
* p < 0.001); A versus the comparison group (*** p < 0.05; 4 p < 0.01; # p < 0.001); the differences between arithmetic mean

values were determined.

Mpumeyanue: O Kk KOHTponbLHOW rpynne (°°° p < 0,05; °© p < 0,01; © p < 0,001); ¥ kK ocHOBHOI rpynne (*** p < 0,05; ** p < 0,01;
* p<0,001); A OTHOCUTENBLHO rPyMnbl cpaBHeHus (“44 p < 0,05; 4 p<0,01; # p<0,001); onpenenserca pasHuLa MEXay

cpeaoHUMUN apuPMETUYECKUMU 3HAYEHNAMMN.
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The analysis of salivary functional parameters (pH,
buffer capacity, salivary flow rate) and microbiological
indicators (Streptococcus mutans, Lactobacillus) dem-
onstrated dynamic changes across all study groups
during the observation period. The most favorable
outcomes were recorded in the main group, where the
administration of additional local and systemic agents
aimed at restoring oral normobiota contributed to a sig-
nificant reduction in subclinical caries risk indicators
(Tables 6, 7).

According to the study results, the increase in ca-
ries incidence was minimal in the main group. Over an
18-month period, 1.4 new cases of carious lesions were
recorded, compared to a baseline of 0 cases. In the
control group, an increase from 0 to 3.1 new cases was
observed, while in the comparison group the number of
new carious lesions increased to 4.3 cases (Fig. 1).

The effectiveness of preventive programs was as-
sessed based on the reduction in the number of new
caries cases across the study groups. The best out-
come was achieved in the main group, where additional
interventions aimed at restoring oral normobiota, as
well as the use of moisturizing components in oral hy-
giene products, resulted in a 67% reduction in the in-
cidence of new cases. In the comparison group, where
standard preventive measures were applied, the reduc-
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tion amounted to 28%, with a between-group difference
of 39% (Fig. 2).

The effectiveness of preventive programs was as-
sessed based on the reduction in the number of new
caries cases across the study groups. The best out-
come was achieved in the main group, where additional
interventions aimed at restoring oral normobiota, as
well as the use of moisturizing components in oral hy-
giene products, resulted in a 67% reduction in the inci-
dence of new cases.

In the comparison group, where standard preven-
tive measures were applied, the reduction amounted to
28%, with a between-group difference of 39% (Fig. 2).

DISCUSSION

One of the currently relevant issues in dentistry is
the association between oral diseases and COVID-19,
including oral signs and symptoms such as taste disor-
ders, nonspecific oral ulcers, desquamative gingivitis,
petechiae, and coinfections such as candidiasis. The
prevalence of these clinical manifestations remains
insufficiently studied. Moreover, individuals with pre-
existing dental conditions are considered a risk group
for SARS-CoV-2 infection, and the spectrum of oral
manifestations of COVID-19 remains of significant clini-
cal interest.

Table 7. Average indicators of changes in the bacterial composition of saliva over time
Tabnuua 7. CpeaHue nokasatesm uameHeHne 6akTepuranbHOro CocTaBa CloHbI B AUHAMUKE

Groups Salivary bacterial composition Baseline 6 months 12 months 18 months
Streptococcus mutans, x10°KOE/mn 15.00£0.64°* 10.00£0.36°* 5.00£0.15°%% | 4.00+0.18°%42
Control group
Lactobacillus, x10*KOE/mn 8.00+0.25%*% 6.00+0.26°44 3.00+0.13% 2.00+0.05°*4
Streptococcus mutans, x10°KOE/mn 8.00+0.32 7.00+£0.17444 6.00+0.2%4% 9.00+0.30%
Comparison group
Lactobacillus, x10° KOE/mn 5.00£0.20 4.00+0.13%4 3.00+0.11%4 4.00£0.10%
Streptococcus mutans, x10°KOE/mn 20.00+0.62° 8.01£0.24°°4 2.00+0.07°4 1.00+0.03°%
Main group
Lactobacillus, x10°KOE/mn 100.00+2.33° 50.00+1.14° 10.00£0.39°* 5.00+0.12°4

Note: O Versus the control group (°°° p < 0.05; °° p < 0.01; © p < 0.001); ® versus the main group (*** p < 0.05; ** p < 0.01;
* p < 0.001); A versus the comparison group (*** p < 0.05; 4 p < 0.01; # p < 0.001); the differences between arithmetic mean

values were determined.

Mpumevarnne: O k KoHTponbHol rpynne (°°° p < 0,05; °© p < 0,01; © p < 0,001); ¥ kK ocHOBHON rpynne (*** p < 0,05; ** p < 0,01;
* p<0,001); A OTHOCUTENBLHO rPyMnbl cpaBHeHus (“44 p < 0,05; 4 p<0,01; # p<0,001); onpenensercsa pasHuLa MEXay

cpeaoHMMUN apuPMETUYECKUMU 3HAYEHNAMMN.
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Fig. 1. Indicators of dental caries growth
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Fig. 2. Indicators of the effectiveness
of the prevention method
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Literature data suggest that the oral cavity repre-
sents a favorable environment for SARS-CoV-2 invasion
due to the high expression of angiotensin-converting
enzyme 2 (ACE2) receptors in tissues such as the res-
piratory tract, oral mucosa, tongue, and salivary glands.
Oral manifestations, including taste loss, xerostomia,
and mucosal lesions, are reported in approximately half
of COVID-19 cases. However, it remains unclear whe-
ther SARS-CoV-2 can directly infect and replicate in
oral tissues such as salivary glands or oral mucosa.

Taste disorders represent the most frequently re-
ported oral symptom in patients with COVID-19, most
likely resulting from local inflammatory responses trig-
gered by rhinitis-associated mechanisms that may im-
pair normal taste receptor function. In addition, oral mu-
cosal lesions have been described during SARS-CoV-2
infection. Several recent studies have reported oral le-
sions associated with COVID-19, including ulcers, aph-
thae, and macular lesions, as well as exacerbation and
progression of inflammatory periodontal diseases.

We conducted a comparative analysis of the dental
status in patients who had recovered from COVID-19. The
examined patients reported various complaints, inclu-
ding oral eruptions, defects, plaque formation, fissures in
the oral cavity, and inflammation of periodontal tissues.
No clear temporal distinction could be established regar-
ding whether these pathological manifestations develo-
ped during the acute phase of COVID-19 or after recovery.

The majority of patients (115; 97%) primarily recovery,
whereas 25 reported halitosis, which was associated with
disturbances in taste and olfactory function. It should be
noted that olfactory and taste dysfunctions may be ab-
solute or relative. It is well known that COVID-19 leads
to temporary disturbances in gustatory and olfactory
perception. All patients reported recovery of taste at dif-
ferent time points after clinical % (30 patients) reported
persistent reduction in olfactory function after recovery.

Periodontal diseases were present in 100% of cases.
Depending on age and severity of the previous COVID-19
infection, clinical signs of gingivitis and periodontitis were
observed. Oral hygiene status was unsatisfactory, with
a significant accumulation of soft dental plaque as well
as supra- and subgingival calculus. It may be assumed
that the development or exacerbation of periodontal
diseases is associated with antibiotic therapy and sub-
sequent disruption of the oral microbiota balance, which
indirectly contributes to increased caries incidence.

Thus, the obtained results demonstrate a wide range
of oral manifestations in patients who have recovered
from COVID-19. These findings justify the necessity of
including dental examination in the long-term follow-up
of this patient group, even after clinical recovery. The
role of the dentist is to timely diagnose oral manifesta-
tions in post-COVID patients and to select an appro-
priate treatment algorithm depending on the clinical
presentation. The question of preventive and therapeu-
tic strategies aimed at preventing disease progression
and complications remains open.

Even asymptomatic COVID-19 infection may lead to
long-term adverse effects, including immune dysregu-
lation or a predisposition to autoimmune processes,

dHdodoHmus
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including those affecting the oral cavity. Periodontitis,
as a chronic focus of infection and sensitization, has
a direct impact on multiple body systems, contributing
to the development and exacerbation of systemic di-
seases, including severe infectious conditions such as
COVID-19. Within the peri-caries system, periodontitis
may act as a triggering factor in caries progression.

In our study, the assessment of dental status in patients
who had recovered from coronavirus infection revealed
a high prevalence of periodontitis in young individuals,
accompanied by a tendency toward decreased levels
of interleukin-2 and interleukin-6, increased pathogenic
microbiota, and reduced functional salivary parameters.

These changes in the oral health status of patients
necessitate the implementation of comprehensive re-
habilitation measures aimed at restoring physiological
salivary parameters, oral normobiota, and localimmune
homeostasis within the oral cavity. The most effective
approach was the combined use of a therapeutic com-
plex, including an IMUNOFAN solution, the synbiotic
agent Dentabalance Fresh, a periodontal gel contai-
ning bacteriophages (“Phagodent”), and R.0.C.S. PRO
Moisturizing toothpaste as a daily oral hygiene product.

This multimodal regimen resulted in rapid resolu-
tion of the inflammatory process and ensured the most
sustained maintenance of the achieved clinical effect,
without the need for systemic pharmacotherapy. This
approach consequently reduced overall medication
burden and minimized potential systemic toxic effects
in this patient cohort.

The applied therapeutic complex enabled effective
control of periodontal inflammation, restoration of oral
microbial balance and local immune function, as well as
normalization of salivary physiological parameters. As
a result, a reduction in caries incidence was observed
among patients in this clinical group.

CONCLUSION

Thus, the developed diagnostic and treatment
program for oral diseases in patients with a history of
COVID-19 enabled the identification of caries risk
through the assessment of local risk factors associated
with dental caries development. It also allowed optimi-
zation of the recommended comprehensive therapeu-
tic approach, improved treatment effectiveness in this
patient population, and contributed to a more rational
use of healthcare resources, thereby substantiating the
social effectiveness of the study outcomes.

The implementation of an integrated approach
aimed at restoring oral microbial balance demonstrated
economic benefits. The individualized caries prevention
strategy applied to post-COVID-19 patients reduced
the incidence of new carious lesions by up to 45% com-
pared to conventional preventive methods. As a result,
an average of up to three carious lesions per patient
were prevented, corresponding to estimated treatment
cost savings of 15,000-30,000 RUB per patient.

Individual preventive programs in post-COVID-19
patients reduced the incidence of primary dental ca-
ries by 2.21-fold compared to standard prevention ap-
proaches not focused on oral normobiota restoration.
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Management of a mandibular first premolar
with two roots and three canals: a case report
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Abstract

INTRODUCTION. The mandibular first premolar presents a diagnostic challenge in endodontics, often re-
ferred to as the “endodontist’s enigma”, due to its unpredictable and complex internal morphology. While
the typical configuration involves a single root and one canal, significant anatomical aberrations can lead to
treatment failure if missed. This report details the non-surgical management of a rare anatomical variant:
a mandibular first premolar with two distinct roots and three separate canals.

CASE PRESENTATION. A 25-year-old female patient presented with symptomatic irreversible pulpitis asso-
ciated with tooth #44. Preoperative radiography indicated an unusual two-rooted anatomy with a low bifur-
cation. Using a dental operating microscope for access refinement, a careful clinical inspection confirmed
the presence of three canals: one lingual and two buccal. Biomechanical preparation was achieved using
heat-treated rotary files. The three canals were disinfected using 5.25% sodium hypochlorite and 17% EDTA
with ultrasonic activation. Obturation was performed using the single-cone technique combined with a bio-
ceramic sealer for a complete and hermetic seal.

CONCLUSIONS. This successful case underscores that treating extreme anatomical complexity, such as
a two-rooted mandibular first premolar with three canals, relies heavily on heigh clinical suspicion and ad-
vanced endodontic technology. The meticulous use of the operating microscope, ultrasonic tips, and flexible
NiTi files is essential to locate, prepare, and seal all parts of the root canal system, thereby ensuring a predic-
table clinical outcome.

Keywords: extra canal, deep split, microscope, bioceramic, ultrasonic

Article information: received — 30.01.2026; revised — 17.03.2026; accepted — 27.03.2026
Conflict of interest: The authors declare no conflict of interests.

Acknowledgements: There are no funding and individual acknowledgments to declare.

For citation: Habbachi R., Bagga S., Elleuch W., Sahtout S. Management of a mandibular first premolar with two
roots and three canals: a case report. Endodontics Today. 2026;24(2):280-285. https://doi.org/10.36377/ET-0190

JleueHMe HMXKHETO NepBOro NpeMosifApa C ABYMA KOPHAMMU
M TpeMA KaHAalaMMU: KIMHUYECKUN ciyyan
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2 YrusepcuteT MoracTupa, r. MoHacTup, TyHuc
< rouahabbachi13@gmail.com

Pe3ioMe

BBEAEHWE. HuxHWIA nepBbi npemonap npeacTaBnsieT ANarHOCTUYECKY CNOXHOCTb B QHAOAOHTUN U Ya-
CTO Ha3blBaeTCH «3arafkon ANnsg 9HAOAOHTUCTa» M3-3a CBOEN HENPEACKA3YEMOWN U CIOXHOWN BHYTPEHHEN
Mopdonorum. Xota TunnyHas KoOHGUrypaumsa BkaoYaeT OANH KOPEHb 1 OANH KaHan, 3Ha4YnTeNbHble aHaTo-
MWYECKNE OTKJIOHEHMSI MOTYT MPUBECTU K HEYO,AYE NIEYEHUNS, ECNIN UX YNYCTUTbL. B AaHHOM OTYeTE onuckiBa-
€TCS HEXMPYPrMYeCcKoe NevyeHne peaKoro aHaToMM4eCKOro BapmaHTa: HUXXHEro Nnepeoro Nnpemonsipa ¢ agy-
MS OTYET/INBLIMU KOPHAMWU N TPEMS OTAENbHBIMW KaHanamu.

OMUCAHWME KIIMHNYECKOIO CJTYHAA. NauveHTka 25 neT o6paTtnnack C CAMNTOMATUYECKMM HEOOPATUMbIM
NynbANTOM, CBA3aHHbIM C 3y6oM #44 (44 3y6 nNo MexayHapogHo Hymepauum). MNMpenonepaumoHHas peHT-
reHorpadus ykaszana Ha HeoObl4YHYIO [IBYXKOPHEBYIO aHaTOMUIO ¢ HM3KUM bifurcation (pasaenerHnem). C mnc-
NoNb30BaHMEM OEHTaNbHOMO ONEePaLMOHHOIr0O MMKPOCKONa A1 YTOYHEHUS AOCTYNa TLWATENbHbIA KIIMHNYE-
CKMIA OCMOTP NOATBEPANI HANNYME TPEX KAHAN0B: OAHOMO A3bIYHOMO 1 ABYX Le4YHbIX. BuomexaHnyeckas noa-
rotToka Oblnia npoBegeHa ¢ NpUMeHeHneM TepmMoobpaboTaHHbIX POTaLMOHHbLIX darnoB. Tpu kaHana Obin
npoAe3nHPULMPOBaHbI C UCNONb30BaHMEM 5,25% runoxaoputa HaTpus n 17% SOTA ¢ ynsTpa3ByKOBON ak-
TnBaumen. O6Typaums (n1omompoBaHne) 6bina BeiMOHEHA MO METOAMKE OAHOrO WTKUdTa (Single-cone) B co-
yeTaHUU ¢ BMOKEPAMNYECKUM CUNIEPOM (FEPMETUKOM) AN AOCTUXEHUS NOSTHOM U repMEeTUYHOM 06TypaLmu.
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BbIBObl. 3TOT ycneLuHblii cnyyai nog4epkmMBaeT, 4TO IeYeHME KpaiHe CNOXHOM aHaTOMUN, TakOW Kak ABYX-
KOPHEBOW HUXHUIM NEPBbLIM NPEMOISP C TPEMS KaHanamm, B 3HAYUTENIbHOW CTEMEHM 3aBUCUT OT BbICOKOM
KJIMHWYECKOM HAaCTOPOXEHHOCTN U NepeaoBbIX 9HAOAOHTUHECKNX TEXHONOr M. TwaTenbsHoe UCnoib30oBaHne
onepaumoHHOro MMKPOCKOMNA, YNLTPa3BYKOBbIX HACAA0K U MMOKMX HUKENb-TUTAHOBbIX $haiioB HE06X04MMO
nna obHapy>xeHusl, 06paboTkyn 1 06TypaLmm BCEX YaCTeNn CUCTEMbI KOPHEBBLIX KaHANoB, 4TO oBecneynBaeT
npeackasyemMblil KIMHUYECKNIA pe3ynbTarT.

KnioueBble cnoBa: JONONHUTENBHBIV KaHan, rnybokoe pasgeneHune, MMKPOCKor, GuokepamMuka, ynbTpas3Byk
UHdopmauumsa o ctatbe: noctynuna — 30.01.2026; ncnpasneHa — 17.03.2026; npunsata — 27.03.2026
KoH$AUKT nHTepecoB: ABTOPLI CO0OLLAOT 06 OTCYTCTBUN KOHPNUKTA UHTEPECOB.

BnarogapHocTu: GrHaHcupoBaHWe 1 MHANBMOYaNbHbIE 6Narof4apHOCTU ANs AeK1IapMpPOBaHUs OTCYTCTBYIOT.

Ana untupoBaHua: Xabb6ayum P., Barra C., 9nneyy B., CaxtayT C. JledeHne HMXHEro nepBoro npemMoJis-
pa Cc ABYMS KOPHAMU U TPEMS KaHanamu: KNMHu4eckuii cnyvain. SHaonoHTus Today. 2026;24(2):280-285.

https://doi.org/10.36377/ET-0190

INTRODUCTION

The success of endodontic treatment is funda-
mentally dependent on a comprehensive understan-
ding of the root canal anatomy. However, human denti-
tion is subject to a wide range of anatomical variations
that can present significant challenges during clinical
practice. Among these, the mandibular first premolar
is well-known for its intricate and unpredictable inter-
nal morphology, which has earned it the name of the
“Endodontist’s enigma”, as coined by Slowey [1]. While
the most common configuration for this tooth is a single
root with a single canal, its predisposition for develop-
ing anatomical abnormalities makes it a frequent source
of endodontic failure.

The spectrum of morphological variations includes
the presence of two or even three canals, as well as the
bifurcation of the root into two separate roots. These
aberrations, though rare, are critical to identify, as any
missing canal can harbor residual bacteria and lead to
persistent infection and treatment failure [2].

This article presents a clinical case report of an
exceptionally rare anatomical configuration: a man-
dibular first premolar with two distinct roots and three
separate canals. This unusual configuration poses
a significant diagnostic and therapeutic challenge, re-
quiring meticulous assessment to achieve a favorable
outcome.

bt i
Fig. 1. Preoperative periapical
radiograph

Puc. 1. NpeponepaumoHHas
nepuanukanbHas peHTreHorpammMa

Fig. 2. First working length
radiograph

Puc. 2. [NepBas peHTreHorpamma
nns onpepenexns paboyen AnnHbI

CASE REPORT

A 25-year-old female patient, with no history of any
systemic diseases, reported to the Department of Con-
servative Dentistry and Endodontics at Monastir Den-
tal clinic, Tunisia with a chief complaint of spontane-
ous intermittent pain in the right lower arch. This pain
is exacerbated by cold and is predominantly nocturnal.
Endo buccal examination revealed the presence of an
occlusaldistal caries on tooth 44, which was in a mal
position. Transverse percussion on this tooth was pain-
ful and axial percussion negative. Radiological exami-
nation confirmed the presence of distal Sista 2.3 ca-
ries with no periapical image. We also noted that the in-
volved tooth had an unusual anatomy of two roots with
a low bifurcation (Fig. 1).

The clinical examination led to a diagnosis of symp-
tomatic irreversible pulpitis in relation to tooth 44 re-
quiring root canal treatment.

In the first visit, we initiated our root canal treatment
under local anesthesia and with rubber dam isolation.
Access cavity was performed with a round diamond
bur and an Endo-Z bur in a high-speed air motor hand-
piece. As we were dealing with a low bifurcation, we
used a DG16 probe to locate the vestibular and lingual
canal entrances. Once identified, we moved on to pre-
shaping. The canals were thin and calcified, so we star-
ted with an 08K file (GenEndo) irrigated with 17% EDTA

Fig. 3. Second working length
radiograph

Puc. 3. Bropas peHTreHorpamma
nnsonpeneneHvs paboyeit AanHbI
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(Meta Biomed), followed by a 10°C file (VDW) and a 15K
file (GenEndo) irrigated with 5.25% sodium hypochlo-
rite. To determine the working length, we decided to
take an X-ray to ensure that we were in two different ca-
nals and not in the same one (Fig. 2).

The peroperative radiograph demonstrated two
roots with two files appearing to exit at the same api-
cal level which led to the suspicion of a third root canal.
While inspecting the pulp floor using a precurved 10K
file, one catch was found in slight distobuccal direc-
tion. A second peroperative radiograph was taken using
three files (Fig. 3). This confirmed the presence of three
root canals.

To finish the access cavity, we used an operating
microscope and a diamond-tipped endodontic insert
to avoid any risk of perforation (Fig. 4).

We performed pre-flaring for this third canal. After
establishing manual and mechanical glide path, biome-
chanical preparation was done using rotary instruments
up to 25/04 file (Plex V, Oroodeka). During sequential
instrumentation, copious irrigation with 5.25% sodium
hypochlorite was frequently renewed. A side vented
irrigation needle was effectively used to flush out the
debris from the canal system, without pushing it in the
periapical region.

The final irrigation procedure was carried out using
a sequential protocol of 5.25% NaOCI and 17% EDTA
and followed by a rinse with normal saline solution. The
irrigation solutions were activated ultrasonically using
the UltraX device (Eighteeth) to enhance disinfection,
then the canals were dried with paper points. To obtu-
rate one canal, we blocked the other two canals with
a # 20 spreader fil to maintain canal patency. The obtu-
ration was done using the single-cone technique, utili-
zing a 25/04 gutta-percha cone and bioceramic sealer
(BioRoot, Septodent) (Fig. 5, 6).

DISCUSSION

This clinical observation is contextualized by es-
tablished anatomical studies. Vertucci in 1984 drew up
a classification based on root canal configuration that
brings together all the possible variations [3] (Fig. 7).
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Fig. 5. Master cone radiograph
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According to his research, 74% of mandibular first
premolar teeth had a single canal at the apex, 25.5%
had two canals, and the remaining 0.5% had three ca-
nals [4]. Ingle observed a 12% probability of a second
canal and a 0.4% possibility of a third canal in mandibu-
lar second premolars, whereas Zillich and Dawson re-
ported an 11.7% occurrence of two canals and a 0.4%
occurrence of three canals [5].

A complementary, more modern approach to clas-
sifying complex anatomy is the alphanumeric coding
system proposed by Ahmed et al. in 2017. This system
offers an exhaustive, standardized description of root
canal configuration, ideally suited for 3D imaging tech-
niques (CBCT). It combines the FDI tooth number, the
number of roots, and a hyphenated sequence detai-
ling the continuous path of canals from the orifice to the
apex, thereby eliminating the ambiguities inherent in
the older, numerical classifications [6].

Furthermore, racial and ethnic variations have been
reported, with some studies suggesting a higher preva-
lence of extra canals in certain populations. Trope et al.
found that Afro-Americans have a higher number of
mandibular premolars with extra canals than Cauca-
sians [7]. The former had more than one canal in 32.8%
of first premolars and 7.8% of second premolars.

Preoperative assessment plays a critical role in an-
ticipating complex anatomies.

The preoperative periapical radiograph provides va-
luable assistance in determining the number and shape
of roots and canals when taken in at least two orienta-
tions: one orthocentric and one eccentric [8; 9]. The fast
break phenomenon or the abrupt disappearance of the
canal, as shown in the preoperative radiograph of this
case, is a suggestive sign of a low bifurcation. Yoshioka
et al., indicated the sudden narrowing of the canal sys-
tem on a parallel radiograph is suggestive of multiple ca-
nals [10]. Martinez-Lozano et al. reported that a change of
40° in the horizontal X-ray tube angulation can contribute
to the identification of an extra canal in mandibular se-
cond premolars [11]. However, this periapical radio-
graph’s two-dimensional nature presents inherent limita-
tionsinvisualizing intricate three-dimensional structures.

&= il
Fig. 6. Post-operative
radiograph
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The advent of cone-beam computed tomography
(CBCT) has revolutionized this aspect of endodontics,
offering invaluable three-dimensional views, which can
reveal unusual root and canal configurations that would
otherwise be missed [12].

Following the radiographic findings and a high index
of suspicion, clinical inspection of the pulp chamber
floor is crucial.

The “dentinal map” and some techniques like the
“white line test” (Fig. 8) are powerful adjuncts for lo-
cating missing canals [13].

The use of a DG 16 exploratory probe can also pro-
vide precise assistance in determining the angle at
which the canals depart from the main chamber [2].
If the major canal is in an eccentric position, one or
more canals should be suspected and examined on the
other side if the pulp chamber is not positioned in the
usual buccallingual dimension [8]. This has become
possible thanks to the use of an operating microscope.
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After drying the pulp chamber, the “champagne bubble”
test combined with the use of an operating microscope
is another effective strategy for locating hard-to-access
root canals [13].

In this case, tactile examination with a precurved in-
strument, was crucial in locating the disto-buccal canal.
Access opening was modified using a rounded, dia-
mond-coated ultrasonic tip under microscopic magni-
fication. Ultrasonic inserts are a valuable tool in modern
endodontics for locating and identifying obscured or
calcified canal orifices, especially in teeth with complex
anatomy [15]. Their high-frequency vibration and non-
rotational action allow for precise, conservative removal
of secondary dentin and pulp stones that might mask
the pulp chamber floor. Used in conjunction with an op-
erating microscope, specific inserts can be employed
for a controlled “troughing” technique to uncover ac-
cessory canals or isthmuses without the risk of proce-
dural errors like stripping or perforation.

Furthermore, the initial exploration and localization
of canal entrances are now performed using micro-
openers under the microscope. This technique is safer
and more efficient than attempting to locate canals with
precurved instruments.

Instrumentation of such narrow canals poses fur-
ther challenges. The use of fine, flexible instruments,
particularly heat-treated rotary files, is essential to
minimize the risk of procedural errors such as ledging,
transportation, or fracture. The sequential approach
employed in this case, coupled with copious irrigation
with 5.25% sodium hypochlorite and EDTA, was critical
for thorough debridement [16].

Crucially, to maximize the biological and chemical
efficacy of the irrigants, the solutions were subjected
to ultrasonic activation. This mechanical energy input
generates acoustic streaming and transient cavitation,
mechanisms proven to significantly enhance fluid hy-
drodynamics. This action promotes deeper penetra-
tion and superior exchange of irrigants within complex
anatomical features, including isthmuses and lateral
canals, which are typically inaccessible to conventional
needle irrigation [17].

The established protocol of alternating 5.25%
NaOCI for organic tissue dissolution and microbial
control with 17% EDTA to effectively chelate and re-
move the inorganic smear layer and incorporating this
activation technique collectively ensures comprehen-
sive disinfection and the removal of both organic and
inorganic debris.

For years, warm vertical condensation was the
method of choice for obturating complex root canal
anatomies, such as deep splits, due to its capacity for
three-dimensional filling. However, the recent advent
of bioceramic sealers has positioned the single-cone
technique as a compelling alternative [18]. This shift
is attributed to the bioceramic sealers’ advantageous
properties, including biocompatibility, bioactivity, and
superior sealing ability.

The low bifurcation in our case complicated the
obturation process, mandating a careful single-cone
technique with a bioceramic sealer, and maintaining
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patency in the other canals to ensure a complete and
hermetic seal. The selection of the master gutta-per-
cha cone utilized a 4% taper, as a wider 6% taper can
camouflage a clear view of the canal orifices, compli-
cating subsequent procedures. The sealer should be
injected precisely into the apical segment using a fine
delivery tip and with ultrasonic activation. For the pre-
cise and efficient removal of coronal gutta-percha, the
Eighteeth Fast Pack heating device was utilized in our
case. This ensured that the other canal entrances re-
mained visible.
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Abstract

AIM. White spot lesions represent a negative and common adverse effect of fixed orthodontics. The research
tried to establish the effectiveness of isolated use of 38% silver diamine fluoride in prevention of active white
spot lesions during debonding of orthodontic appliances. The study was a randomized, split-mouth con-
trolled, placebo-controlled, and a double-blind study.

MATERIALS AND METHODS. Split-mouthed randomized, double-blind, placebo-controlled trial was applied.
Thirty teenagers (mean age 15.2+ 1.8 years), whose bilateral active lesions on the anterior teeth occurred
after debonding and had a minimum of two active white spots lesions on the anterior teeth were enrolled.
Randomly, the lesions were divided in regards to treatment, whereby one time use was done with 38% silver
diamine fluoride (experimental), or placebo solution (control).

RESULTS. The general finding was the stabilization of the lesions with a hard and smooth feel with a sense
of touch upon examination after the assessment period, one- and three-months follow-ups. The alteration
in the laser fluorescence (DIAGNOdent) scores and aesthetical satisfaction with patients were secondary
outcomes. Silver diamine fluoride group had considerably variable arrestment rates than the placebo group
at the three months follow-ups (93.3 and 16.7 respectively, p < 0.001). The mean scores (DIAGNOdent) in
the silver diamine fluoride group were very low (32.1-18.4) than in the placebo group (30.8-36.9) (p = 0.001).
It was determined that the patient satisfaction in reference to the black stain after the usage of SDF was insig-
nificant; its mean value was 2.8 out of 10.

CONCLUSIONS. 38% silver diamine fluoride used as a single application on an individual patient is fairly effec-
tive in the prevention of white spots lesions associated with orthodontics, although its acceptance is low due
to its staining effect. Silver diamine fluoride is an aesthetically problematic good solution that can be applied
to treat the post-orthodontic white space lesions especially in patients with a high risk of caries.

Keywords: silver diamine fluoride, white spot lesions, orthodontics, minimally invasive dentistry, caries arrest,
randomized controlled trial
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3¢ dekTnBHOCTL 38% anamuHpTOopMaa cepebpa B npopunakrTuke
6enbix NATEH 3Manu NpyU OPTOAOHTUUECKOM JIeUEeHUM:
paHAoMU3MpoBaHHOE KOHTPO/AiMpyeMoe uccnegoBaHue

C paspaeneHueM Nno nosoBuHaM 3ybHoro paga (split-mouth)
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Pesiome
LLEJIb. Benble natHa amanu (White Spot Lesions, WSLs) aBnsitoTcs 4acTbiM 1 HEGNAronpuUSATHLIM OCIOXHE-
HMEM HECBHEMHOW OPTOAOHTUYECKOW annapaTypbl. iccnepoBaHme HanpaBneHo Ha OueHKY 3dPEeKTUBHOCTMU

n3onmpoBaHHoro npmmeHeHnsa 38% anamumHdropuaa cepedpa (Silver Diamine Fluoride, SDF) gns npodu-
NaKTUKWN aKTUBHbIX OESbiX NATEH 3Masn NOC/e CHATUSA OPTOAOHTMHYECKMX KOHCTPYKLUMIA. [poBeaeHo paHao-
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MN3NPOBAHHOE, KOHTPONMPYEMOE UCCef0BaHNE C pasaeneHnemM no nosoBmMHam 3y6Horo paaa, nnauebo-
KOHTPOMEM U ABOWNHbIM OCJIEMNSIEHNEM.

MATEPUAbI N METObI. B nccnepnoeanue BknodeHbl 30 noapocTkos (cpenHuii Bo3pacT 15,2+ 1,8 roaa),
Y KOTOPbIX NOC/E CHATUS OPTOAOHTMYECKOM annapaTypbl BbIIBASINCH ABYCTOPOHHME aKTUBHbBIE MOPaXeHUs
nepeaHunx 3y60B, NpU HAMYUM MUHUMYM ABYX aKTUBHbIX Oesbix nATeH. CnyyaliHbiM 06pa3oM nopaxeHus
pacnpenensanuchb Ha aBe rpynnbl: OAHOKpaTHoe npumeHeHne 38% anamuHdTopmaa cepedbpa (akCnepmmeH-
TanbHas rpynna) unv nnauebo-pacTteopa (KOHTPOIb).

PE3YJIbTATbl. OCHOBHbIM pe3ynbTaTtoM OblI0 CTabunnanpoBaHme NopaxeHuin, NPosIBASIOWeecs NIOTHOMN
1 rnaakon NnoBepxXHOCTLIO NPU 30HANPOBaHUN Yepes 1 1 3 Mecsua HabnoaeHus. BTopMYHbIMK ncxoaamMm siB-
NAnncb 3MeHeHus nokasarenei nadepHon pnyopecueHumn (DIAGNOdent) n acteTuyeckas yaooBneTBOPEH-
HOCTb NauMeHToB. B rpynne anamuHdTopmnpa cepebpa nokasatenn 0CTaHOBKM NpoLecca Yyepes 3 mecsiua
OblNIN 3HAYNTENBLHO BbiLLE N0 cpaBHeHuio ¢ nnauebo (93,3% un 16,7% cooTBeTcTBEHHO; p < 0,001). CpegHue
3HavyeHnst DIAGNOdent B rpynne guammnHdTopuaa cepebpa Obinm cyuecTseHHo Huxe (32,1-18,4) no cpas-
HEHWIO C KOHTpOoNbHOM rpynnoii (30,8-36,9) (p = 0,001). YooBneTBOPEHHOCTb NAaUMEHTOB, CBA3aHHAs C NOsIB-
JIEHVEM TEMHOr0 OKpaLUMBaHWS NOCiie NPUMeEHEHNS anaMuHdTopmaa cepebpa, 6bi1a HU3KOW 1 cocTaBuna
B cpeaHem 2,8 n3 10.

BbIBOAbl. OgHokpaTHOe npuMeHeHne 38% amnamunHdTopmnaa cepebpa senseTcs apdeKTUBHbIM METOO0M
npodunnakTMkn 6enbix NSTEH AMannN, aCCOLMMPOBAHHbBIX C OPTOAOHTMYECKMM NiedeHnemM. OgHako ero wmpo-
KO€ MCMNOoNb30BaHME OrPaHNYEHO 3CTETUYECKMM NOBOYHBIM 3ddEKTOM B BUAE OKpalUMBaHUS TKaHel 3yba.
OnamunndTopug cepedbpa MOXET paccMaTpmBaTbCH Kak KJIMHUYECKM 3HAYMMOE peLleHne s nalneHToB
BbICOKOIO Kapuec-prcka Npy NOCTOPTOAOHTUYECKUX MOPAXEHUAX IMANN.

Knouessle cnoBa: anamuHdropug cepebpa, 6enbie naTHa aManu, OPTOAOHTUSA, MUHUMASIbHO MHBA3MBHAs
CTOMAaTosI0rus, 0OCTAaHOBKA Kapueca, PaHAOMU3NPOBaHHOE KOHTPOIMPYEMOE MCCliefoBaHne

UHdopmauumsa o ctatbe: noctynuna — 29.12.2025; ncnpaenena — 01.03.2026; npunsata — 14.03.2026
KoH$AUKT nHTepecoB: ABTOPLI CO0OLLAIOT 06 OTCYTCTBUN KOHPNUKTA UHTEPECOB.
BnarogapHocTu: GrHaHcupoBaHWe 1 MHANBMOYabHbIE GNarof4apHOCTU AN AeK1IapMpPOBaHUs OTCYTCTBYIOT.

Ana umTupoBaHma: dcum M.3., Myxammep C.P., A6aynkapum ®.A. SddekTrBHOCTL 38% OnamMunHbTOpPU-
na cepebpa B npodunaktuke 6enbix NSTEH aManm NpmM OPTOAOHTUYECKOM NIeYEHUN: PaHOOMU3NUPOBAHHOE
KOHTPONMPYEMOE UCCIEN0BAHME C pasaesieHneM no nosoBrHam 3yOHoro psaa (split-mouth). SHgoagoHTMS
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INTRODUCTION

The finalization of the fixed orthodontic treatment is
a significant achievement to the patients, which results
to the acquisition of a superior connection of the occlu-
siveness and a rise in the aesthetics of the face. Howe-
ver, the appearance of white spot lesions (WSLs) which
are the most frequent and the most evident iatrogenic
complication of treatment is likely to mar such success-
ful result [1]. WSLs are the clinical symptoms of the car-
ies process first, and they are presented in the form of
opaque and white spots on the enamel surface due to
the demineralization of the subsurface. This is because
the oral environments promoted by local microclimate
of fixed appliances are challenging, which promotes
the growth of plaque and allows the proliferation of the
niche zones of acidogenic bacteria to induce a sus-
tained loss of pH at the enamel surface [2]. Itis very high
and WSLs prevalence is reported to be as high as 70%
of the orthodontic patients, which equates to high clini-
cal burden, and it leaves the patients dissatisfied after
the procedure was performed [3; 4].

The traditional management concept of WSLs has
been on remineralization and prevention of further de-
mineralization. They include the use of high-concentra-
tion fluoride varnishes, use of casein phosphopeptide-
amorphous calcium phosphate (CPP-ACP) and rigorous
oral hygiene education [5; 6]. Though these methods
are likely to be effective, their efficacy is very erratic
and highly dependent on the long-term adherence of
patients- a variable that cannot always be predicted
particularly in adolescent groups [7]. Consequently, re-

gardless of preventive therapy, the lesions which fail to
heal or persist are still large and leave physicians with
a limited number of options not being invasive when the
lesions have already been demineralized.

The Silver Diamine Fluoride (SDF) has been revived
in the present version of minimal invasive dentistry in
the past years. It is a clear, liquid and 25% silver 5%
fluoride agent that has been broadly established as an
extremely proficient and non-invasive agent in arresting
cavitated carious lesions in primary teeth and in special
needs populations [8; 9]. The mechanism of action is
two-fold and potent: the silver ions possess an intense
antibacterial effect due to damage to the cell walls and
inhibition of the essential enzymes, and the fluoride ions
provoke the remineralization and formation of the pro-
tective layer on the surface of the lesion of fluoroapatite
and silver phosphate [10; 11]. It has been demonstrated
to be highly effective in systematic reviews and meta-
analyses of which one of them led to caries arrestment
in the majority of cases [12; 13].

This was a good evidence base of cavitated lesions
although the use of SDF in early non-cavitated ortho-
dontic induced WSLs immediately after debonding is
a relatively new area of research and under-studied.
The fact that SDF may be a clean, once-only therapy of
these widespread lesions is enormous. In its pre-emi-
nence is its greatest drawback, however, that it leaves
the carious tissue permanently stained black, which
is a major turnoff against its application, especially on
anterior teeth that are highly visible [14; 15]. This is
a marker of successful lesion arrestment, and, at that,
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it creates a cosmetic dilemma of monumental magni-
tude to the patients and the clinicians.

Therefore, there is an urgent need to find high-quali-
ty evidence to evaluate the clinical effectiveness of SDF
versus its aesthetic implications on the orthodontic
patients. The main hypothesis of this split-mouth ran-
domized controlled trial was to strictly test the hypo-
thesis that a single application of 38% SDF is supe-
rior to placebo in arresting active WSLs following the
removal of fixed orthodontic appliances. The other aim
was to find the level of patient satisfaction with the re-
sulting aesthetic outcome and it was quantitative.

MATERIALS AND METHODS

Methodology and research subjects

It was a prospective split-mouth, random, con-
trolled placebo, double-blind and split-mouth clinical
trial done as per the Consolidated Standards of Re-
porting Trials (CONSORT). In Baghdad University, the
College of Dentistry, ethical consent was taken. All the
participants and their guardians were informed to give
informed consent and assent.

The sample size was 30 participants, 16 being fe-
males and 14 males (15.2+1.8 years). The target
group was recruited in an orthodontic clinic (January
2024 -June 2024). The inclusion criteria were as fol-
lows: (1) patients of 12-16 years old and had completed
a full course of fixed orthodontic treatment; (2) had at
least 2 active and non-cavitated WSLs [International
Caries Detection and Assessment System (ICDAS)
code 2] and were bilaterally located in symmetrically
placed front teeth (between canine and canine teeth).
The exclusion criteria included: (1) history of known hy-
persensitivity to silver; (2) already had cavitated lesions
(ICDAS 3 or above), enamel hypoplasia, or fluorosis;
(3) contraindication with medical conditions to normal
dental care.

Calculation of sample size

Power analysis using the G*Power software (3.1.9.7)
was used. The alpha (a) error probability of 0.05 and the
power (1-) of research test led to the sample size re-
quirement of n = 30 pairs of lesions as shown in a pilot
study and the literature [16].

Randomization and concealment

The qualifying WSLs were assessed following the
debonding and the professional prophylaxis. The
patients were selected at random in the Test and in
the other lesion Control group (88% SDF, Advantage
Arresttm, Elevate Oral Care and the placebo: a fluo-
ride-free, colored aqueous solution respectively).

Table 1. Lesion arrestment rates

Trial assignment was made by a computer-based list
with randomization and assigned in sequentially num-
bered envelopes. This was done by merely one opera-
tor who was not involved in the results analysis. No one,
especially the patients, and the outcome assessor,
were aware of the group allocations.

Intervention

The tooth was isolated using cotton rollers, dried
using air in five seconds and a microbrush was im-
mersed in the respective solution, and directed to the
lesion in sixty seconds, as recommended by the ma-
nufacturer. Any excess solution was cleared using dry
microbrush.

Performance indicators

Baseline measurements, one-month measurements,
and three months measurements were implemented:

1. Major outcome: lesion arrest. Lesions were eva-
luated on the basis of a blind, sharp sickle explorer. An
arrested lesion was hard and smooth to feel. A stretchy
or elastic lesion was referred to as active [17].

2. Secondary review: laser fluorescence. A DIAGNO-
dent Pen (KaVo), the caries mineral status was identi-
fied through an established technique of measuring
caries activity [18]. The maximum distance was the dis-
tance between the lesion site and the place.

3. Patient acceptance. Three months post-treat-
ment, patients used a Visual Analog Scale (VAS) to rank
their satisfaction with the appearance of the treated
lesions with 0 (unsatisfied with the appearance of the
treatment site entirely) to 10 (satisfied with the appea-
rance of the treatment site entirely) [19].

Data examination

The SPSS Statistics version 28.0 was used to ana-
lyze the data. The main result was analyzed with the
help of the McNemar test. The scores of DIAGNOdent
were evaluated using repeated-measures ANOVA and
paired t-tests to determine the changes in the values.
The approach that was used to analyze the patient VAS
scores was the paired t-test. A p-value that was lower
than the value of 0.05 was regarded as significant.

RESULTS

Lesion arrestment

The summary of the clinical arrestment rates is pre-
sentedin Table 1. At the one-month follow-up, the group
of SDF at the time of arrest (86.7) was much higher
on average as compared to the placebo group (10.0)
(p < 0.001). After 3 months of follow-up, lesions in SDF
group (28 out of 30 lesions) were arrested as opposed
to 5 out of 30 lesions in the placebo group (p < 0.001).

Tabnuua 1. MNokasaTesim 0CTaHOBKU KAPMO3HbIX MOPaXXeHNA

Group Baseline [Active lesion] One Month [Arrested lesion] Three Months [Arrested lesion]
SDF 30/30 (100%) 26/30 (86.7%) 28/30 (93.3%)
Placebo 30/30 (100%) 3/30 (10.0%) 5/30 (16.7%)

dHdodoHmus
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DIAGNOdent evaluations

Table 2 presents the shift in the mineral structure as
recorded by DIAGNOdent. The baseline scores of the
SDF condition and placebo were not significantly diffe-
rent (p = 0.42). The three-month observation showed sig-
nificant and consistent improvement in the mean scores
in the SDF group, which was an indicator of remineraliza-
tion. Instead, there was a significant rise in the scores in
the placebo group which reflected lesion progression.

Table 2. Time-Dependent average DIAGNOdent
Scores (Standard Deviation)

Ta6nuua 2. CpeaHue 3Ha4YeHUs nokasarens
DIAGNOdent B anHamMuke (CTaHOapTHOE OTK/IOHEeHMe)

Grou At One Three ’:‘;Z;I::
p baseline month month
group)
SDF 32.1(4.5) | 21.3(5.1) 18.4 (4.8) <0.001
Placebo 30.8(5.2) | 33.9(5.8) | 36.9(6.5) <0.001
p-value
(among 0.42 <0.001 <0.001 -
groups)

Patient acceptance

This aesthetic result was much more unacceptable
to the patients who received SDF lesions. The mean
score of VAS satisfaction in the SDF group was 2.8 +1.5,
and the placebo group was 7.1 £1.8 (p < 0.001).

DISCUSSION

The results of the randomized controlled trial present
the strong Level | data that indicate that single application
of 38% SDF is an outstanding method to prevent active
white spots lesions during the post-orthodontic period.
The 93.3% in the SDF group at the 3 months follow of ar-
rest is not only statistically significant but also clinically
significant which is a tremendous improvement com-
pared to the low natural arrestment rate at placebo. This
finding agrees with the literature available on the effec-
tiveness of SDF to prevent cavitated dentinal caries in the
primary teeth because the systematic studies have de-
monstrated equal success rates [12; 20]. The effective-
ness of SDF being rapid and 86.7% of the lesions being
solved in such a short time frame of only a month, proves
that the treatment can be highly effective in clinical cas-
es where a significant number of lesions is involved.

The objective data of DIAGNOdent readings that are
quantifiable give the additional evidence on the mecha-
nism of action of SDF. The large and steady decrease in
the values of fluorescence in SDF group mean the gra-
dual increase in enamel density and mineral structure,
and the development of a hypermineralized, sclerotic
surface layer [11; 16]. This hardened layer is an addi-
tional physical barrier against cariogenic microorga-
nisms besides it being more resistant to being exposed to
acid. The gradual increase of the scores of DIAGNOdent
in the placebo group justifies the continuation of cario-
genic issues despite the orthodontics treatment. It im-
plies that such premature lesions are highly likely to pro-
ceed with further demineralization and result in cavita-
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tion without such a powerful and definite intervention as
SDF and can be reinforced by the long-term follow-ups
of the WSLs [17].

The most interesting and intricate result of this study
is that the outstanding clinical effectiveness and the
significantly low patient acceptability vary significantly.
The average satisfaction of 2.8/10 on the lesions treated
with SDF compared to 7.1/10 on the lesions treated with
the placebo is an obvious and significant treatment is-
sue. The aesthetic tradeoff is what builds the greatest
challenge to the broad application of SDF on visible sur-
faces, aswidelyreportedin literature [14; 15]. The emer-
gence of black discoloration is impossible to correlate
with the chemical reaction of silver ions with decalcified
tissue, which may be provided as the visual indication
of stagnant lesion. This presents a big and weighty ap-
praisal decision on both the clinician and the patient: Is
the short-term gain of high-efficacy and instantaneous
caries arrest worth the cosmetic opportunity cost in the
long term? According to the current clinical practice
recommendations, a collaborative decision-making
process should be used to attain such a decision [18].
It would be better used in high-risk patients of caries,
where the treatment of the disease is necessary, lesions
on less conspicuous surfaces, or when the conditions
of access to restorative treatment are low.

This study has some constraints. The three months
follow-up period of this research is insufficient since it
merely shows the short-term effects but fails to deter-
mine the long-term sustainability of the results. Moreo-
ver, it fails to put into consideration several mitigating
measures that may be implemented in case of stains.
Future studies ought to focus more on longitudinal re-
search studies based on a long follow-up. Combination
therapies, which can preserve the efficacy of SDF and
improve aesthetics, need to be investigated.

Adding potassium iodide (KI) immediately after the
addition of SDF to lower the staining by the new silver
iodide, that is less coloured, is controversial [19; 21].
The second option which can be taken is through the
repetition of the SDF, which will prevent the lesion and
then resin glass ionomer will be applied to cover the
discolouration and provide the support to the porous
enamel [22; 23]. Studies on these protocols would
potentially reveal the maximum potential of SDF in
aesthetically sensitive regions.

CONCLUSION

Single therapy 38% of silver diamine fluoride is
highly good and effective in the prevention of the active
lesions of the white spot following an orthodontic treat-
ment. Their application on conspicuous anterior teeth
is however much restricted because of a low accep-
tance of the product by the patients as a result of black
staining. Thus, SDF can be regarded as a helpful tool
in minimally invasive dentistry but it has to be thought
out and it should be applied only when the caries
arrest needs to be prioritized over the aesthetics or on
the non-visible surfaces. The future research can be
concentrated on the ways of how SDF therapy can be
less stained and more aesthetical.

Tom 24, Ne 2 / 2026 \ Endodontics



290

REFERENCES / CTUCOK JINTEPATYPbI

1.

10.

11.

12

dHdodoHmus
————TLT

.Chibinski A.C., Wambier L.M.,

Tufekci E., Dixon J.S., Gunsolley J.C., Lindauer S.J. Preva-
lence of white spot lesions during orthodontic treatment
with fixed appliances. Angle Orthod. 2011;81(2):206-210.
https://doi.org/10.2319/051710-262.1

Sundararaj D., Venkatachalapathy S., Tandon A., Perei-
ra A. Critical evaluation of incidence and prevalence of
white spot lesions during fixed orthodontic appliance
treatment: A meta-analysis. J Int Soc Prev Community
Dent. 2015;5(6):433-439. https://doi.org/10.4103/2231-
0762.167719

Lovrov S., Hertrich K., Hirschfelder U. Enamel demi-
neralization during fixed orthodontic treatment - in-
cidence and correlation to various oral-hygiene para-
meters. J Orofac Orthop. 2007;68(5):353-363. https://
doi.org/10.1007/s00056-007-0714-1

Chapman J.A., Roberts W.E., Eckert G.J., Kula K.S,,
Gonzalez-Cabezas C. Risk factors for incidence and
severity of white spot lesions during treatment with
fixed orthodontic appliances. Am J Orthod Dentofacial
Orthop. 2010;138(2):188-194. https://doi.org/10.1016/].
ajodo.2008.10.019

Benson P.E., Parkin N., Millett D.T., Dyer F.E., Vine S.,
Shah A. Fluorides for the prevention of white spots
on teeth during fixed brace treatment. Cochrane
Database Syst Rev. 2004;(3):CD003809. https://doi.
org/10.1002/14651858.CD003809.pub?2

Robertson M.A., Kau C.H., English J.D., Lee R.P., Po-
wers J., Nguyen J.T. M| Paste Plus to prevent de-
mineralization in orthodontic patients: a prospective
randomized controlled trial. Am J Orthod Dentofacial
Orthop. 2011;140(5):660-668. https://doi.org/10.1016/].
ajodo.2010.10.025

Geiger A.M., Gorelick L., Gwinnett A.J., Griswold P.G.
The effect of a fluoride program on white spot formation
during orthodontic treatment. Am J Orthod Dentofacial
Orthop. 1988;93(1):29-37. https://doi.org/10.1016/0889-
5406(88)90190-4

Crystal Y.0., Niederman R. Evidence-based dentist-
ry update on silver diamine fluoride. Dent Clin North
Am. 2019;63(1):45-68. https://doi.org/10.1016/j.cden.
2018.08.011

Gao S.S., Zhao I.S., Hiraishi N., Duangthip D., Mei M.L.,
Lo E.C.M., Chu C.H. Clinical trials of silver diamine fluo-
ride in arresting caries among children: a systematic
review. JDR Clin Trans Res. 2016;1(3):201-210. https://
doi.org/10.1177/2380084416661474

Mei M.L., Chu C.H., Low K.H., Che C.M., Lo E.C. Caries
arresting effect of silver diamine fluoride on dentine
carious lesion with S. mutans and L. acidophilus dual-
species cariogenic biofiim. Med Oral Patol Oral Cir
Bucal. 2013;18(6):e824-831. https://doi.org/10.4317/
medoral.18831

Zhao 1.S., Gao S.S., Hiraishi N., Burrow M.F., Duan-
gthip D., Mei M.L. et al. Mechanisms of silver dia-
mine fluoride on arresting caries: a literature review.
Int Dent J. 2018;68(2):67-76. https://doi.org/10.1111/
idj.12320

Feltrin J., Loguer-
cio A.D., Wambier D.S., Reis A. Silver diamine fluo-
ride has efficacy in controlling caries progression in
primary teeth: a systematic review and meta-ana-

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

lysis. Caries Res. 2017;51(5):527-541.
org/10.1159/000478668

Seifo N., Cassie H., Radford J.R., Innes N.P.T. Silver
diamine fluoride for managing carious lesions: an um-
brella review. BMC Oral Health. 2019;19(1):145. https://
doi.org/10.1186/s12903-019-0830-5

Rosenblatt A., Stamford T.C., Niederman R. Silver dia-
mine fluoride: a caries “silver-fluoride bullet”. J Dent
Res. 2009;88(2):116-125. https://doi.org/10.1177/
0022034508329406

Clemens J., Gold J., Chaffin J. Effect and acceptance
of silver diamine fluoride treatment on dental caries in
primary teeth. J Public Health Dent. 2018;78(1):63-68.
https://doi.org/10.1111/jphd.12241

Richter A.E., Arruda A.O., Peters M.C., Sohn W. Inci-
dence of caries lesions among patients treated with
comprehensive orthodontics. Am J Orthod Dentofacial
Orthop. 2011;139(5):657-664. https://doi.org/10.1016/].
2j0do0.2009.06.037

Slayton R.L., Urquhart O., Araujo M.W.B., Fontana M.,
Guzman-Armstrong S., Nascimento M.M. et al. Evi-
dence-based clinical practice guideline on nonresto-
rative treatments for carious lesions: A report from
the American Dental Association. J Am Dent Assoc.
2018;149(10):837-849.e19. https://doi.org/10.1016/j.
adaj.2018.07.002

Knight G.M., Mcintyre J.M., Mulyani. The effect of
silver fluoride and potassium iodide on the bond
strength of auto cure glass ionomer cement to den-
tine. Aust Dent J. 2006;51(1):42-45. https://doi.
org/10.1111/j.1834-7819.2006.tb00399.x

Sabbagh S., Movahhed T., Bagheri H., Sadeghi M., Sha-
hid S., Mohammadi H. Color change of tooth-colored
restorative materials bonded to silver diamine fluoride-
treated dentine: a systematic review. BMC Oral Health.
2024;24(1):737. https://doi.org/10.1186/s12903-024-
04487-0

Mabangkhru S., Duangthip D., Chu C.H., Phongha-
nyudh A., Jirarattanasopha V. A randomized clinical
trial to arrest dentin caries in young children using silver
diamine fluoride. J Dent. 2020;99:103375. https://doi.
org/10.1016/j.jdent.2020.103375

Kndsel M., Eckstein A., Helms H.J. Durability of es-
thetic improvement following Icon resin infiltration of
multibracket-induced white spot lesions compared with
no therapy over 6 months: a single-center, split-mouth,
randomized clinical trial. Am J Orthod Dentofacial
Orthop. 2013;144(1):86-96. https://doi.org/10.1016/j.
ajodo.2013.02.029

Kharat P.B., Rajpurohit L., Mathur A., Mehta V., Kalpe S.,
Buddhikot C.S. et al. Survival of silver diamine fluoride
varnish treated teeth among children with single/multi-
ple applications: a split-mouth randomized clinical trial.
Int J Clin Pediatr Dent. 2024;17(11):1211-1218. https://
doi.org/10.5005/jp-journals-10005-2988

Mathur A., Chaudhary Y., Shekhar S. Effectiveness of
tooth-colored restorative materials in masking dis-
coloration caused by silver diamine fluoride: a sys-
tematic review of in vitro studies. Int J Clin Pediatr
Dent. 2026;19(2):262-270. https://doi.org/10.5005/jp-
journals-10005-3420

https://doi.

Volume 24, no. 2/ 2026


https://doi.org/10.2319/051710-262.1
https://doi.org/10.4103/2231-0762.167719
https://doi.org/10.4103/2231-0762.167719
https://doi.org/10.1007/s00056-007-0714-1
https://doi.org/10.1007/s00056-007-0714-1
https://doi.org/10.1016/j.ajodo.2008.10.019
https://doi.org/10.1016/j.ajodo.2008.10.019
https://doi.org/10.1002/14651858.CD003809.pub2
https://doi.org/10.1002/14651858.CD003809.pub2
https://doi.org/10.1016/j.ajodo.2010.10.025
https://doi.org/10.1016/j.ajodo.2010.10.025
https://doi.org/10.1016/0889-5406(88)90190-4
https://doi.org/10.1016/0889-5406(88)90190-4
https://doi.org/10.1016/j.cden.2018.08.011
https://doi.org/10.1016/j.cden.2018.08.011
https://doi.org/10.1177/2380084416661474
https://doi.org/10.1177/2380084416661474
https://doi.org/10.4317/medoral.18831
https://doi.org/10.4317/medoral.18831
https://doi.org/10.1111/idj.12320
https://doi.org/10.1111/idj.12320
https://doi.org/10.1159/000478668
https://doi.org/10.1159/000478668
https://doi.org/10.1186/s12903-019-0830-5
https://doi.org/10.1186/s12903-019-0830-5
https://doi.org/10.1177/0022034508329406
https://doi.org/10.1177/0022034508329406
https://doi.org/10.1111/jphd.12241
https://doi.org/10.1016/j.ajodo.2009.06.037
https://doi.org/10.1016/j.ajodo.2009.06.037
https://doi.org/10.1016/j.adaj.2018.07.002
https://doi.org/10.1016/j.adaj.2018.07.002
https://doi.org/10.1111/j.1834-7819.2006.tb00399.x
https://doi.org/10.1111/j.1834-7819.2006.tb00399.x
https://doi.org/10.1186/s12903-024-04487-0
https://doi.org/10.1186/s12903-024-04487-0
https://doi.org/10.1016/j.jdent.2020.103375
https://doi.org/10.1016/j.jdent.2020.103375
https://doi.org/10.1016/j.ajodo.2013.02.029
https://doi.org/10.1016/j.ajodo.2013.02.029
https://doi.org/10.5005/jp-journals-10005-2988
https://doi.org/10.5005/jp-journals-10005-2988
https://doi.org/10.5005/jp-journals-10005-3420
https://doi.org/10.5005/jp-journals-10005-3420

291

INFORMATION ABOUT THE AUTHORS

Mais Zuber Jasim — Assistant Lecturer, Al-Turath University, College of Dentistry, Baghdad, Iraqg; https://orcid.org/0009-
0003-7407-0861

Sally Raed Muhammed - Assistant Lecturer, Al-Rafidain University, College of Dentistry, Baghdad, Iraq; https://orcid.
org/0009-0003-7770-9667

Farah Alaa Abdulkareem - Assistant Lecturer, Al-Turath University, College of Dentistry, Baghdad, Iraq; https://orcid.
org/0009-0006-8635-7335

WHOOPMALIUA OB ABTOPAX

Maiic 3y6ep fAcum — accucTeHT-npenoaasaTens, YHMBepcuteT Anb-Typarta, konnenx ctomatonoruum, r. barnaa, Mpak;
https://orcid.org/0009-0003-7407-0861

Cannun Paep Myxammep, — accucTeHT-npenoaasaTenb, YHuBepcuteT Anb-PadugainHi, konneax ctomartonorum, r. bar-
nap, Mpak; https://orcid.org/0009-0003-7770-9667

dapax Anaa AGaynkapum — acCUCTEHT-NpenoaasaTenb, YHUBepcuteT Anb-Typara, konneax ctomatosioruu, r. baroan,
WMpak; https://orcid.org/0009-0006-8635-7335

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.

BKJIAQ ABTOPOB

Bce aBTOpbI BHEC/IM PABHOLLEHHbIN BKa B NOAroTOBKY Ny6avkaumm B 4acTu 3aMbiCiia U An3aiiHa nccrienoBanus; cbopa
OaHHbIX; KOUTMYECKOro nepecMoTpa CTaTby B HaCTN 3HAYMMOIO UHTENNEKTYaIbHORO COAEPXaHUSA M OKOHYaTeNbHOr0 040~
OpeHuns BapmnaHTa CTaTbu A4ns onybanMkoBaHus.

Tom 24, Ne 2 / 2026 \ Endodontics


https://orcid.org/0009-0003-7407-0861
https://orcid.org/0009-0003-7407-0861
https://orcid.org/0009-0003-7770-9667
https://orcid.org/0009-0003-7770-9667
https://orcid.org/0009-0006-8635-7335
https://orcid.org/0009-0006-8635-7335
https://orcid.org/0009-0003-7407-0861
https://orcid.org/0009-0003-7770-9667
https://orcid.org/0009-0006-8635-7335

292
Original Research P ————

https://doi.org/10.36377/ET-0189

Minimally invasive caries management

using silver diamine fluoride

compared to conventional restorative therapy
in uncooperative pediatric patients:

a randomized clinical study

Huda Muneer Hashim (' ><], Nada Ziyad Salim(>), Marwa Siddik Abdulrazzaq

Al-Hikma University College, Baghdad, Irag
< huda.muneer@hiuc.edu.iqg

Abstract

AIM. The study compares the clinical efficacy of the 38% silver diamine fluoride method of administration with
conventional resin-based composite restoration in arresting caries in primary molars of children with oral
anxiety and recalcitrant behavior.

MATERIALS AND METHODS. This randomized controlled trial recruited 68 children aged 4 to 8 years, and at
least one of the children had an active lesion of caries in the form of either an occlusal lesion or a proximal le-
sion on a primary molar. The participants were split into two groups for randomization, which would be given
either the silver diamine fluoride application (after every six months) or a traditional restoration with rubber
dam isolation and local anesthetics. The main goals were clinical caries arrest, measured by tactile and visual
assessment of the caries at the ages of 6 and 12 months, and the duration of the therapy. To measure beha-
vioral responses, the Frankl Behavior Rating Scale was used.

RESULTS. There is preliminary evidence that the silver diamine fluoride protocol demonstrates non-inferiority
in caries arrest at 6 months, along with a significantly decreased treatment time and an increase in behavioral
compliance compared to the conventional group.

CONCLUSIONS. The silver diamine fluoride protocol provides an excellent, clinically minimally invasive, and
behaviorally controllable way to cope with caries in hard-to-treat child patients as an alternative to traditional
restoration strategies.
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MuHMManbHO MHBA3UBHOE NIeYeHUe Kapueca

C ucnosb3oBaHueM guaMmHTopmaa cepebpa

No CpaBHEHMIO C TPAAULIMOHHOM pecTaBpaLMOHHON Tepanuen
Yy HeKoonepaTUBHbIX NALMEHTOB AEeTCKOro Bo3pacra:
paHAOMM3UPOBAHHOE K/AMHUYECKOoe ucciepoBaHue

X.M. Xawmm (2 <, H.3. Canum(2, M.C. AGaynpas3ak

YHuBepcutetckuin konneax Ans-Xvkma, r. bargan, Vpak
< huda.muneer@hiuc.edu.iq

Pe3siomMe

LIEJIb. CpaBHUTENbHANA OLLEHKA KJIMHUYECKOW 3ddeKkTUBHOCTM NpuMeHeHuns 38% amamuHdpTopunaa cepebpa
M TPaOULMOHHOM pecTaBpaumm KOMNO3UTHBIMU MaTepmasiamMmm B OCTAHOBKE KapPUO3HOro Npouecca B MOJoY-
HbIX MONSIPax y OeTel C BbIpaXXeHHO CTOMaTOI0MNMYeCKOM TPEBOXHOCTLIO M HEKOHTPONMPYEMbIM MOBEAEHNEM.
MATEPUWAJblI U METO/[bl. B paHOOM13MpOBaHHOE KOHTPOSIMPYEMOE MCCNen0oBaHne BKOYeHbl 68 neten
B BO3pacTe OT 4 Ao 8 neT, y KaXAoro u3 KOTopbiX MMeNocCb Kak MMHUMYM OAHO aKTMBHOE KapMO3HOE MNOo-
paxkeHne (OKKJIID3MOHHOE UM MPOKCUMabHOE) B MOJIOYHbIX Mosipax. Y4acTHUKM Oblnv paHA0OMU3NPOBaHbI
B [IBE rpynnbl: NepBas rpynna nosy4ana annavkauum anammHgTopuaa cepebpa (kaxabie 6 MecsLeB), BO
BTOPOW rpynmne npoBOAMIOCH TPAANLMOHHOE NIeYEHNE C MCMOJIb30BAHMEM KOMMO3UTHBLIX pecTaBpauuii nog,
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koddepaamom 1 ¢ NPMMEHEHNEM MeCTHOM aHecTe3nn. OCHOBHbLIMW KOHEYHBIMW TOYKaMK ABASIIINCL OcTa-
HOBKa Kapueca (oueHKa NnpoBoAMIacCh BU3yanbHO 1 TakKTUIIbHO Yeped 6 1 12 mecsaueB) M MPOAOIKUTENBHOCTb
neyeHus. MNoBeneH4eckas peakums NauMeEHTOB OLLEHMBaNach C UCNONb30BaHMeM Likanbl PpaHkna.
PE3YJIbTATbI. NonyyeHHble NpeaBapuTeNbHbIe aHHbIe CBUOETENbCTBYIOT O TOM, YTO MPOTOKOJ NPUMEHEHUS
anammHdTopnaa cepebpa He ycTynaeT TPaaAULMOHHOMY MeToay No 3dPEeKTMBHOCTN OCTAHOBKM Kapuneca
yepes 6 MecsiLeB, NPV 3TOM XapakTepU3yeTCs CTaTUCTUYECKN 3HAYNUMbIM COKPALLLEHNEM BPEMEHW IEHEHNS
M yNy4yleHneM Koonepauum naymMeHToB Mo CPaBHEHMIO C TPAANLVMOHHOM Tepannen.

BbIBOAbl. MpumeHeHne anammnHdTopunaa cepebpa npencraBnset cobor apdekTUBHbIN, KNMHUYEeckn 060-
CHOBAaHHbI U MUHMMAaJIbHO MHBA3MBHbIA METOA, IeHeHUs kapmeca y TPyAHO NoaaaloLLnXCs IeYeHUIo aeTen,
ob6ecneynBas BbICOKMIN YPOBEHb MOBEAEHYECKOI0O KOHTPOS U BbICTYNAs albTEPHATUBOM TPAANLMOHHBIM pe-
CTaBpauUMOHHbLIM Nogxonam.

Kniouesble cnoBa: D,I/IaMI/IHd)TOpI/ID, cepe6pa, HekKoonepaTtuBHble NauMeHTbl 4EeTCKOro Bo3pacrta, MMHUmManb-
HO MHBA3MBHOE NieveHne, nevyeHnme Kkapmeca

UHdopmauumsa o ctatbe: noctynuna — 13.01.2026; ncnpasnena - 28.02.2026; npunara — 13.03.2026
KoH®AUKT nHtepecos: ABTOPbLI COOOLLAIOT 06 OTCYTCTBUMN KOHPNUKTA UHTEPECOB.
BnaropgapHocTu: rHaHCUMPOBaHWE U MHANBMAYANbHbIE GNarof4apHOCTU ANS AeKNapMPOBaHUS OTCYTCTBYIOT.

Ana umtupoBanma: Xawum X.M., Canum H.3., A6aynpassak M.C. MMHMManbHO MHBA3UBHOE NeYeHME Ka-
pueca ¢ ucnosnb3oBaHmem gnammHdTopuaa cepebpa No CPaBHEHMIO C TPAAMLMOHHON pecTaBpaLMOHHON
Tepanuen y HeKoonepaTMBHbIX MAaUVMEHTOB AETCKOro Bo3pacTta: PpaHAOMU3NPOBAHHOE KJIMHNYECKOE Uccne-
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INTRODUCTION

The early childhood caries, often known as ECC, is
a severe clinical condition that occurs in juvenile pa-
tients who are not compliant, where a treatment ap-
proach cannot be limited to technical effectiveness but
may need to involve behavioral and comfort control [1].
Conventional restorative dentistry, which is viewed as
a standard of comprehensive caries excision and den-
tal restoration, requires local anesthesia, rotary instru-
ments, and prolonged appointment times, which can
cause severe anxiety and undesirable behavioral re-
sponse [2]. This health problem frequently results in
delays of treatment, the progression of disease, and
the need to provide complex behavior control under the
influence of sedation or general anesthesia, which sub-
sequently raises the risk of associated risks, costs, and
family strain [3].

Silver diamine fluoride (SDF) has re-emerged in this
regard as an effective, minimally invasive treatment. The
action mechanism is two-fold: silver ions have a potent
antimicrobial effect and prevent matrix metallopro-
teinases by stabilizing collagen in the carious dentin,
whereas fluoride promotes the remineralization of adja-
cent dental hard tissues [4]. Off-label use in the preven-
tion of caries is also supported by a growing number of
studies, including systematic reviews and clinical trials,
and authorized by the US FDA to administer dentinal hy-
persensitivity [5-7].

The systematic analysis revealed that SDF is effec-
tive inthe arrest of caries in primary teeth, which proves
excellent success rates [8; 9]. However, direct com-
parisons with conventional restorations in a clearly de-
fined, behaviorally problematic pediatric group, using
rigid randomized controlled trial (RCT) methodology,
are eminent [10]. These studies are needed to provide
Level | evidence, which can aid in clinical decision-
making, not only the efficacy of a specific study but also
its efficiency and patient-centered outcome. This RCT

aims at comparing the efficacy of SDF protocol to tra-
ditional resin-based restoration in terms of clinical ef-
ficacy of caries arrest, clinical factors prerequisite like
length of treatment, behavioral compliance, and parent
satisfaction.

MATERIALS AND METHODS

Design of the study and participants

The study was a prospective, parallel group, ran-
domized controlled trial conducted over 18 months. All
parents or guardians were obtained on informed writ-
ten consent. Majority consent was sought in the case
of children. Sixty-eight children were selected from the
pediatric dentistry clinic of the Al-Hikma College Uni-
versity, Department of Dentistry.

The inclusion criteria include

1. Young children with a Physical Status Classifica-
tion System American Society of Anesthesiologists
| or I, with an age of 4 to 8 years.

2. Presence of at least one active, without cavity/or
with moderate cavities (International Caries Detection
and Assessment System [ICDAS] 3-5 scores) on an oc-
clusal or proximal surface on a primary molar.

3. In the first screening appointment, a Frankl Be-
havior Rating Scale score of 2 (Negative) or 1 (Definitely
Negative).

Criteria for exclusion

1. Recorded allergy to silver or other SDF compo-
nents.

2. Pulpal involvement, spontaneous pain, fistula,
abscess.

3. Children also possess certain health needs
that would preclude their involvement with any part
of the trial.

4. The restorability of the tooth cannot be done with-
out a crown.
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Sample size calculation

A priori power analysis was conducted using GPower
software (Version 3.1.9.7) to calculate the sample size.
Based on an anticipated caries arrest rate of 85%
and 60% of the SDF and conventional restoration
group, respectively, using a two-tailed test, alpha (o)
of 0.05, and power (1 - ) of 0.80, the study conclu-
ded that a total of 68 participants (34 each group) is
necessary.

Randomization and blinding

The randomization was done through computer-
generated block randomization in 4 block size, and
each participant was assigned to either one of the two
treatment groups. The sequence of allocation was con-
cealed in consecutively numbered, opaque, closed en-
velopes. The person in charge of the outcome measure-
ments at 6 and 12 months did not know the assignments
by the group.

Protocols for intervention

SDF Group: SDF solution was used after isolating
the tooth using cotton rolls and air drying the tooth, af-
ter which a 38% solution of SDF (Advantage Arresttm,
Elevate Oral Care) was micro-brushed on the lesion as
recommended by the manufacturer. Using a cotton pel-
let, the surplus was removed. This was reiterated in the
six-month follow-up.

Traditional Restoration Group: The treatment was
done through local anesthetic and rubber dam isola-
tion. A slow-speed bur was used to remove caries resin-
based composite (Filtektm 2250, 3M) was applied with
regard to the caries etching and bonding guidelines
suggested by the manufacturer.

Outcome measures

Primary outcome: Caries arrest, having a hard and
leathery surface or smooth surface after palping with
a CPI probe and the absence of active caries (a soft,
wet, and yellowish appearance).

Additional outcomes

Treatment duration: Measured in minutes from
the start of the procedure (isolation in the case of SDF,
administration of an anesthetic in the case of conven-
tional restoration) to its completion.

Behavioral compliance: Measured with the help
of the Frankl Behavior Rating Scale at the preoperative
and postoperative stages.

Parental satisfaction: Measured on a 5-point Likert
scale questionnaire.

Statistical analysis
The data were statistically analyzed using SPSS Sta-
tistics (Version 28.0, IBM Corp., Armonk, NY, USA).

RESULTS

The Shapiro-Wilk test was employed to assess the
normality of the distribution of the continuous data.
Means * standard deviation (SD) was employed to
represent continuous normally distributed data, while

dHdodoHmus
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medians with interquartile ranges (IQR) were utilized
for non-normally distributed data, and frequencies
and percentages (%) were used for categorical varia-
bles. Independent Samples T-tests were utilized to as-
sess baseline homogeneity regarding age and dmft
index, whereas Chi-square testing was employed for
gender, Frankl score, International Caries Detection
and Assessment System (ICDAS) score, and lesion
site. The primary outcome, the ratio of caries arrest
(a dichotomous variable: yes/no), was compared
among the groups at 6- and 12-months follow-up
using Chi-square testing. To evaluate the seconda-
ry outcomes, an Independent Samples T-test was
employed to compare the mean treatment duration
between the groups, while the ordinal ratings were
assessed using the Mann-Whitney U test to quantify
parental satisfaction levels. The disparity in pre- and
post-operative Frankl behavior scores was evaluated
using the Wilcoxon signed-rank test, while the varia-
tion in the percentage of patients displaying positive
behavior (Frankl 3) post-operation was analyzed
through a Chi-square test. All tests were deemed
significant at a p-value of less than 0.05, which was
essential. The primary outcome was evaluated using
an intention-to-treat (ITT) approach to preserve the
integrity of the initial randomization.

Table 1. Fundamental characteristics
of the study subjects

Ta6nunua 1. OCHOBHbIE XapakTEePUCTUKN
y4aCcTHUKOB MCC/ieq0BaHUs

Conventional
i SDF group | restoration }
Characteristic (n=34) grolip p-value
(n=34)
Age (Mean£SD) 57+1.2 5.9+£1.0 0.45
Gender (%)
Male 18 (52.9) 17 (50.0)
0.81
Female 16 (47.1) 17 (50.0)
Frankl score, n (%)
1 (Definitely negative) 14 (41.2) 15(44.1)
0.92
2 (Negative) 20(58.8) 19 (55.9)
dmft index (Mean=SD) 3.5+1.6 3714 0.58
Targettooth ICDAS, n (%)
3 12 (35.3) 14 (41.2)
4 15(44.1) 13(38.2) 0.78
5 7 (20.6) 7(20.6)
Lesion location, n (%)
Occlusal 19 (55.9) 21(61.8)
0.65
Proximal 15(44.1) 13(38.2)
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Table 2. Rates of caries arrests at 6 months
and 12 months

Ta6nuuya 2. YactoTa 0CTaHOBKU Kapueca
yepes 6 1 12 mecsues

12-month arrest
n/N (%)

6-month arrest

Group n/N (%)

SDF 31/34(91.2%) | 30/34 (88.2%)

Conventional restoration | 30/34 (88.2%) 27/32 (84.4%)

p-value 0.71 0.74

Table 3. Secondary outcomes: duration of treatment
and behavior

Ta6nuua 3. BTOpUYHbIE NCXOAbI: MPOAOIKUTENBHOCTb
NneyvyeHnst n NoBeJeHYeCcKkMe peakLmm NaumneHToB

Conventional
SDF X
restoration
Outcome measure group p-value
(n=34) group
(n=34)
Treatment time, min
(Mean=SD) 4.2+1.1 27.5+6.8 <0.001
Post-op Franklscore 23, | 58 g5 496) | 12(35.3%) | <0.01
n (%)
Parental satisfaction
(Mean=SD) 47+0.5 3.8+0.9 <0.01
100.0
$ 97.54
@ 95.0-
S 925-
3 90.0
T 87.5-
%]
L 85.0
S 8251
80.0
6-month 12-month
Follow-up time
I SDF group B Conventional restoration group

Fig. 1. Caries arrest rates over time

Puc. 1. luHamunka 4acToTbl OCTAaHOBKM Kapueca
BO BpEMEHN

100.0
97.54
95.04
92.5+
90.0+
87.54
85.0
82.5-
80.04

Caries arrest rate (%)

12-month 12-month
SDF CR

B Conventional restoration group

6-month 6-month
SDF CR

I SDF group
Fig. 2. Caries arrest rates at 6 and 12 months

Puc. 2. HYacToTa octaHOBKM kapuneca
yepes 6 1 12 mecsaues
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30

251

20

151

104

Mean time (minutes)

Conventional restoration
group

Fig. 3. Mean treatment time per procedure

(p < 0.001)

Puc. 3. CpegHas npoaoKNTENbHOCTb JlIeHeHUS
Ha ogHy npouenypy (p < 0.001)

SDF group

100

p <0.01
90' I I

80

70+

60

50

Percentage of children (%)

40

20
Conventional restoration
group
Fig. 4. Post-operative behavioral compliance

(Frankl score > 3)

Puc. 4. [NocneonepauvoHHas koonepawums naumeHToB
(oueHka no wkane GpaHkna > 3)

SDF group

5.0

4.5+

4.0

3.5

3.0 1

2.5+
Conventional restoration
group

SDF group

Il Mean satisfaction score
— Error bars represent standard deviation

Fig. 5. Parental satisfaction scores

(5-point likert scale)

Puc. 5. YpoBeHb yoOBNETBOPEHHOCTU POOUTENEN
(no 5-6annbHoM WKane JlakepTa)
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DISCUSSION

The randomized controlled experiment demon-
strates that a semi-annual 38% SDF regimen is not
inferior in clinical outcomes to conventional resin
composite repar in halting the cavitated caries in the
primary molars of hard-to-treat children over a time
span of 12 months. Caries’ arrest rates of 91.2 at
6 months and 88.2 at 12 months documented using
SDF are in line with those of earlier systematic reviews
and meta-analyses. A comprehensive meta-analysis
by Chibinski et al. [8] reported a caries arrest of 89%
in primary teeth with SDF used in a pooled analysis.
Another trial indicated that the percentage of arres-
ted lesions increased as the duration of SDF treatment
increased [11].

The slightly increased rate of arrests identified by
our study could be attributed to the stringent case
selection criteria, which only selected non-pulpally
involved lesions [ICDAS 3-5] against a controlled cli-
nical environment with a standardized application
methodology.

There is extensive literature on the biological ex-
planation of the success of this clinical outcome. The
process involves dual action, synergistic, with silver
ions showing considerable antimicrobial characte-
ristics through the damage of bacterial cell walls and
inhibition of enzymes, in addition to repairing the col-
lagen matrix in carious dentin through the inhibition of
matrix metalloproteinases [4; 12]. This is improved by
the role of fluoride that aids the remineralization of the
surrounding tooth hard materials. It is a complicated
process that makes SDF stand out of the conventional
restorations which primarily address the consequen-
ces of caries by removing them mechanically and
replacing them with teeth without providing sustained
antimicrobial coverage.

The most remarkable point of this study is that the
treatment duration differs considerably with SDF ad-
ministration requiring nearly 85% of the chair time
than the traditional restoration techniques. The given
corroborates the work of other authors, who reported
similar efficiency gains in school-based caries ma-
nagement programs [13]. This logistical benefit is
particularly relevant in pediatric dentistry, with the
shorter treatment time being directly correlated with
improved teamwork, as well as reduced problems
with behavioural management [3]. The effectiveness
of the SDF use enables physicians to treat multiple
lesions during one brief visit, which could potentially
transform the practice of clinical settings in a private
and health care setting.

From a behavioral perspective, the SDF protocol
was distinctly superior. The significant difference be-
tween the number of positive ratings of Frankl in the
SDF (82.4) and the controls (35.3) has a great impact
on avoiding local anesthetic injections and rotary in-
struments. The finding develops the study by Crys-
tal et al., who highlighted the particular advantages of
SDF among patients with oral anxiety or with outstan-
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ding healthcare needs [6]. Such high scores of paren-
tal satisfaction also testify to the alignment of SDF with
the contemporary models of family-centered care, in
which the patient distress minimization is a primary
goal [1].

The long-term effectiveness of SDF after the se-
cond application of 12 months, when it is compared
with the current knowledge, supports the idea of SDF
as a disease management approach, but not a single
intervention [14]. This is as opposed to traditional res-
torations that showed a statistically insignificant, but
slight decline in success rates over the same period,
perhaps suggesting the possibility of marginal deg-
radation or secondary caries with all the restorative
techniques. The universal appearance of black stai-
ning in treated lesions with SDF is a critical consi-
deration, which is supported by the results in the
whole body of SDF literature [6; 15]. Such a cosmetic
trade-off should be thoroughly informed by a conver-
sation with parents and caregivers, particularly con-
cerning anterior teeth.

There are many limitations that require investiga-
tion. The 12-month follow-up period, despite being
informative in terms of early efficacy, is not sufficient
to evaluate long-term outcomes and whether retreat
treatment may be required. Further, the unique stai-
ning did not allow blinding of the participants and their
parents but allowed the outcome assessors to be
blinded. The research on the long-term effects, the op-
timal intervals of reuse, and the means of minimizing
the staining but maintaining its effectiveness should be
considered in the future.

CONCLUSION

The findings of this randomized controlled trial sug-
gest that a 38% SDF regimen does not clinically dif-
fer from the conventional resin-based restoration in
halting caries lesions that have affected primary mo-
lars in a group of recalcitrant juvenile patients over
12 months. Besides similar efficacy in caries arrest, the
SDF approach offers a lot of advantages in clinical and
behavioral, and parental approval. The significantly re-
duced duration of treatment, patient compliance, and
parental satisfaction make SDF an industry-changing
minimally invasive procedure in the treatment of ear-
ly childhood caries in challenging clinical conditions.
Even though conventional restoration is considered
a standard of the conclusive restoration of the teeth,
SDF indicates a revolutionary model in the treatment
of caries with the dominant focus on disease control,
comfort of the patient, and efficiency. It has been firmly
recommended that this be incorporated into the rou-
tine equipment used in the provision of dental care
to juveniles, particularly where cases are behavioral
in nature, and complicate the process of restorations
due to logistical problems or resource constraints. The
focus of future study should be on the long-term out-
comes, the application techniques, and how to over-
come aesthetic problems of treatment.
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Treatment of ankyloglossia with diode laser (810-980 nm):
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Abstract

AIM. The main objective of the research is to demonstrate that diode laser surgery yields better outcomes
than traditional scalpel surgery in lingual frenectomy and, thus, is a more beneficial treatment option.
MATERIALS AND METHODS. The short lingual frenum prevents the tongue tip from being pushed out of the
lower incisors, hence creating speech and feeding challenges. Ankyloglossia is an inborn and congenital
defect, also known as tongue-tie. The participants were divided into two cohorts distinguished by the type
of operation method used: one group was operated on with a scalpel, and the other with a 1.5-watt diode
laser (810-980 nm). The process of pain, bleeding, edema, and healing in 26 patients of different ages was
observed and stratified according to Kotlow’s classification (1999). Postoperative day one, postoperative day
two, postoperative day three, postoperative day four, and one, two, three, and four weeks after the frenec-
tomy were used as the follow-up evaluations. The patients who went through the laser-assisted frenectomy
procedure had significantly lower levels of discomfort compared to their counterparts who underwent the
traditional treatment in the first week of the postoperative period and the very first week of the procedure.
The group with laser treatment showed statistically significant wound healing results during the first 24 hours.
Other benefits of laser-assisted frenectomy included low bleeding volumes, thus the surgical field remained
clear; sutures were removed; analgesic use was reduced; and recovery time was shorter.

RESULTS. The results showed that, in a numeric scale (0—-100), all the respondents had preferred the use of
the laser technique in case they were given another option. Also, the diode laser cohort had a significantly
lower mean painscore (1.846+0.6748) than the scalpel group (2.346 +0.4852) on day one (p = 0.006). This dif-
ference increased during the first four weeks. The conventional and laser cohorts improved oral function, but
the latter achieved a greater improvement. The week two oral function of the laser group was 1.692+0.4707,
and the week four scalpel group was 2.269 +0.8744, with end-of-week two scores of 1.808+0.6939. These
tests provided corresponding p-values of 0.013 and 0.038, respectively.

CONCLUSIONS. Laser frenectomy is an option to the conventional use of a scalpel, which has better intra-
and postoperative results.
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JleueHne aHKuMnOrno0CCUM ANOAHLIM nasepom (810-980 HM):
K/IMHU4YeCKoe uccnepoBsaHue
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Pe3sioMe

LIE/1b. OcHOBHas Lenb NCCnenoBaHns 3ak/lo4aeTcs B AEMOHCTPALMN TOrO, 4TO XUPYPrns C MCNoNb30BaHMU-
€M AMOAHOro nasepa obecneymBaeT nydline pesynbTaThbl MO CPABHEHUIO C TPAAULMOHHOM CKaNbMnesbHON
XVUPYPruemn npn npoBegeHnn GpeHakKToMnmM A3bika 1, CNeLoBaTesNibHO, ABNseTca 6onee npenoYTUTENIbHbIM
METO0M Jie4eHus.

MATEPWAJTIbl N METO/bl. KopoTkas y3aedka f3blka NPensaTCTBYET BbIABMXKEHNIO KOHUYMKA A3blKa 32 HUXHNE
pesLbl, HTO MPUBOANT K HAPYLUEHMSIM PEYU 1 NpMeMa NUWM. AHKUIOMNOCCHS — BDOXAEHHbIN AedekT, Takxe n3-
BECTHbIN KaK «13blK, MPUKPEMJIEHHbIN y30e4KO0». YH4aCcTHMKKN Oblnn pasaeneHbl Ha ABE rpynnbl B 3aBUCUMOCTH
0T MeTofa onepaunn: ogHa rpynna 6bi1a npoonepupoBaHa ckasbnenem, apyras — AUOAHbIM 1a3ePOM MOLLIHO-
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cTbto 1,5 BT (810-980 HM). Y 26 naumeHTax pasimyHbiX BO3PaCcTOB OLEeHNBaNNCb 60J1b, KDOBOTOUMBOCTb, OTEK
1 NMpoLecc 3axXnBneHus, ¢ pacnpegeneHnem no knaccudpukauum Lawrence Kotlow (1999). HabniogeHue npo-
BOAMNOCHL Ha 1-11, 2-i1, 3-11 1 4-1 feHb Noce onepauuun, a Takxe yepes 1, 2, 3 n 4 Hegenu nocne GPeHKTOMUN.
MauneHThbl, NepeHecLume nas3epHyo GPEHIKTOMUIO, UMENN 3HAYNTENBHO 60NEE HU3KMA YPOBEHb OMCKOM-
dopTa No CpaBHEHMIO C NALMEHTAMU TPAOVLMOHHON rpynnbl B TEHEHNE NEPBO Hedenu nocne onepauuu.
B rpynne nasepHoro nevyeHns HabnoaanoCb CTaTUCTUYECKN 3HAYNUMOE YIyHLLEHMNE 3aXUBIEHNS B TEYEHNE
nepsbix 24 4acoB. [LONONHNTENbHbBIE MPENMYLLECTBA BKJIOHAIN MUHUMASbHYIO KPOBOMOTEPIO, COXPAHEHME
YNCTOro OMEPALVOHHOrO MoJs, OTCYTCTBME HEOOXOAMMOCTM HANOXEHUS LWBOB, CHMXEHME NOTPEOHOCTU
B @aHaNbreTmkax u 6onee KOPOTKMIA NEPUO, BOCCTAHOBIIEHUS.

PE3YJIbTATbI. PeaynbTtaThl nokasanu, 4To no ymncnoson wkane (0-100) Bce yyacTHUKM npeanoynm Obl nasep-
HYIO METOAMKY NMpW Hann4um Bbibopa. Takxe B rpynne AVOAHOrO nasepa Habnoaanca 3HaunTenbHo 6onee
HU3KWI cpeaHnin nokasatenb 6onm (1,846 +0,6748) no cpaBHeHMIO ¢ rpynnoi ckanbnens (2,346 +0,4852) Ha
1-11 peHb (p = 0,006). 3Ta pasHMLa yBeENMYMBaANaCh B TEHEHNE NePBbIX YeTbIpex Heaenb. O6e rpynnbl noka-
3anu ynydweHne GyHKLMM NONOCTU pTa, O4HaKO0 B 1a3EPHON rpynne ynyyleHne 66110 601ee BbipaXXeHHbIM.
Mokasatenu pyHKUUM NONOCTM PTa Ha 2-1 Heaene B na3depHom rpynne coctasunm 1,692+0,4707, a B ckanb-
nenbHoOW rpynne Ha 4-i Hepene — 2,269+ 0,8744, npwn nokasaTensx KoHua 2-1 Hegenwn 1,808+0,6939. CooT-
BETCTBYIOLLME 3HaYeHns p coctasmnm 0,013 n 0,038.

BbIBOAbl. JTazepHas ppeH3IKTOMUSA SBNISeTCA anbTepHaTUBON TPagNLMOHHOMY UCMNOJIb30BaHMIO CKasibrnens
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n obecneunBaet bonee 6J'IaFOI'IpVIF|THbIe MHTPa- n nocneonepaunoHHbIEe pe3ysibTaThl.

Kniouesbie cnosa: q)peHSKTOMI/IFI, nasep, ONOOHbIN nasep, aHkunnaornoccua

UHdopmauua o ctaTbe: noctynuna — 09.01.2026; ncnpaenexHa — 02.03.2026; npuHaTta — 14.03.2026

KoHAUKT uHTepecoB: ABTOPLI cO06LA0T 06 OTCYTCTBUM KOHMINKTA MHTEPECOB.

BnarogapHocTu: GrHaHCUPOBaHWE U MHAMBUAYAIbHBIE 6N1aro4apHOCTY ANS AEKIAPMPOBAHUS OTCYTCTBYIOT.

Ana umtupoBanua: Ann T.A., Axmen C.C., DHezen X.X. JledeHMe aHKMNOrIOCCUN OMNOOHBLIM Nla3epom

(810-980 HM):
org/10.36377/ET-0184

INTRODUCTION

Ankyloglossia, commonly known as tongue-tie,
is a congenital condition where a child is born with
a short or thick lingual frenulum, restricting the natu-
ral movement of the tongue. The lingual frenulum is
a vertical fold of mucous membrane located beneath
the tongue, connecting it to the floor of the mouth [1].
Ankyloglossia can cause several complications, in-
cluding difficulties with infant feeding, speech disor-
ders, and various mechanical and social challenges
due to the tongue’s limited ability to protrude [2].
To address these issues, lingual frenectomy is often
recommended as treatment. For the aim of making
decisions about diagnosis and treatment, several
classification systems have been proposed in order
to take into consideration the fact that the severity of
ankyloglossia varies from person to person. The Kot-
low classification (1999) [3], displayed in Fig. 1, is one
of the most often used classification techniques that
categorizes tongue-ties based on the length of time

KJIMHMYeckoe wuccnepoBaHue. 3JHAoaoHTus Today. 2026;24(2):298-307. https://doi.

that the tongue is able to move freely without restric-
tion [3; 4].

The most common surgical procedures used to
treat ankyloglossia include frenotomy, frenectomy,
and frenuloplasty (such as Z-plasty). These treatments
can be performed with conventional tools such as
scissors or a scalpel, as well as with electrocautery or
laser techniques. Several types of lasers are available
for managing ankyloglossia, but the choice of wave-
length should be based on its optical affinity for hemo-
globin and water. Among the options, diode lasers are
frequently used in tongue frenulum surgeries [5].

The advantages of using a laser include a bloodless
surgical field, the absence of post-operative infection
or significant pain, and the elimination of the need for
sutures. The aim of this study was to determine whether
there are differences in patient-related outcomes -
such as healing and discomfort — between laser and
conventional surgical frenectomies during both the in-
traoperative and post-operative phases [6].

( N\
Class | Mild ankyloglossia 12—-16 mm

\ J

4 A
Class I Moderate ankyloglossia 8—11 mm

\ J

[ Kotlow’s classification

4 A
Class Il Severe ankyloglossia 3—-7 mm

\ J

4 A
Class IV Complete ankyloglossia 3 mm

\ J

Fig. 1. Kotlow’s classification
Puc. 1. Knaccudukauna Lawrence Kotlow
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The laser-assisted lingual frenectomy is widely con-
sidered to have better results when compared to the
traditional technique of using a scalpel. The benefit is
especially pronounced in pediatric patients, for whom
empirical evidence has shown a considerable reduction
in postoperative pain, discomfort, and functional im-
pairments, including mastication and articulation prob-
lems [7; 8]. The incisions made using laser technology
are precise and low-risk, and unlike the conventional
scalpels, lingual anatomy is complicated by its location
close to the submandibular ductal system, highly vas-
cular floor of the oral cavity, and the hypermobility of the
tongue. Therefore, practitioners regularly suture and
palpate the ventral tongue after scalpel-based frenec-
tomy, but they report complications including lingual tip
numbness, injury to lingual nerve branches or sublin-
gual vessels, and blockage of Wharton ducts [7; 9].

MATERIALS AND METHODS

Study design

In this investigation, the research methodology used
was a randomized controlled clinical trial (RCT), con-
ducted in accordance with the Consolidated Standards
of Reporting Trials (CONSORT) guidelines. In the frame-
work of this retrospective study, a cohort of 52 people
was studied, including 28 recorded female subjects
and 24 recorded male subjects who were diagnosed
with ankyloglossia. According to Kotlow’s classification
method [3; 10], these individuals were classified as ei-
ther Class lll or Class IV. The range of ages represented
among the participants was seven to twenty-four years
old, with fourteen as the average age.

Frenectomy with laser aid was performed on pa-
tients in Group B, while standard surgical frenectomy
was conducted on patients in Group A (13 females and
13 males; 12 occurrences of Class lll and 14 instances
of Class IV). All operations were performed by the same
operator, who was working at both the university den-
tal clinics and the specialty dental facilities in the Laser
Surgery Unit [11].

The clinical data collected during and after surgery
were documented in patient records and later analyzed
retrospectively. The selection of the study population
was made according to the following inclusion and ex-
clusion criteria.

Inclusion criteria:

— participants had to be between 7 and 24 years of
age, in good health, and without any blood-related di-
sorders;

- those with genetic or congenital pathologies were
not included;

— subjects requiring medication were excluded;

— participants with viral diseases were excluded;

—finally, parental informed consent was required
for all participants before enrollment in the study [12].

Exclusion criteria:

— children with medical conditions, neurosensory
impairments, or psychiatric disorders;

— children unable to understand or cooperate with
pain assessment methods;

dHdodoHmus
————TLT

— children presenting with dental emergencies or
acute oral issues;

— children with existing pathology at the surgical
site [13].

Sample size calculations

The sample size was determined using G-Power
analysis, which indicated that a minimum of 26 patients
per group was required, with an a error of 0.05 and
a statistical power of 80%.

Ethical considerations

This study was initiated following approval from
the Research Ethics Committee at Baghdad Univer-
sity, Baghdad. The clinical trial was also registered on
ClinicalTrials. Parents or guardians received a detailed
explanation of the study and its procedures, and writ-
ten informed consent was obtained before their chil-
dren were enrolled in the research.

Allocation

A computer-generated pattern from the software
package known as www.random.org was employed to
randomly assign participants to one of the two groups
while the participants were being evaluated.

Operative protocol for Group A

By successfully separating the lingual nerves in the
afflicted area of the tongue, the surgeon was able to
block pain transmission using infiltration anesthesia.
In addition to reducing swelling at the surgical site, this
helped ensure that the treatment was completed under
ideal circumstances (Fig. 2). After that, the frenulum
was held by two hemostatic forceps, with one of them
at the place of its attachment on the tongue, and the
other at the floor of the mouth. Due to the proximity of
Wharton’s ducts to the frenulum attachment, the region
is very sensitive; hence, care was taken when using the
forceps. The surgeon used a No. 15C blade-equipped
scalpel to execute the frenulum incision (Fig. 3).
Figure 4 shows the surgeon’s placement of three to six
interrupted sutures using 4/0 Polysorb wire. Due to the
strict adherence to the surgical protocol, there were no
postoperative problems. Paracetamol (500 mg) dur-
ing the first 24 hours, chlorhexidine mouth rinses for
1-week, antibiotic therapy to prevent secondary infec-
tions, and a cold, soft diet for the first 2 days were part
of the postoperative care for all patients. In most cases,
sutures were removed after 10 days. However, in 9 pa-
tients, mild bleeding that continued at the 10-day mark
necessitated delaying removal to two weeks.

Operative protocol for Group B

The surgeon used infiltration anesthesia in order to
prevent pain signals from reaching the brain through-
out the recovery process. A careful and cautious dra-
wing forward of the patient’s tongue was accomplished
with the assistance of surgical gauze. It was determined
that placing the frenulum between the middle and in-
dex fingers would be the most effective way to prevent
tension and deformation. Additionally, the incision line
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was precisely designated with a colored tip. For the
therapy, a diode laser (Quicklase) with a wavelength of
940 nm, an energy setting of 330 mJ at 50 Hz, and an
average power of 1.2 watts was used. The operation
was made possible by direct contact with the targeted
tissues. Following the activation of the fiber, the opera-
tor began cutting the frenulum at its insertion that was
closest to the tip of the tongue. Then they moved further
out towards the tongue’s mouth floor and were parallel
to the tongue’s longitudinal axis. An inverted “V” shape
was suitably made on both the right and left sides of the
body in order to construct the incision accurately. This
task was accomplished by gently stroking the laser tip
while it was in contact mode. In Fig. 6, it is seen that, by
gradually releasing tension with this method, the tongue
could be lifted into the palate with greater ease. Fur-
thermore, the technique was further improved by deep-
ening the incision toward the midline.

For a smooth, precise procedure, the fiber was
reactivated whenever the cutting power diminished,
while residues were cleared with gauze moistened in
physiological solution. The entire surgery was per-
formed without irrigation.

There was no need to prescribe antibiotics or
anti-inflammatory medication [14]. Sutures were also
unnecessary, as the laser effectively cauterized the
tissue and prevented bleeding. Immediately after
the procedure, patients reported noticeable ease in
tongue movement and elevation, and an objective im-
provement in tongue mobility was clearly observed.

2\ g
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Clinical outcomes

The clinical outcomes were evaluated by assessing
patient pain, edema, bleeding, satisfaction, the working
time required for both the conventional and laser tech-
niques, tongue function, and the necessity for suturing.

Patient pain and satisfaction

A Visual Analogue Scale (VAS) questionnaire was
used to compare the two procedures. All patients an-
swered five questions regarding their perceptions and
opinions on treatment duration, comfort level, anxiety,
nausea, and the possibility of experiencing pain. The
VAS scores ranged from 0 to 100 [15; 16].

Patient questionnaire

Patient Name:

Date:

Score:

1. What is your opinion on the treatment time?

a. VAS: 0 (unsatisfactory) — 100 (excellent)

2. How convenient was the procedure for you?

a. VAS: 0 (unsatisfactory) — 100 (excellent)

3. How high was your anxiety level before the pro-
cedure?

a. VAS: 0 (low) — 100 (high)

4. Did you experience any discomfort during the
procedure?

a. VAS: 0 (no sensation) — 100 (strong sensation)

5. Did you experience any pain during the proce-
dure?

a. VAS: 0 (no pain) — 100 (severe pain)

=

Fig. 2. Lingual view demonstrating
limited tongue elevation due
to a short and tight lingual frenulum

Puc. 2. JlnHreanbHbli

BUA, 4EMOHCTPUPYIOLLUIA
orpaHn4eHHoe NoAHATHNE A3blka
BCNeOCTBME KOPOTKOWN N TYrOWn
y34e4KU A3blka

Fig. 3. Post-operative view
demonstrates the incision’s
diamond-shaped pattern

Puc. 3. lNocneonepaunoHHkIi BUA,
NEMOHCTPUPYIOLLNI POMOOBUAHYIO
dopmy paspesa

Fig. 4. Post-operative view
showing a simple interrupted
suture placed at the operative site

Puc. 4. [NlocneonepaumoHHbIN
BUA,, 4EMOHCTPUPYIOLLUI
HasI0XeHWe NPOCTOro y3/0BOro
(NpepbIBUCTOrO) LWBa B 06/1acTn
onepalmoHHOro noss
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Fig. 5. Demonstrates a short lingual frenum
before the operation

Puc. 5. [leMoHCTpauunsa KOPOTKON y34e4KN A3blka
[0 ONepaTuBHOIro BMELLATENbCTBA

D

Working time

The time required for each procedure was recor-
ded separately in minutes. When necessary, the use
of sutures and hemostatic agents was documented as
additional events and included as extra working time.
All collected data were then subjected to statistical
analysis [17].

Edema and bleeding

The selection of a specific therapeutic laser for pe-
diatric oral surgery depends on its photothermal interac-
tion and optical absorption characteristics for water, as
well as for tissue chromophores such as hemoglobin,
melanin, and collagen [18-21]. For instance, diode la-
sers have excellent properties for soft tissue cutting,
incision, and contouring, as well as for vaporizing deep
fibers, achieving coagulation and hemostasis, and de-
contaminating wounds. When used on vascular lesions
rich in hemoglobin, sutures are rarely, if ever, required.
The local temperature increase from the diode laser
is limited, helping prevent carbonization or necrosis
of surrounding tissues and avoiding unnecessary en-
largement of the surgical wound [20; 22]. Moreover, it is
crucial to carefully select several technical parameters
of the laser device — such as power and energy density,
operating mode (continuous or pulsed), exposure time,
and spot size — to ensure the most effective and least
harmful surgical outcome.

The uniform depth of action of the laser beam and
the cauterization of nerve terminals both contribute to
a reduction in the risk of post-operative discomfort,
swelling, infection, and edema. Because bleeding is
maintained to a minimum, the surgical region is kept
cleaner and less wet, and there is less wound contrac-
tion and scarring as a result of this. Due to the fact that
they cause less myofibroblast infiltration in wounds, dio-
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Fig. 6. Shows a diamond-shaped operation site
after frenectomy with a diode laser
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de lasers are able to minimize the production of scars
in comparison to the scalpel method. The risk of bac-
teremia or the spread of malignant cells is practically
zero [23; 24].

Critical clinical trials, involving the utilization of dio-
de laser technology in lingual frenectomy, have shown
positive results. An optical fiber handpiece that is flex-
ible makes it possible for their beam delivery system to
be set up in a simple and precise manner. The light that
is emitted by diode lasers, which are solid-state semi-
conductor devices consisting of gallium, arsenic, and
aluminum, is absorbed by hemoglobin to a significant
degree, but water is only able to absorb an inadequate
amount of light. This property gives them a strong abi-
lity to seal capillaries through protein denaturation and
stimulation of clotting factor VIl production [2; 24].

Furthermore, diode lasers possess disinfection ca-
pabilities, making them particularly suitable for oral
soft-tissue surgeries near dental structures where ex-
cessive bleeding is not expected. However, prolonged
exposure can cause a rapid rise in temperature in the
irradiated tissue; therefore, water cooling is essential.

For lingual frenectomy procedures using a diode la-
ser, the recommended parameters are as follows: wave-
length of 810-980 nm, fiber diameter of 320-400 um,
power between 1.8 and 3 Watts, and an energy dose
of approximately 272 joules, operated in continuous
mode [25-27].

Statistical analysis

All statistical analyses were performed with the help
of SPSS version 26 software. In order to depict con-
tinuous data, we employed the mean, standard devia-
tion, minimum, maximum, and median. For categorical
categories, the percentages and frequencies of those
variables are shown. A test known as the Kolmogorov-
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Smirnov test is used in order to determine whether or
not the data distribution is normal. Comparing con-
tinuous variables was accomplished via the use of the
Mann-Whitney U test, which is appropriate for data that
does not adhere to a normal distribution system. Pear-
son’s chi-squared test was used in order to investigate
the categorical variables that were under investiga-
tion. It was significant when the p-value was lower than
0.05 during the analysis [28; 29].

RESULTS

Assessment of pain score

Pain questionnaires were used as an important pa-
rameter in evaluating the course of healing for all pa-
tients with ankyloglossia who underwent diode laser
and traditional surgery. Pain chart scores were re-
corded on day 1 and at weeks 1, 2, and 4 after diode
laser and traditional surgery (Table 1). There were
lower mean pain levels with the diode laser compared
with traditional surgery, with a significant difference
on day 1 (1.846+0.6748 and 2.346+0.4852 for the di-
ode laser and traditional surgical groups, respectively;
p =0.006). In week 1 and week 2, there was a gradual
reduction in the mean pain score with a significant dif-
ference (1.192+£0.6939 and 1.962+0.8709 in week 1
and 0.231%0.4297 and 1.154+0.4641 in week 2 for the
diode laser and traditional surgical groups, respective-
ly, with p-values of 0.003 and <0.001 for weeks 1 and 2,
respectively). At week 4, the patients were finishing with
no pain in both the diode laser and traditional surgery.

Table 1. Mean pain level comparison between
the diode laser and traditional surgery
(clinical study of ankyloglossia (n = 52) / mean +SD)

Ta6nuua 1. CpaBHeHNe CpeaHero ypoBHs 60nu
MexXay ANOAHbBIM 1a3ePOM U TPAOULNOHHBIM
Xnpyprm4eckmm MeTogom (KﬂI/IHI/I'-IeCKoe
nccnegoBaHme aHkmnornoccuu (n = 52) / cpenHee
3Ha4YeHve X cTaHaapTHOE OTKJIOHEHME)

Table 2. Bleeding score in patients
with ankyloglossia (clinical study

of ankyloglossia (n = 52) / mean £ SD)
Tabnunua 2. OueHka KPOBOTOHYNBOCTU
Y NaUMEHTOB C aHKMIOMI0CCUEN (KIIMHMUYECKOE
nccnegoBaHue aHkmnornoccuu (n = 52) / cpenHee
3HaYeHue = cTaHaapTHOE OTKJIOHEHME)

503

Post-operative| Diode laser |Surgical group .
bleeding | group (n = 26) (n=26) fEruElnE
Day 1 0.192+0.4019 | 2.115+0.9089 | <0.001
Week 1 0 1.654+0.6895 <0.001
Week 2 0 0 -
Week 4 0 0 -

* Mann-Whitney U test

Evaluation of oral edema score

Post-operative edema is a normal pathophysio-
logical event in tissues after an operation and pro-
motes healing. The response to tissue injury was lo-
wer with the laser diode than with traditional surgery.
On day 1, the edema score was lower with the diode
laser (1.077+£0.6884) than with traditional surgery
(1.731+0.4523), with a highly significant difference
(p < 0.001). In week 1, the edema score decreased to
0.769+0.9081 and 1.423%0.7575 in the diode laser
and traditional surgery groups, respectively, with a sig-
nificant difference (p =0.009). On the other hand, at
weeks 2 and 4 after the operations, there was no edema
in the diode-laser or surgical operations.

Table 3. Mean of distinguishing oral edema
in patients with ankyloglossia operations
(clinical study of ankyloglossia (n = 52) / mean = SD)

Ta6nunua 3. CpeaHue nokasaTesiv BelpaXkeHHOCTH
oTeka noJIoCTu pTa 'y NaumMeHToB Nnocse onepauui
Nno NOBOAY aHKWJIOIIOCCUN (KITMHNYEecKoe
nccnegoBaHme aHkmnornoccuu (n = 52) / cpenHee

Post-operative| Diode laser |Surgical group "
pain group (n = 26) (n = 26) Raxaius
Day 1 1.846+0.6748 | 2.346+0.4852 0.006
Week 1 1.192+0.6939 | 1.962+0.8709 0.003
Week 2 0.231+£0.4297 | 1.154+0.4641 <0.001
Week 4 0 0 -

* Mann-Whitney U test

3HaYeHue X cTaHgapTHOE OTKJIOHEHME)

Post-operative| Diode laser |Surgical group "
edema group (n = 26) (n =26) Rargin
Day 1 1.077+0.6884 | 1.731+0.4523 | <0.001
Week 1 0.769+0.9081 | 1.423+0.7575 0.009
Week 2 0 0 -
Week 4 0 0 -

Distribution of the operation site bleeding score

Diode laser operations were characterized by less
bleeding than traditional surgery. So, on day 1, there
was a minimum bleeding score in the diode laser
(0.192+0.4019) that had decreased to no bleeding in
week 1, week 2, and week 4. Compared with traditional
surgery, day 1 had a bleeding score of 2.115+0.9089,
which decreased to 1.654+0.6895 in week 1, but in
weeks 2 and 4, there was no bleeding from the opera-
tive site. There was a highly significant difference be-
tween diode laser and traditional surgery on day 1 and
week 1 (p < 0.001 for both), as shown in Table 2.

* Mann-Whitney U test

Level of oral function score

Post-operative oral function can be affected by the
initial period after the operation, which requires oral
hygiene instructions and the performance of recom-
mended exercises to retain normal oral movement. As
clarified in Table 4, the oral function level in diode laser
operations had a lower edema score in comparison to
traditional surgery at day 1 and week 1 with a signifi-
cant difference (0.615+0.4961 and 0.115+0.3258 level
on day 1 and 0.962+0.72 and 0.538+0.7606 in week 1
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in diode laser and surgery, respectively, with p < 0.001
and 0.031 on day 1 and week 1, respectively). At week 2
and week 4, the oral function level was increasing in
both the diode laser and traditional surgery, with a sig-
nificant difference (1.692+0.4707 and 1.346+0.4852 in
week 2 and 2.269+0.8744 and 1.808+0.6939 in week 4
in the diode laser and surgical groups, respectively, with
p-values of 0.013 and 0.038 in week 2 and week 4, re-
spectively).

Table 4. Average of characteristic oral function
criteria in patients with ankyloglossia
(clinical study of ankyloglossia (n = 52) / mean £ SD)

Ta6nuua 4. CpegHue nokasatenm
GYHKUMOHANBbHBIX KPUTEPMEB NOSIOCTU pTa

y NaLUNEHTOB C aHKUOTI0CCUen (KNnHmnyeckoe
nccnenoBaHue aHkmnornoccuu (n = 52) / cpenHee
3HaYeHue = cTaHaapTHOE OTKJIOHEeHME)

Post-operative| Diode laser |Surgical group "
function group (n = 26) (n =26) e
Day 1 0.615+0.4961 | 0.115+0.3258 | <0.001
Week 1 0.962+0.72 0.538+0.7606 0.031
Week 2 1.692+0.4707 | 1.346+0.4852 0.013
Week 4 2.269+0.8744 | 1.808+0.6939 0.038

* Mann-Whitney U test

Grade of patient’s satisfaction score

However, the abovementioned parameters (pain,
bleeding, edema, and oral function) might play
a role or have some effect on patients’ satisfaction at
day 1 (Table 5); the mean satisfaction score showed
0.3462+0.0706 for diode laser in comparison to
0.1481+0.0499 in traditional surgery with a highly signi-
ficantlevel (p < 0.001). At week 1, satisfaction increased
to 0.5077+0.1016 for the diode laser compared with
traditional surgery at 0.3327+0.137, with a significant
difference (p=0.001). As a final point in diode laser
operation, there was increased satisfaction at week 2
and week 4 (0.7923+0.044 and 0.898 £0.0299, respec-
tively), with significant differences (p < 0.001 and 0.001,
respectively).

Table 5. Average of satisfaction score
(clinical study of ankyloglossia (n = 52) / mean = SD)

Tabnuua 5. CpeaHuin nokasaTtesib YPOBHS
YOOBNETBOPEHHOCTU (KNMHNYECKOEe
nccnenoBaHue aHkmnornoccuu (n = 52) / cpenHee
3HaYeHne = cTaHaapPTHOE OTKJIOHEHME)

Post-operative| Diode laser | Surgical group "
satisfaction | group (n=26) | (n=26) | P-value
Day 1 0.3462+0.0706 | 0.1481+0.0499 | <0.001
Week 1 0.5077+0.1016 | 0.3327+0.137 0.001
Week 2 0.7923+0.044 0.6+0.1174 <0.001
Week 4 0.898+0.0299 |0.8077+0.0902| 0.001

* Mann-Whitney U test

dHdodoHmus
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DISCUSSION

Specific clinical criteria are used to diagnose anky-
loglossia. When asked to open their mouth, the patient
is unable to touch the palate with the tip of the tongue.
The tongue may appear mechanically bifid or display
a central groove when protruded. Additionally, there
may be little to no space beneath the tongue. When the
patient attempts to extend the tongue fully, it cannot go
beyond the vermilion border of the lips, often causing
the tongue’s central portion to bend downward.

Although treatment is most effective when per-
formed at an early age, early intervention is also impor-
tant to prevent future complications, such as speech
difficulties, lingual inclination of the lower diastemas,
incisors, dental rotation, and anterior open bite. These
medications may also be administered to adult patients
who present with ankyloglossia and problems asso-
ciated to dysphonia [18; 30-35].

While traditional surgical methods can lead to se-
veral complications — regardless of the patient’s con-
dition — such as prolonged healing times, excessive
bleeding, keloid formation, significant discomfort, and
more, results indicate that diode laser surgery offers
several advantages over conventional techniques.

These advantages are based on the working princi-
ples of laser technology that, unlike traditional methods
of surgery, focuses on the contact with tissue. The laser
at approximately 60°C causes denaturation and coagu-
lation of the tissue instead of simply removing the struc-
tural constituents of the frenulum, such as collagen and
elastin fibers [36].

On the other hand, a scalpel can be used to divide
fibrous structures by removing the edges and thus, the
tension is reduced without removing either constituent.
The resultant inflammatory reaction is a repair process
in the body [37]. Nevertheless, the denaturation effect
caused by the laser significantly changes the fibrous
tissue, breaking the covalent bonds, including those
between lysine residues and between amino acids that
compose protein structures, reducing physiological
tension, destroying particular fibers, and weakening
intramolecular hydrogen bonds between collagen tri-
ple helices. As a result, coagulation occurs due to de-
creased inter-residue spacing [38].

Fibroblastic repair is hampered in coagulated areas,
resulting in delayed wound healing. Laser frenectomy
ablates more tissue and affects a larger area than tradi-
tional surgery. To re-establish the fascicles to the right
length, there is a need to resorb coagulated fibers, lay
down new fibers, and have the two ends gradually re-
establish tension to extend inflammation and tissue re-
pair. The laser also causes collagen wrinkling because
of heat, which enlarges the inter-fibrous spaces and
leads to coagulation and structural damage of the fibers.
A deeper incision than that made with a scalpel accele-
rates tissue healing.

Altogether, these effects reduce post-operative in-
flammation, swelling, and pain. The laser also shortens
the procedure time, eliminates the risk of superinfec-
tion, removes the need for antibiotics, minimizes wound
contraction, and prevents residual scarring.
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These advantages are achieved by operating the la-
ser in the pulsed mode, thereby protecting other ana-
tomical structures from the tissue-warming effects.
Finally, laser-assisted frenectomy may significantly de-
crease the bleeding in the course of the operation and
avoid the use of sutures, since it is not necessary to use
a traditional scalpel. Children are more likely to tolerate
the operation since it is faster and produces less dis-
comfort. Patients do not link therapy with a traumatic
surgical experience, which makes it simpler to repeat
the treatment if required.

Several new studies have discovered the same thing,
lending credence to the concept that laser-assisted
frenectomy is better than the old-fashioned surgical
procedures. The decreased need for sutures was high-
lighted in particular by Nammour [39]. Additional advan-
tages of diode laser frenectomy over conventional sur-
gery were highlighted by Brignardello-Petersen [40],
Viet et al. [41], and others. These include reduced an-
esthetic infiltration, shorter operation times, and less
patient discomfort [42—-48].

The operating principle of diode lasers is photother-
mal interaction, in which incident light energy is ab-
sorbed by the tissue and converted to thermal energy.
Cuts, vaporization, or coagulation are among the out-
comes of this process. More absorption of near-infra-
red wavelengths emitted by these lasers (810—-980 nm)
is shown by melanin and hemoglobin. The advantages
of diode lasers as mentioned, such as the enhanced
hemostasis, enhanced sterilization, and targeted tis-
sue ablation, make them a better substitute or comple-
ment to the traditional surgical procedures.

Tongue exercises should be included as a sup-
plemental treatment for the comprehensive care of
ankyloglossia in pediatric patients, either on the day
of or the day following surgery. The child’s speech
capacity will improve as a result of these activities,
which help the tongue adjust to its altered position
and mobility. The exercises should be done three to
five times a day for 30 days, according to Tsaousog-
lou et al. [49].
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Abstract

AIM. The present study aimed to compare the level of wear in the pericervical dentin of the mesial canal of the
first mandibular molar using two types of endodontic file systems.

MATERIALS AND METHODS. 30 extracted human first mandibular molars were selected and divided into two
groups of 15 teeth randomly to which an initial CT was performed. Group 1 was prepared with the Rotate NiTi
file system and for group 2 the Endogal system was used. After the preparation of canals, a final CT was taken
and the respective measurements were made comparing the beginning and end. Intergroup comparison was
performed with independent t tests.

RESULTS. No statistically significant differences were found between the two groups of files with a value of
1.64 mm for Endogal and 1.92 mm for Rotate.

CONCLUSIONS. It is concluded that the pericervical dentin was preserved by conserving its anatomy, when
using the two types of rotary file systems for the preparation of the root canals.
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CpaBHuTenbHoe in vitro uccnepgosaHue
NOCTUHCTPYMEHTaIbHOW 06paboTKu ANnA BbIABNEHUA U3HOCA
nepuuepBuMKaNbHOro 4eHTUHA B Me3MasIbHbIX KaHanax
HUXXHUX MOJIAPOB

M.X. Byp6aHo-Banbceka'(>, [1.P. Arunap-Ouoa'(?), K.M.C. ®dpeirtac?(> I, M. Aruppe-Banbceka’
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Pe3slomMe

LLEJTIb. CpaBHMTb CTENEHb N3HOCA NEPULEPBUKANBHOIO AEHTMHA B ME3UaNbHOM KaHasne nepBoro HMXHEro
Monsipa npu NCNoAbL30BAHMN ABYX TUMOB 3HAO0A0HTNYECKMNX DaNNOBbIX CUCTEM.

MATEPWAJIbl U METO/[bl. B nccneposaHme Bkto4eHo 30 yoaneHHbIX NepBbIX HUKHMX MOJISPOB YEN0OBEKa, KO-
TOpble ObIIM cny4yaliHbiM 06pa3oM pasaesneHsbl Ha Age rpynnbl no 15 3yb6os. Bcem o6pasLiam nepBoHavasnbHO
BbINOJIHEHA KOMMbIOTEPHAsA ToMorpadwus. B rpynne 1 npenapupoBaHve NpoBOANIOCH C UCMOJIb30BAHVEM CU-
cTtembl dpaiinos Rotate NiTi, B rpynne 2 — cuctemsbl Endogal. NMocne 06paboTku kaHaNoB BbINOJIHEHA MOBTOPHAS
KOMMblOTEpPHasa ToMorpadus ¢ nocnenyLwmM NPoBeAeHNEM U3MEPEHNIN N CPABHEHMEM UCXOAHbIX N KOHEY-
HbIX Nokasarenen. MexrpynnoBoe CpaBHEHME NPOBOAMIOCH C UCNONIb30BAHNEM HE3ABUCUMOIO t-KpUTEPUSI.
PE3YJIbTATbI. CTaTUCTUYECKM 3HAYMMbIX Pasnuyuii Mexay AsymMsa GannoBbiIMM CUCTEMAMN HE BbISIBIEHO:
cpeaHue 3HavyeHunsa coctaBunm 1,64 mm gns Endogal n 1,92 mm gns Rotate.

BbIBOJbl. YcTaHOBNEHO, 4TO NPU UCNONb30BAHMN 06EMX POTALMOHHbIX PariNnoBbiX CUCTEM COXPAHSETCH Ne-
puLepBMKanbHbI AEHTUH C COXPAHEHMEM €ro aHaTOMUM NPY NPeNapmMpoBaHNN KOPHEBbLIX KAHAOB.

Knwuesble cnoBa: Me3nasbHbIf KaHan, onacHas 30Ha, nepuuepsukanbHbli AeHTuH, Rotate NiTi, Endogal,
KOMMblOTEPHAsA TOMorpadus

UHdopmauuna o ctatbe: noctynuna — 31.01.2026; ncnpaeneHa — 14.03.2026; npuHata — 23.03.2026
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BnarogapHocTu: GrHaHCcUpoBaHWE U MHANBMAYaAbHbIE GNarofapHOCTU ANS AeK1IapMpPOBaHUs OTCYTCTBYIOT.

Ana uutupoBaHua: bypbaHo-bansceka M.X., Arunap-Ouoa [.P., ®peiitac K.M.C., Arnppe-bansceka M.
CpaBHuTenbHOE in vitro nccnegoBaHne NOCTUHCTPYMEHTaNbHOM 06paboTkM A BbIIBIEHUS U3HOCA Nepu-
LLepPBMKaNbHOrO AEHTMHA B ME3MabHbIX KaHanax HUXXHUX MONapoB. SHA040HTus Today. 2026;24(2):308-312.
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INTRODUCTION

The complex anatomy and various variations in root
canal systems are considered one of the greatest chal-
lenges for the endodontist [1], given the complications
such as perforations or canal transport in the prepara-
tion process, directly affecting the success of endodon-
tic treatment [2—-4]. The main objective of the root canal
formation is to prepare it according to the anatomy of
each one of them without it being altered [5; 6] using the
best techniques and instruments that have the greatest
precision and the shortest working time, being few that
achieve these primary objectives of root canal prepara-
tion [7; 8] and through this obtain the adequate elimi-
nation of pulp tissue, infected dentin and the various
existing microorganisms, through the chemical action
of disinfectant solutions [9] adapting the environment
for a correct sealing of the pulp cavity and recovery of
periapical tissues [10; 11].

The anatomical complexity of the mesial roots of
mandibular molars is known due to the narrowness of its
root, which is why it is considered a high-risk area, being
the most prone to perforations and loss in the thickness
of the dentin tissue after biomechanical instrumenta-
tion, making the dental organ less resistant after endo-
dontics; adding to this the use of rotary instruments that
due to their designs wear down the dentin more in the
coronal and middle areas of the root canal.

Rotate NiTi is a system of sequenced files that
shapes root canals while protecting the pericervical
dentin. This system has a heat treatment that allows it
to increase flexibility [12; 13]. One of its characteristics
is to have a continuous rotation, initially it has an instru-
ment with a tip of 0.15 mm in diameter, it also has a cross
section with an S shape with a double blade, its design
is off-center and has a constant taper of 0.04, which is
useful for preparation in sliding. This system is manu-
factured with the Blue Wire Niti alloy.

Computed tomography (CT) is a precise method
that allows evaluating the volume, the balance of the
prepared surface, the conicity of the canal, the surface
area, the shape of the cross section, among other pa-
rameters in the three dimensions of space; thus, being
a method of choice to analyze the degree of deforma-
tion of the canals [6; 14].

MATERIALS AND METHODS

Thirty mandibular molars with two mesial root canals
were selected and randomly divided into two groups
of 15 each, thus obtaining a total sample of 30 mesial
canals in each group. Mandibular molars with only one
mesial canal, root caries, calcifications, incomplete
root formation, and endodontically treated teeth were
excluded. The samples were fixed in a silicone impres-

sion material and tomographic images were obtained
for morphometric evaluation of the root canals. The to-
mographic images obtained from each of the teeth were
analyzed with NTN viewer software using a Dell Preci-
sion T5400 workstation.

In each of the dental organs at the level of the cervi-
cal third, a measurement was made from the floor of the
pulp chamber 2 mm below the external wall of the fur-
cation and the distance between the entrance orifice of
the canal and the mesial, buccal, lingual walls, furcation
area and finally the intracanal distance was determined
by means of an axial section in millimeters.

For this purpose, the teeth were accessed with a dia-
mond bur and the working length of the mesiobuccal
canals was determined by introducing a size 10 K-type
file to the end of the root canal and subtracting 1 mm
from this measurement. In addition, a sliding path
was made using a size 15 K-type file and the root ca-
nal was irrigated with 2 ml of 2.5% sodium hypochlo-
rite solution after each instrument change. The apical
preparation was completed with a size 25 instrument,
following the order specified by the manufacturer.
All instruments were powered by an Eighteeth brand
motor called the E-Value.

The preparation sequences were as follows:

— Group 1: Comprised 30 mesial canals of mandibu-
lar molars instrumented with a VDW Rotate file with a ta-
per of 0.04 and a size of 25, with pressure-free entry and
exit movements, at a rotation speed of 300-400 rpm
and a torque of 2.3. When apical resistance was en-
countered, the instrument was removed, and the root
canal was irrigated;

— Group 2: Comprised the remaining 30 mesial ca-
nals of mandibular molars which were instrumented with
an Endogal file. For each file, an individual rotation speed
of 250-350 rpm and a torque of 4 N.cm were used.

After preparation, the tomographic images of the
prepared samples were repeated using the same posi-
tion and the same measurement parameters to com-
pare the pre- and post-images. The data obtained be-
fore and after instrumentation, considering the defor-
mation and wear on each of the walls of the sample. The
data obtained from the measurements of the mesial,
furca, buccal, lingual areas and intracanal distance, de-
limited the areas of wear produced by the action of the
instruments, between the initial extension of dentin and
the remaining dentin after instrumentation, and it was
observed which of these two systems best preserved
the original anatomy of the canal.

Intergroup comparison was performed with inde-
pendent t test, with Statistica software (version 12.0,
Statsoft, Tulsa, USA), considering the level of signifi-
cance of 5%.
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RESULTS

There was no statistically significant difference be-
tween the Endogal Rotary and the VDW Rotate systems
for all measurements performed before and after in-
strumentation (Tables 1, 2).

DISCUSSION

The thickness of the remaining pericervical dentin
after instrumentation procedures is of greatimportance
since it is considered a high-risk area due to its narrow-
ness. Nowadays, thanks to the advances in the different
types of rotary systems, we are closer to a less invasive
endodontic treatment and in this way, we can preserve
the dentin in a better way and thus preserve the dental
organ for a longer time.

Fig. 1. Example of measurements obtained
from cone beam computed tomography images

Puc. 1. MNpumep namepenun, nonyHUeHHblx This study was carried out to compare the level of
Ha ”30693”@“1/'9')( KOHYCHO-/1y4eBOu wear in the pericervical dentin of the mesial canal of the
KOMMbIOTEPHO TOMOrpaduy first mandibular molar using two types of endodontic file

systems, Endogal and Rotate.
According to the results obtained in the same, there

Table 1. Intergroup comparison is no statistically significant difference between the

before instrumentation (independent t tests) two systems used for the preparation of root canals,

Ta6nuua 1. MexrpynnoBoe cpaBHeHne and they also adequately preserve the thickness of the
[0 MHCTPYMEHTasNbHOM 06paboTku pericervical dentin.

(He3aBUCKMBIN t-KPUTEPWUIA) There is little evidence comparing this type of rotary

Endogal Rotate| VDW Rotate systems, which is why there i§ a_ need to. evaluate their

Variables. mm n=15 n=15 o effectiveness, however there is information from other

’ authors regarding wear with other rotary systems.
Mean | SD |Mean| SD According to the study by Shyma et al. [15], ProTaper
Buccal wall 190 | 017 | 1.81 | 0.27 |0.294| Gold caused the least amount of pericervical dentin loss,

followed by TruNatomy, HyFlex EDM and conventional
manual instrumentation with a 2% taper.
Mesiobuccal-buccalwall| 1.29 | 0.24 | 1.49 | 0.29 |0.053 Aguiar et al. [16] mention in their study that the
Nitiflex™ files and the ProTaper Universal™ system that
the differences observed between the instrumented and
Mesiobuccal-furcation 1.1 0.16 | 1.09 | 0.24 |0.858 non-instrumented walls were not statistically significant
(p < 0.05), which is in agreement with this study taking
into account that they are different types of instruments.
Intracannal distance 179 | 064 | 1.77 | 0.46 |0.922 Zinge and Patil [17] perform an experimental study
investigating the removal of pericervical dentin (PCD)
induced by the rotary single file systems, Oneshape and
Table 2. Intergroup comparison Neolix, and the reciprocating single file systems, Wa-
post-instrumentation (independent t tests) veOne and Reciproc, in teeth extracted by CBCT. The
Reciproc system was found to remove more PCD, fol-
lowed by Oneshape and WaveOne, while the Neolix sys-
tem removed less PCD among all groups in this study.
Olivieri et al. [18] found that K3 instruments removed

Lingual wall 1.77 0.31 1.78 | 0.37 |0.958

Mesiolingual-buccal wall | 1.41 0.22 1.25 | 0.31 | 0.100

Mesiolingual-furcation 1.03 0.22 | 1.05 | 0.29 |0.889

Tabnuua 2. MexrpynnoBoe cpaBHeHune
Nocre NHCTPYMEHTasbHO 06paboTKu
(He3aBUCKMbBIN t-KpUTEPNIA)

Endogal Rotate| VDW Rotate more dentin into the danger zone than K3XF instruments.
Variables, mm n=15 n=15 p This difference could explain the results of a previous
Mean| SD |Mean| SD study where K3 preparations required a statistically sig-
nificant reduced preparation time compared to K3XF
Buccal wall 195 | 0.42 | 1.91 1 0.30 |0.766 |, onarations with no differences in apical transport.
Lingual wall 1.94 | 0.44 | 1.90 | 0.35|0.784

CONCLUSION

The level of wear in the pericervical dentin of the
Mesiolingual-buccalwall| 1.39 | 0.36 | 1.29 | 0.16 |0.328 mesial canal of the first mandibular molar using the two
types of endodontic file systems, Endogal and Rotate did
not present statistically significant differences. Thus, it is
Mesiolingual-furcation 110 | 0.25 | 1.06 | 0.29 |0.689 determined that both instruments preserve the anatomy
of the root canal of teeth, which is why they are consi-
dered safe instruments in endodontic preparation.

Mesiobuccal-buccalwall | 1.32 0.29 1.25 | 0.16 [0.393

Mesiobuccal-furcation 1.03 0.21 113 | 0.21 |0.228

Intracannal distance 1.92 0.68 1.64 | 0.59 [0.236
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Features of the X-ray anatomy of the gnathic part of the face
in children in the period of removable occlusion
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Abstract

INTRODUCTION. The variability of the gnathic part of the human face during the period of removable occlu-
sion is determined by the order of replacement of milk teeth with permanent teeth.

AIM. Purpose of the study was to determine the features of the X-ray anatomy of the gnathic part of the face in
children in the period of removable occlusion.

MATERIALS AND METHODS. Teleradiographs and orthopantomograms obtained from 56 children of different
ages were analyzed. On orthopantomograms, an articular horizontal was drawn connecting the upper points
of the articular heads. From the middle point of the articular horizontal and perpendicular to it, an aesthetic
vertical was drawn, which passed between the incisors to the chin point. The ratio of the distance from the
midpoint to the articular head to the coefficient of 1.5 determined the position of the retro molar point, from
which the retro molar vertical was drawn downwards, which was used as the stress axis for the distal upper
teeth. On the lower jaw, the bisector of the mandibular angle served as the stress axis for the lower molars.
RESULTS. The results of the analysis of radiographs of children in the period of occlusion of milk teeth showed
that on the radiographs the rudiment of the first upper permanent molar was located in front of the retro molar
vertical, and the lower first molar in front of the bisector of the mandibular angle. As the jaws grew, the position
of the stress axes changed, but with the optimal size of the jaws, the distal teeth did not extend beyond its limits.
CONCLUSIONS. The X-ray anatomical features of the gnathic part of the face were determined by the re-
placement of milk teeth with permanent ones. A special place is occupied by the retro molar space, in which
distally located permanent molars are formed. The location of permanent teeth or parts of them behind the
retro molar verticals creates tension in the gnathic part of the face and can determine the tactics of extraction
and non-extraction methods of orthodontic treatment.
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0co6eHHOCTU peHTreHo/I0rMYecKoh aHaTOMUM
rHaTUUYecKoro otTaena nAvua y Aetei B nepmog CMEHHOro NpuMKyca

U.B. Anpexko(”, B.B. Wkapun(, A.O. AmutpueHko >, O.M. MakepoHoBa'>),
C.B. Amutpunenko >, H0.A. MakepgoHoBa»'><, E.H. AipbiruHa

Bonrorpaackuii rocygapcTBeHHbI MeAMLMHCKII yHUBEPCUTET, . Bonrorpan, Poccuiickas @enepauma
< mihai-m@yandex.ru

Pe3iome

BBEOEHUWE. BaprabenbHOCTb rHAaTUYECKOW YacTn NnLa YeNoBeKa B Nepmone CMEHHOMO NpuUKyca onpeaens-
€TCH 04ePeHOCTbIO CMEHbI MOJIOYHbIX 3YyOOB NOCTOAHHbLIMU.

LIE/1b. OnpepneneHne 0CcoB6EHHOCTEN PEHTIrEHONIOMMYECKON aHaTOMMN FTHaTUYEeCKOM YacTu nuua y Oeten
B MEPNOAE CMEHHOrO NpUKyCa.

MATEPUATblI U METObI. MNMpoaHann3anpoBaHbl TENEPEHTIEHOrPaMMbl U OPTONAHTOMOIPaMMbl, MOJTyYEH-
Hble y 56 geTen pasnnyHOro Bo3pacTta. Ha opTonaHTOMoOrpammax npoBOAMAN CYCTaBHYIO FOPU3OHTasb,
COeAMHSIoLME BEPXHME TOUYKN CYCTaBHbIX rofioBok. OT cpefHer TOUYKN CYyCTaBHOW rOPU30OHTaNM 1 NepneHx-
OVKYNSIPHO K Hel, NPOoBOAMIM 3CTETMYECKYIO BEPTUKASb, KOTOpas Npoxoauna Mexay pesuamMu oo nondo-
POOOYHOM ToUYKN. OTHOLLIEHNE PACCTOSAHUSA OT CPEAHEN TOYKN A0 CYCTaBHOW ronoBku K koadduumneHTy 1,5,
onpeaensano NoOXeHNE PeTPO MOSISPHOM TOUKM, OT KOTOPOM BHU3 NPOBOANAM PETPO MONISIPHYIO BEPTUKAb,
KOTOpas ICNoNb30BaNiaCb B KAYECTBE CTPECC-0CU AN OUCTaNbHO PACMONOXEHHbIX BEPXHUX 3yO0B. Ha Hux-
Heln YeNnCTU CTPECC-0ChI0 AN HUXXHUX MOJIIPOB CAyXuna BUCCeKkTpnca HUXKXKHEYENOCTHOrO yria.
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PE3YJIbTATbI. PeaynbtaTthl aHanM3a peHTreHorpaMmm geTen B nepuoae npukyca MonaoyHblx 3y60oB, nokasa-
JIN TO, 4YTO Ha PEHTFEHOrpamMmMax 3a4aToK NePBOro BEPXHErO NMOCTOSIHHOIO MOJIIpa pacnosiarancs Bnepeam
PETPO MONSIPHOM BEPTUKAN, @ HUXHEro NepBoro Monsipa Bnepean 6GUcceKkTprchbl HUXHEYENIOCTHOrO yrna.
Mo mepe pocTa 4enicTeEN MEHSIOCh NOIOXEHNE CTPECC-0CEN, HO MPU ONTMMAaJSIbHbIX pa3Mepax YentCcTen
ancTtanbHble 3yObl HE BbIXOAMIN 32 €€ Npeensl.

BbIBOAbl. PeHTreHoaHaTOMU4yeckme 0COOEHHOCTY FrHAaTUYECKOM YacTu inua onpeaensimcb CMeHOM MOJoY-
HbIX 3y60B NOCTOSAHHLIMWN. OCco60€e MecTo 3aHMMAaeT PETPO MOJIIPHOE MPOCTPaAHCTBO, B KOTOPOM (popMupy-
I0TCS AMCTaNbHO PACMNONIOXEHHbBIE MOCTOSAHHbBIE MOMAPLI. PacnonoXxeHne NOCTOSHHbIX 3yO0B NN X YacTeNn
no3agn peTpo MONSIPHbIX BEPTUKANENn CO3[aeT HanpsiXXeHne B rHaTUYeCKOM 4acTu n1ua n MOXET onpeae-
JINTb TAKTUKY SKCTPAKUMOHHbLIX 1 6€3 9KCTPaAKLMOHHbBIX METOLOB OPTOLOHTUYECKOIO JIEHYEHUS.

KnioueBble cnoBa: optonaHTomMmorpadus, TenepeHtreHorpadus, CMeHHbIn Npukyc, duanonormyeckas
OKKJI031Ss

UHdopmauuma o ctatbe: noctynuna — 30.11.2025; ucnpasneHa — 29.01.2026; npunata — 19.02.2026
KoH$AuKT nHtepecos: ABTOpPbI CO0OLLAIOT 06 OTCYTCTBUMN KOHPNNKTA UHTEPECOB.
BnarogapHocTu: PrHaHCMpOBaHME U MHAMBMAYANbHbIE ONarof4apHOCTU ANS AEKIapMPOBaHUS OTCYTCTBYIOT.

Ana untnposanusa: ingexko N.B., Lkapwun B.B., Amutpuexko A. ., MakegoHosa .M., Amutpunenko C.B., Ma-
kepnoHoBa 0.A., ApbirvHa E.H. Oco6eHHOCTM PEHTIEHONOMMYECKO aHaTOMUN MTHATUYECKOro OTAeNa nnua y ae-
Ten B Nepmon CMEHHOro npukyca. 9Hao40HTus Today. 2026;24(2):313-321. https://doi.org/10.36377/ET-0194

INTRODUCTION

The period of tooth replacement in humans is
typically accompanied by changes in the craniofacial
complex, particularly within its gnathic component [1].
The present study identifies individual characteristics
of the principal parameters of the dental arches un-
der conditions of optimal occlusal equilibrium. Atten-
tion has been drawn to the group eruption of teeth and
to changes in occlusal vertical dimension associated
with the eruption of additional permanent molars in the
posterior segments of the dental arches [2]. This pro-
cess contributes to a subsequent increase in occlusal
height and dental arch depth, which is reflected in the
dimensions of the gnathic portion of the face.

Standard diagnostic protocols in clinical practice
include radiological methods that allow, in vivo, as-
sessment of the proportional relationships between
individual facial components and the parameters
of major stable cranial landmarks [3; 4]. These me-
thods are also employed in morphological studies to
evaluate anatomical variability across all regions of
the craniofacial complex, including the gnathic part
of the face.

The radiographic anatomical features of the gnathic
region are determined by the replacement of primary
teeth with permanent dentition. The principal radiologi-
cal diagnostic methods include orthopantomography,
lateral cephalography, and cone-beam computed to-
mography [3]. In the cited studies, researchers provid-
ed detailed information on the construction of the oc-
clusal plane, the positional characteristics of occlusal
reference points, and conducted comparative analy-
ses of various diagnostic techniques. For the analysis
of orthopantomograms, a tetrasectional method has
been proposed, in which the distance between points
located along the inferior contour of the articular emi-
nence slope is divided into segments (four on each
side). However, these data were obtained in indivi-
duals with complete dentition and did not reflect dy-
namic changes in the retromolar space, a recognized
zone of jaw growth.
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Methods of cephalometric analysis are aimed at de-
termining the size and spatial relationships of the jaws
within the cranial structure as a whole and allow evalua-
tion of the positional relationships of the osseous com-
ponents of the temporomandibular joint [6].

Relative stability of the vertical dimensions of the na-
sal region has been noted, except in cases influenced
by genetically determined conditions, including variants
of connective tissue dysplasia [7; 8]. In these studies,
the authors identified phenotypic manifestations of un-
differentiated connective tissue dysplasia in children
and adolescents and reported associated alterations in
vertical facial parameters.

Changes in facial parameters and dentoalveolar
arches are assessed using numerous biometric me-
thods, including photostatic facial analysis, with particu-
lar emphasis on the nasal and mandibular regions [2; 9].
The studies highlight the importance of identifying ty-
pological features of the face and dental arches that
determine the variability of gnathic anatomy. Observa-
tions have been reported regarding the relationships
between dental arch dimensions across different arch
forms and dental types [10; 11]. Index-based metrics
have been proposed to evaluate the proportionality of
sagittal, diagonal, and transverse parameters.

Despite the fact that permanent molars are generally
regarded as the key determinants of occlusal equilib-
rium, there is a paucity of data regarding methods for
determining the position of these key teeth. Only limited
studies emphasize the importance of considering distal
occlusal reference points when assessing jaw position.
Evidence has been presented on the influence of asym-
metry on the shape of dental arches and the positioning
of distal occlusal landmarks [12]. However, these inves-
tigations were conducted in individuals with fully estab-
lished permanent dentition.

It should be noted that such studies have both ap-
plied and scientific as well as educational significance.
Specific features of parameter utilization in dental arch
modeling, taking into account the anatomical variabi-
lity of the gnathic region, have been described [13; 14].
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The effectiveness of radiological diagnostic methods
has been demonstrated in the assessment of patient
cohorts under dispensary observation and in evalua-
ting the quality of diagnostic and therapeutic interven-
tions [15; 16].

Thus, the characterization of the radiographic ana-
tomy of the gnathic region in children during the mixed
dentition period remains a relevant issue. This develop-
mental stage is marked by changes in the retromolar
space associated with the formation and eruption of dis-
tally positioned teeth, which determined the objective
of the present study.

AIM

To determine the specific features of the radio-
graphic anatomy of the gnathic region of the face in chil-
dren during the mixed dentition period based on lateral
cephalography and orthopantomography.

MATERIALS AND METHODS

The study was retrospective in design and involved
the evaluation of archived lateral cephalograms and
orthopantomograms of 48 patients with optimal func-
tional occlusion. Radiographs were stratified according
to age groups based on the physiological sequence of
tooth replacement.

Inclusion criteria: children with physiological oc-
clusal relationships of the dental arches and a neutral
jaw position, determined by the relationship of the first
permanent molars.

Exclusion criteria: children with incomplete denti-
tion, as well as those presenting with occlusal anoma-
lies in the vertical, sagittal, or transverse planes, were
excluded from the study. Patients with congenital or ac-
quired pathologies of the maxillofacial region were also
notincluded.

The initial group comprised children following the
completion of primary dentition function. These data
were considered as the baseline, reflecting the dimen-
sions of the dentoalveolar arches and the position of
distal teeth under conditions of occlusal equilibrium in
the primary dentition.

During the mixed dentition period (main group),
subgroups were formed according to the stages of
group eruption of permanent teeth. The first subgroup
included children with erupted first permanent molars
and mandibular central incisors. The second subgroup
consisted of children in whom all primary incisors had
been replaced. In the third subgroup, the first primary
molars had been replaced by first premolars, along
with the eruption of mandibular canines. The fourth
subgroup included children in whom the remaining
primary teeth had been replaced by second premo-
lars and maxillary permanent canines. The final stage,
characterized by the eruption of second permanent
molars, defined the fifth subgroup.

On orthopantomograms, specific points and refe-
rence lines were established to assess the dimensions
of the dentoalveolar arches and the optimal position of
distally located teeth in occlusion. For this purpose, the
condylion point (Cond) was identified bilaterally at the
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most superior point of the mandibular condyle heads
and connected by the articular horizontal line. From
the midpoint of this horizontal line, a median vertical
line was constructed, typically connecting the central
point (Cp) with the menton (Me).

The constructed gonion point (Go) was determi-
ned conventionally as the intersection of a tangent
to the mandibular ramus and a line connecting the
gonion region with the menton (Me), located at the
inferior aspect of the chin along the midline. From the
angular point Go, a perpendicular was drawn to the
articular horizontal line. The intersection of these
lines defined point Go. This construction was pro-
posed because, on orthopantomograms — unlike la-
teral cephalograms — the mandibular angle may be
subject to distortion.

The distance between point Go” and the central
point (Cp) was divided by a coefficient of 1.5. The re-
sulting value was projected from the central point onto
the articular horizontal line to define point RM. From
RM, a perpendicular line was drawn, located within the
retromolar region and typically passing near the distal
surfaces of the posterior teeth delimiting the dentoal-
veolar arches. Additionally, half of the distance be-
tween Cp and RM determined the position of the molar
vertical, with the corresponding point on the articular
horizontal line designated as M1 (Fig. 1).

The optimal position of the mandibular distal teeth
was defined by their location anterior to the stress axis,
corresponding to the bisector of the gonial-mental
angle (Go'-Go-Me).

The cephalometric analysis was based on the con-
dylar-spinal line connecting the most superior point
of the mandibular condyle to the anterior nasal spine
(Cond-SNA). A reference point (RM) was established
at the midpoint of this line, from which a perpendicular
line was drawn inferiorly. As in orthopantomographic
analysis, this perpendicular delineated the retromolar
region (Fig. 2).

The stress axis used to assess the position of the
mandibular distal tooth (or tooth germ) was defined
as the bisector of the condylar-gonial-mental angle
(Cond-Go-Me), in contrast to the corresponding axis
applied in orthopantomographic analysis.

Fig. 1. Orthopantomographic analysis of a child
in the mixed dentition period for determining
the position of distally located teeth

Puc. 1. AHann3 optonaHToMorpamMmmel pebeHka
B Nepmoa, CMEHHOI0 MpuKyca rnpv onpegeneHnm
NONOXEHUS ANCTANIbHO PACMONOXEHHbIX 3y60B
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Fig. 2. Analysis of a lateral cephalogram (A)
and a 3D model (B) during the mixed dentition period

Puc. 2. AHann3 60KOBOW TeflepeHTreHorpamMmmel (A)
n 3D mozenu (B) B neprog CMEHHOIO npukyca

On the analyzed, standardized radiographs, linear
and angular measurements were obtained, followed by
the construction of reference lines. Given the wide vari-
ability in jaw dimensions in children at different stages
of ontogenesis, the assessment of radiographic ana-
tomical features was based not on absolute values ex-
pressed in millimeters or degrees, but rather on the po-
sitional relationships of teeth relative to the constructed
reference lines.

RESULTS

The analysis of orthopantomograms in children with
fully established primary dentition revealed specific
features in the positioning of developing permanent
successor tooth germs relative to the roots of primary
teeth, as well as the formation of additional tooth germs,
including distally located permanent molars.

The esthetic centerline was defined as a perpen-
dicular drawn from the midpoint of the intercondy-
lar horizontal line (Cond-Cond). This reference line
passed between the maxillary and mandibular central
incisors and extended to the inferior border of the chin
(point Me).

The ratio of the segment of the articular horizontal
line from the central point (Cp) to the projection of the
gonion point (Go’), divided by a coefficient of 1.5, de-
termined the position of the initial reference point (RM)
used for constructing the retromolar vertical perpen-
dicular to the articular horizontal. A characteristic fea-
ture of this developmental stage was that the germ of
the maxillary first permanent molar, under conditions
of optimal occlusal relationships, was located anterior
to the retromolar vertical. This finding indicated a fa-
vorable spatial position of the tooth germ, which would
subsequently facilitate proper eruption during root
development.

In addition, the distance (Cp—RM) defined the den-
toalveolar dimension of the maxilla on both the right and
left sides. The molar vertical, originating from the mo-
lar point (M1), passed through the distal surfaces of the
first primary molars in both dental arches (Fig. 3).

The developing germs of the first permanent man-
dibular molars were located anterior to the bisector

dHdodoHmus
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of the Go'-Go-Me angle. This finding, consistent with
observations in the maxilla, indicated a favorable spa-
tial orientation for the subsequent formation and erup-
tion of the first permanent molar of the mandible. Anti-
meric teeth in both jaws were positioned symmetrically
relative to the diagnostic reference lines.

Analysis of lateral cephalograms and the three-di-
mensional model demonstrated that the spatial rela-
tionships of teeth and jaws relative to the reference lines
were comparable to those obtained from orthopanto-
mographic assessment.

A reference point (RM) was established at the mid-
point of the Cond-SNA articular horizontal line, from
which a perpendicular was drawn inferiorly. As in ortho-
pantomographic analysis, this perpendicular delinea-
ted the retromolar region. The germ of the maxillary first
permanent molar was typically located anterior to the
retromolar vertical.

The bisector of the Cond—-Go—-Me angle (stress axis),
similarly to orthopantomographic findings, was posi-
tioned posterior to the developing germs of the first per-
manent mandibular molars (Fig. 4).

Thus, in clinical practice, both orthopantomography
and lateral cephalography are considered suitable for
the analysis of tooth position and assessment of pro-
portional relationships of the jaws.

Fig. 3. Orthopantomogram of a 4-year-old child
in the primary dentition period

Puc. 3. OpTtonaHtomorpamma pebeHka 4 rona
B MeEpMoA, NpuKyca Mosio4HbIX 3y60B

Fig. 4. Lateral cephalogram (A)
and a 3D model (B) of a 4-year-old child
in the primary dentition period

Puc. 4. bokoBag TenepeHTreHorpamma (A)
n 3D mopenb (B) pebeHka 4 roga B nepuo, npukyca
MOJI04YHbIX 3y60B
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In the analysis of radiographs from children in the first
subgroup (with erupted first permanent molars and man-
dibular central incisors), changes in tooth positioning re-
lative to the established reference lines were observed.
The first permanent molars consistently maintained oc-
clusal stability, while the second permanent molars de-
monstrated crown mineralization, and the mineralization
of successor teeth of the permanent dentition continued.

A characteristic feature of this developmental stage
was that the germs of the second maxillary permanent
molars were located anterior to the retromolar vertical
line. This spatial configuration indicated a favorable posi-
tion of the tooth germs, ensuring their subsequent erup-
tion during root formation. Furthermore, the Cp—RM dis-
tance defined the dentoalveolar dimension of the maxilla
on both the right and left sides.

The molar vertical originating from the molar point
(M1), in contrast to the primary dentition period, shif-
ted toward the middle third of the mesial surface of
the second primary molars in both dental arches. This
shift was associated with an increase in the retromolar
space (Fig. 5).

The germs of the second permanent mandibular
molars were located anterior to the bisector of the
Go'-Go-Me angle. This spatial arrangement, similar to
that observed in the maxilla, had a favorable influence
on the formation and eruption of the mandibular first
permanent molars.
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Analysis of lateral cephalograms and the three-
dimensional model demonstrated that the spatial re-
lationships of teeth and jaws relative to the reference
lines were consistent with those obtained from or-
thopantomographic assessment. The bisector of the
Cond-Go-Me angle, similarly to the orthopantomo-
graphic findings, was positioned posterior to the de-
veloping germs of the second permanent mandibular
molars (Fig. 6).

In the analysis of radiographs from children with
erupted permanent incisors (second eruption sub-
group), it was observed that the germs of the second
maxillary permanent molars, similarly to the previous
subgroup, were positioned anterior to the retromolar
vertical line. This finding indicated a favorable spatial
orientation of the tooth germs. The molar vertical origi-
nating from the molar point (M1) passed in close prox-
imity to the middle third of the crowns of the second
primary molars in both dental arches (Fig. 7).

Analysis of lateral cephalograms and the three-
dimensional model demonstrated that the spatial re-
lationships of teeth and jaws relative to the reference
lines were consistent with the values obtained from
orthopantomographic evaluation. The bisector of the
Cond-Go-Me angle, similarly to the findings on ortho-
pantomograms, was positioned posterior to the de-
veloping germs of the second permanent mandibular
molars (Fig. 8).

Fig. 5. Orthopantomogram of a 7-year-old child
after eruption of the first group of permanent teeth

Puc. 5. OptonaHtomorpamma pebeHka 7 et nocne
npopes3biBaHMS NepPBO rPynnbl MOCTOSHHbLIX 3yO0B

Fig. 6. Lateral cephalogram (A) and a 3D model (B)
of a 7-year-old child following eruption of the first group
of permanent teeth

Puc. 6. bokoBas TenepeHTreHorpamma (A)
1 3D mopenb (B) pebeHka 7 neT nocre npopesbiBaHUS
NepPBOW rPynnbl MOCTOSAHHbBIX 3yO0OB

Fig. 7. Orthopantomogram of an 8-year-old child
following eruption of the permanent incisors

Puc. 7. OptonaHTomMorpamma pebeHka 8 net
nocne npopesbiBaHNA NOCTOAHHbIX pe3L0B

Fig. 8. Lateral cephalogram (A) and a 3D model (B)
of an 8-year-old child following eruption
of the permanent incisors

Puc. 8. bokoBasi TenepeHTreHorpamma (A)
n 3D mopenb (B) pebeHka 8 neT nocne npopesabiBaHUS
NMOCTOSIHHbIX PE3LI0B
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After complete replacement of primary dentition by
permanent teeth, continued mineralization and root for-
mation of permanent premolars, canines, and second
molars was observed. The germs of the developing sec-
ond maxillary permanent molars, similarly to the previ-
ous subgroup, were positioned anterior to the retromo-
lar vertical line (Fig. 9).

The bisector of the Cond-Go-Me angle was posi-
tioned posterior to the developing germs of the second
permanent mandibular molars. Following the eruption
of the second permanent molars, complete formation
of the permanent occlusion was achieved. At this stage,
radiographic anatomical characteristics were primarily
determined by the presence or absence of third molars
(or their tooth germs) within the maxillary and mandibu-

*
&. #o  Cond

Fig. 9. Radiograph of a 12-year-old child
after replacement of primary teeth
with permanent dentition

Puc. 9. PeHTreHorpamma pebenka 12 net
nocne 3amMeLleHNsa MONOYHbIX 3yO0oB
NOCTOSHHbIMU

p

-
RPor Cond

/

SR LoRp

R Corpus Left

Fig. 11. Radiograph of a 16-year-old
patient with a complete set of permanent
teeth and physiological occlusion

Puc. 11. PeHTreHorpamma naumeHTa 16 net
C NOJIHbIM KOMMAEKTOM MOCTOSAHHbIX 3yO0B
npu GM3NoNornyeckom OKK3nm

dHdodoHmus
T

Fig. 12. Orthopantomogram of a 17-year-old patient
with the presence of third molar tooth germs

Fig. 13. Radiograph of a 17;year—old patient
with the presence of third molar tooth germs

lar bones. The most favorable condition was considered
to be the presence of 14 teeth in both the maxillary and
mandibular dental arches (Fig. 10).

On the lateral radiograph, similarly to the orthopan-
tomogram, the distally located teeth were positioned
anterior to the stress axes of both the maxilla and the
mandible (Fig. 11). In such cases, an adequate amount
of free space in the retromolar region was identified in
both the maxilla and the mandible. The molar vertical
line delineated the molar segment of the dental arch.

In the presence of third molars, orthopantomo-
graphic evaluation focused on the position of the maxil-
lary third molars relative to the retromolar line, and of
the mandibular third molars relative to the bisector of
the mandibular angle (Fig. 12).

Fig. 10. Orthopantomogram of a 16-year-old patient
with a complete set of permanent teeth

Puc. 10. OpTonaHTomMorpamMmma naumeHTa 16 net
C MOJIHLIM KOMMAEKTOM MNOCTOSIHHbIX 3y60B

Puc. 12. OptonaHtomorpaMmma naumenTa 17 net
npu HaNM4YMM 3a4aTkoB 3yO60B MYAPOCTU

y 7Y

Puc. 13. PeHTreHorpamma nauueHTa 17 net
npu HaNM4YMM 3a4aTkoB 3yO6OB MYAPOCTU
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On the lateral radiograph, similarly to the orthopan-
tomogram, distally positioned teeth in cases of optimal
jaw dimensions were located anterior to the stress axes
of both the maxilla and the mandible. When teeth or
their components were positioned beyond the diagnos-
tic reference lines, this was considered an indicator for
the potential indication of alternative extraction of third
molars (Fig. 13).

Protrusion of third molars beyond the stress axes
created biomechanical tension within the jaws and
served as a determinant for the selection of extraction-
based therapeutic strategies.

Thus, the assessment of the spatial relationship of
erupted distal teeth or their developing germs relative to
the diagnostic lines of the retromolar space represents
a diagnostic criterion for evaluating the concordance or
discordance between tooth size and dentoalveolar arch
dimensions, and it further guides the choice of ortho-
dontic treatment modalities in patients.

DISCUSSION

The results of the present study demonstrated that
during the mixed dentition period in children with phy-
siological occlusal relationships of the dental arches and
a neutral jaw position within the craniofacial complex,
the position of distally located molars plays a key role.

The morphological characteristics of the gnathic re-
gion in children are determined by changes in key pa-
rameters associated with the replacement of primary
teeth by permanent successors, as well as the eruption
of accessory teeth in the distal segments of the dental
arches. The majority of scientific studies addressing the
gnathic region during the mixed dentition period focus
on morphometric changesrelated toincreased occlusal
vertical dimension and dental arch depth due to growth
of distal segments [1; 3].

The proposed analytical method for both orthopan-
tomograms and lateral cephalograms enabled the de-
termination of the optimal spatial positioning of distally
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Abstract

AIM. The aim of the study was to improve the effectiveness of preventing inflammatory periodontal diseases
in obese children by developing and implementing a comprehensive preventive program.

MATERIALS AND METHODS. The study included 80 children (40 with varying degrees of obesity and 40 other-
wise healthy), aged 6 to 12 years. The first part of the study examined the condition of the periodontal tissues
in all subjects. In the second part of the study, a targeted program for the prevention of periodontal diseases
was carried out in accordance with the characteristics of the periodontal condition in the examined children.
RESULTS. A targeted program for the prevention of periodontal disease in obese patients has demonstrated
high effectiveness, as it has improved clinical indices: the Simplified Green Vermillion Index by 5.4 times, the
Pl index, PMA (the average value in the subgroup of patients with obesity was 0) and the PBI index (the num-
ber of patients with no bleeding in the subgroup of patients with obesity was 100%); improve microcirculation
parameters to normal values according to laser Doppler flowmetry (decrease in microcirculation parameter
by 7.0£0.05, increase in the coefficient of variation by 6.5+£0.03 and neurogenic tone by 0.5+0.02); to stop
inflammatory changes in periodontal tissues according to the immunological study of gingival fluid (decrease
in lysozyme by 122.2+14.3, IgA by 0.25, increase in C3 complement by 0.08), to reduce the incidence of the
main periodontopathogenic strains — Prevotella intermedia (by 12 times), the incidence of Porphyromonas
gingivalis and Treponema denticola to complete absence.

CONCLUSIONS. The study identified dental characteristics in obese children that indicate proinflammatory
and inflammatory changes in periodontal tissues, which is an indication for the prevention of inflammatory
periodontal diseases. Thanks to the implementation of the program developed in the study, inflammation in
periodontal tissues in children with obesity was suppressed, which was confirmed by the study results and
indicates its effectiveness.
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BOCnasuTeNbHbIX 3a60s1eBaHMA NApPOAOHTA Y AieTeN C OXKUPEHUEM
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Pesiome

LIENb. MoBbicnTb 3ddEKTUBHOCTE NPODUNAKTUKA BOCHANNTENbHBIX 3ab00MeBaHMn NapogoHTa y AeTeNn
C OXMPEHNEM NYTEM Pa3paboTky N BHEAPEHUSI KOMIMNEKCHOW NPOdUNakTUYeCKol NporpamMmei.
MATEPUAJIbl N METO/ZbI. B xone nccneposaHus 6bino o6cnenosaHo 80 aetein (40 ¢ pa3nnMyHOM CTEMNEHbIO
oxupeHus n 40 comaTtmyeckm 340p0oBbIX), B BO3pacTe OT 6 012 neT. B nepBon 4acTu nccnegosaHns npoms-
BOAMNOCH N3Yy4YEHNE COCTOSAHMS TKAHEN NapoaoHTa y BCex obcneayemblx. Bo BTOpoO YacTu nccnegoBaHus
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Oblna npoBeAeHa ueneBas nporpaMmma npodunakTnukm 3aboneBaHnii TkKaHen NapoaoHTa B COOTBETCTBUM
C 0OCOBEHHOCTSAMM COCTOSIHMS NAapoaoHTa y 06Cef0BaHHbIX OETEN.

PE3YJIbTATHI. Lienesas nporpamma npodunakTrku 3aboneBaHunii NnapoaoHTa A5 NaLUNEHTOB C OXUPEHNEM
NPOAEMOHCTPUPOBAa BbICOKYIO PE3Y/ILTAaTUBHOCTb, Tak Kak MO3BOMMAA YAIYYLLINTb NOKa3aTENN KIMHNYECKNX
nHaekcos: nuagekca UIMP-Y B 5,4 pas, nigekca Pl, PMA (cpefnHee 3HadeHme B Nogrpynmne nauneHToB C OXn-
penuem coctaBuno 0) n niaekca PBI (konnyecTBO NaumMeHTOB C OTCYTCTBUEM KPOBOTOYMBOCTM B NOATPYn-
ne nauneHToB ¢ oxupeHnem coctasnno 100%); yny4wMTb nokasaTesnm MUKPOLMPKYASLUNM 00 HOPMaJbHbIX
3HAYEHWI MO JAaHHbIM NA3€PHON JONIEPOBCKON GIOYMETPUN (CHUXKEHME NOKa3aTeNss MUKPOUMPKYISLMN Ha
7,0£0,05, noebiweHne koadpduumneHTa Bapraunm Ha 6,5+0,03 n HelporeHHoro ToHyca Ha 0,5%0,02); ky-
nMpoBaTb BOCMANNTENbHbIE NBMEHEHMNS B TKAHAX NApPO40HTA MO AAaHHBIM MMMYHOJIOrMYECKOro nccnenosa-
HUS 0eCHEeBOW XNUOKOCTU (CHUXEeHMe nn3oumma Ha 122,2+ 14,3, IgA — Ha 0,25, noBbllweHne C3-koMnnemeHTa
Ha 0,08), CHM3UTb BCTPEYAEMOCTb OCHOBHbIX MapoAOHTONATOreHHblx wWTammoB — Prevotella intermedia
(8 12 pas), BcTpeuyaemocTb Porphyromonas gingivalis u Treponema denticola 40 NONHOro OTCYTCTBUS.
BbIBObl. B nccnegoBaHum yctaHOBNEHbI 0COOEHHOCTM CTOMATOJIONMYEeCcKoro ctaTtyca AeTen ¢ OXUpeHu-
€M, yKasblBalowme Ha NPOoBOCHaNNTENbHbIE N BOCNANNTENIbHbIE NBMEHEHUS B TKAHAX NApoOAoHTa, 4TO SB-
NseTcs nokasaHmeM A NpoBeaeHns NpodunakTnkm BoCnannTenbHbix 3abonesaHnii napogoHTa. bnaro-
napsi BHeapeHuio paspaboTaHHOM B UCCeaoBaHNUM NporpaMmmbl 66110 KYNMPOBaHO BOCMNANEeHMe B TKaHAX
NnapoAoHTa 'y AeTel C OXKMPEHMEM, YTO BbIIO NOATBEPXAEHO pe3ybTaTaMn NCCNeA0BaHNS N yKa3biBAEeT Ha
€€ 9pDeKTUBHOCTb.

KnioueBble cnoBa: NapoaoHT, BOCnaneHue, npodunakTmka, 4eTU C OKUPEHNEM

UHdopmauumna o ctaTbe: noctynuna — 28.01.2026; ncnpaeneHa — 05.03.2026; npunara — 25.03.2026
KoHAuKT uHTepecos: ABTOPbI cO0OLWaloT 06 OTCYTCTBMM KOHMINKTA UHTEPECOB.

BnarogapHocTu: rHaHCMpOBaHWE U MHAMBMAYANbHbIE ONarof4apHOCTU ANS AEKNapMPOBaHUS OTCYTCTBYIOT.

Ana uutuposanua: beneHosa M. A., MutpoHuH A.B., PusaeB X.A., KazapsH [.I"., duceHko C.B., Bop3bix E.M.,
Ny6angynnunu O.P., MutpoHuHa H.B. Pe3ynbtaTtbl KnMHn4eckon apdekTUBHOCTN NPOoPuNakTMK1u BOCnanm-
TenbHbIX 32a001eBaHWI NAPOJOHTA Y AETEN C OXnpeHneM. SHA040HTus Today. 2026;24(2):322-329. https://
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INTRODUCTION

At present, the impact of excess body weight, obe-
sity, and metabolic syndrome on periodontal tissue sta-
tus has been demonstrated by numerous researchers
in both experimental and clinical settings [1-4]. A sub-
stantial theoretical framework exists describing the
pathogenetic mechanisms affecting the oral mucosa,
periodontal tissues, and even the hard tissues of the
teeth. The quality of life of patients with these conditions
is significantly reduced due to the severity and multifac-
torial nature of these pathologies [5-10].

Therefore, the prevention, prediction, and early
prophylaxis of dental diseases are of particular rele-
vance. This patient cohort is predisposed to the deve-
lopment of inflammatory periodontal diseases and
requires a selective preventive approach [11-16].

A considerable number of studies confirm the in-
creased need for preventive periodontal care in chil-
dren with obesity; however, there is a lack of a com-
prehensive approach to the examination and manage-
ment of oral diseases in these patients. Furthermore,
interdisciplinary collaboration remains insufficient, and
standardized dental management algorithms for this
population have not yet been established [5; 17-21].

These considerations provided the rationale for in-
vestigating this issue and enabled the formulation of the
study objective.

AIM

The aim of the study is to improve the effectiveness
of preventing inflammatory periodontal diseases in
children with obesity through the development and im-
plementation of a comprehensive preventive program.

MATERIALS AND METHODS

A single-center, non-randomized retrospective
study was conducted based on a comprehensive exa-
mination of 80 children aged 6-12 years. In the first
phase of the study, the periodontal status of children
with and without somatic pathology was assessed, and
the severity of periodontal inflammation was compared
depending on the degree of adipose tissue accumula-
tion. This approach allowed for the identification of indi-
cations for targeted prevention.

In the second phase, a targeted preventive program
for periodontal diseases was developed in accordance
with the specific characteristics of periodontal tissue
status observed in the examined children.

Accordingly, the following groups were defined:

— Group 1 (n = 40): children with obesity (E66 ac-
cording to ICD-10);

— Group 2 (n = 40): children without somatic di-
seases.

To identify correlations between the degree of adi-
pose tissue accumulation and the severity of inflamma-
tory periodontal diseases, subgrouping was performed
during the first phase based on the degree of obesity:

— Subgroup 1: children with grade | obesity (n = 10);

— Subgroup 2: children with grade Il obesity (n = 10);

— Subgroup 3: children with grade Ill obesity (n = 10);

— Subgroup 4: children with grade IV obesity (n = 10);

— Subgroup 5: children without somatic pathology
(n=10).

During the second phase, a targeted preventive
program for periodontal diseases in children with obe-
sity was developed and its effectiveness was evaluated.
The following subgroups were formed:
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— Subgroups 1 and 3: patients who received the
preventive program developed in the study;

—Subgroups 2 and 4: patients who received
a standard preventive program for periodontal diseases.

The preventive program developed in this study in-
cluded the use of toothpaste containing bromelain and
xylitol, application of a bacteriophage-based gel, and
the use of an oral irrigator.

Clinical methods included assessment of the DMF
index, Oral Hygiene Index-Simplified (OHI-S), and perio-
dontal indices (PMA, PBI, PI). In the first phase, patho-
morphological features of inflammation were evaluated
using the micronucleus test of gingival epithelium. La-
ser Doppler flowmetry was employed as a functional
diagnostic method in both phases of the study. Labora-
tory methods included the micronucleus test of gingival
epithelium (in the first phase), as well as immunological
and microbiological analyses (in both phases).

Statistical analysis was performed using the STA-
TISTICA 6.0 software package (StatSoft Inc., USA) for
Windows, with the application of relevant analytical
modules as required. Standard descriptive statistics
(mode, median, mean, standard deviation, etc.) were
calculated. Parametric tests were applied for normal-
ly distributed data, whereas nonparametric methods
were used otherwise. The statistical analysis included
Student’s t-test, Shapiro-Wilk test, Mann-Whitney
U test, Wilcoxon test, and Kolmogorov-Smirnov test.

Comparisons were performed between the control
and main groups. In the first phase, comparisons were
conducted between two groups across all methods and
among four subgroups based on clinical parameters. In
the second phase, comparisons were made among four
subgroups depending on the presence or absence of
somatic pathology and the type of preventive interven-
tion. Cluster analysis was applied to evaluate the effec-
tiveness of the preventive periodontal programs.

RESULTS

Patients in the pediatric population require a selec-
tive preventive approach, as they demonstrate more
pronounced inflammatory changes in periodontal tis-
sues compared to systemically healthy children. This is
confirmed by clinical index data: the mean OHI-S value
in children with obesity is 1.9 times higher; the Pl index
is 13 times higher; the proportion of children without
gingival bleeding is reduced by 2.5 times (according
to the PBI index); and the mean PMA index is twofold
higher. The microbiological prevalence of key perio-
dontopathogenic bacteria is also increased in children
with obesity: Porphyromonas gingivalis by 19.8 times,
Treponema denticola by 5.2 times, and Prevotella inter-
media by 4.2 times.

Laser Doppler flowmetry revealed increased perio-
dontal blood perfusion and signs of vascular stasis
associated with inflammation. This was evidenced
by a 1.4-fold increase in the microcirculation index
in obese patients, a 1.4-fold decrease in erythrocyte
flow oscillation, a 1.6-fold increase in the coefficient
of variation, and a 1.2-fold reduction in neurogenic
vascular tone.

dHdodoHmus
————TLT

Immunological analysis of gingival crevicular fluid
demonstrated cellular markers of periodontal inflam-
mation in children with obesity, including a 1.3-fold
increase in lysozyme levels, a 1.7-fold increase in IgA,
and a 1.3-fold increase in IgG, along with a 1.2-fold de-
crease in complement component levels compared to
systemically healthy children.

A direct positive correlation was established be-
tween the degree of adipose tissue accumulation in
children and the severity of periodontal inflammation,
as evidenced by progressive increases in OHI-S, PI,
PBI, and PMA indices with increasing obesity severity.
Specifically, mean OHI-S and Pl values in the subgroup
with morbid obesity (Subgroup 4) exceeded those in
the initial obesity subgroup (Subgroup 1) and in healthy
controls by 1.7 times; mean PBl and PMA values in Sub-
group 4 differed from Subgroup 1 by 1.5 times.

Based on the micronucleus test of gingival epithe-
lium, children with obesity demonstrated an increased
frequency of cytogenetic abnormalities, including micro-
nuclei (5-fold increase), karyolysis (8.3-fold increase),
“tongue-shaped” protrusions (12.7-fold increase), and
“broken egg” formations (27-fold increase). These fin-
dings indicate genomic instability in gingival epithelial
cells and are consistent with inflammatory processes
in periodontal tissues.

The preventive protocol developed in the study, ap-
plied in Subgroups 1 and 3, included the use of a tooth-
paste containing an enzymatic agent for chemical
plaque degradation (bromelain was proposed as the
active substance), mechanical oral cleansing via an ir-
rigator, and the application of a bacteriophage-contai-
ning gel targeting the oral microbiota. In Subgroups 2
and 4, no modification of oral hygiene measures was
implemented, and oral care was performed using con-
ventional hygiene products.

Follow-up examinations were scheduled at 2 weeks,
4 months, 8 months, and 12 months from baseline.
Clinical indices (OHI-S, Russell’s PI, PBI, and PMA), as
well as functional, immunological, and microbiological
parameters, were reassessed at each time point.

The dynamics of the OHI-S index demonstrated
a statistically significant reduction in mean values after
2 weeks across all study subgroups, indicating the ef-
fectiveness of the preventive measures performed in
the dental clinic. In Subgroup 1, areduction of 1.5£1.17
was observed compared to baseline; in Subgroup 2,
a reduction of 1.0£1.15; in Subgroup 3, a reduction of
1.0+1.12; and in Subgroup 4, a reduction of 0.7+ 1.12.

Further decreases in the mean index value were
observed after 4 months from the start of the study,
with subsequent stabilization at a “good” hygiene level
according to the interpretation scale in Subgroup 1.
In Subgroup 3, no statistically significant changes were
detected after 2 weeks, indicating a stable “good oral
hygiene” status throughout the observation period. In
contrast, Subgroup 2 demonstrated a negative trend
starting from 4 months, while Subgroup 4 showed dete-
rioration from 8 months until the end of follow-up.

Overall, the most pronounced and sustained reduc-
tion in the OHI-S index was observed in Subgroups 1
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and 3, where the final values corresponded to a “good”
level of oral hygiene that did not require further correc-
tion, confirming the effectiveness of the implemented
preventive measures.

Following 2 weeks from baseline, a reduction of the
Pl index of varying magnitude was observed. The most
significant decrease occurred in Subgroup 1 (0.6%=1.12)
and Subgroup 2 (0.5%=1.11). In all groups, index values
remained within the range corresponding to the initial
stage of periodontal disease. In Subgroups 3 and 4, the
mean index decreased to zero, indicating the absence
of inflammatory changes in periodontal tissues.

Over time, a continued positive trend in index re-
duction was observed in Subgroup 1, while Subgroup 3
demonstrated a stable outcome consistent with the
absence of periodontal inflammation. In Subgroups 2
and 4, an increase in the mean index was recorded at
both 8 and 12 months (p < 0.05). At the final assess-
ment, the best outcomes - indicating no periodon-
tal inflammation (index value = 0) — were observed in
Subgroups 1 and 3, confirming the effectiveness of
the proposed preventive program.

Gingival bleeding, as one of the most diagnostically
significant preclinical markers of inflammation, was ob-
jectively assessed using the PBI index. After 2 weeks,
a marked positive dynamic was observed across all
subgroups. The proportion of patients without gingi-
val bleeding increased by 42.1£0.02% in Subgroup 1,
32.2%£0.03% in Subgroup 2, 19.3+0.01% in Subgroup 3,
and 18.3+0.02% in Subgroup 4.

At 4, 8, and 12 months, sustained improvement was
maintained only in Subgroups 1 and 3, whereas Sub-
groups 2 and 4 demonstrated a negative trend, with
a return to baseline levels by the end of the study pe-
riod. The most pronounced increase in the proportion
of patients without gingival bleeding was observed in
Subgroups 1 and 3, reaching 100+0.01% by the end of
follow-up. In contrast, 57.3+0.02% and 41.7£0.03% of
patients in Subgroups 2 and 4, respectively, continued
to exhibit varying degrees of gingival bleeding and re-
quired ongoing preventive interventions (p < 0.01).

Analysis of the PMA index revealed that after
2 weeks, a substantial reduction in mean values was
observed across all subgroups: 32.0+1.11, 27.6+1.13,
16.8+1.12, and 11.4+1.11 in Subgroups 1-4, respec-
tively, corresponding to a mild degree of gingival in-
flammation in all examined groups.

At 4, 8, and 12 months, a sustained positive trend
characterized by continued reduction in the PMA in-
dex was observed only in Subgroups 1 and 3, with
total reductions of 57.3+1.12 and 29.1+0.11, respec-
tively (p < 0.01). In Subgroups 2 and 4, after the initial
improvement at 2 weeks, a gradual return to baseline
values was observed, with no statistically significant dif-
ferences between initial and final assessments.

DISCUSSION

A substantial body of contemporary research has
demonstrated a significantly increased prevalence of
periodontal diseases in patients with obesity compared
to systemically healthy individuals, by approximately
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threefold. In addition, among patients presenting with
moderate to severe periodontitis, metabolic syndrome
occurs 1.9 times more frequently. A direct positive cor-
relation has also been described between the clinical
severity of metabolic syndrome and the severity of pe-
riodontal disease.

The primary pathogenetic mechanism underlying
this association, widely reported in the current scientific
literature, is oxidative stress. Adipokine secretion by
adipose tissue cells triggers a cascade of inflammatory
reactions, which at the molecular level is manifested
by suppression of the antioxidant defense system, in-
creased formation of lipid peroxidation products, and
disruption of cellular membrane structures. At the tis-
sue level, this process presents as inflammation, while
at the organ level it contributes to the development of
various forms of periodontal disease within the oral ca-
vity. In turn, the active systemic circulation of lipid pe-
roxidation products exacerbates insulin resistance
associated with metabolic syndrome, thereby perpe-
tuating a vicious cycle of metabolic dysfunction.

In the present study, a direct positive correlation was
established between the degree of adipose tissue ac-
cumulation in children and the severity of periodontal
inflammation, as confirmed by progressive increases
in mean values of clinical indices (OHI-S, PI, PBI, PMA)
with increasing degrees of obesity.

Based on the micronucleus assay of gingival epithe-
lial cells, signs of genomic instability were identified in
children with obesity, including an increased frequency
of micronucleated cells and a higher accumulation index,
indicating cellular genetic instability. It was also estab-
lished that the frequency of micronucleated epithelial
cells in children with obesity exceeded that of healthy
controls by 1.42%, which may serve as a diagnostic
marker of periodontal inflammation. These findings col-
lectively demonstrate genomic instability in gingival epi-
thelial cells and suggest that the micronucleus test may
be used as a diagnostic and prognostic tool for perio-
dontal disease in pediatric patients with obesity.

The results obtained in this study indicate that long-
standing chronic inflammation in periodontal tissues
leads to alterations in the local immune system of the
oral cavity, accompanied by quantitative changes in the
investigated parameters.

Lysozyme, a key component of non-specific oral
immunity, is synthesized by blood cells including neu-
trophils, monocytes, and macrophages. Therefore, its
concentration in gingival crevicular fluid may serve as
an objective indicator of inflammatory processes in pe-
riodontal tissues. The results of this study demonstra-
ted increased lysozyme levels in gingival fluid in obese
patients compared to systemically healthy individuals.

The complement system plays a significant role in
humoral immunity as a complex of protective proteins
responsible for the recognition and elimination of fo-
reign infectious and viral agents. Approximately 72% of
the total complement proteins are represented by the
C3 component, which is involved in the main pathways
of complement activation, chemotaxis, phagocytosis,
and cytolysis, thereby ensuring non-specific resistance
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to infection. The quantitative level of the C3 component
is a diagnostically relevant parameter for assessing
complement system function and the presence of in-
flammatory or autoimmune conditions.

In this study, a 1.2-fold reduction (p < 0.05) in C3
component levels was observed in children with obe-
sity compared to healthy controls, confirming the in-
volvement of the complement system in the immune
response. Additionally, elevated levels of IgA (1.7-fold
increase) and IgG (1.3-fold increase) were recorded
in obese patients compared to healthy individuals
(p £ 0.05), indicating an early stage of pathological
changes in periodontal tissues in pediatric patients
with obesity.

The aim of the microbiological investigation was to
assess the qualitative composition of periodontopatho-
genic flora belonging to the so-called “red complex”,
which represents the highest risk for periodontal tis-
sues, and to compare its prevalence between children
with obesity and systemically healthy controls. The
presence of key periodontopathogenic bacteria, in-
cluding Porphyromonas gingivalis, Treponema denti-
cola, and Prevotella intermedia, was evaluated.

The study demonstrated that the prevalence of “red
complex” bacteria — Porphyromonas gingivalis and
Treponema denticola, both of which are associated with
intensive periodontal tissue destruction — was signifi-
cantly higher in the obesity group compared to healthy
children. Prevotella intermedia, recognized as a predic-
tor of inflammatory periodontal diseases such as gin-
givitis and periodontitis, was detected in 63.3£0.02%
of children with obesity and in 15.0£0.01% of healthy
children (p < 0.05). These findings indicate a high risk of
development and progression of periodontal disease in
pediatric patients with obesity.

Laser Doppler flowmetry revealed increased perio-
dontal blood perfusion and venous stasis associated
with inflammation, as evidenced by a 1.4-fold increase
in the mean perfusion (PM) in obese patients compared
to healthy children, a 1.4-fold decrease in g, a 1.6-fold
increase in the coefficient of variation (Kv), and a 1.2-fold
reduction in neurogenic vascular tone. The use of laser
Doppler flowmetry enabled the assessment of perio-
dontal microcirculation in both obese and systemically
healthy pediatric patients, allowing comparative evalua-
ion of microvascular dysfunction and identification of
theneed for preventive interventions.

All the above findings demonstrate a direct relation-
ship between obesity and inflammatory processes in
periodontal tissues.

Thus, the study identified specific characteristics
of the dental status in children with obesity, indicating
both pro-inflammatory and inflammatory changes in
periodontal tissues, which justifies the need for preven-
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Abstract

INTRODUCTION. The prevalence of periodontal diseases remains very high today and is considered one of
the main causes of tooth loss in the adult population. The existing methods for evaluating the effectiveness of
periodontal treatment are outdated, have significant drawbacks and do not reflect the condition of periodontal
tissues and the pulpo-periodontal complex. There is an urgent need to develop new methods for evaluating the
effectiveness of periodontal treatment.

AIM. The aim of the study is to develop a new method for evaluating the effectiveness of therapeutic and preven-
tive measures in patients with chronic periodontitis.

MATERIALS AND METHODS. For a comparative assessment of the effectiveness of therapeutic and preven-
tive measures, a comprehensive indicator Web of effectiveness of periodontal treatment was developed, which
takes into account the values of bleeding and gingival inflammation, the depth of periodontal probing, dynamic
mobility of teeth, the condition of the dental pulp and the level of oral hygiene.

RESULTS. The method of calculating the indicator Web of effectiveness of periodontal treatment and evaluating
its effectiveness in a clinical trial is described.

CONCLUSION. A new comprehensive diagnostic indicator Web of effectiveness of periodontal treatment is pro-
posed for a comparative assessment of the effectiveness of therapeutic and preventive measures in patients with
chronic periodontitis, as well as visualization of the results of a clinical study. The proposed indicator has high prac-
tical significance and reflects the condition of not only periodontal tissues, but also the pulp-periodontal complex.
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Pesiome

BBEAEHUWE. PacnpocTpaHeHHOCTb 3ab0s1eBaHMiN NapoAoHTa Ha CErOAHSALLHNIN AEeHb OCTAETCS OYEHDb BbICO-
KO paccMaTpuBaeTCs, Kak 0Ha N3 OCHOBHbIX MPUYNH NoTepun 3yOOB Yy B3POC/IOro HaceneHus. CyllecTBylo-
wme MeToabl oueHKN 3pdEKTUBHOCTM NAPOAOHTONIOMMYECKOrO JIEHEHNS YCTapeNn, MMEIOT CYLLECTBEHHLIE
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HeaoCTaTKM U He OTPaxatoT COCTOSIHNE TKaHel NnapoaoHTa 1 NyNbno-napoaoHTanbHoro komnnekca. Cyule-
CTBYET OCTpas HEOBXOANUMOCTb Pa3paboTkmM HOBbIX METOLOB OLLEHKN 3PDEKTUBHOCTM NAPOLOHTONOIMYe-
CKOro fie4eHus.

LLEJIb. Pa3paboTaTtb 1 KNIMHMYEeCKM anpobunpoBaTb MHTErpabHbI NoKa3aTeb A5 KONMYEeCTBEHHOW OLLEHKM
3OPEKTUBHOCTM NNIEHEHNS XPOHMYECKOrO NapOAOHTMTA.

MATEPUAJIbl U METO/bI. PazpaboTtaH KOMMNEKCHbIN noka3aTtenb «[MayTnHa adppeKkTUBHOCTM NapoaoHTO-
JIOFNY4ECKOro fievyeHns», 00beANHSAOWMWIA LIEeCTb NapaMeTPoB: KPOBOTOYMBOCTb U BOCMNaneHne AeCHbI, ry-
OVMHY NapOAOHTaNIbHOr0 30HAMPOBAHUS, MOABMXKHOCTb 3yO0B, COCTOSTHUE MybIbl U TUTMEHY NONOCTU PTa.
PE3YJIbTATbI. OnncaHa meTtoamka pacyeTa nokasatens «faytmHa apdekTUBHOCTU NapPOAOHTONIOMMYEeCKOro
NeyeHmns», oueHka ero apOeKTUBHOCTU B KJIMHNYECKOM UCCNEA0BaAHUN.

SAKJTIOHEHWE. Pa3paboTaHHbIii MHTerpanbHbli AMarHoCTUYECKNIA nokasaTenb «MayTnHa apdekTUBHOCTU
NapoaOHTOJIONMYECKOrO JIe4EHNS» NPEeAHA3HAYeH A CPaBHUTENBHOrO aHann3a pesynbTaTMBHOCTM pas-
JINYHBIX N1e4eBHO-NMPOPUNAKTUHECKMX CXEM MPU XPOHMYECKOM MapoaoHTUTE. [JaHHbI MHCTPYMEHT Takxe
obecneymBaeT HarnggHoe rpaduyeckoe nNpeacTaBieHne ANHAMUKM KIMHUYECKNX nokadaTtenen. Mpepno-
>XEHHbIN NMOKa3aTesib OTPaXxaeT COCTOSHME HE TOJIbKO TKaHelr NapogoHTa, HO U NMynbno-NapoaoHTaNbHOro
KOMMJIEKCA, YTO AENAET €ro KJIMHNYECKN 3HAYNMbBIM MHCTPYMEHTOM.

KnloueBble cnoBa: 9HO0-NAPOAOHTaNbHbIE MOPAXEHNS, AMArHOCTUKA NAPOAOHTUTA, MAPOAOHTUT, leHeHune,
npodunakTmka

UHdopmauuna o ctaTbe: noctynuna — 17.01.2026; ncnpasnena — 01.03.2026; npuHata — 14.03.2026

KoH)AUKT uHTepecoB: ABTOPbLI coo6WaloT 06 OTCYTCTBMM KOHMINKTA nHTepecoB. CNoHCOp He NpuHMuMan
yyacTus B pa3paboTke, NpoBeAeHNN, MHTepnpeTaumnm nnm noaroToBkKe NCcenoBaHus.

BnarogapHocTu: GrHaHcHpoBaHve 1 MHANBMAYabHbIE GNarof4apHOCTU ANs AeK1IapupPOBaHUs OTCYTCTBYIOT.

3aaBneHune 06 aTuueckoM opobpeHun: ViccnenosaHuve 661710 040OPEHO ITUHECKUM KOMUTETOM TBEPCKOro
rocynapcTBEHHOro MeANLIMHCKOro YHUBepcuTeTa (Bbinncka na npotokona N2 5 ot 19 nioHa 2020 r.).

Ana untnposanua: Moucees [1.A., Tannakosa A.1N., Kazakosa H.H., Xoxwnes X.X., Bapunugun A.., Nepdn-
nosM.C., CaBny A.A., JaHunbyeHko A.A. HOBbIN Nogxon, K CPaBHUTENbHOM ougeHKke 3PEKTUBHOCTN neyeb-
HbIX 1 NPOPUIAKTUYECKUX MEPONPUATUIA Y GOJIbHbIX XPOHUYECKUM MapOAOHTUTOM. SHAoAOHTUS Today.
2026;24(2):330-339. https://doi.org/10.36377/ET-0197
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INTRODUCTION

The prevalence of periodontal diseases remains
high — ranging on average from 46% to 82% - and is re-
garded as one of the principal causes of tooth loss in the
adult population [1-5].

The issue of combined (endo-periodontal) lesions
has attracted increasing interest in both scientific and
clinical settings. In such cases, the pathological pro-
cess is sustained by infectious agents persisting within
accessory canal systems and dentinal tubules. Howe-
ver, the lack of standardized diagnostic approaches and
clearly defined therapeutic strategies continues to ren-
der this problem highly relevant [6-15].

Periodontitis constitutes a major public health
concern due to its widespread and high prevalence.
It may result in complete tooth loss, adversely affec-
ting masticatory function and esthetics, contributing
to social inequality, and significantly impairing quality of
life [5; 16; 17].

Recent studies indicate that effective control of chro-
nic inflammatory processes in periodontal tissues may
represent a novel approach to reducing the risk of com-
plications associated with systemic diseases [15; 18; 19].

Existing methods for evaluating the effectiveness of
periodontal treatment are outdated, possess significant
limitations, and fail to account for the condition of the
pulp-periodontal complex.

There is a clear need for the development of ad-
vanced assessment methodologies aimed at optimi-
zing periodontal therapy. Their implementation would
contribute to improving preventive and therapeutic
strategies for endodontic pathology in patients with

periodontitis. Such an integrated approach is directed
toward the prevention and elimination of chronic odon-
togenic infection foci, which represents a key factor in
maintaining oral health and improving the overall quality
of life of the population [4; 20-24].

AIM

To develop and clinically validate an integral index
for the quantitative assessment of the effectiveness of
chronic periodontitis treatment.

MATERIALS AND METHODS

For the comparative evaluation of the effectiveness
of therapeutic and preventive interventions, we deve-
loped a composite index termed the Periodontal Treat-
ment Effectiveness Web (PTEW,; hereinafter referred to
as the Web) [15].

The proposed index enables the assessment of pe-
riodontal treatment outcomes based on objective eva-
luation of key clinical parameters of dental status, in-
cluding: bleeding on probing (BoP; Ainamo, Bay, 1975),
the papillary-marginal-alveolar index (PMA; Parma C.,
1960), electric pulp testing (EPT), Periotest values (PT),
periodontal probing depth (PD), and the Silness-Lo6e
plague index (SL; Silness I., L6e H., 1964) (Fig. 1).

The calculation methodology of the PTEW index
comprises several stages.

At the first stage, a baseline geometric framework is
constructed in the form of a regular hexagon with a side
length of 2 cm, plotted on a millimeter grid from a cen-
tral reference point. Each vertex corresponds to one of
the six diagnostic parameters.
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PT

Fig. 1. Graphical model of the comprehensive
diagnostic indicator Web of effectiveness
of periodontal treatment

Puc. 1. paduyeckasa moaesb MHTErpasbHOro
AnarHoCTu4eckoro rnokasarensa «faytnHa
3bPEKTUBHOCTM NAPOJOHTONOMMYECKOrO IEYEHNS»

At the second stage, a graphical model Web is ge-
nerated. Measured values are plotted along the axes
corresponding to the sides of the hexagon. A distinc-
tive feature of the method is that EPT values are plot-
ted inversely — from the periphery toward the center.
Sequential connection of the plotted points forms
a closed polygon.

At the third stage, for each patient and for each seg-
ment group (test and comparison), the areas of the
resulting polygons are calculated before and after the
treatment course.

The final stage involves calculation of the compo-
site PTEW index, defined as the difference between the
polygon areas after and before treatment. The area,
expressed in mm?, is numerically equivalent to the in-
dex value in arbitrary units. Accordingly, a higher PTEW
value indicates greater effectiveness of the therapeutic
and preventive interventions.

To automate the calculations, a software script was
developed in the R programming language. The script
reproduces the geometric construction and calculates
polygon areas using Gauss’s area formula, thereby
eliminating manual measurement errors. The algorithm
ensures high reproducibility, rapid analysis, and the ca-
pability for batch data processing with automated graph
generation. Digital implementation enhances the accu-
racy and objectivity of PTEW assessment. Alternatively,
the constructions may be performed manually using
the online application GeoGebra. Thus, the proposed
approach to comparative evaluation of treatment and
preventive efficacy in patients with chronic periodontitis
can be implemented either through modern digital tools
or via a conventional manual method.

List of evaluated parameters:

— BoP - bleeding on probing (0-100%);

— PMA - papillary-marginal-alveolar index (0—100%);

— EPT — mean electric pulp test value (0-20 pA);
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— PT - mean Periotest value (0-20 units);

— PD - mean periodontal probing depth (0—15 mm);

— SL - Silness-Loe plaque index (0-3 units).

Scaling and justification of axis divisions:

1. BoP (0-100%).

Scale: 1 mm = 5%.

Rationale: A 100% range is linearly mapped onto
a 20 mm axis (100/20 = 5% per mm), ensuring intuitive
proportional visualization.

2. PMA (0-100%).

Scale: 1 mm =5%

Rationale: |dentical to BoP, allowing consistent rep-
resentation of percentage-based indices.

3. EPT (0-20 pA).

Scale: 1 mm =1 pA.

Rationale: A direct linear relationship (1 pJA=1mm)
is used for clarity. Since increased pulp excitation
threshold corresponds to higher pA values, and the
model assumes that worsening parameters extend
away from the center, the EPT axis is inverted. Thus,
a value of 1 pA (hyperexcitable pulp) is plotted at the
outermost point (2 cm from the center). This inversion
ensures that improvement in pulp condition (increase
in EPT values) results in a reduction of the polygon
area, visually reflecting positive treatment dynamics.

4. PT (0-20 units).

Scale: 1 mm = 1 unit.

Rationale: A linear 1:1 scale is used for simplicity
and comparability. Increased Periotest values (indica-
ting greater tooth mobility) extend the point outward,
enlarging the web area.

5. PD (0—15 mm).

Scale: 1 mm = 0.75 mm probing depth.

Rationale: To fit the full range within 20 mm:
15/20 = 0.75 mm per mm of the grid, enabling adequate
visualization of deep periodontal pockets.

6. SL (0—3 units)

Scale: 1 mm = 0.15 units.

Rationale: With a total range of 3 units, mapping onto
20 mm yields 3/20 = 0.15 units per mm, ensuring pro-
portional representation within the defined axis length.

Statistical analysis

Statistical data processing was performed using
R software (version 4.3.1). Normality of quantitative
variables was assessed using the Shapiro-Wilk test.
As most parameters demonstrated non-normal dis-
tribution, nonparametric methods were applied: the
Mann-Whitney U test for comparisons between in-
dependent groups and the Wilcoxon signed-rank test
for paired comparisons when analyzing within-group
dynamics. Correlation analysis was conducted using
Spearman’s rank correlation coefficient (p). Differences
were considered statistically significant at p < 0.01.

Validation of the normalization method
for the Web parameters

To verify the validity of the selected normalization
coefficients (axis scaling) and the sensitivity of the com-
posite PTEW index to clinical changes, an analysis of
arepresentative dataset was performed.
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Assessment of range adequacy

Baseline data from all patients (n = 95) were analyzed
to determine whether the values of all six parameters fell
within the predefined Web ranges. In 100% of cases, the
clinical parameter values were within the established
limits, confirming their clinical relevance and suitability
for the proposed model. No clinically significant values
were truncated at the scale boundaries.

Evaluation of method sensitivity

The fundamental principle of the method is that im-
provement in any parameter (reduction in bleeding, pro-
bing depth, plaque index, tooth mobility, and normaliza-
tion of EPT values) results in a decrease in the distance
from the plotted point to the center of the Web and, conse-
quently, a reduction in its total area. To assess whether the
composite PTEWindex (defined as the difference between
areas “before” and “after” treatment) objectively reflects
these changes, a correlation analysis was performed.

The following hypothesis was tested: deterioration in
any individual parameter leads to an increase in the Web
area, whereas improvement leads to its reduction.

Spearman’s rank correlation coefficient (p) was cal-
culated between the absolute change (A) of each indi-
vidual parameter (defined as |post-treatment value —
pre-treatment value|) and the change in the compo-
site index (APTEW). Since a reduction in area reflects
a positive clinical outcome and APTEW is calculated
as areapefore — Ar€aarer, POSitive APTEW values indicate
treatment effectiveness.

The results demonstrated statistically significant
(p < 0.01) moderate to strong positive correlations:

— APTEW vs ABoP: p =+0.71;

— APTEW vs APMA: p = +0.69;

— APTEW vs AEPT: p = +0.58;

— APTEW vs APT: p =+0.55;

— APTEW vs APD: p =+0.75;

- APTEWvs ASL: p =+0.63.

These positive correlations indicate that greater im-
provements in individual parameters (larger absolute
changes) are associated with higher values of the com-
posite index APTEW, confirming its convergent validity
and adequate sensitivity to clinically relevant changes.

Comparative sensitivity analysis

To demonstrate the advantages of the composite
assessment, changes in PTEW were compared with
changes in the standard Periodontal Index (Pl) in a ran-
domly selected subgroup of 20 patients. On average,
the relative change in PTEW after treatment was 84%,
whereas the relative change in Pl was 65%. This sug-
gests that PTEW, due to the inclusion of a broader set
of clinically relevant parameters (including pulp status),
represents a more sensitive tool for the integral evalua-
tion of treatment effectiveness.

Study design and ethical considerations

The present study was designed as a multicenter,
prospective, open-label, comparative, controlled study
with a cross-over design and within-group control. The
proposed composite index was applied for the compara-
tive evaluation of a novel method for the treatment and
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prevention of pulp pathology in patients with chronic pe-
riodontitis [14; 15; 25].

The study was conducted at the following research
centers: the Department of Periodontology of Tver State
Medical University (Russia), the Department of Thera-
peutic Dentistry of the Institute of Dentistry at Pirogov
Russian National Research Medical University (Pirogov
University, Russia), and the Department of Therapeutic
Dentistry of Bukhara State Medical Institute named after
Abu Aliibn Sina (Bukhara, Uzbekistan).

The object of analysis comprised clinical parame-
ters characterizing the condition of oral tissues and or-
gans. The study population included patients aged 22
to 72 years.

The study protocol was approved by the Ethics Com-
mittee of Tver State Medical University (Protocol No. 5,
dated June 19, 2020). The study was conducted in ac-
cordance with the ethical principles for medical research
involving human subjects as outlined in the Declaration
of Helsinki of the World Medical Association. All partici-
pants provided written informed consent prior to inclu-
sion in the study.

Study design and eligibility criteria

The study cohort included 95 patients of both sexes
with a verified diagnosis of chronic periodontitis (ICD-10
code K05.31) who met the predefined eligibility criteria.

Inclusion criteria:

—age: 18-74 years (according to WHO classification);

— confirmed diagnosis of chronic periodontitis of any
severity;

— 22 dental segments with periodontal pockets
(up to 6 mm) containing endodontically intact teeth;

— 22 teeth with diagnosed dentin hypersensitivity.

Non-inclusion criteria:

—use of anti-inflammatory medications (NSAIDs,
corticosteroids);

— history of hepatitis B/C or HIV infection;

— chemotherapy, radiotherapy, or cytokine therapy
within 5 years prior to study initiation;

—individual intolerance to components of the ap-
plied medications;

— pregnancy or lactation;

— refusal to comply with the study protocol.

Exclusion criteria (during the study):

— voluntary written withdrawal from participation;

— occurrence of conditions associated with risk to
the participant’s life or health;

— development of diseases corresponding to non-
inclusion criteria;

— clinical necessity for therapeutic interventions not
provided for in the study protocol;

- violation of the medication regimen, including the
use of prohibited drugs;

—any other conditions preventing continued adhe-
rence to the study protocol.

Group design

Each patient served as their own control: within the
same individual, from 1 to 4 test (main) and control
(comparison) dentoalveolar segments were identified,
allowing for intra-individual comparative analysis.
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For the assessment of dental status at baseline and
follow-up stages, both primary and supplementary diag-
nostic methods were used:

1. Measurement of periodontal probing depth using
a first-generation UNC-15 periodontal probe.

2. Assessment of oral hygiene using the Silness-Lo6e
plaque index.

3. Evaluation of bleeding on probing using the BoP
index.

4. Assessment of gingival inflammation using the
PMA index.

5. Evaluation of tooth mobility using Periotestometry
(Periotest S device, Medizintechnik Gulden, Germany).

6. Assessment of pulp status using electric pulp testing
(EPT) with the “PulpEst L’ device (Geosoft, Russia—Israel).

Description of the novel treatment
and preventive method

The proposed method for the treatment and preven-
tion of pulp pathology in patients with chronic periodon-
titis was implemented as follows [25].

The protocol of the first visit included standard con-
servative periodontal procedures followed by localized
intervention. In the test segments (main group), the fol-
lowing therapeutic protocol was applied: after applica-
tion of the paste-like preparation Cupral (Humanchemie
GmbH, Germany), strips of aluminum foil (€1 mm in
width) were placed into the same periodontal pockets.
Stabilization of the isolating barrier was achieved by ap-
plying cyanoacrylate adhesive Sulfacrylate (NTO Medi-
cal Innovations, Russia) along the marginal gingiva.

In the comparison group, a gel containing 0.1% chlo-
rhexidine and 1% metronidazole was applied into the
periodontal pockets without the use of aluminum foil.
The treatment course in both groups consisted of two
sessions with an interval of 5-7 days.

At the final stage (fourth visit), following removal of
adhesive dressings, the periodontal pockets were irri-
gated with distilled water. In the main group, an addi-
tional procedure was performed — impregnation of root
surfaces using a two-component Dentin Sealing Liquid
(Humanchemie GmbH, Germany).

RESULTS

Before and after treatment, clinical parameters of
dental status were assessed, followed by calculation
of the PTEW index. For each patient, two values of the
composite index were determined (for dentoalveolar
segments of the main group and the comparison group).

Comparative analysis of the dynamics of the inte-
gral Effectiveness Web index revealed statistically sig-
nificant differences between the groups. Baseline area
values in the main and comparison groups were com-
parable (5.91 and 6.01 mm?, respectively, see Table 1),
indicating the representativeness and homogeneity of
the sample at the start of the study (Fig. 2).

Following the treatment course, a pronounced posi-
tive trend was observed in both groups. However, in the
main group, the Web area decreased at a substantially
higher rate, exceeding the corresponding changes ob-
served in the comparison group (Fig. 3).
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Table 1. The average values of the indicator
Web of effectiveness of periodontal treatment
area and the complex indicator for the study groups

Ta6nuuya 1. CpegHue 3Ha4eHusa nnowanu
nokasatens «MayTnHa apPeKTUBHOCTH
NapoaoHTONOMMYECKOro IeYEHUSA» U KOMMIEKCHOIO
rnokasaTens ansa rpynn nccnenoBaHuns

Research groups
Indicators p-value
Main (I) | Comparisons (Il)
The average area 591 6.01 0.342
of the Web before, mm? ' : ’
The average area 0.86 1.93 <0.001
of the Web after, mm? : : )
A comprehensive 5.05 4.08 <0.001
.PMA SL.”~
\ |
1 1
1 1
1 1
1 1
1
JEPT PD-
PT PT

Fig. 2. View of the indicator Web of effectiveness
of periodontal treatment for the main group (left)
and the comparison group (right)

before the therapeutic and preventive procedures

Puc. 2. Bug nokasarens «[laytuHa adpPekTUBHOCTM
NapogOHTONIOMMYECKOrO IeYeHUs» A58 OCHOBHOM
rpynnbl (CNeBa) 1 rpynnbl CPaBHEHUS (Cnpasa)

[0 NpoBeAeHnst nevebHbIX 1 NPOPUNAKTUYECKNX
npoueayp

BoP BoP
sL.-~ “~.PMA SL.-~ “~,PMA
I I I |
1 1 1 1
1 t:: 1 1 1
1 1 1 1
1 1 1 1
PD. “JEPT PD-_ JEPT
PT PT

Fig. 3. View of the indicator Web of effectiveness
of periodontal treatment for the main group (left)
and the comparison group (right) after therapeutic
and preventive procedures

Puc. 3. Bupg nokazatens «[aytnHa apdekTMBHOCTH
NapoaOHTOJIOMMYECKOr O NeYeHUs» A9 OCHOBHOM
rpynnbl (Cnesa) n rpynnel CpaBHEHWS (Cnpasa)
nocne nposeaeHns nevebHbIX 1 NPOdPUNaKTUYECKIMX
npouenyp
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These findings indicate that the therapeutic protocol
applied in the main group provided significantly greater
clinical effectiveness, as confirmed by a statistically sig-
nificant difference in the PTEW index values.

Clinical case

A 53-year-old patient (A.G.) presented for outpa-
tient care with complaints of persistent halitosis and
pronounced gingival bleeding occurring both during
mechanical stimulation and spontaneously. According
to the medical history, these symptoms had persisted
for several years. During this period, the patient had not
sought professional dental care and had relied on self-
treatment, including periodic rinsing with chlorhexidine
solution. Oral hygiene was irregular, limited to standard
measures (medium-bristle toothbrush and therapeutic
toothpaste).

Objective examination revealed abundant supra-
and subgingival dental deposits. The gingival mucosa
was hyperemic, edematous, and loose consistency;
bleeding on probing was noted, along with mild ten-
derness on palpation.Serous-purulent exudate was
detected from periodontal pockets in the regions of
teeth 1.2, 2.2, 2.5, 2.6, 2.7, 3.8, and 4.8. Periodontal
probing depths ranged from 4 to 6 mm. Gingival reces-
sion was observed: 1-4 mm in the anterior mandibular
region and 1-5 mm in the posterior segments.

Objective diagnostic findings were as follows:
EPT — 5 units; mean probing depth (PD) — 4.28 mm;
BoP - 100%; PMA - 67%; Periotest value (PT) — 11 units;
Silness-L6e index (SL) — 2 units.

Based on clinical, anamnestic, and additional diag-
nostic data, the diagnosis was established as follows:
ICD-10: K05.3 Chronic periodontitis.

WHO classification: Chronic generalized periodonti-
tis of moderate severity in the exacerbation phase.

Treatment

At the first stage, individualized oral hygiene instruc-
tions and product selection were provided. The visit
concluded with professional oral hygiene under local
anesthesia. Subsequently, medicamentous treatment
was performed according to the proposed method for
the treatment and prevention of pulp pathology in pa-
tients with chronic periodontitis using Cupral (Human-
chemie GmbH, Germany), as described above. The pa-
tient was prescribed both local and systemic therapy
for home use.

At the second stage (after 14 days), root surface
impregnation was performed using Dentin Sealing
Liquid.

At the follow-up visit after 5 months, the patient re-
ported mild sensitivity in individual teeth. Re-evalua-
tion of clinical parameters showed: EPT — 10.14 units;
PD - 3.67 mm; BoP — 33%; PMA — 11%; PT — 3.67 units;
SL — 0 units.

The Web configuration before treatment and
5 months after treatment is presented in Fig. 4.

The composite index was calculated as follows:
S, (before treatment) - S, (after treatment)=
=5.52-0.49=5.03 mm>.
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Fig. 4. View of the indicator Web of effectiveness
of periodontal treatment before therapeutic
and preventive measures (left) and 5 months after (right)

Puc. 4. Bug nokazartensa «[laytnHa adpdekTUBHOCTU
NapoaoHTONIOrMYECKOrO NIeYEHNS»

[0 ne4yebHo-NpoduNakTUYECKMX MEPONPUATU (Cnesa)
nyepes 5 mecaues nocne (crnpaea)

At the subsequent visit after 8 months, the patient
reported no complaints. Reassessment demonstrated
further improvement: EPT — 11.85 units; PD - 3.22 mm;
BoP - 0%; PMA - 0%; PT - 6 units; SL — O units.

DISCUSSION

The development of the novel composite index, the
Periodontal Treatment Effectiveness Web (PTEW), was
driven by the objective need to overcome the methodo-
logical limitations inherent in existing assessment sys-
tems. Analysis of traditional periodontal indices revealed
a number of systemic shortcomings that hinder compre-
hensive and objective evaluation of treatment outcomes,
particularly in patients with combined periodontal and
pulp pathology.

Classical indices, such as the Periodontal Index (PI)
by Russell (1956) and the Ramfjord /Keche index (1975),
while historically significant, are largely outdated. Their
principal limitation lies in their inconsistency with cur-
rent concepts of periodontal disease pathogenesis and
classification [26; 27]. These indices often combine
heterogeneous nosological entities (e.g., gingivitis and
destructive forms of periodontitis) within a single scale
and rely partly on subjective assessment of parameters
such as tooth mobility, thereby reducing reproducibility
and objectivity.

Indices widely used for epidemiological and screen-
ing purposes by the World Health Organization — such as
the Community Periodontal Index of Treatment Needs
(CPITN), the Community Periodontal Index (CPI), and
the Periodontal Screening Index (PSI/PSR) — address
the narrow task of disease detection but are not suitable
for longitudinal monitoring or evaluation of treatment ef-
fectiveness [16; 28—31]. Their key limitations include:

1. Fragmentary assessment. Only a limited set of
parameters (bleeding, calculus, probing depth) is con-
sidered, while critical aspects such as oral hygiene sta-
tus (plague index), tooth mobility, and, most importantly
for the present study, the condition of the pulp-perio-
dontal complex are not evaluated.
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2. Reliance on index teeth. Assessment based
on 6-10 representative teeth does not reflect the full
extent and severity of disease in an individual patient.

3. Qualitative rather than quantitative nature.
These indices categorize patients by severity but do not
provide an integral quantitative measure suitable for pre-
cise comparison of pre- and post-treatment conditions.

Thus, existing methods do not allow for a fully ob-
jective comparative evaluation of therapeutic and
preventive interventions, as also noted by McGuire
and Nunn, who emphasized the difficulty of predic-
ting treatment outcomes based on standard clinical
parameters [20-22]. This limitation is particularly pro-
nounced when assessing pulp status in patients with
periodontitis, who are at increased risk of developing
endo-periodontal lesions [6; 7; 10].

In contrast, the proposed PTEW index is integral
and multiparametric, addressing the aforementioned
limitations through:

1. Comprehensiveness. Simultaneous incorpora-
tion of six key parameters characterizing periodontal
tissue status (BoP, PMA, PD, PT, SL) and pulp vitality
(EPT), aligning with contemporary understanding of
the close interrelationship within the pulp-periodontal
complex [10; 11; 13].

2. Quantitative output. Results are expressed as
an absolute numerical value (area in mm?), enabling
both visualization of treatment dynamics and robust
statistical analysis of therapeutic effectiveness.

3. Objectivity and reproducibility. Only objec-
tively measurable parameters are included, minimizing
subjective bias.

4. Clarity and visualization. The Web format
provides an intuitive graphical tool for clinicians to
demonstrate patient status dynamics before and after
treatment.

The results of the present study, demonstrating a sta-
tistically significant increase in the composite APTEW
index in the main group compared to the comparison
group, confirm the practical applicability and sensitivity
of the method. The higher clinical effectiveness observed
in the main group — where the treatment protocol also
targeted prevention of pulp pathology — was adequately
captured by the proposed index, whereas conventional
indices would not fully reflect these differences.

It should be emphasized that PTEW does not replace
standard indices in their epidemiological and screening
roles but rather complements them in clinical research
and practical periodontology, where precise quantitative
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Abstract

Currently, oncological diseases of the oral mucosa and the maxillofacial region are characterized by a high
prevalence rate, necessitating timely diagnosis and the improvement of their medical and social rehabilitation.
The priority objective in this regard is to reduce morbidity and mortality while enhancing the quality of life for
cancer patients through proven, evidence-based measures in prevention, diagnosis, treatment, rehabilitation,
and palliative care, as well as through the identification of specific risk groups. Improving care for patients with
oncological diseases requires effective interaction between the patient and the healthcare facility, and, on
the part of specialists, the implementation of innovative technologies. The advancements in global medical
science are accompanied by the emergence of new communication opportunities linked to artificial intelli-
gence systems. These systems have demonstrated highly effective results in the early diagnosis of precan-
cerous conditions, as well as in organizing treatment and preventive measures for patients with disabilities
residing in remote areas, thereby increasing the rate of early patient referrals. Meanwhile, one effective method
for detecting precancerous and cancerous conditions is the screening program. In the Russian Federation,
however, developed screening programs are not widely implemented within the country’s practical health-
care system. Nevertheless, the unresolved issues concerning the early diagnosis, treatment, and rehabilitation
of oncological diseases of the maxillofacial region underscore the need for further research. Such research,
aimed at finding clinically effective methods and tools, represents a pressing issue in clinical dentistry.

Keywords: precancerous diseases, malignant neoplasms, causative factors, patient routing, early diagnosis,
treatment, prevention, rehabilitation
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Pe3sioMe

Ha cerogHsLLHNIA AeHb OHKONIOrMYeckmne 3aboneBaHns CAnM3ncTon 060104KM NOMOCTM PTa U YeNIOCTHO-/N-
LLeBOl 061aCTU XapakTepU3yTCS BbICOKMM YPOBHEM NX PACNPOCTPaHEHHOCTU, KOTOPble TPebyIOT CBOEBpE-
MEHHOW ANarHOCTUKM U COBEPLUEHCTBOBAHUS NX MeAMKO-COoLnanbHon peadbunutaumn. Mpu aToM npropuTeT-
HOI LLeNbio SBMSIIOTCS YMeHbLUeHne 3a00/1eBaeMOCTU, CMEPTHOCTU W MOBbLILLIEHWS YPOBHSI Ka4eCTBa XWU3HU
OHKOJIOTMYECKMX NaLUEHTOB C NMOMOLLbIO AeACTBUTENbHbIX YOeanTenbHbIX MEPONPUATUIA N0 NPOdPUNaKTUKE,
OMarHoCTurKe, NIeYeHunto, peabunmtaumm n NanamaTMBHOM NOMOLLM, a TakXe No Npu3Hakam crneundunyeckmnx
rpynn pucka. CoBeplLLUEHCTBOBaHME MOMOLLUM MNauUMeHTaM C OHKonormdyeckumm sabonesaHnsiMun TpeOyiloT
B3aMMOAENCTBUSA NauneHTa 1 ne4ebHo-NpodUNakTUYECKOro yYpexaeHuns, a oT cneumanncToB BHeAPEHUS
MHHOBALMOHHbIX TEXHONOrM. Passutue MMpoBON MEOULMHCKON HAayKU COYETAIOTCHA C MOSIBIEHMEM HOBbIX
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BO3MOXHOCTEN KOMMYHMKALUK, CBA3aHHbIE C CUCTEMOI UCKYCCTBEHHOIO MHTENNEKTa, KOTopas nokasana
Hanbonee apdekTMBHbIE Pe3ynbTaThl A8 PaHHEel AMarHoCTUKY NpeapakoBbix 3ab0ieBaHniA, a TakXe B Op-
raHn3aunmn ne4ebHo-NPoPUNaKTUHECKUX MEPONPUSATUIA Y BOJIbHBIX C OrPaHNYEHHBIMN BO3MOXHOCTAMU, Ha-
XOOSALMXCS B OTAANIEHHbIX MECTHOCTSX, MOBLILIASA TEM CaMblM YPOBEHb PAHHEro 006paLLeHns naumeHTa. Tem
BpEMeHeM OAHUM 13 3P DEKTUBHBLIX METOO0B BbIIBNIEHNS NPEeAPaKOBbIX M OHKOJIOFrMYeckunx 3aboneBaHunin sB-
NSIETCS CKPMHNHIOBas nporpamma B Poccun, rae paspaboTaHHble CKPUHMHIOBbLIE NMPOrpaMMbl LUMPOKO HE UC-
Nonb3yTCH B CUCTEME NMPAKTUYECKOr0 34PaBOOXpaHeHns cTpaHbl. OaHako, 40 KOHLLA He peLLeHHbIe BONpPOoChI
PaHHEN ONArHOCTUKWN, IeYEHMS U peabnnuTaLnm OHKONOrMYeCKnX 3ab60neBaHniA YENIOCTHO-NNLLEBOM 06nacTu
OVKTYIOT HEOOX0AMMOCTb NPOBEAEHUS AafibHEeNLNX NCCNeaoBaHNii, HanpaBieHHbIX Ha NOMCK KJIMHUYECKN
3 PEKTUBHBLIX METOAOB U CPEACTB, YTO ABNSETCH aKkTyalbHOM NPO6/IEMON KITMHUYECKOM CTOMAaTOoNorun.

KnioueBble cnoBa: npeapakoBblie 3ab0neBaHUs, 3/10ka4eCTBEHHbIE HOBOOGPAa30BaHMs, NPUYNHHO-Clea-
CTBEHHble (paKTOopPbl, MAPLUPYTM3aLUUS, PaHHAS OMarHocTuKa, neveHune, npodunaktika, peabunurtaums

UHdopmauua o ctaTbe: noctynuna — 02.02.2026; ncnpaeneHa — 11.03.2026; npuHaTta — 20.03.2026
KoH$AUKT uHTepecoB: ABTOPbLI CO0OLLa0T 06 OTCYTCTBUN KOHGIMKTA UHTEPECOB.
BnarogapHocTu: GrHaHCcHpoBaHWe 1 MHANBMOYabHbIE 6narof4apHOCTU ANs AeK1IapMpPOBaHUs OTCYTCTBYIOT.

Ana umtuposanmsa: Eropos A.H., YwHuukuin M. 4., Eroposa J1.W., Bacunees B.H., NuHenuc N.C. CoBpeMeHHble
TEHOEHUMN NPODUNAKTUKN, PAHHEN ONArHOCTUKK, NTEYEHNS N peabunamTaunm OHKOSIOrMYecknx 3abonesaHmi
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INTRODUCTION

At present, unresolved issues related to early diagno-
sis, treatment, and rehabilitation of oncological diseases
of the maxillofacial region necessitate further research
aimed at identifying clinically effective methods and ap-
proaches, making this a highly relevant problem in clini-
cal dentistry [1]. Malignant neoplasms of the oral mu-
cosa and maxillofacial area are characterized by a high
prevalence, requiring timely diagnosis and improvement
of medical and social rehabilitation strategies [2].

It should be noted that in the Russian Federation
over the past half century, there has been nearly a two-
fold increase in the trend of newly diagnosed malig-
nant neoplasms, with the overall incidence reaching up
to 85%. At the same time, scientific and technological
advances have contributed to a reduction in premature
cancer-related mortality. Nevertheless, both incidence
and mortality rates remain high, with cancer ranking
second among causes of death after cardiovascular
diseases in Russia [3; 4].

Recent studies indicate that, according to standar-
dized mortality rates, the Russian Federation remains
among the leading countries alongside China, as well
as several European and Asian nations [3].

According to multiple authors, despite advances in
medical science, up to 50% of tumors of the oral cavity
and oropharynx tend to recur. Approximately 10,000 new
cases of malignant neoplasms of the oral mucosa are
diagnosed annually in Russia, corresponding to 29 cases
per 100,000 population, with a one-year mortality rate
reaching 33% [5; 6]. Over the past decade, the incidence
of these diseases has increased by up to 35%, while the
five-year survival rate remains low — approximately 25%
in men and 38% in women - largely due to the fact that
up to 70% of cases are diagnosed at advanced stages.
Late presentation is often associated with the lack of
comprehensive population screening and the non-man-
datory nature of preventive medical examinations, which
significantly contribute to disease neglect.

Currently, a well-defined spectrum of etiological
factors contributing to malignant transformation in
the oral cavity has been identified, including harmful

habits, adverse environmental exposures, and low so-
cioeconomic status [7-9]. In addition, the incidence of
oral malignancies is directly influenced by regional so-
cioeconomic development, public health awareness,
and accessibility of healthcare services [10-12].

The above highlights the critical role of dental prac-
titioners in the early detection of malignant neoplasms
of the maxillofacial region. As primary care providers,
dentists play a key role in initial diagnosis, undersco-
ring the importance of further research aimed at opti-
mizing medical and social rehabilitation strategies.

AIM

To conduct a literature review on current trends in the
prevention, early diagnosis, treatment, and rehabilitation
of oncological diseases of the maxillofacial region.

MATERIALS AND METHODS

To compile a review on the prevention, early detec-
tion, treatment, and rehabilitation of oncological di-
seases of the maxillofacial region, a literature search
was conducted using the databases Web of Science,
Scopus, PubMed (MEDLINE), eLIBRARY.RU, and the
Cochrane Database of Systematic Reviews. Keywords
relevant to the research topic were applied, including
“precancerous conditions”, “malignant neoplasms”,
“causal factors”, “patient routing”, “early diagnosis”,
“treatment”, “prevention”, and “rehabilitation”.

During the search process, 3,653 publications were
identified. After removing 986 duplicates, 2,667 poten-
tially relevant studies were screened. Of these, 2,405 arti-
cles did not meet the inclusion criteria and were therefore
excluded. Consequently, the full texts of 262 studies were
assessed in detail. Ultimately, 48 publications met the eli-
gibility criteria and were included in the final analysis.

Studies lacking original data, as well as those that
did not comprehensively address aspects of prevention,
early diagnosis, treatment, and rehabilitation of maxillo-
facial oncological diseases, were excluded. Among the
48 selected articles, randomized controlled trials, meta-
analyses, and systematic reviews were analyzed. The
selected sources enabled the formulation of evidence-
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based conclusions regarding current trends in the pre-
vention, early diagnosis, treatment, and rehabilitation of
oncological diseases of the maxillofacial region, high-
lighting the need for further research in this field.

RESULTS AND DISCUSSION

Pathogenesis

Genetic predisposition plays a crucial role in the
development of oncological diseases. Increased ex-
pression of certain polymorphic genetic variants may
directly trigger malignant transformation of precancer-
ous lesions and sporadic tumor development [1; 12].
In addition, genetic influences on oncogenic processes
are associated with impaired enzyme synthesis in cells,
leading to genotoxic effects, while a decrease in exo-
genous carcinogens may disrupt the metabolic path-
ways of carcinogenic xenobiotics [10; 11; 13].

Currently, metabolic imbalance has been identified
in patients with oral oncological diseases. In this regard,
some authors recommend vitamin therapy, including
vitamin A solutions and Aevit (containing vitamins A
and E) in combination with glucocorticosteroids [14].

Screening and diagnosis

The primary strategy for reducing the incidence of
oncological diseases includes prevention, early de-
tection of precancerous conditions, implementation
of cancer screening programs, development of digital
tools for oncological detection, and provision of high-
quality palliative care [8; 15-17].

At the same time, comprehensive programs that have
been developed and implemented demonstrate a broad
scope of impact at both international and regional levels,
contributing to the improvement and monitoring of on-
cological care delivery [18]. Effective cancer control pro-
grams are closely linked to the outcomes of scientific re-
search, enabling the integration of innovative technologies
into preventive, therapeutic, and rehabilitation practices.

A key public health priority is based on the clinical
and epidemiological characteristics of oncological di-
seases [9; 19; 20]. One of the major current initiatives is
the European Cancer Plan, which aims to significantly
reduce and ultimately halt the spread of cancer. These
programs focus on the implementation of advanced
medical technologies in oncological care.

An equally important objective is ensuring the avai-
lability of highly qualified multidisciplinary specialists
and expanding access to specialized medical care. This
domain also emphasizes the implementation of perso-
nalized medicine approaches in the prevention, early
diagnosis, and treatment of malignant neoplasms of the
oral cavity and maxillofacial region, as well as improving
the social integration of oncology patients [7; 21-23].

It is important to emphasize that patient interview and
visual examination remain the primary methods in the as-
sessment of individuals with oncological diseases. At the
same time, one of the effective approaches for detecting
precancerous and malignant conditions is the implemen-
tation of screening programs in the Russian Federation.
However, existing screening programs are not yet widely
integrated into routine clinical practice [24].

dHdodoHmus
————TLT

Currently, one of the innovative methods for detec-
ting neoplasms of the oral mucosa is autofluorescence
stomatoscopy. This technique involves the use of vari-
ous light filters to examine oral tissues and identify
pathological changes characteristic of facultative and
obligate precancerous conditions. The principal me-
chanism of this method is based on the application of
different wavelengths of light to detect alterations in
epithelial cells, particularly in the spinous layer, mani-
fested as cellular atypia and polymorphism. Autofluo-
rescence is widely used in oncological screening of oral
pathologies not only in Russia but also internationally,
demonstrating high diagnostic efficiency. This method
is simple to use and exhibits high sensitivity for certain
precancerous conditions, thereby increasing the like-
lihood of early detection of obligate precancerous le-
sions and malignant neoplasms at earlier stages [25].

It should also be noted that one of the effective re-
gional components of the Unified State Health Infor-
mation System in the Republic of Sakha (Yakutia) is
the “RMIS” program, which functions as a large-scale
healthcare IT project.

At present, specialists successfully use stomatos-
copy and vital staining methods, including Lugol’s solu-
tion, for the detection of oncological diseases. Hema-
toxylin and toluidine blue are also applied; however,
their use in routine dental practice remains limited [26].
Among screening approaches for early diagnosis of
malignant neoplasms of the oral cavity, clinicians fre-
quently rely on simple and accessible methods, inclu-
ding fluorescence-based techniques incorporated into
state-guaranteed dental care programs [3].

Objective clinical examination remains one of the
most informative diagnostic approaches. During as-
sessment, the dentist evaluates facial changes, mouth
opening, the condition of the vermilion border of the
lips, the oral mucosa, color alterations, and the consis-
tency of tissues within the lesion. In addition, identifica-
tion of primary and secondary morphological elements
is essential for accurate diagnosis [27-29]. According
to WHO recommendations, diagnostic evaluation of
oncological conditions should include both extraoral
examination of the head and neck and intraoral as-
sessment of dentoalveolar structures. However, clinical
examination alone does not provide definitive differen-
tiation between precancerous and malignant lesions or
allow precise prediction of malignant transformation.
To a considerable extent, diagnostic accuracy depends
on the clinician’s expertise and experience [2; 30; 31].

Treatment and rehabilitation

In clinical dentistry, general principles for managing
precancerous lesions of the oral mucosa have been es-
tablished. Topical pharmacotherapy is most commonly
delivered via application methods; however, these ap-
proaches have limitations due to the lack of prolonged
drug retention, as medications are diluted by saliva,
reducing their effective concentration [32-35]. In this
context, modified drug delivery systems with controlled
release have gained importance, maintaining higher lo-
cal concentrations and prolonging therapeutic effects.
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These include liposomal formulations and drug-poly-
mer conjugates such as hydrogels [36].

Surgical technologies continue to evolve, with in-
creasing use of laser surgery, robotic techniques, and
robot-assisted interventions. Photodynamic therapy is
also widely used in the management of precancerous
and malignant lesions. Photodynamic therapy involves
laser-induced disruption of trophic processes in patho-
logical tissues and contributes to the destruction of tu-
mor vasculature. However, it is associated with adverse
effects such as hyperemia, edema, ulceration, erosion,
and bleeding, necessitating adjunctive pharmacologi-
cal management [26; 37-39].

Laser ablation is considered one of the effective treat-
ment modalities for precancerous lesions of the oral mu-
cosa. It requires an individualized approach, including
adjustment of laser power and pulse duration. Combined
treatment strategies often incorporate pharmacotherapy
along with cryodestruction; however, contraindications
may include pronounced hyperkeratosis and lesions lo-
cated in anatomically challenging areas [40-42].

In some clinical cases, conventional surgical inter-
vention is not feasible due to contraindications such as
decompensated systemic diseases or difficult anatomi-
cal localization of lesions. Additionally, recurrence of le-
sions has been reported even after radical treatment [2].

Currently, radiofrequency surgical devices (radio-
surgical scalpels) are widely used in dental oncology.
Compared to traditional methods, they offer advantages
such as improved visualization of the surgical field due
to effective coagulation of small vessels, reduced risk of
postoperative complications, and formation of a more
favorable scar [43].

Systemic therapy also plays an important role in
comprehensive treatment.The use of systemic enzyme
preparations has demonstrated a broad nonspecific
therapeutic effect, with proven biocompatibility and
safety when combined with other medications. One
such npenapart is Wobenzym, which has shown efficacy
in promoting regeneration of erosive and ulcerative le-
sions, achieving complete epithelialization in up to 70%
of cases within 1.5 months and absence of recurrence
in 63% of patients after six months [6].

Prevention

Improvement of oncological care remains a priority
in healthcare systems, taking into account climatic, so-
cioeconomic, and medical-geographical factors [44].
Initiatives led by the World Health Assembly have re-
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Evaluation of the effectiveness of a modified method
for treating chronic pulpitis of evidence-based medicine
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Abstract

AIM. The aim of the study was to evaluate the effectiveness of the modified method of treating chronic pulpitis
taking into account unfavorable outcomes from the standpoint of evidence-based medicine.

MATERIALS AND METHODS. Were examined 126 patients aged 20 to 60 years with a confirmed diagnosis of
chronic fibrous pulpitis (K04.03) using evidence-based medicine criteria (ARR, RRR, NNT, OR) to evaluate the
effectiveness of treating chronic pulpitis using a modified method developed by the authors in comparison with
the standard treatment method. These were calculated based on outcome indicators: the primary endpoint was
tooth extraction, the secondary endpoint was retreatment of endodontic therapy, and the surrogate endpoint was
the presence of radiographic changes in the absence of clinical signs. Post-hoc comparisons were performed
using the Pearson x? test with Holm’s correction. Differences were considered statistically significant at p < 0.05.
RESULTS. With the modified treatment method, no cases of tooth extraction were detected (x* = 5.87, df = 1,
p = 0.015), the absolute risk reduction (ARR) was 4.9%, and the number of teeth that need to be treated to
prevent 1 tooth extraction — NNT = 20. A shift from 1 OR value to the left determines a significant positive
dynamic of the risk of tooth extraction in the modified treatment group. The results of the comparison for
the secondary endpoint showed that the percentage of complications with the modified treatment method is
three times lower than with the standard one: 2.5% versus 7.3%, respectively (x> = 2.56, df= 1, p = 0.109). The
difference in the frequency of this complication (ARR) is 4.8%, and the number of teeth that need to be treated
to prevent 1 repeated endodontic treatment is 21 cases (NNT = 20). A leftward shift of the OR value from 1
indicates a moderate decrease in the risk of endodontic retreatment in the study group. A surrogate assess-
ment revealed that the percentage of radiographic changes observed with the new treatment method was in
three times lower than with standard treatment: 1.7% versus 4.9%, respectively (x> = 1.69, df = 1, p = 0.194).
The difference in these proportions (ARR) was 3.2%, and the number of teeth needed to treat to prevent one
case of radiographic changes (NNT) was 31. A leftward shift of the OR value from 1 indicates that has been
identified a tendency to decrease risk of occurrence the radiographic changes in the study group.
CONCLUSIONS. The obtained data indicate the clinical prospects of the modified treatment method and need
for further research with an expanded sample.
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OueHKka 3¢pPekTMBHOCTU MOAUPULMPOBAHHOIO METOAA SIeYEHUA
XPOHUUECKOro NysbnuTa C No3vuum AoKasaTesibHOM MeAULUHBI

M.C. Kopuaruna'(®, M.A. NocTtHukos' (224, O.H. Kyapswos', M.M. Anékuna'(®), 3.X. fiky6oBa®
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Pe3iome

LLEJIb. OueHnTb 9¢dpHEKTUBHOCTb NPEANOXEHHOr0 aBTOPaMn MOANPULMPOBAHHOIO METOAA JIEHEHUSI XPOHM-
4eCKOro nynbnMTa c y4eTOM HeBGNaronpuATHbIX UCXOA0B C MO3ULMN A0Ka3aTeNbHOM MeANLVHbI.
MATEPUAJbI U METOAbI. Ans oueHkn 3pPEKTUBHOCTN NEYEHUS XPOHNUYECKOTO NMyNbnnTa pasdpabdoTaHHbIM
aBTopamMu MoanduuMpoBaHHbIM CNOCO60M B CPABHEHUM CO CTaHOAPTHBIM METOOOM nedeHus obcneno-
BaHO 126 naumeHToB B BOo3pacTte oT 20 o 60 neTt ¢ noaATBEPXAEHHBIM ANArHO30M «XPOHUYECKUIA NYNbANT»
(K04.03) c npuMmeHeHneM kputepues gokasaTtenbHon meauumHel (CAP, COP, Y3HJ1, OLL), koTopble paccuu-
TbIBAJIUCb MO NMOKa3aTensiM UCXOAO0B: NepBUYHAsA KOHEYHas Touyka — yaaneHue 3yba, BTOPUYHAsS KOHeYHas
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TOYKa — NOBTOPHOE 9HAO0O0HTUYECKOE Jie4eHne, cypporaTtHas — HaJinyme peHTreHoIorM4ecknx U3MeHeHun
Npu OTCYTCTBUWN KITIMHNYECKNX MPU3HAKOB. ANOCTEPUOPHbBIE CPABHEHWS BbIMOJHAINC C MOMOLLLIO KPUTEPUS
x2-Mupcona ¢ nonpasko Xonma. Paznmuumsa cumtanmcb CTatucTUYecKn aHaymmMbiMm npu p < 0,05.
PE3YJIbTATbI. Mpu moanduunpoBaHHOM cnocobe nevyeHns He BbISIBJIEHO HM OHOr0 cnyyas yaaneHus 3yba
(x? = 5,87, df = 1, p = 0,015), cHmxeHue abconoTHoro pucka (CAP) — 4,9%, a uncno 3y6oB, KOTOPbIX HE06-
XOAMMO MPOJIeYnTb, YTOObI NpeaoTBpaTuTb 1 ynaneHue 3yba — Y3HJ1 = 20. CmeweHme ot 1 3HaveHns OLL
BNIEBO ONpenensieT CyLeCTBEeHHYIO NONIOXNTENbHYIO AMHAMUKY pUcka yaaneHus 3yba B rpynne moanduum-
poBaHHOro cnocoba nevyeHus. Pe3ynbratbl CPaBHEHUS MO BTOPUYHOW KOHEYHOM TOYKE mokasanu, 4To npo-
LLEHT OCNIOXHEHUI Npn MoandULMPOBaHHOM cnocobe evYeHns B TpU pasa MeHblLUe, HEM NPU CTaHOaPTHOM:
2,5% npoTue 7,3%, CoOTBETCTBEHHO (X° = 2,56, df= 1, p = 0,109). Pa3Hunua 4acTtoThl 3TOro ocnoxHeHus (CAP)
cocTaBnsieT 4,8%, a uncno 3y60B, KOTOPbIX HEOOXOANMO NMPOSEeYNTb, HTOOLI NPeaoTBPaTUTL 1 MOBTOPHOE 3H-
LoaoHTM4eckoe nedeHune coctasnset 21 cnydan (H3HJ1=20). CmeleHmne 3HaveHus OLL ot 1 BneBo o3HavaeT
CPEenHIoO AMHAMMKY CHUXEHUSI pUcKa NOBTOPHOIO 3HOO0AOHTMYECKOro Jle4eHUss B OCHOBHOW rpynne. Mpu
NPOBELEHMN OLLEHKM MO CYPPOraTHOM TOUKE BbISIBIEHO, YTO MPOLEHT HANNMYNS PEHTTEHONOIMYECKUX NBMEHE-
HUI NPU NPUMEHEHNM HOBOIO cnocoba fieyeHuns B TpM pa3a MeHbLUE, YEM NPU CTaHOapPTHOM nedenunn: 1,7%
npoTtus 4,9%, cooTBeTcTBEHHO (X2 = 1,69, df = 1, p = 0,194). PasHnua atux gonen (CAP) coctasnset 3,2%,
a ymcno 3y60oB, KOTOPbLIX HEOOXOAMMO MPONEYNTb, 4TOObLI NPeaoTBpaTUTb 1 cnyyall PeHTreHoIorN4YecKnx
nameHeHuin Y3HJ1 = 31. Cmewenme ot 1 3HaveHunsa OLL BneBo o3Ha4aeT, YTO BbiAB/IEHA TEHAEHLINA K CHUXE-
HUIO pUCcKka BOSHUKHOBEHWNS PEHTIeHOJIOMMYECKUX MBMEHEHNI B OCHOBHOW rpynne.

BbIBOAbI. NMonyyeHHble AaHHble CBUOETENbCTBYIOT O KJIMHUYECKOMN NEPCNEKTUBHOCTN MOANDULMPOBAHHOIO
MeToAa NevyeHns 1 HeoOXoAMMOCTUN dalbHeNLWnX UCCNeaoBaHnii C pacLUMPeEHNEM BbIOOPKU.

KnioueBble cnoBa: NynbNuT, le4eHne, SHA0O0HTUS, Aoka3aTeNlbHas MeanunHa

UHdopmauumsa o ctatbe: noctynuna — 01.02.2026; ncnpasneHa — 14.03.2026; npunsata — 28.03.2026
KoH$AUKT nHTepecoB: ABTOPLI cCO0OLLa0T 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.

BnarogapHocTu: ®rHaHCUpOBaHWE U MHAMBUAYaNbHbIE 61AroAapHOCTY AN AEKapUPOBaHUS OTCYTCTBYIOT.

Ana untuposanusa: KopyarnHa M.C., MoctHukoB M.A., Kyapswos [.H., AnéknHa M.M., Aky6osa 3.X. OueHka
3P DEKTUBHOCTN MOSNDULMPOBAHHOIO METOAA IEHEHNSA XPOHMYECKOr0 NMyNbnMTa C NO3uUmMn AokasaTtesib-
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INTRODUCTION

According to current scientific evidence, the search
for rational approaches to the treatment of complica-
ted forms of dental caries remains a priority in modern
dentistry; however, the rate of unfavorable outcomes
continues to be considerable [1; 2]. Inadequate ma-
nagement of this pathology, particularly chronic pulpi-
tis, frequently results in the need for retreatment, which
is technically more complex and financially demanding,
or in premature tooth extraction [3; 4].

According to the clinical guidelines for the diagnosis
“Diseases of the dental pulp” published by the Russian
Dental Association on August 2, 2018, delayed treatment
of pulpitis leads to the progression of pathological pro-
cesses in the periodontium and, consequently, to tooth
loss. This, in turn, contributes to the development of se-
condary dental arch deformities and temporomandibu-
lar joint disorders. Pulp diseases have a direct impact on
patients’ overall health status and quality of life [5].

It has previously been reported that the challenges
in treating chronic pulpitis are associated both with the
variability of root canal anatomy and with limitations at
different stages of treatment, including a restricted abi-
lity to achieve adequate endodontic access, insufficient
mechanical cleaning and disinfection of root canals, and
inadequate obturation with filling materials [6]. Accor-
ding to Poleshchuk et al., the complex anatomy and topo-
graphical variability of the root canal system significantly
restrict treatment predictability, even in the hands of ex-
perienced clinicians [7]. Moiseev et al. emphasize that
insufficient access cavity preparation and limited visibility
of the pulp chamber complicate endodontic instrumen-
tation and increase the risk of instrument fracture [8].

Arora et al. concluded that violations of instrumentation
protocols and inadequate irrigation lead to apical extru-
sion of infected debris, particularly when using rotary
instruments, thereby initiating or exacerbating inflam-
matory processes [9]. In a retrospective study by Adam-
chik et al. evaluating endodontic treatment quality, it was
demonstrated that complications are most frequently
associated with incomplete root canal obturation [10].

Thus, itis essential for practicing clinicians to ensure
strict adherence to endodontic treatment protocols in
order to reduce the risk of complications and preserve
patient oral health, given that pulp diseases have a di-
rect impact on both general health status and quality of
life [11]. However, data from the specialized literature in-
dicate a relatively low effectiveness of conventional en-
dodontic approaches in the treatment of pulpitis, with
reported post-treatment complication rates ranging
from 32% to 50% [12]. The above findings highlight the
relevance of developing a modified treatment approach
for complicated forms of dental caries.

AIM

The aim of the study was to evaluate the effective-
ness of the authors’ proposed modified method for the
treatment of chronic pulpitis, taking into account unfa-
vorable outcomes from the perspective of evidence-
based medicine.

MATERIALS AND METHODS

The effectiveness of the treatment of chronic pul-
pitis using the authors’ modified technique, in com-
parison with the standard treatment method, was as-
sessed according to evidence-based medicine pa-
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rameters, specifically negative outcomes (primary and
surrogate endpoints). A total of 126 patients aged 20 to
60 years with a confirmed diagnosis of chronic pulpitis
(K04.03) were examined and randomly allocated using
the sealed envelope method into two groups: Group | —
42 patients (n = 82 teeth), treated using the standard
method; Group Il — 84 patients (n = 118 teeth), treated
using the modified approach.

No statistically significant differences were found
between the groups in terms of age, sex, or number of
root canals (p > 0.05); therefore, the groups were con-
sidered representative and comparable.

Inclusion criteria comprised: age between 20 and
60 years, absence of concomitant systemic pathology,
confirmed diagnosis of chronic pulpitis (K04.03), and
signed informed consent for participation. Exclusion
criteria included: other forms of endodontic pathology,
tooth extraction for prosthodontic indications, internal
or external root resorption, teeth with incomplete root
formation, presence of severe systemic disease, and
patient refusal to participate in the study.

The standard treatment protocol applied in Group |
(n =82 teeth) included local anesthesia, isolation of
the operative field using a rubber dam, carious lesion
removal and endodontic access cavity preparation, ini-
tial canal negotiation and glide path creation, working
length determination using a digital apex locator, me-
chanical preparation of root canals using a rotary Pro-
Taper Universal system (Dentsply Sirona), and irrigation
with 3% sodium hypochlorite solution. Final irrigation
for smear layer removal was performed using 17% EDTA
solution. Root canals were dried with paper points and
obturated using the vertical condensation technique
with thermoplastic gutta-percha and an epoxy resin—
based sealer, followed by radiographic control and
post-endodontic restoration of the tooth.

Treatment of patients in Group Il (n=118) was per-
formed using the authors’ modified protocol (Russian
Patent No. 2771916, dated 13.05.2022), which included
the combined use of ultrasound and a diode laser applied
at each irrigation stage to activate antiseptic solutions.

Low-frequency ultrasound (VDW Ultra, VDW, Germa-
ny) was used with the following parameters: oscillation
frequency of 28 kHz and exposure time of 30-60 se-
conds. The final stage of canal disinfection involved la-
ser activation using a Doctor Smile Wiser diode laser
(Italy) with a wavelength of 980 nm in a nanosecond
pulsed mode, average output power of 1.2 W, and pulse
duration of 200 ns, delivered via a 200 um optical fiber.

The application protocol was as follows: root ca-
nal irrigation with 3% sodium hypochlorite solution,

followed by insertion of the fiber tip 1 mm short of the
working length. The insertion depth was standardized
using a silicone stop. Laser activation was performed
with reciprocating and rotational movements of the fiber
tip in three cycles of 5 seconds, with a 100 ns interval
between pulses. The canal was then dried using paper
points and obturated using a custom-developed instru-
ment (Russian utility model patent “Endodontic instru-
ment for sealer delivery into the root canal”, No. 208382
dated 16.12.2021), individually fabricated to match the
canal size and taper for each patient. Root canal obtura-
tion was completed using vertical condensation of ther-
moplasticized gutta-percha with an epoxy resin-based
sealer, followed by post-endodontic restoration.

When comparing the two treatment approaches
using evidence-based medicine principles, the follo-
wing outcomes were assessed: primary endpoint —
tooth extraction; secondary endpoint — retreatment;
surrogate endpoint — presence of radiographic chan-
ges in the absence of clinical symptoms. For each
complication, a clinical question was formulated ac-
cording to the PICO framework, and contingency ta-
bles were constructed.

Statistical analysis was performed using IBM SPSS
Statistics v.24. Comparison of proportional data in mul-
ti-field contingency tables was conducted using Pear-
son’s chi-square test (x3). Post hoc comparisons were
performed using Pearson’s chi-square test with Holm
correction. Differences were considered statistically
significant at p < 0.05. Evaluation of the effectiveness
of the modified treatment compared with the standard
protocol was performed by calculating evidence-based
medicine indicators (absolute risk reduction, relative
risk reduction, number needed to treat, and odds ratio)
based on outcome measures, including primary, se-
condary, and surrogate endpoints.

RESULTS

The effectiveness of endodontic treatment of chronic
pulpitis in patient groups managed using the standard
method and the modified technique was evaluated based
on the occurrence of adverse outcomes observed in the
long-term follow-up period, 12 months after treatment.
The frequency of complications (primary and secondary
endpoints, as well as surrogate endpoints) in the study
groups is presented in Table 1.

When comparing the modified and standard treat-
ment methods for chronic fibrous pulpitis, a contingen-
cy table was constructed for both patient groups with
respect to the primary endpoint — tooth extraction. The
corresponding data are presented in Table 2.

Table 1. Complication rates in study groups (end and surrogate points)
Ta6nuuya 1. HacToTa OCNOXHEHWI B rpynnax nccnenoBaHns (KOHEYHbIE U CYPPOraTHbIe TOUKM)

Primary and secondary endpoints Surrogate endpoints
Endpoints of evidence-based medicine Primary Secondary | Presence of radiographic
endpoint — tooth | endpoint — endodontic| changes in the absence
extraction retreatment of clinical signs
Group | — Standard treatment method (42 patients, 82 teeth) 4 (4.9%) 6 (7.3%) 4(4.9)
Group Il - Modified treatment method (84 patients, 118 teeth) 0(0.0%) 3(2.5%) 2(1.7%)
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Table 2. Efficacy of treatment of chronic pulpitis
for the primary endpoint — tooth extraction

Ta6nuua 2. 3OPeKTUBHOCTb NleHeHUs
XPOHNYECKOro pmnbPO3HOro NynbNuTa
Nno NepPBMYHON KOHEYHOW TOYKE — yaaneHme 3yda

Treatment effectiveness indicators:
N h . Value
primary endpoint — tooth extraction
Incidence of the outcome in the modified treatment
: ; 0of 118
group (in units)
Incidence of the outcome in the standard treatment
: ; 4 0f 82
group (in units)
Complication rate in Group Il (as a proportion) 0.00
Complication rate in Group | (as a proportion) 0.049
Absolute risk reduction (ARR) (as a proportion) 0.049
Relative risk reduction (RRR) (as a proportion) 1.000
Number needed to treat (NNT) 20
Odds ratio (OR) 0.000
Chi-square (x?) 5.87
Probability (p-value) 0.015

Table 3. Efficacy of treatment of chronic pulpitis
according to the secondary endpoint — endodontic
retreatment

Ta6nuuya 3. 3PPeKTUBHOCTb NeveHns
XPOHUYECKOro GubpPOo3HOro nysbnuTa

Mo BTOPUYHOWN KOHEYHOW TOYKE — NPOBeAeHNe
NMOBTOPHOI0 3HAO00HTUYECKOr O JlIe4YeHNs

Effectiveness indicators: Value
secondary endpoint — endodontic retreatment
Incidence of the outcome in the modified root canal

. ) 30f 118

treatment group (in units)
Incidence of the outcome in the standard treatment

: ; 6 of 82
group (in units)
Complication rate in Group Il (as a proportion) 0.025
Complication rate in Group | (as a proportion) 0.073
Absolute risk reduction (ARR) (as a proportion) 0.048
Relative risk reduction (RRR) (as a proportion) 0.653
Number needed to treat (NNT) 20
QOdds ratio (OR) 0.330
Chi-square (x?) 2.56
Probability (p-value) 0.109

From Table 2 it follows that in the modified treatment
group no cases of tooth extraction were observed (0%),
whereas in the standard treatment group this outcome
occurred in 4 out of 82 cases (4.9%) (x*=5.87, df=1,
p = 0.015). The absolute risk reduction (ARR) was 4.9%,
and the number needed to treat (NNT) to prevent one
tooth extraction was 20. The odds ratio (OR) for the new
treatment approach was 0.000. The deviation of the OR
from unity towards zero indicates a significant reduc-
tion in the risk of tooth extraction in the modified treat-
ment group.

The results of comparing the modified and standard
treatment methods for chronic pulpitis with respect to
the secondary endpoint — retreatment of endodontic
therapy — are presented in Table 3.
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Table 4. The effectiveness of treatment of chronic
pulpitis based on the presence of radiographic changes

Ta6bnuua 4. 3PDEKTUBHOCTD JIEeHEHNS
XPOHMYECKOro NynbnmMTa N0 NoKasaTesnto
HaNM4Yne PEHTFEHONOMNYECKNX USMEHEHWNTA

Treatment effectiveness indicators:
N h . Value
primary endpoint — tooth extraction
Incidence of the outcome in the modified root canal
! ) 0of 118
treatment group (in units)
Incidence of the outcome in the standard treatment
: ) 20f82
group (in units)
Complication rate in Group Il (as a proportion) 0.017
Complication rate in Group | (as a proportion) 0.049
Absolute risk reduction (ARR) (as a proportion) 0.032
Relative risk reduction (RRR) (as a proportion) 0.653
Number needed to treat (NNT) 31
QOdds ratio (OR) 0.336
Chi-square (x?) 1.69
Probability (p-value) 0.194

Table 3 shows that the complication rate in Group I
was three times lower than in the standard treatment
group: 2.5% versus 7.3%, respectively (x2=2.56, df=1,
p =0.109). The absolute risk reduction (ARR) for this out-
come was 4.8%, and the number needed to treat (NNT)
to prevent one case of endodontic retreatment was 21
(NNT = 20). The odds ratio (OR) for the use of the modified
treatment was 0.330. The shift of the OR value away from
unity towards the left indicates a moderate reduction in
the risk of endodontic retreatment in the main group.

The surrogate endpoint — presence of radiographic
changes in periapical tissues in the absence of clinical
symptoms —was also evaluated. The treatment outcomes
using the modified root canal therapy method compared
with the standard approach are presented in Table 4.

From Table 4 it can be concluded that the incidence of
radiographic changes in Group Il was three times lower
than in Group | under standard treatment: 1.7% versus
4.9%, respectively (x2=1.69, df =1, p =0.194). The ab-
sence of statistically significant differences for the sur-
rogate endpoint indicates that the proposed modified
method may be considered a competitive treatment op-
tion relative to the standard approach.

The absolute risk reduction (ARR) for this outcome
was 3.2%, and the number needed to treat (NNT) to pre-
vent one case of radiographic changes was 31. The odds
ratio (OR) for the modified treatment was 0.336. The
shift of the OR away from unity towards the left indicates
a trend toward a reduced risk of radiographic changes
in the main group.

DISCUSSION

The results of the comparative analysis of adverse
outcomes in the treatment of chronic fibrous pulpi-
tis from the perspective of evidence-based medicine,
based on the primary endpoint — endodontic retreat-
ment — did not reveal statistically significant differences
between the groups, thereby confirming the competi-
tiveness of the proposed treatment method.
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It should also be noted that comparison between
patients treated with the modified technique and those
treated using the standard protocol demonstrated
statistically significant differences for the secondary
endpoint (x2=20.5, p=0.015). In the modified treat-
ment group (Group 1), no cases of tooth extraction
were recorded, whereas in the standard treatment
group (Group |), tooth loss occurred in 4 out of 82 ca-
ses (4.9%).

The treatment effectiveness indicator — number
needed to treat (NNT), representing the number of
teeth that must be treated to prevent one extraction -
was 20, and may serve as a reference parameter for
future research.
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Abstract

INTRODUCTION. The palatogingival groove is a developmental anomaly of maxillary anterior teeth that may
heighten susceptibility to periodontal and endodontic diseases. This study examined the prevalence and
morphological features of the palatogingival groove in an Iraqi population utilizing cone beam computed to-
mography.

MATERIALS AND METHODS. This retrospective study assessed cone beam computed tomography scans
from 500 patients (250 males and 250 females) collected between 2020 and 2025. Only high-quality image
of both maxillary anterior teeth was used. Any image with restorations, root canal treatment, resorption, deep
caries, or artifacts. Two calibrated examiners independently evaluated the presence of the palatogingival
groove, tooth distribution, laterality, and morphology in accordance with Gu’s classification.

RESULTS. The palatogingival groove was found in 7.8% of patients, and it was more common in males (5.8%)
than in females (2%). The maxillary lateral incisors were the most affected (7.4%), while the central incisors
and canines were the least affected (0.2% each). Bilateral the palatogingival groove was noted in 1.2% of
cases, occurring solely in lateral incisors. All grooves were categorized as Type |. There was a very high level
of agreement between observers (k= 0.92).

CONCLUSIONS. The palatogingival groove is a fairly common anatomical difference in Iraq, mostly affecting
the maxillary lateral incisors and showing up as unilateral Type | grooves. Recognizing this anomaly is impor-
tant for making an accurate diagnosis and planning treatment.

Keywords: palatogingival groove, cone beam computed tomography, maxillary anterior teeth, anatomical
variation, Iraqi population
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Mopdonornueckuin aHanms HebHo-pgecHeBbIX 60po3Aa
y HaceneHuAa UpaKa: peTpocneKTUBHOE UCC/ief40BaHUe
C UCNO/Ib30BaAHUEM KOHYCHO-/ly4eBOW KOMMNbIOTepHON ToMOrpadum
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Pesiome

BBEOEHWE. He6Ho-pecHeBas 6opo3pa (palatogingival groove, PGG) npeactasnset cobor aHoManuio pas-
BUTUS NepeaHnx 3y6oB BEpXHE 4eNntocTu, CNOCOOHYIO NOoBbILWATb NPeapPacnoNoXeHHOCTb K 3a00neBaHnsaM
NnapoAoHTa M 3HAOLOHTUYECKONM naTtonornun. Lienbio HacToALWEro nccnenoBaHms SBUIOCh U3yYeHne pac-
NPOCTPaHEHHOCTU N MOPdONIOrnyeckmx ocobeHHocTel HebHO-AecHeBOW 60PO3abl B MPAKCKOM MONYyNALUN
C UCMNO0JIb30BAHNEM KOHYCHO-JTy4E€BOI KOMNbIOTEPHOM TOMOrpadun.

© Taha O.B., Irhayyim N.S., Mohammed H.Y., AL-Rawas M.Z., Naw M.A.A., Abdullah J.Y., Karobari M.1., 2026

9Hdodornmus Volume 24, no. 2 / 2026


https://doi.org/10.36377/ET-0191
https://orcid.org/0000-0001-7479-135X
https://orcid.org/0000-0002-7273-8587
https://orcid.org/0000-0001-6919-5334
https://orcid.org/0000-0002-6147-4192
https://orcid.org/0000-0002-0313-9695
https://doi.org/10.36377/ET-0191
https://orcid.org/0000-0001-7479-135X
https://orcid.org/0000-0002-7273-8587
https://orcid.org/0000-0001-6919-5334
https://orcid.org/0000-0002-6147-4192
https://orcid.org/0000-0002-0313-9695
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.36377/ET-0191&domain=pdf&date_stamp=2026-05-15

MATEPUNAJIbI MU METO/bI. B pamkax peTpOCNeKTUBHOIO UCCNefoBaHns Oblv NnpoaHanmM3npoBaHbl CHUMKU
KOHYCHO-Ny4eBOW komMnbtoTepHo Tomorpadpum 500 naymeHToB (250 My>x4nH 1 250 XEHLLMH), MoNy4YeHHble
B nepunop c 2020 no 2025 r. B aHann3 Bko4anncb TONIbKO N300paxXeHns BbICOKOrO kKa4ecTBa, coaepxaline
o6a nepegHux 3yba BepxHen 4entocTun. I3 nccnenoBaHus UCKIto4anmcb n3obpaxeHns ¢ pectaBpauus-
MW, 3HOOO0HTUYECKMM NIeHeHNEM, Npu3Hakamm pesopbunun, rnybokmum kapnecom nnu aptedaktamu. [iga
KannbpoBaHHbIX UCCleaoBaTesnss He3aBUCMMO OLEHMBANM Hann4yme HebHO-aecHeBOW 60pPo3abl, pacnpe-
nenexHuve no 3ybam, natepanmaaumo 1 MopdosIornyeckme xapakTepucTnkM B COOTBETCTBMN C Knaccudm-
kauwnen Gu.

PE3YJIbTATbI. He6Ho-gecHeBas 60po3aa BhisBfeHa Y 7,8% nauneHToB, Npu 3TOM yalle Yy MyX4duH (5,8%),
4yeM y XeHWmnH (2%). Hanbonee 4yacTo nopaxanncb BepxHue natepasnbHble pe3ubl (7,4%), Toraa Kkak ueH-
TpasnbHble pe3ubl 1 KJbIKK Nopaxannucb 3HaunTenbHo pexe (no 0,2%). IByCTOpOHHME 60p0o3abl OTMEYEHbI
B 1,2% cny4aeB 1 BbISIBASNINCH UCKJIIOYMTENBHO Ha NaTepasibHbiX pe3uax. Bece BbisBNeHHbIe 60p03abl Obin
OTHeceHbl K TUny |. OTMeuYeH BbICOKUIA YPOBEHb COracoOBaHHOCTU Mexay uccneposarenamm (k = 0,92).
BbIBOAbl. HebHo-pecHeBas 60po3aa sBASETCA OTHOCUTENbHO PacnpoCTPaHEeHHOM aHaTOMWYeckoWn Ba-
puaumein B Mpakckoi nonyasunm, NPemMyLLeCTBEHHO JIOKaNM3yoLWencs Ha natepasbHblX pe3uax BepxHeWn
YeslCcTU 1 Yalle NpPosIBASIOWENcs B BUae OAHOCTOPOHHMX 6opo3a Tuna |. BeisBneHue aaHHOW aHOManmm
MMEET BaXKHOe 3Ha4YeHMe AN TOYHOW OMarHOCTUKM U NIaHNPOBaHUS NIe4YeHUS.

Knwuesble cnoBa: HeOHO-AeCcHeBas 60p03,u,a, KOHYCHO-1y4eBaa KOMMNbOTEpHada Tomorpad)vm, nepeagHmne
3y6bl BEPXHEN YeNCTW, aHaTOMUYecKkas Bapuauus, npakckas nonynauna

UHdpopmauumsa o ctatbe: noctynuna — 25.01.2026; ncnpasneHa — 04.03.2026; npunara — 15.03.2026
KoH®AUKT nHtepecos: ABTOPbLI COOOLLAIOT 06 OTCYTCTBUMN KOHPNNKTA UHTEPECOB.
BnaropgapHocTu: rHaHCMPOBaHWE U MHANBMAYANbHbIE GNarof4apHOCTU ANS AeKapMPOBaHUS OTCYTCTBYIOT.

Ana umtupoBanua: Taxa O.b., Npxaninum H.C., Moxammep X.tO., Anb-PaBac M.3., Hay M.A.A., A6aynna [.9.,
Kapobapu M.N. Mopdonormnyeckumin aHanns HeGHO-AECHEBLIX OOPO34 y HaceneHus Mpaka: peTpocnekTus-
HOEe nccnegoBaHne C UCNONb30BaHMEM KOHYCHO-/Ty4eBOW KOMMNbIOTEPHOW TOMOrpadun. IH4040HTHS Today.
2026;24(2):354-360. https://doi.org/10.36377/ET-0191
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INTRODUCTION

The palatogingival groove (PGG) is a developmental
anomaly of indeterminate etiology, typically appearing
on the palatal surface of maxillary incisors [1]. Previ-
ous research shows that the percentage of people with
PGG teeth varies from 0.93% to 44.6% across different
groups [2]. PGGs are most common in lateral incisors,
although they can also be seen in central and canine
teeth [3]. PGG usually starts in the central fossa or cin-
gulum and moves along the root surface at different
angles, depths, and distances. It is only detected in
the crown of the teeth in very uncommon situations [4].
In the literature, PGG can be put into distinct groups.
Bacic et al. divided PGGs into three groups: mesial, dis-
tal, and midpalatal [4]. Other researchers conducted
a subsequent study that categorized PGGs according
to their origin, location, and conclusion. Gu used micro-
computed tomography to divide PGGs in extracted teeth
into three categories based on the groove’s depth and
width [5]. The researcher also shown that PGGs can be
identified in the axial portions of the images. Arslan et al.
employed cone beam computed tomography (CBCT),
a noninvasive and therapeutically significant technolo-
gy, to examine the configurations of the grooves in ac-
cordance with the Gu classification [6]. Most of the latter
PGG studies have confirmed the CBCT and Gu catego-
rization [7-10].

Bacteria prefer to settle down in PGGs and pro-
duce plaque and calculus, which can lead to localized
periodontitis [1]. Some studies have used standardized
periodontal markers to show how PGGs and periodon-
tal disease are related [7; 8]. Zhang et al. used CBCT
to study how much bone loss happens around teeth

using PGGs. This implies a potential association be-
tween PGGs and periodontal damage. They also looked
at how different types of PGG are linked to bone loss
around the teeth. This is because CBCT can see how
far a PGG goes without getting in the way of the gums
and alveolar bone that are next to it. That cannot be
achieved with periodontal probing. The researchers
have found that different types of PGGs can cause dif-
ferent amounts of bone loss [7].

Teeth with PGGs may be a sign of periapical disease.
Some people believe that primary pulp infection could
occur if there are deep grooves that extend into the
pulp cavity. Accessory foramina or isthmuses may link
the pulp cavity to the periodontium [7]. Some people
believe that primary pulp infection could occur if there
are deep grooves that extend into the pulp cavity. Ac-
cessory foramina or isthmuses may link the pulp cavity
to the periodontium [7]. Previous research has investi-
gated the existence of periapical lesions in teeth with
PGG; however, these studies were limited by small sam-
ple numbers [9-11]. No previous entries have discussed
the populace of Iraqg. The study aimed to utilize CBCT to
determine the prevalence of PGG on the anterior teeth
of individuals in Iraq.

MATERIALS AND METHODS

This research was executed at the College of Den-
tistry, University of Tikrit, Iraq. The ethical committee of
the college of dentistry gave its approval for the study
protocol (Ref. no. 10, issued on September 30, 2025).
We looked through the dental records of 500 patients
(n =500: 250 males, 250 females) to see if they met the
requirements for inclusion. From 2020 to 2025, all CBCT
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images were taken with a CBCT machine (Carestream,
Germany) from patients who were sent to the radiology
department for different reasons, such as complicated
endodontics cases or implant evaluations. The voxel
size varies from 0.15 to 0.3 mm, and the slice thickness
measures 1.0 mm. This retrospective study followed the
guidelines set out in Arslan et al. [6].

The criteria for inclusion were the availability of
high-quality CBCT images and the presence of bilat-
eral maxillary anterior teeth. Any case with “extensive
coronal restorations, root canal fillings, and posts, in-
ternal/external resorption, cleft lip and palate, impacted
teeth in the maxillary anterior region, and deep caries
was excluded”. Two specialist dentists (one a periodon-
tologist and the other an endodontist) then looked at the
cases that were included on their own. An oral radiolo-
gist was consulted when there was a disagreement. We
used RadiAnt (version 2025.1: Poland) software to look
at the axial, sagittal, and coronal sections of the CBCT
images. For each patient, the following information was
collected: “age and gender, whether or not they have
PGG, and whether the PGG is bilateral or unilateral”.
According to Gu’s classification, the type of PGG was
noted [5]: type |, II, or lll. The Gu’s classification. Type I:
“short groove (not beyond the coronal third of the root).
Type II: long and shallow groove (beyond the coronal
third of the root). Type lll: long and deep groove (beyond
the coronal third of the root), associated with complex
root canal system”.

RESULTS

Regarding the Kappa test, the two inspectors
showed good agreement between them (k = 0.92) with
respect to the recognition of PGG on CBCT images. The
total number of 500 patients with CBCT images of the
maxillary anterior area according to the inclusion crite-
ria were inspected.

Patients
with PGG

Patients
without PGG

Fig. 1. Incidence of the palatogingival
groove on maxillary 6 anterior teeth

in examined patients (n = 500)

Puc. 1. HYacToTa BCTpeyaemMocTun
HebHO-oecHeBOW 60po3abl

Ha 6 nepenHNx 3ybax BEPXHEN YeNOCTU
y o6cnepoBaHHbIX nauneHToB (n = 500)

dHdodoHmus
T

Fig. 2. Axial view
of the palatogingival groove
in lateral incisor (green arrow)

Puc. 2. AkcrnanbHbIV BU,
HebHO-aecHeBoW 60po3abl
Ha 6OKOBOM pe3Le
(3eneHas cTpenka)

The PGG was occurred in 7.8% of all cases, 11.6%
of males and 4% of females, according to Table 1,
Figs 1-3, there was only one case with PGG found in
the central incisor and canine, and the majority of PGG
was in the lateral incisor as in Table 2, Fig. 4 and 5, bi-
lateral PGG was found in 6 cases of lateral incisors 1.2%
(5 male, 1 female, Fig. 6). Only type | PGG was identified
in this study.

Table 1. Incidence of the palatogingival groove
in examined patients (n = 500)

Ta6nuuya 1. HYacTtoTa BCTpe4aeMocTu
HebHO-oecHeBOW 60p0o3abl y 06Cnea0BaHHbIX
nauueHToB (n = 500)

Number of patients
Gender p-value
with PGG without PGG total
Male 29 (5.8%) 221 (44.2%) 250
Female 10 (2%) 240 (48%) 250 0.002
Total 39 (7.8%) 461 (92.2%) 500

Table 2. Incidence of the palatogingival groove
among the 6 maxillary anterior teeth
Ta6nuuya 2. YactoTa BCTpE4aemMocTu

HebHO-aecHeBoW 60po3abl cpeamn 6 nepeaHux 3yboB
BEpPXHEl 4enocTu

Tooth type Value
Central incisor 1(0.2%)
Lateraincisor 37 (7.4%)
Canine 1(0.2%)
Total 39 (7.8%)

Fig. 3. Sagittal view
of the palatogingival groove
in lateral incisor (green arrow)

Puc. 3. CarnttanbHbli BUA,
HebHO-aecHeBOW 60p0O3abI
Ha OOKOBOM pes3ue
(3eneHas cTpenka)
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Central incisor

Canine

Latera
incisor

Fig. 4. Incidence

of the palatogingival groove
among the central incisor,
lateral incisor, and canine

Puc. 4. HYacToTa BCTpevyaemocTn
HeOHO-AecHeBOV 60p0O3abl
cpenu LeHTpasbHbIX Pe3LOB,
©OKOBbIX PE3LLOB U KJIbIKOB

Fig. 5. CBCT images of a patient

with palatogingival groove: blue arrow —
lateral incisor, red arrow — central incisor,
green arrow — canine

Puc. 5. CHUMOK KOMNbIOTEPHON TOMOrpadumn
nauneHTa ¢ HebHO-AeCHeBO 60PO3a0N:
CUHSS cTpesika — Ha 60KOBOM pesLeg,
KpacHas CTpesika — Ha LLeHTpaibHOM pesLie,
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Fig. 6. Bilateral palatogingival
groove in lateral incisor

Puc. 6. [IByCTOpOHHSSA
HebHO-OecHeBas bopo3na

Ha 60KOBOM pe3Le

3eJieHad CTpeJika — Ha KJiblke

DISCUSSION

PGGs can cause periodontal tissue loss that can
lead to endodontic infections. The grooves are on the
palatal side of the maxillary incisors [7]. A compre-
hensive diagnostic assessment of clinical manifesta-
tions is essential for effective endodontic diagnosis
and treatment. Previous studies analyzed the preva-
lence of PGGs in diverse populations, producing re-
sults that vary considerably from 2.2% to 30%. Various
techniques, such as photography and in vitro micro-
computed tomography, were utilized to assess the
prevalence of PGGs. Clinical examination, radiographic
examination, and CBCT were used in vivo tests. The re-
sults are different [3; 4; 6; 11-14].

CBCT offers three-dimensional (3D) high-resolution
precise images, with more data about the maxillofacial
region, including the internal canal anatomy and exter-
nal root structural features [15-17], including the PGG
extent [10-13].

Despite its many benefits, CBCT has certain draw-
backs, such as a higher radiation dose and the potential
for artifact creation [8]. It is well known that traditional
periapical radiographs generate two-dimensional im-
ages with unavoidable geometric distortion and noise,
which impairs the accuracy of root canal morphology
examination. In order to determine whether radicular
grooves are present on maxillary lateral incisors, we de-
cided to use CBCT in this study [10-13].

The current study found that 7.4% of upper lateral
incisors had PGGs, which was marginally different from
the 7.3% incidence found in a previous CBCT study
conducted in the Indian population by Varun et al. [18].
According to Aksoy et al. [11] and Arslan et al. [6], the
incidence in the Turkish population was 2.3% and 2.2%,
respectively. Genetic and ethnic differences in the sam-
ple may be the cause of this variation in PGG incidence.
Additionally, the incidence rate in various studies may
be impacted by the sample size. The current data re-

vealed that most detected PGGs were type | PGG was
the only classification detected. This is in agreement
with the previous study of Aksoy et al. [11].

Regarding the central incisor the incidence of PGG
was 0.2% only one time; this was slightly different than
the study of Withers et al. in 1981 who found the preva-
lence of PGG was 0.28% in young adults in the United
States [19] while the study of Aljuailan et al. in the Saudi
population found the percentage of PGG was 1.1 [2].

The PGG was identified in 0.2% of caninesin only one
tooth. The CBCT-based study done by Ghahramani et
al. also identified a single maxillary canine with a PGG,
reporting a prevalence of 0.1% to 0.16% in canines in the
Turkish population [10], on the other hand the studies by
Arslan et al. [6] in the Turkish population and the study
by Aljuailan et al. [2] in the Saudi population found no
PGG in the maxillary canine.

Our study showed that bilateral PGG exists in 1.2%,
andin lateralincisors only, this was slightly different than
the study of Withers et al., who found the prevalence of
PGG was 1.7% in young adults in the United States [19],
while the study of Alkahtany et al. found the percentage
of bilateral PGG was 38.5 in Saudi Arabia [9].

According to the available data, type | PGG was the
most frequently found classification, and the majority of
detected PGGs were unilateral. This is consistent with
earlier reports [6; 13; 14].

Our retrospective CBCT study found only Type
| PGGs in all of the maxillary teeth we inspected. This
may be attributable to the association of deeper root
grooves with periodontal and endodontic symptoms,
necessitating extraction and endodontic intervention
[20; 21]. We did not include patients who had missing
or endodontically treated maxillary lateral incisors in our
study. So, we might not identify those deeper grooves
(Type II & Ill), and only sound maxillary anterior teeth
were included, which are most commonly related to the
shallow groove configuration (Type I).
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The majority of the patients with PPG were males
5.8% and female 2%, this comes in accordance with the
study done by Zhang et al. in Chinese population [7],
on the other hand the study of Aksoy et al. found the
female cases were the majority of cases [11]. While the
studies of Aljuailan et al. [2] in Saudi Arabia and the
study of Withers et al. [19] done in the U.S shows a non-
significant difference between the sex in relation to the
incidence of PGG.

The occurrence of PGG in the current Iragi cohort
(7.8%) was significantly greater than that observed in
adjacent populations, including the Turkish population
(2.2%) [11]. There could be a number of reasons for this
difference. First, the different ethnic groups in the two
areas may have different genetic predispositions that
cause the Hertwig’s epithelial root sheath to fold in [22].
Second, differences in methods, like the high resolution
of the CBCT scans used in this study, probably made
it possible to find shallow Type | grooves that are often
hard to identify in studies that use two-dimensional ra-
diography [22]. Finally, the 100% prevalence of Type |
grooves in our findings indicates that although the
anomaly is common in Iraq, it frequently manifests in
its mildest morphological form, potentially being over-
looked in other clinical surveys [13].

One of the limitations of the current retrospective
study was the exclusion of many CBCT images be-
cause they contained artifacts from nearby crowns or
restorations. These artifacts will make it impossible to
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A comprehensive approach to reducing dental anxiety in children:
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Abstract

Dental anxiety in children remains one of the main barriers to preventive dental care and successful treatment.
Although behavioral management techniques are widely used in pediatric dentistry, their application is often
unsystematic and rarely incorporates the potential of the educational environment. This review summarizes
current national and international studies addressing the factors involved in the development of dental anxiety
in children and approaches to its prevention. Dental anxiety is shown to be influenced by individual psycho-
logical characteristics, family-related factors, and social context. Particular attention is given to the role of
mental health professionals. While the involvement of medical psychologists in dental settings is limited by
organizational constraints, school psychologists have significant potential for early identification of anxiety-
related risks and the development of emotional self-regulation skills. The integration of school psychologists
into interdisciplinary preventive models may improve the effectiveness of pediatric dental care.
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Pesiome

CtomaTonornyeckasi TPEBOXHOCTb Y AeTeil 0CTaeTCcsl O4HON U3 Hanbonee PacnpPoOCTPaHEHHbIX MPUYMH OT-
Kasa oT NPodUNaKkTUYECKMX OCMOTPOB M 3aTPyAHSAET NPOBEAEHNE CTOMATOJIONMYECKOro IedeHns. Hecmotps
Ha LWMpoKoe ncnosib3oBaHne nosegeH4Yecknx MmetonoB B ,D,eTCKOVI cToMaToJiornn, X npuMeHeHmne B KNNHn-
4eCKOV NPaKTMKe YaCTO HOCUT HECUCTEMHBI XapakTep 1 HE YYUTbIBAET NOTEHLMaN 06pa3oBaTesibHON cpeapl.
B cTaTtbe npeacTaBnieH 0630p COBPEMEHHbIX OTEYECTBEHHbIX U 3apyOeXHbIX NCCNea0BaHNiA, NOCBALLEHHbIX
dakTopaMm GOPMUPOBAHNSA CTOMATONTIOMMYECKON TPEBOXHOCTM Yy AETEN N BO3MOXHOCTAM ee npodunakTun-
KW. nOKaSaHO, 4YTO TpPpEBOXHbIE peakunn CbOpMI/IpyIOTCFI noa BangaHmnem nHamsumayasibHblX NMCUXOJTOrMY4EeCKnNX
ocobeHHOCTel pebeHka, CEMeNHbIX YCTAaHOBOK M COLMANbHOrO okpyxeHus. Ocoboe BHMMaHWE yAENneHo
poan CcneumanncToB NCUXoaorndeckoro npodung. OTMEYeHOo, YTO BOZMOXHOCTU MEANLIMHCKMX NCUXONO-
roB B YC/IOBUSIX CTOMATOIOMMYECKNX YUPEXAEHNN OrpaHmnyeHbl, TOraa Kak LKONbHbIE Ncuxonorn obnanaioT
3HAYNTEJIbHbIM NOTEHUMaNoOM ANna paHHero BbldBNEHUA TPEBOXHbIX I'IpOFlBﬂeHI/II7I n (bOpMI/IpOBaHVIﬂ HaBbl-
KOB 3MOUMOHanbHon camoperynaunn. O6ocHoBaHa L,enecoobpasHOCTb BKJIIOYEHNS LLUKOJIbHbIX MCUXOSIOrOB
B MEXAMNCUMNIIHAPHbIE MOAENN NPOPUNAKTUKM CTOMATONOMMYECKOM TPEBOXHOCTU Y AEeTEN.
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KnioueBble cnoBa: feTckasi CTOMATON0MNs, CTOMaTONI0rMyeckas TPEeBOXHOCTb, NCUXOOrnyeckas NoAro-
TOBKa, MNoBegeH4YecKoe ynpasneHune, LUIKOJIbHbIN MCUXONOT, I'IpOd)I/IJ'IaKTI/IKa TPEBOXHOCTU

UHdopmauuma o ctaTtbe: noctynuna — 15.12.2025; ncnpasnena — 01.02.2026; npuHarta — 11.02.2026

KoHAUKT uHTepecoB: ABTOPLI cO06LWaloT 06 OTCYTCTBUM KOHPINKTA UHTEPECOB.

bnarogapHocTum: CDVIHaHCVIDOBaHI/Ie nunHanemayasnbHble 6J'IaI'O,£I,aDHOCTVI ana neknapnpoBaHnA OTCYTCTBYIOT.

Ana umtnposanua: Hukonockasa N.A., Kongpaternko U.4., AHncmmoBa E.H., Katioxuna B.A., Koneuknin N.C.,
CeucTtyHoB [,.0. KOMNNeKCHbIN NoAxoa K CHUXEHNIO CTOMATOSIOMMYE€CKOM TPEBOXHOCTU Y AIETEN: B3AUMOAEN-
CTBME Bpaya, poautenen u ncuxonora. SHAoaoHTus Today. 2026;24(2):361-366. https://doi.org/10.36377/

ET-0196

INTRODUCTION

Fear and anxiety associated with dental treatment
remain among the most prevalent factors contributing
to children’s refusal to attend dental appointments and
significantly complicate the implementation of both
preventive and therapeutic interventions. According to
various studies, pronounced dental anxiety is observed
in 20-40% of children, underscoring the relevance of
this issue for contemporary clinical practice [1-4]. The
development of anxiety responses in children is asso-
ciated with early negative medical experiences, indi-
vidual psychological characteristics, family attitudes,
as well as the nature of interactions with healthcare and
educational professionals [5-9].

At present, there remains a need in the Russian
Federation for systematic and accessible methods of
psychological preparation of children for dental treat-
ment. Despite the application of various behavioral
management techniques in pediatric dentistry, their
use in routine clinical practice is often inconsistent
and lacks a structured approach. A particularly notable
gap exists in the provision of psychological support at
the early stages of prevention, including within educa-
tional settings [10-12].

In recent years, the scientific literature has de-
scribed a wide range of approaches aimed at redu-
cing dental anxiety in children, including behavioral
techniques, elements of cognitive interventions, and
family-based strategies [13-16]. However, their imple-
mentation in real-world clinical practice is frequently
constrained by organizational and workforce-related
limitations. At the same time, the role of school psy-
chologists in fostering a positive attitude toward dental
treatment and in preventing anxiety responses in chil-
dren remains insufficiently explored, despite the sub-
stantial potential of the school environment for early
identification and correction of anxiety-related condi-
tions [2; 10; 17; 18].

AIM

The aim of this review is to synthesize current
evidence on the factors contributing to the develop-
ment of dental anxiety in children and to outline the
potential of psychological support within an interdis-
ciplinary framework, including the role of school psy-
chologists as primary-level preventive care providers,
which remains insufficiently addressed in the existing
literature.

dHdodoHmus
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MATERIALS AND METHODS

This literature review was conducted to analyze
scientific publications addressing dental anxiety in chil-
dren and the possibilities for its reduction through the in-
teraction of dentists, parents, and psychological service
professionals, including school psychologists. The re-
view included studies published between 2014 and 2024.
The literature search was performed using international
and Russian scientific databases and electronic librar-
ies, including PubMed, Scopus, Web of Science, Google
Scholar, eLIBRARY, and the Russian Science Citation
Index (RSCI). Combinations of keywords in both English
and Russian were used, including “dental anxiety in chil-
dren”, “pediatric dentistry”, “school psychologist”, “psy-
chological support for medical procedures”, and “beha-
vioral management in dentistry”, along with their Russian
equivalents. In addition, a manual screening of reference
lists from relevant publications was conducted to identify
significant sources not captured in the initial search.

The selection criteria included publications analy-
zing factors contributing to the development of dental
anxiety in children, as well as approaches to its reduc-
tion involving dentists and parents. Particular atten-
tion was given to studies examining the role of clinical,
child, and school psychologists in facilitating children’s
adaptation to medical interventions and describing
features of interdisciplinary collaboration.

The review incorporated articles published in peer-
reviewed scientific journals, including Russian journals
listed by the Higher Attestation Commission (VAK) and
international journals. Studies conducted on samples
of children and adolescents aged 2 to 17 years were
analyzed, including literature reviews, meta-analyses,
clinical guidelines, and original research, provided that
sufficient methodological detail, sample characteris-
tics, and results were reported.

Publications focusing exclusively on pharmacologi-
cal and sedative methods of behavior management, as
well as studies addressing dental treatment in children
with severe cognitive impairments without emphasis
on psychological support, were excluded. Additionally,
studies conducted solely on adult populations, brief re-
ports, case reports, and publications lacking methodo-
logical transparency were not considered.

A total of 118 sources were identified during the
initial screening. Following expert evaluation, 42 pub-
lications demonstrating the highest methodological
rigor and relevance to the objectives of the present
study were included in the final review.
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RESULTS AND DISCUSSION

Dental anxiety in children (dental fear/dental anxie-
ty, DFA) is considered in contemporary scientific litera-
ture as the result of a complex interaction of individual,
familial, and social factors [3; 5-9; 19; 20]. According
to Cianetti et al., the severity of dental fear in a child is
determined not only by the characteristics of the dental
procedure itself but also by the emotional context within
which attitudes toward treatment are formed [2].

One of the key mechanisms underlying the develop-
ment of anxiety responses is the modeling of behavior
exhibited by significant adults. Themessl-Huber et al.
demonstrated that parental anxiety levels are directly
associated with the severity of children’s fear of dental
treatment, with emotional and behavioral responses of
adults often being unconsciously reproduced by the
child [19]. Similar findings are reported in studies em-
phasizing the role of family attitudes, parenting style,
prior negative experiences, and patterns of intra-family
communication [6; 8; 9; 20].

Additional risk factors, as identified by Klingberg
and Broberg include difficulties in emotional regulation,
temperament characteristics, and the presence of ad-
verse medical experiences in early childhood [3; 21-23].
At the same time, most authors emphasize that these
factors are notirreversible and can be modified through
systematic preventive interventions [13-16; 24-27].
Evidence suggests that the most effective strategies
are those aimed at shaping a predictable and emotion-
ally neutral perception of dental treatment in the child.
The use of age-appropriate explanations of procedures,
avoidance of threatening language, and active involve-
ment of the child in the preparatory process contribute
to a reduction in anxiety levels and more adaptive be-
havior during dental visits [14; 15; 28-31].

Similar patterns have been confirmed in Russian
studies. According to Kiseleva, the level of dental an-
xiety in children is closely associated with the emotional
state of parents and the nature of their verbal attitudes
toward treatment; in particular, parental anxiety tends
to shape the child’s expectation of pain and negative
treatment outcomes [27]. Vinogradova et al. empha-
size that insufficient psychological preparation within
the family, as well as the use of fear-based disciplinary
strategies, significantly increase the risk of maladap-
tive behavior during dental visits [24].

At the same time, a number of authors note that
parents do not always possess sufficient psychological
competence to adequately prepare a child for medical
procedures, thereby substantiating the need for the in-
volvement of mental health professionals [10-12; 17; 18].

The role of psychologists in medical settings:
limitations of the existing model

Psychological support for children within healthcare
institutions is regarded as an important yet resource-
constrained component of care. According to Dubrovi-
na, medical psychologists are most often involved at
the stage when anxiety has already been established,
which reduces the effectiveness of interventions and
limits their preventive potential [11].
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Key limitations of this model include high workload
among specialists, the lack of narrow expertise in the
field of dental anxiety, and the inability to provide long-
term follow-up for the child. Russian studies indicate
that psychological support in medical settings is, in
most cases, episodic in nature and focused on addres-
sing short-term concerns, without targeting the under-
lying mechanisms involved in the development of anxie-
ty responses [11; 25; 26].

School psychologists as a key component
in the prevention of dental anxiety

In recent years, increasing attention in the scientific
literature has been paid to the role of school psycholo-
gists in the prevention of various forms of anxiety di-
sorders in children. According to Prikhozhan, systema-
tic psychological work within the school environment
enables early identification of anxiety manifestations
and reduces the risk of their chronic progression [17].
School psychologists are uniquely positioned to ob-
serve children over time, assess their emotional re-
sponses in a natural social context, and intervene at
both the individual and family levels.

The significance of this form of support is also em-
phasized in Russian studies. Bochaver et al. report
that systematic interventions by school psychologists
aimed at developing emotional regulation skills and
reducing overall anxiety levels contribute to the for-
mation of more adaptive behavioral patterns in poten-
tially stressful medical situations [12]. Research by Du-
brovina [11], Ogorodnikova [32], Darvish [33] and Ere-
meeva [34] demonstrates that the inclusion of school
psychologists in preventive programs targeting medi-
cal fears can reduce the severity of anxiety respon-
ses even before a child’s first contact with specialized
healthcare services.

The professional responsibilities of school psy-
chologists include the assessment of anxiety levels,
the development of self-regulation skills, the correc-
tion of fears, parental counseling, and the design of
preventive programs. According to several studies,
these competencies directly align with the objectives
of psychological preparation of children for dental
treatment [11; 12; 19; 24].

Interdisciplinary collaboration
as a foundation for effective prevention

Contemporary research emphasizes that the most
effective models are those based on interdisciplinary
collaboration among dentists, parents, and psycholo-
gists. According to Armfield and Heaton, a comprehen-
sive approach contributes to a reduction in the severity
of dental anxiety in children and improves adherence
to preventive dental visits [13].

Within this framework, the school psychologist acts
as a primary-level preventive care specialist, parents
provide emotional support and shape the child’s at-
titudes, and the dentist adapts communication stra-
tegies and behavioral management techniques to the
individual characteristics of the patient [8; 11; 12; 24;
27; 35].
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CONCLUSION

Dental anxiety in children remains a significant
factor limiting the effectiveness of prevention and the
timeliness of oral healthcare delivery. The analysis
of current scientific evidence supports the need for
a multilevel approach to addressing this issue, invol-
ving coordinated participation of the family, healthcare
professionals, and the educational system.

Particular attention in preventive strategies should
be given to the role of school psychologists, who are
well positioned to identify risk factors at an early stage,
foster the development of emotional self-regulation
skills in children, and create supportive conditions that
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Abstract

Forensic dentistry is essential in human identification, especially in mass disasters, criminal investigations,
and unidentified remains. This qualitative and descriptive literature review examines advancements in foren-
sic dentistry from 2010 to 2025, focusing on emerging technology like artificial intelligence (Al) and digital
methods, including virtual autopsy (virtopsy). Key innovations discussed are digital radiography, cone-beam
computed tomography, Al-driven image analysis for dental record matching, and non-invasive virtopsy for
postmortem examination. These tools enhance precision, efficiency, and automation in identifying human
remains. Artificial intelligence contributes significantly by improving pattern recognition and predictive mo-
deling, though challenges persist, including ethical concerns, data privacy, algorithmic bias, and legal inte-
gration. The study underscores that, while these technologies elevate forensic practices, their success de-
pends on interdisciplinary collaboration and standardized protocols. Combining innovation with traditional
methods ensures reliability and offers a transformative future for forensic dentistry.

Keywords: forensic dentistry, human identification, artificial intelligence, digital methods, virtopsy, techno-
logical advancements

Article information: received — 05.01.2026; revised — 20.02.2026; accepted — 14.03.2026
Conflict of interest: The authors declare no conflict of interests.
Acknowledgements: There are no funding and individual acknowledgments to declare.

For citation: Barros D.S., Cunha M.J., Ronquete V., Coutinho T.M.C., Clemente K.O.V., Limoeiro A.G.,
Marceliano-Alves M.F.V. Advances in forensic dentistry: the role of technology in human identification.
Endodontics Today. 2026;24(2):367-374. https://doi.org/10.36377/ET-0193

[DocTuKeHuna B cyaebHoit ctromaTonorum:
po/ib TEXHONOrMk B UACHTUPUKALUU IMUHOCTH

h.C. Bappoc'(2, M.X. Kyuba?(2), B. Poukete?3(2), T.M.K. KoyTutsio?{:),
K.O.B. KnemenTe*(®), A.T. Nlumeiipy® (>, M.d.B. Mapcennano-Aneec' %5

' YHuBepcuTeTckuii LeHTp Maypucuy ne Haccay (UNINASSAU), r. Puo-ae-XaHeinpo, Bpaswnus

2 YHuusepcuteT Uryacy, . Hosa-Mryacy, Bpasunus

3 Yuusepcutet Canty-Amapy, r. Canty-Amapy, bpasunus

*Yumsepcuter UNILAGOS, r. Apapyama, bpasunua

°Yuusepcutet Can-Mayny, r. baypy, bpasunug

5 CTOMAaTONOrMYECKUN KONNEOX v rocnuTans uM. g-pa [./. Natuna, Yrusepcutet .M. Matuna, r. MyHa, Vinons
DA< mmarceliano@hotmail.com

Pesiome

CynebHas cToMaToNorns nrpaeT Kaio4eByko posib B MAEHTUdUKALMN INHHOCTU, OCOOEHHO B YC/TIOBUSIX Mac-
COBbIX KaTacTpod, YronoBHbIX pacciiefoBaHMin U Npyn paboTe ¢ HEONO3HaHHbIMK OCTaHkamu. Hactosawmni
KayeCTBEHHbIN onmncaTtesbHbI 0630p NMTEpaTypbl OXBaTbiBAET AOCTUXEHMS B 06nacTn cyaebHon ctomarto-
norum 3a nepuog c 2010 no 2025 r., ¢ akLeHTOM Ha BHEAPEHME HOBbIX TEXHOMOIMIA, BKITIOYAsi UCKYCCTBEHHBbIN
VHTEeNNEeKT N undpoBbie MeToabl, Takme Kak BupTyasbHasa aytoncus (virtopsy). K yncny kno4eBbiXx MHHOBA-
LM OTHOCATCH undpoBasa pagnorpadus, KOHYCHO-Ny4YeBas KOMMbOTEPHas Tomorpadus, aHanm3 nsobpa-
XEHUN HA OCHOBE NCKYCCTBEHHOI 0O MHTENNeKTa Ang ConoctaBneHna CToMaTolIormM4eckmnx AaHHbIX, a TakXe
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HEMHBA3VBHAA BUPTYyasbHasa ayToncus oasa noCMepTHOro nccnenosanus. NMprumMmeHeHmne gaHHbIX TEXHONOrnin
CMoCcoBCTBYET MOBLILLIEHWIO TOYHOCTU, 9DPEKTUBHOCTU 1 aBTOMATM3aLMN NPOLECCOB AEHTUDUKALNYN Ye-
NIOBEYECKNX OCTAHKOB. MICKYCCTBEHHbBIN MHTENNEKT BHOCUT 3HAYNTENbHbLIA BKaA 3a CHET COBEPLLUEHCTBO-
BaHWS pacno3HaBaHUs NaTTEPHOB N NPEAUKTUBHONO MOAENMPOBAHUS, OOHAKO €ro NCNoJIb30BaHME COMNpo-
BOXAAETCH PAAOM OrpaHUYeHuin, BKoYas 3TUHECKNE acnekTbl, BONPOChl KOHOUAEHLMANBHOCTU AAHHbIX,
ANrOPUTMUYECKYIO MPEAB3ATOCTb U CIOXHOCTM NPABOBOM MHTErpaunn. B paboTte nogyepkneaeTcs, 4To, He-
CMOTPS Ha 3HAYUTENbHOE pacLUMpPeHne BO3SMOXHOCTeEN cyaebHol NpakTukn, apdekTUBHOCTb JaHHbIX TEX-
HOMOrMN BO MHOTOM 3aBUCUT OT MEXAUCLUMNAMHAPHOIO B3aMMOLENCTBUS N CTaH4apTU3aumMm NpOTOKOO0B.
MHTerpaums MHHOBALMOHHbIX PELeHNA C TPaAULNOHHBIMN MeToaamMum obecneyrBaeT HAAEXHOCTb Pe3yiib-
TaToB 1N GOPMUPYET OCHOBY AN TPaHCHOPMaALIMOHHOIO pa3BnTUs cyaebHor cToMaTonormu.

KnwoueBbie cnoBa: cynebHas CTOMATONOMMSA, UOESHTUDUKALMA NTMYHOCTU, UCKYCCTBEHHbIM UHTENNEKT, und-
pOBbIe METObl, BUPTyaNbHasa ayTONCUs, TEXHONOrMYeckKne MHHoBaLUumn

UHdopmauumna o ctaTbe: noctynuna — 05.01.2026; ncnpaeneHa — 20.02.2026; npuHsata — 14.03.2026
KoH)AUKT uHTepecoB: ABTOPbI cO0OLLLal0T 06 OTCYTCTBUM KOHDINKTA UHTEPECOB.
BbnaropaapHocTu: PnHaHCMPOBaHWE N NHAMBMAYASbHbIE 61aroA4apHOCTU ANS OeKNapupoBaHns OTCYTCTBYIOT.

Ana uutuposanua: bappoc [.C., KyHbsa M.K., PoHkeTe B., KoytuHbio T.M.K., KnemeHnTte K.O.B., JlIumernpy A.T.,
MapcennaHo-Ansec M.®.B. jocTuxeHns B cyaebHor CTOMAToNOrnu: poJib TEXHONIOMMIA B AeHTUdMKaLNN

NNYHOCTU. SHAoA0HTUS Today. 2026;24(2):367-374. https://doi.org/10.36377/ET-0193

INTRODUCTION

Forensic dentistry, a specialized branch of dentistry,
intersects legal medicine and dental science to aid in
the identification of individuals through analysis of oral
structures, particularly in cases of decomposed, muti-
lated, or skeletonized remains [1]. Human identification
is a cornerstone of forensic investigations, encompas-
sing antemortem (pre-death) and postmortem (after
death) comparisons of dental records, bite marks, and
craniofacial features.

The reliability of dental evidence stems from its re-
sistance to postmortem changes - teeth endure ex-
treme temperatures, chemicals, and trauma better
than soft tissues — making the Dentistry methods indis-
pensable in scenarios like mass fatalities from natural
disasters, aviation accidents, or terrorist attacks [2].
Historically, forensic dentistry relied on manual com-
parisons of radiographs, casts, and charts, a process
prone to subjectivity and time constraints.

The advent of digital technology and artificial in-
telligence (Al) has transformed this field, introducing
precision, speed, and objectivity. Digital tools such
as cone-beam computed tomography (CBCT) enable
three-dimensional (3D) reconstructions of dental arches,
while Al algorithms automate matching processes, re-
ducing human error [3]. Virtopsy, a non-invasive post-
mortem imaging technique using CT and MRI, further
minimizes the need for traditional autopsies, preser-
ving evidence of integrity and respecting cultural sen-
sitivities [4].

The integration of Al in forensic dentistry addresses
escalating demands in global forensics. For instance,
during the Malaysia Airlines Flight 17 air crash, dental
records facilitated identification of several victims, but
delays highlighted the need for automated systems [5].
Al, leveraging machine learning (ML) and deep lear-
ning (DL), excels in pattern recognition — analyzing
occlusal surfaces, restorations, and pathologies with
accuracies exceeding 90% in controlled studies [6].
Yet, these advancements raise ethical dilemmas: data
security, bias in training datasets (often skewed toward
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certain demographics), and the admissibility of Al-ge-
nerated evidence in courts [7].

This narrative review aims to analyze technological
advances in human identification within forensic den-
tistry, focusing on digital methods and Al’'s impact. Spe-
cific objectives include: (1) describing principal techno-
logy used; (2) evaluating Al's contributions to the Den-
tistry record analysis and identification automation; and
(8) discussing limitations, challenges, and future per-
spectives. By synthesizing literature from 2010 to 2025,
this work provides a comprehensive overview, informing
practitioners, researchers, and policymakers on opti-
mizing these tools for ethical, efficient forensic practice.

The rationale for this review lies in the rapid evolu-
tion of technology amid rising forensic caseloads. The
COVID-19 pandemic, for example, accelerated virtopsy
adoption to reduce biohazard risks, while Interpol’s
disaster victim identification (DVI) protocols promise
scalability [8; 9]. However, disparities in access, par-
ticularly in low-resource settings, underscore the need
for equitable implementation. This article posits that
while technology enhance identification efficacy, their
success hinges on robust validation, training, and inter-
disciplinary integration.

MATERIALS AND METHODS

This study constitutes a narrative literature review of
qualitative, exploratory, and descriptive nature, aimed
at analyzing and discussing scientific outputs on human
identification via forensic dentistry, with emphasis on
technological advancements from Al incorporation and
digital methods like virtopsy. Narrative reviews, unlike
systematic ones, do not mandate exhaustive searches
or quantitative meta-analyses; instead, they synthesize
existing knowledge to offer a holistic understanding of
conceptual and technical shifts in contemporary forensic
dentistry [9]. This approach facilitates the integration of
diverse perspectives — theoretical frameworks, empirical
case studies, and technological applications — providing
insights into evolving practices without rigid statistical
constraints.
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The methodological procedures encompassed
a comprehensive bibliographic search and material se-
lection. Sources were drawn from reputable databases,
including PubMed, Scopus, Web of Science, SciELO,
and Google Scholar, ensuring a broad representation
of peer-reviewed literature. Search terms combined
Boolean operators: (“forensic dentistry” OR “foren-
sic dentistry”) AND (“human identification” OR “dental
identification”) AND (“artificial intelligence” OR “Al” OR
“machine learning” OR “digital methods” OR “virtopsy”
OR “CBCT” OR “3D imaging”). Filters applied included
publication dates from 2010 to 2025 (capturing post-
digital revolution developments), full-text availability,
and languages: Portuguese, English, or Spanish, re-
flecting the multilingual forensic research landscape in
Latin America and globally.

Inclusion criteria prioritized articles directly or in-
directly addressing forensic dentistry’s application in
human identification, Al usage, virtopsy, or related ethi-
cal/technical aspects. Eligible works included original
research, reviews, case reports, and technical notes from
journals in dentistry, forensic sciences, and biomedi-
cal engineering. Exclusion criteria eliminated non-peer-
reviewed materials (e.g., editorials, abstracts), studies
predating 2010, or those unrelated to Dentistry identi-
fication (e.g., pure Al applications in general medicine).
Duplicates were removed using reference management
software (EndNote X9), and relevance was assessed via
title /abstract screening, followed by full-text review.

The search yielded 1,247 initial results; after dedu-
plication and screening, 156 articles were selected
for in-depth analysis. Data extraction focused on key
themes: technology descriptions, Al contributions (e.g.,
accuracy metrics, automation workflows), limitations
(e.g., validation gaps), and prospects (e.g., regulatory
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needs). Synthesis was thematic, grouping findings into
technology overviews, Al evaluations, and challenge
discussions. No formal quality appraisal was conduc-
ted, per narrative review conventions, but seminal works
were prioritized for their citation impact and methodo-
logical rigor (e.g., studies with >100 citations).

Ethical considerations aligned with narrative review
standards; no human subjects were involved, obviating
institutional review board approval. Limitations include
potential publication bias toward positive outcomes
and the exclusion of gray literature, which may overlook
emerging, unpublished innovations. Nonetheless, this
methodology ensures a balanced, interpretive synthesis,
illuminating forensic dentistry’s technological trajectory.

RESULTS

Technological advancements
in human identification

Human identification in forensic dentistry traditionally
hinges on comparative analysis of antemortem dental
records — radiographs, charts, and photographs — with
postmortem findings. Technological strides have digi-
tized and automated this process, enhancing precision
amid complex cases. This section delineates main iden-
tification methods, from imaging modalities to Al integra-
tions, underscoring their transformative impact. Digital
radiography and intraoral scanners represent founda-
tional advances. Conventional film-based X-rays have
largely yielded to charge-coupled device (CCD) sensors
and photostimulable phosphor plates, offering instanta-
neous images with reduced radiation (up to 80% lower)
and superior resolution [10]. In Table 1, a compilation of
the human identification in forensic dentistry could be
found, with their advantages and limitations.

Table 1. Main methods of human identification in forensic dentistry, with their advantages and limitations
Ta6nuua 1. OcHoBHbIE MeTOObI MAEHTUDUKALMN YesloBeka B CyaeOHOM CTOMAaTOsIorvm

C nx npenmMmyuwiectsamMum n orpaHN4eHnamMm

Method Advantages

Limitations

Traditional Forensic

Dentistry in mass fatalities

Dental evidence resists extreme conditions; crucial

Manual, subjective, and time-consuming
comparisons

Digital Radiography
radiation

Instant, high-resolution images with reduced

Foundational, but less detailed than 3D imaging
for complex cases

Cone-Beam Computed
Tomography (CBCT)

Provides 3D volumetric data, highly accurate
for dental anomalies, expedites identification

High cost, requires expertise, susceptible to degraded
remains, lacks protocol standardization

Surface Scanning
aids bite mark analysis

Generates precise 3D models of dental structures;

Bite mark analysis remains a contentious technique

Virtopsy (CT/MRI)

Non-invasive, preserves remains, high concordance
with traditional methods, safer for infectious cases

High cost, requires specialized expertise,
accessibility barriers

Artificial Intelligence
(Al) for Dental Analysis
aids predictive analytics

Automates matching, high accuracy in pattern
recognition, reduces errors and processing time,

Ethical concerns (bias, privacy), “black box” nature,
high cost, training needs, lack of regulatory guidelines,
accuracy drops with degraded data

Alin Bite Mark Analysis

Mitigates subjectivity, detects specific characteristics,
higher intra-observer agreement than humans

Bite mark analysis remains historically controversial

Pulp DNA Analysis

Reliable genetic material from dental pulp, evenin
extreme conditions; high precision and resilience

Degradation, contamination, and high costs in slow
processes
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These enable detailed visualization of restorations,
endodontics, and periodontal status, critical for mat-
ching. CBCT, introduced in the early 2000s, provides
volumetric data for 3D reconstructions of maxillofa-
cial structures, invaluable in fragmented remains [12].
CBCT’s isotropic voxels (0.075-0.4 mm) facilitate mul-
tiplanar views, quantifying dental anomalies like tauro-
dontism or supernumerary teeth with 95-98% accura-
cy [13]. In DVI operations, post-mortem CBCT serves as
an alternative or supplement to conventional autopsy in
mass disasters; however, to ensure accurate diagnoses
and avoid erroneous conclusions, specialized technical
training is required [12; 14].

Surface scanning methods, including laser and
structured light scanners, generate 3D models of den-
tal casts or impressions. Devices like the iTero Element
scanner achieve sub-millimeter precision, enabling
virtual superimposition for bite mark analysis — a con-
tentious but evolving technique [15]. Integration with
CAD/CAM software allows simulation of antemortem
alignments, reducing subjectivity in court-admissible
evidence. Virtopsy emerges as a paradigm shift in post-
mortem examination. Coined by Buck et al. [15], it em-
ploys multislice CT (MSCT) and magnetic resonance
imaging (MRI) for non-invasive autopsies, minimizing
tissue disruption [16].

In the Dentistry contexts, virtopsy visualizes dental
structures without scalpel incision, detecting foreign
bodies (e.g., fillings) or fractures obscured by trauma.
A study of 50 virtopsies reported 92% concordance with
traditional methods for dental identification, with added
benefits in radiation-safe imaging of pediatric or infec-
tious cases [16-18]. Limitations include cost (CT scan-
ners ~$1-2 million) and expertise requirements, yet por-
table units are mitigating accessibility barriers. These
digital tools form the substrate for Al augmentation. Al,
encompassing ML subsets like convolutional neural
networks (CNNs), processes vast datasets to automate
identifications. For instance, Al algorithms trained on
dental panoramic radiographs (OPGs) classify restora-
tions (amalgam vs. composite) with 89% sensitivity [19].

In human identification, Al excels at landmark detec-
tion — identifying cusps, fissures, and root morpholo-
gies — for automated matching. A pilot using DL on
1,000 CBCT scans achieved 96.7% accuracy in dental
arch superimposition, outperforming manual methods
by 25% in time efficiency [20]. Al's forensic applications
extend to predictive analytics. Generative adversarial
networks (GANs) reconstruct missing antemortem data
from partial postmortem scans, useful in burned re-
mains [21]. Ethical Al frameworks, such as those from
the American Board of Forensic Dentistry (ABFO), em-
phasize transparency to counter “black box” critiques,
ensuring explainable outputs for judicial scrutiny [21].

To the transition of forensic dentistry from artisanal
practices to data-driven science it is necessary to have
a robust infrastructure, a multidisciplinary integration,
as well as specialized technical expertise and ethical
frameworks, ensuring standardized protocols that ele-
vate the objective accuracy and evidentiary strength of
dental records [22].
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Contributions of artificial intelligence
to forensic analysis

Artificial intelligence has revolutionized forensic
dentistry by automating labor-intensive tasks, en-
hancing diagnostic accuracy, and enabling scalable
identifications [3]. This section evaluates Al’s specific
contributions to dental record analysis and process
automation, drawing on empirical evidence. In record
analysis, Al streamlines antemortem-postmortem
comparisons [6]. Traditional methods involve visual
inspection of charts for caries, prosthetics, or ortho-
dontics — error-prone under fatigue or volume. ML
models, trained on annotated datasets (e.g., 10,000+
radiographs), employ feature extraction to quantify
attributes: tooth number (FDI system), morphology,
and pathology [19].

A CNN-based system developed by Japan’s Na-
tional Research Institute achieved 94.2% precision in
matching OPGs, using Euclidean distance metrics for
spatial alignment [23]. Similarly, in Brazil’s forensic
institutes, Al pilots reduced matching time from hours
to minutes, vital for mass disasters [24]. Automation
extends to bite mark analysis, historically controver-
sial due to variability [25]. Al mitigates subjectivity via
3D scanning and neural networks that detect class
(general) and individual (unique) characteristics, such
as arch width or cusp patterns. A study using support
vector machines (SVM) on 200 bite marks reported
85% intra-observer agreement, surpassing human
experts (69%) [26].

Deep learning variants, like recurrent neural net-
works (RNNSs), incorporate temporal data from video
bites, enhancing admissibility in sexual assault cases.
Al’s predictive capabilities further identification. Anom-
aly detection algorithms flag inconsistencies (e.g.,
mismatched restorations), while natural language pro-
cessing (NLP) parses textual records for keywords like
“crown” or “extraction”. In virtopsy integration, Al seg-
ments dental volumes from CT data, automating seg-
mentation with U-Net architectures — achieving Dice
coefficients >0.90 for tooth isolation [27; 28].

A European consortium’s Al-virtopsy tool identified
98% of victims in simulated scenarios, outperforming
radiologists [29]. Quantitative impacts are profound:
Al reduces false positives by 40% in diverse popula-
tions, addressing bias through augmented datasets
(e.g., including underrepresented ethnicities) [30].
By preserving the body’s integrity, Al-virtopsy is es-
sential in complex forensics, cases involving charred
remains, or when there are religious restrictions re-
garding conventional autopsy [31-33]. Artificial intel-
ligence algorithms have proven to significantly acce-
lerate the identification process, particularly through
deep learning applied to panoramic radiographs,
achieving high accuracy rates and automating labor-
intensive matches [34].

Al also fosters education and simulation. Virtual rea-
lity (VR) platforms with Al simulate forensic scenarios,
training odontologists in identification protocols [34].
These contributions democratize expertise, particularly
in resource-limited regions.
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DISCUSSION

The synthesis of this review illuminates a dynamic
evolution in forensic dentistry, where digital and Al
transcend traditional boundaries, fostering unprece-
dented efficiency in human identification. From CBCT’s
volumetric insights to Al's predictive prowess, these
innovations address forensic imperatives: rapidity, ac-
curacy, and reliability [3;12; 35]. Empirical evidence
underscores their efficacy; for instance, The integra-
tion of advanced imaging methods, such as Compu-
ted Tomography (CT), has fundamentally transformed
Disaster Victim Identification (DVI) workflows, allo-
wing for rapid triage [35; 36]. Theoretically, these ad-
vancements align with forensic science’s shift toward
evidence-based paradigms, echoing the National Aca-
demy of Sciences’ call for quantifiable methods [37].
Al's automation mitigates cognitive biases inherent
in manual comparisons, aligning with psychological
research on observer variability [38].

In virtopsy, non-invasiveness respects deontological
principles, particularly in multicultural contexts where
autopsies evoke taboos [8; 16; 17]. However, the discus-
sion must confront disparities. While high-income na-
tions leverage Al, developing regions rely on antiquated
charts, perpetuating “forensic apartheid” [39]. Case
studies from Latin America highlight this: operations
following Brazil’'s 2019 Brumadinho dam disaster relied
heavily on dental records and emerging digital tools for
the complex identification of victims in challenging con-
ditions [24]. Global initiatives, like INTERPOLs DVI, aim
to bridge gaps through open-source platforms [9].

The integration of advanced imaging methods, such
as Computed Tomography (CT), has fundamentally
transformed Disaster Victim Identification (DVI) work-
flows, allowing for rapid and non-destructive triage [35].

Ethical discourse is paramount. Al’s dual-use poten-
tial — beneficial in forensics, risky in surveillance — de-
mands safeguards. The Asilomar Al Principles advocate
human oversight, ensuring the Dentistry Al augments
rather than supplants judgment [36]. Bias mitigation via
inclusive datasets is crucial; recent audits reveal 15-20%
error hikes for non-Western populations, necessitating
decolonized data strategies [30]. Prospectively, conver-
gence with biotechnology — Al-analyzed dental microbi-
omes or epigenetics — could enable “soft” identifications
from minimal samples [36]. Regulatory evolution, inclu-
ding ISO standards for forensic Al, will enhance cre-
dibility [40; 41]. Educational reforms must embed tech
literacy in curricula, as evidenced by successful VR
simulations, boosting proficiency by 35% [34].

In sum, this review concluded that new methods
have important pivotal role yet emphasizes holis-
tic adoption: technical prowess must harmonize with
equity, ethics, and evidence. Forensic dentistry stands
at an inflection point, poised to safeguard identities
in an increasingly complex world.

Despite advancements, forensic dentistry’s tech-
nological integration faces multifaceted limitations and
challenges, necessitating critical discourse. Techni-
cal limitations include data quality and interoperability.
Postmortem alterations, such as: carbonization, frag-
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mentation — degrade imaging, with Al accuracies drop-
ping to 70% in compromised samples [42].

Although the dental pulp provides viable genetic
material even when teeth are subjected to extreme tem-
perature conditions and trauma [2], Pulp DNA Analy-
sis faces practical obstacles in forensic dentistry. Its
main limitations involve the complexity of the extraction
process, which makes it susceptible to contamination
and severe degradation in excessively fragmented or
charred remains [42]. Furthermore, the high costs and
slow laboratory processing time delay its swift applica-
tion in mass disaster scenarios.

Training datasets often lack diversity, perpetuating
biases: models trained on Caucasian dentition under-
perform on Asian or African morphologies, yielding
equity gaps [43]. Standardization eludes varying imag-
ing protocols (e.g., voxel sizes in CBCT) impede cross-
jurisdictional comparisons, as seen in international DVI
efforts [44]. Ethical and legal challenges loom large. Al’s
opacity raises admissibility concerns under Daubert
standards — courts demand explainability, yet DL “black
boxes” obscure decision rationales [45]. Privacy risks
escalate with biometric data: GDPR and HIPAA com-
pliance is mandatory, but breaches in cloud-based Al
systems could expose sensitive records [7]. Forensic
equity is another hurdle; low-income countries lag in
adoption, exacerbating global disparities — only 20% of
African nations employ digital dentistry routinely [46].

Implementation barriers involve cost and training.
High-end CBCT/virtopsy setups (~$500,000) and Al
software licenses strain budgets, while odontologists
require upskilling — surveys show 60% feel under-
prepared for Al (American Dental Association, 2023).
Regulatory voids persist: no universal guidelines exist
for Al validation in forensics, unlike FDA approvals for
medical Al. Future perspectives are optimistic. Hybrid
Al-human workflows could hybridize strengths, with
federated learning enabling privacy-preserving model
training across institutions [16; 17; 47].

Advances in edge computing will facilitate on-site
Al processing in disasters, while blockchain ensures
tamper-proof records [9]. Ethical Al frameworks, like
those proposed by the ABFO, advocate bias audits and
diverse datasets [21]. However, it is important to em-
phasize that these tools reduce human error and ac-
celerate the identification process in mass disasters
by transforming dental patterns into precise biometric
data. For full confidence and medico-legal validity, they
must function as an ally to the professional rather than
areplacement [48].

The necessity of interdisciplinary integration in hu-
man identification across borders and institutions is
paramount to ensure forensic accuracy and global
security. Robust international cooperation facilitates
the standardization of protocols and the seamless ex-
change of genetic, dental, and osteological data es-
sential for resolving complex transnational cases. This
collaborative framework optimizes investigative out-
comes by harmonizing multidisciplinary expertise and
technological resources within a unified forensic net-
work [9]. Addressing these challenges requires invest-
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ment in validation studies, policy reforms, and educa-
tion. By surmounting barriers, the new technological
methods can fully realize their potential, fortifying fo-
rensic dentistry’s role in law and humanitarian efforts.

CONCLUSION

Forensic dentistry has made significant strides in
human identification, with the use of pulp DNA emer-
ging as a landmark method. This literature review ex-
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Abstract

INTRODUCTION. Today, herpes virus infection is the leading cause of various clinical manifestations, high
contagiousness, poor perinatal outcomes, and damage to all human systems and organs.

AIM. The purpose of this study is to examine the quantitative and qualitative composition of immunoglobulins
in oral fluid and blood serum in patients with herpes virus infection.

MATERIALS AND METHODS. On the basis of the Department of Therapeutic Dentistry of the Privolzhsky Re-
search Medical University (Nizhny Novgorod, Russian Federation), 25 patients suffering from herpes-virus
infection of the oral cavity and the red border of the lips were examined. On the first day of the study and on
the 14" day, the levels of secretory immunoglobulins, lysozyme, and the coefficient of local immunity factors
were quantitatively determined.

RESULTS. When studying humoral immunity in the blood serum, there was a noticeably high level of IgG both
onthe 1°'and 14" day of the study, which was also characteristic of IgM, and the concentration of IgA gradually
increased by the end of the second week of the disease. The study of the content of immunoglobulin Ain the
oral fluid showed an increase in the titer by the end of the second week of the study, while the concentration
of IgM was negligible, and the concentration of IgG slowly decreased by the 14™ day.

CONCLUSIONS. When performing a correlation analysis between the groups of blood serum and oral fluid
immunoglobulins, it was possible to trace similar changes in the ratio of data on their content, which allows us
to use oral fluid indicators to assess the severity of herpes virus infection in the oral cavity and to monitor the
treatment process.
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U3yueHue ypoBHA UMMYHOrno06ynmHoB
y NauMeHTOB C repnec-BUpyCHOM MHPeKUuen

O.A. YcneHckaa(2, C.A. CnupupoHora )<, E.1. AnokuHa, E.H. AnaceBa

[MprBOMXCKMI NCCNenoBaTenbCKknin MEANUNHCKUIA YHUBEPCUTET, I. HXxHUn Hosropon, Poccuinckan ®epepaums
D saniyaspiridonova@mail.ru

Pesiome

BBEAEHWE. Ha cerogHAWHWI feHb repnec-BupycHasa nHdekunsa saaHuMaeT Tnanpyowme nosuumm no pas-
BUTMIO PA3JINYHOIO BUAA KITIMHNYECKNX MPOSIBAIEHUIA, BbICOKOW KOHTArMO3HOCTH, YXYOLLEHUIO NepuHaTasbHO-
ro ncxopna, Nopa>KeHunto BCex CUCTEM M OPraHoB YesioBeka.

LLENb. M3y4nTb KONNMYECTBEHHbI 1 KQ4€CTBEHHbIN COCTaB MMMYHOMTO0YMHOB POTOBOW XNAKOCTU U CbIBO-
pOTKe KPOBU Y NaLUMEHTOB, CTpadaloLmx reprnec-supyCcHoOm NHdeKumen.

MATEPUAJbI U METO/[bI. Ha 6a3e kadenpbl TepaneBTUYeckon ctoMmaTosorum MprBoIXcKoro nccnenoea-
TENbCKOro MeAULIMHCKOro YHMBEpCcUTeTa BbiNONHEHO 06cnenoBaHme 25 naumMeHToB, CTpafaloLwmx reprnec-
BUPYCHOW MHdEeKLMen NOSI0CTM pTa 1 KpacHOoM karimMbl ry6. B nepBbIi AeHb nccnenoBaHus 1 Ha 14 oeHb Bbl-
NOMHAN KOJINYECTBEHHOE ONpeesieHNe YPOBHS CEKPETOPHBLIX MMMYHOrNO6YNNHOB, n3oumMa u Kosdou-
umeHTa c6anaHcMpoBaHHOCTU GakTOPOB MECTHOrO UMMYHUTETA.

PE3YJIbTATbI. Mpu n3yyeHnn rymopanbHOro MMMYHUTETA B CbIBOPOTKE KPOBU OTMEYancs 3aMeTHO BbICOKUIA
ypoBeHsb IgG kak B 1-i1, Tak 1 Ha 14-i1 feHb nccnenosaHus, 4To 6bi10 xapakTepHo 1 ans IgM, KoHLEeHTpauus
IgA yBennunBanacb NOCTENEHHO K KOHLY BTOPOU Heaenn 3abonesaHus. N3yyeHure cogepxaHnsg MUMMYHOIo-
OynvHa A B POTOBOW XMAKOCTW MOKa3asno HapacTaHue TUTPa K KOHLY BTOPOW Hegenn nccneaoBaHuns, KOH-
ueHTpaums IgM 6bi1a HAYTOXHO Mana, a BOT KoHUeHTpauus |gG meaneHHo cHuxanach K 14-my gHio.

© Uspenskaya O.A., Spiridonova S.A., Apokina E.D., Alyaseva E.N., 2026
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BbIBOZbI. MNpu BbINOAHEHUM KOPPENSLMOHHOIO aHanmM3a Mexay rpynnamMmu UMMYHOrn100yMHOB CbIBOPOTKU
KPOBM 1 POTOBOM XNAKOCTU yAanoChb NPOCAeANTb aHaNOrMYHble N3MEHEHNS B COOTHOLLEHUM AaHHbIX MO NX
COAepXaHuio, 4TO AaeT BO3MOXHO HaM UCMOIb30BaTb NOKa3aTen POTOBOM XUAKOCTU A5 OLLEHKUN TAXECTU
nNpoTeKaHns repnec-BMpPYyCHOM MHGEKUVM B MOIOCTY PTa, U KOHTPOJISi MPOBOAMMOrO JIEHEHUS.

Knwuesble cnoBa: reMaTocanvBapHblii 6apbep, CEeKPETOPHbLIE U ChIBOPOTOYHbIE UMMYHOTNOBYINHBI, rep-

neceBupycHasa nHpekums

UHdopmauumna o ctaTbe: noctynuna — 28.01.2026; ncnpasnexa — 10.03.2026; npuHata — 19.03.2026

KoHAUKT uHTepecoB: ABTOPbLI cO06LWA0T 06 OTCYTCTBUM KOHMINKTA MHTEPECOB.

bnarogapHocTum: CDVIHaHCVIpOBaHI/Ie nmnHanemayanbHble 6J'IaI'O,EI,apHOCTVI ana neknapnpoBaHUA OTCYTCTBYIOT.

Ana untuposanua: YcneHckada O.A., CnupunaoHosa C.A., AnokmHa E.[l., Anacesa E.H. MI3y4yeHne ypoBHS M-
MYHOINOOYNMHOB Y MAaLNEHTOB C repnec-BMpPYyCcHON nHdekumnen. SHgoaoHTms Today. 2026;24(2):375-381.

https://doi.org/10.36377/ET-0201

INTRODUCTION

In 1961, the concept of the hematosalivary bar-
rier was first introduced, referring to a physiological
mechanism involved in the selective regulation of sub-
stance exchange between the components of the sali-
vary glands and the blood. It is important to note that
the functional state of this barrier can be represented
as a simple mathematical value, defined as the ratio of
concentrations of various substances in the media on
both sides of the barrier. This value is termed the dis-
tribution coefficient. Thus, when the concentration
of substances in the blood increases, their content in
saliva either slightly increases or remains unchanged,
while the distribution coefficient rises, indicating a de-
crease in the permeability of the hematosalivary barrier.
Conversely, when the concentration of substances in
saliva increases, their content in the blood remains un-
changed or slightly decreases, which is characterized
by increased permeability of the hematosalivary barrier.

The study of the hematosalivary barrier enables the
development of new diagnostic approaches and allows
prediction of the outcomes of various pathological con-
ditions. Based on the biochemical composition of saliva
and the characteristics of salivation, it is possible to as-
sess the severity of oral diseases, predict their course,
and evaluate the effectiveness of ongoing therapy [1; 2].
According to the literature, changes in salivary immuno-
globulin levels have been observed in pregnant women
with gingivitis associated with toxicosis; alterations in
slgA concentrations have been reported in celiac dis-
ease; and changes in specific IgA levels occur in acute
respiratory viral infections. In children with frequent vi-
ral infections, alterations in salivary lysozyme and sIgA
levels have been identified, and further investigation
has revealed an imbalance in humoral and cellular im-
munity [3-5].

Currently, herpesvirus infection occupies a leading
position in terms of the diversity of clinical manifesta-
tions, high contagiousness, adverse perinatal outcomes,
and its ability to affect multiple systems and organs of
the human body [6; 7]. Awide range of laboratory meth-
ods is available for detecting herpesvirus infections; the
most commonly used include PCR diagnostics for iden-
tifying viral genomes and serological methods for de-
tecting viral antigens [8-10]. The virus persists lifelong in
sensory ganglia in a latent state; however, primary infec-
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tion with herpesviruses — specifically herpes simplex vi-
rus type 1 (HSV-1), herpes simplex virus type 2 (HSV-2),
and cytomegalovirus (CMV) — primarily affects epithelial
cells, including those of the salivary glands [2; 11]. An ex-
ceptionis the Epstein—Barr virus, which primarily targets
B lymphocytes [12].

The first line of defense against herpesviruses in the
oral cavity is the nonspecific immune system, where
lysozyme, produced by the salivary glands, plays a key
role [13; 14]. Lysozyme is involved in tissue regeneration,
influences leukocyte phagocytosis, and activates the im-
mune response through slgA in combination with other
immunoglobulins in the oral fluid [15, pp. 55-56; 16].
Concurrently, changes are also observed in serum im-
munoglobulin levels. A key difference between immuno-
globulin content in blood serum and oral fluid is the high
concentration of IgG and IgM and low IgA levels in serum,
whereas in oral fluid, IgA predominates, with relatively
low levels of IgG and IgM [17-19].

AIM

The aim of the study is to investigate the quantita-
tive and qualitative composition of immunoglobulins in
oral fluid and blood serum in patients with herpesvirus
infection.

MATERIALS AND METHODS

A total of 25 patients with moderate herpesvirus
infection of the oral cavity and vermilion border were
examined at the Department of Therapeutic Dentistry
of Privolzhsky Research Medical University (Nizhny
Novgorod, Russian Federation). The recurrence rate
was three or more episodes per year. Exclusion crite-
ria included patient refusal to participate, pediatric age,
use of immunomodulatory drugs, and inability to attend
follow-up visits. For each patient, a dental record form
(043/U) was completed, informed consent for partici-
pation and personal data processing was obtained, and
a clinical oral examination was performed using a den-
tal mirror and probe. All patients received identical oral
medications.

On day 1 and day 14 of the study, quantitative as-
sessment of secretory immunoglobulins, lysozyme
levels, and the coefficient of balance of local immunity
factors was performed. Unstimulated mixed saliva was
collected by expectoration into sterile tubes. The level
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of slgA was determined using a solid-phase enzyme-
linked immunosorbent assay (ELISA) with reagent kits
designed for biological fluids. Serum IgG and IgM levels
were also measured using solid-phase ELISA with ap-
propriate reagent kits. Serum IgA, IgG, and IgM con-
centrations were additionally assessed using the Man-
cini radial immunodiffusion method in gel.

Reference values for serum immunoglobulins were
as follows: IgA 1.39-2.61 g/L, IgG 8.35-14.6 g/L, and
IgM 0.72-1.26 g/L; for oral fluid: IgA 0.069+0.028 g/L,
IgG 0.042+0.017 g/L, IgM 0.055+0.011 g/L, and
slgA 0.14-0.55 g/L. Lysozyme activity was assessed
using the nephelometric method described by Dorofey-
chuk [20]. The coefficient of balance of local immunity
factors (Ksb) was calculated according to the formula
proposed by Tolkacheva [21]. Data interpretation fol-
lowed the recommendations of Lukinykh: 0.1-1.0 indi-
cates a favorable condition; 1.1-2.0 indicates a border-
line state (risk group); > 2.1 indicates reduced protective
function (disease group) [22].

The coefficient was calculated using the following
formula:

IgG x 40
IgA x 0.6 x Lysozyme

Ksb =

Statistical data processing was performed using
Microsoft Office (Excel) and the statistical software
packages Statgraphics v.7, Stadia, and Statistica 7.0.

Normality of data distribution was assessed using
the Shapiro-Wilk, Kolmogorov—Smirnov, and Lilliefors
tests. The arithmetic mean (M) and standard deviation
(SD, o) were calculated for all studied parameters.

Pairwise and multiple comparisons between variab-
les, as well as correlation analyses, were conducted.
For normally distributed data, the significance of diffe-
rences between mean values was assessed using Stu-
dent’s t-test. For multiple comparisons, Student’s t-test
with Bonferroni correction was applied.

Relative frequencies were calculated for qualitative
variables. A 95% confidence interval for frequencies
was determined using the Wald method. To test hy-
potheses regarding differences between independent
samples, the Mann-Whitney U test and Pearson’s chi-
square (x?) test were used (including assessment of dis-
tribution normality at the selected level of significance).
In addition, Fisher’s exact two-tailed test was applied
to evaluate the significance of differences in binary and
categorical data. Correlation analysis was performed
using Spearman’s rank correlation coefficient.

A p-value <0.05 was considered indicative of statis-
tically significant differences between groups.

RESULTS

The studyincluded 13 women and 12 men aged 25 to
40 years. All participants were diagnosed with chronic
herpetic stomatitis of moderate severity. Medical his-
tory analysis revealed that 34.7% of patients had been
affected for 1 to 3 years, 22.7% for more than 5 years,
17.3% for 7 years, and 25.3% for more than 7 years.

The analysis of humoral immunity in blood serum
(Table 1) revealed a markedly elevated level of IgG on
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day 1 of the study (19.61+1.87 g/L), which remained
high on day 14 (26.87+2.12 g/L) (p < 0.05). These fin-
dings indicate an adequate immune response to the
viral agent.

An increased level of IgM was also observed on
day 1 (1.59%£0.044 g/L), with a further rise by day 14
(8.7£0.039 g/L) (p <0.01). The elevation of IgM titers
reflects the exacerbation stage of the disease.

The IgA level on day 1 was 3.5+0.029 g/L and in-
creased to 3.72+0.00 g/L by day 14 (p < 0.01), indica-
ting a gradual rise over the course of two weeks. Overall,
consistently high levels of IgG and IgM were observed
on both day 1 and day 14, while IgA concentration de-
monstrated a progressive increase toward the end of
the second week of the disease.

The analysis of immunoglobulins in oral fluid (Table 2)
revealed the following changes: on day 1, the IgA level was
0.036+0.0013 g/L, decreasing to 0.028+0.0094 g/L by
day 14 (p < 0.001). Regarding slgA, the level on day 1 was
0.164+0.021 g/L, which decreased to 0.097+0.051 g/L
by day 14 (p < 0.001). The elevated slgA level at the on-
set of the disease can be explained by a high viral load,
which declines by day 14.

Table 1. Parameters of humoral immunity in the blood
serum of patients with chronic herpetic stomatitis
of moderate severity

Ta6nuuya 1. NokasaTenu rymopanbHOro UMMyHUTeTa
B CbIBOPOTKE KPOBW NALNEHTOB

C XPOHNYECKMM repneTnyeckumM CTOMaTnuTom
cpenHemn cteneHn TaXecTn

T TR Reference Day 1 Day 14
clas?ses values of the study, | of the study,
(Norm) M£SD M£SD
19G, g/L 8.35-14.6 19.61+1.87* | 26.87+2.12*
IgM, g/L 0.72-1.26 1.59+£0.044* | 3.7+0.039**
IgA, g/L 1.39-2.61 3.5£0.029* | 3.72+£0.00**

*p<0.05 **p<0.01

Table 2. Levels of immunoglobulins in the oral fluid
of patients with chronic herpetic stomatitis
of moderate severity

Ta6nuua 2. YpoBeHb MMMYHOT1I00YIMHOB

B POTOBOI XUAKOCTU NALNEHTOB

C XPOHUYECKMM reprneTnyecknmMm CTOMaTUToOM
CpefnHei CTeneHn TAXecTn

Immuno- Reference Day 1 Day 14
globulin values of the study, of the study,
classes (Norm) M=SD M£SD
19G, g/L 0.042+0.017| 0.067x0.0025* |0.044+0.0011*
IgM, g/L 0.055+0.011{0.0028+0.00077* 0**
IgA, g/L 0.069+0.028| 0.036+0.0013* |0.028+0.0094*
slgA, g/L 0.14-0.55 0.164+0.021 0.097+0.051*
Lysozyme, % 50.70 39.133+£3.7* 37.13+£2.2*

*p<0.001, ** p<0.0001

Tom 24, Ne 2 / 2026 \ Endodontics



5/8

The IgG concentration in oral fluid was 0.067+0.0025 g/L
on day 1 and decreased to 0.044+0.0011 g/L by day 14
(p < 0.001). Notably, the IgM level in oral fluid was neg-
ligible: 0.0028+0.00077 g/L on day 1 and 0 g/L on
day 14 (p < 0.0001). Overall, a trend toward a decrease
in IgA and IgG levels by day 14 was observed, while IgM
concentrations remained extremely low throughout
the study period.

Assessment of lysozyme levels in oral fluid (Table 2)
demonstrated a significant decrease compared to
normal values (39.133+3.7% onday 1 and 37.13+2.2%
on day 14, p < 0.001), with a further downward trend
by day 14.

The coefficient of balance of local immunity fac-
tors (Ksb) proved to be a valuable indicator for predict-
ing disease severity, identifying patients with reduced
protective function, and enabling timely preventive in-
terventions aimed at enhancing host defense mecha-
nisms. On day 1, 60% of patients had a Ksb > 2.1, indi-
cating reduced protective function of the oral fluid; 24%
had values between 1.1 and 2.0, corresponding to a risk
group; and 16% had values between 0.1 and 1.0, con-
sidered normal. By day 14, 49.3% of patients had Ksb
values between 1.2 and 2.0, 32% between 0.1 and 1.0,
and 18.7% >2.1.

DISCUSSION

The salivary glands are well vascularized due
to a large number of arteriovenular anastomoses
equipped with sphincters. Their constriction leads to
increased capillary pressure and facilitates the transfer
of metabolites from the capillary lumen into the cells of
the secretory epithelium involved in saliva formation.
According to the literature, the development of inflam-
mation is associated with increased permeability of the
hematosalivary barrier and enhanced passive trans-
port through the oral mucosa, which was confirmed
in our study of secretory immunoglobulin levels [23].
Analysis of the cytokine profile of oral fluid has de-
monstrated that changes in the levels of major immu-
noglobulin classes and their ratios in blood and saliva
correlate not only with each other but also with the se-
verity of the inflammatory process [24].

The protein composition of saliva is generally simi-
lar to that of blood serum; however, the proportions of
immunoglobulins differ significantly. Determination of
slgA levels in saliva is one of the key indicators of lo-
cal immunity, reflecting adaptive mechanisms to envi-
ronmental changes [25]. The synthesis of sIgA involves
plasma cells and a secretory component produced
by epithelial cells of the salivary glands. According to
Lobeyko et al. [26], both acute and chronic inflamma-
tory processes in the oral cavity are characterized by
decreased slgA levels in saliva, which is consistent with
our findings: slgA levels were below normal on day 1 and
continued to decline by day 14.

Immunoglobulins enter the oral fluid primarily
through transudation across the inflamed mucosa,
which is most permeable to IgG, less so to IgA, and least
permeable to IgM [27]. Our findings confirm the low per-
meability of the mucosa for IgM: its level was below the
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normal range on day 1 and approached zero by day 14.
A decrease in IgM levels indicates a deficiency in hu-
moral immunity. In contrast, IgG and IgA exhibit a higher
capacity for transudation; however, their levels were be-
low normal on day 1 and showed a decreasing trend by
day 14, suggesting a reduction in antigenic load.

Regarding serum immunoglobulins, all fractions
were elevated above normal values on both day 1 and
day 14. It is well established that IgM is one of the first
immunoglobulins produced in response to acute infec-
tion and is responsible for preparing infected cells for
complement-dependent cytolysis, which is consistent
with our results, as IgM levels were elevated on day 1
and increased further by day 14. According to the lite-
rature, herpesviruses can stimulate lymphocytes to
produce IgA. Elevated IgA levels and their progressive
increase indicate an acute viral infection and possi-
ble immune system exhaustion. As for IgG, a marked
increase was observed on day 1 compared to normal
values, with a continued upward trend by day 14, ref-
lecting the chronic nature of the disease and corre-
sponding to the resolution phase of clinical manifesta-
tions [28].

Lysozyme is a natural antiseptic present on the sur-
face of the mucous membrane, produced by epithelial
cells and serving as a major component of neutrophil
granules. It exerts antiviral activity by binding viral DNA
and inhibiting viral replication. Lysozyme functions in
close interaction with biologically active molecules. In
combination with IgA, it neutralizes damaging compo-
nents of the immune response and limits IgG produc-
tion. An increase or predominance of IgG over IgA in-
dicates ycuneHue aHTureHHoro so3anencrtemd. The re-
sults of the present study demonstrated a decrease in
lysozyme levels on day 1 compared to normal values,
with a slight further reduction by day 14, indicating sup-
pression of the immune system [29].

It is well established that the functional state of any
biological barrier is characterized by a value reflecting
the ratio of a given substance concentration on either
side of the barrier [30]. The permeability of the hemato-
salivary barrier is assessed by comparing the levels of
substances in blood serum and oral fluid. Based on our
findings, an increase in slgA and IgA levels in oral fluid
is associated with enhanced permeability of the hema-
tosalivary barrier, which acts as a protective interface
preventing harmful agents from entering the blood-
stream, where a decrease in IgA levels was observed.
In contrast to IgA, IgG predominates in blood serum, as
confirmed by our results, reflecting an increased anti-
genic load. However, several studies have reported the
pathogenic role of excessive immune complexes con-
taining 1gG, which may stimulate reaginic reactions.
The low IgM level in oral fluid is explained by the low
permeability of the hematosalivary barrier to this im-
munoglobulin [31].

Thus, the hematosalivary barrier plays a critical role
in the multifactorial mechanism of homeostasis. In re-
sponse to viral invasion, it redistributes immunoglobulin
levels between blood and saliva by modulating its per-
meability and functional activity.
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Analysis of the relationship between IgA, 1gG, and
IgM levels in blood serum and oral fluid revealed the
following: an increase in IgA levels in oral fluid was as-
sociated with a decrease in serum IgA (r=-0.546); an
increase in serum IgG was accompanied by a marked
decrease in salivary IgG (r = —0.824); and an increase in
serum IgM corresponded to a near-zero level of IgM in
oral fluid (r=-0.943). These findings indicate a strong
inverse correlation between immunological parameters
in blood serum and oral fluid.
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Abstract

INTRODUCTION. Patients with various forms of periodontitis account for 30-40% of all clinic visitors. Among
chronic forms of periodontitis, destructive forms predominate. Among those seeking emergency dental
care, patients with acute or exacerbated chronic periodontitis account for 75%. Long-term inflammation of
the periodontal tissues is the most common cause of tooth loss and the formation of odontogenic infection
foci. The presence of an infection foci poses a risk due to the progressive increase in pathogens and bacte-
riotoxins in the oral fluid. The quality of treatment outcomes depends on the medicamental and instrumental
treatment of the root canals and the complete obturation of the root canal system.

AIM. To study the microfiora of the apical granuloma and develop a treatment protocol.

MATERIALS AND METHODS. The study was conducted on 83 rabbits. Clinical, radiographic, and microbio-
logical methods were used in the experiments. The animals were divided into two groups: the main group
(n=43) and the control group (n =40). The main group received treatment according to the protocol de-
veloped by the authors, using a stromal-vascular fraction in combination with an osteogenesis stimulator.
The control group received standard therapy, which included endodontic root canal treatment followed by
extraapical filling.

RESULTS. Before treatment, high levels of microbial contamination of the apical granuloma were detected in
the animals: Gram-positive cocci were 2.8 X 107 CFU/ml, Gram-negative cocci — 1.9x 107 CFU/ml. After treat-
ment, the main group demonstrated a decrease in the number of Gram-positive and Gram-negative cocci
by 0.7% 108 CFU/ml (p < 0.001). Six and 12 months after therapy, the results remained stable, and a further
decrease in the number of pathogenic microorganisms was noted. In the control group, the titers of microbial
contamination of the apical granuloma contents decreased by 0.2 x 105 (p < 0.001) after treatment. However,
after 6 months, microbial contamination returned to baseline levels. Twelve months after treatment, an in-
crease in contamination by 0.3 x 106 CFU/ml was observed.

CONCLUSION. An analysis of the results of treatment for apical destructive forms of periodontitis using
a stromal-vascular fraction and an osteogenesis stimulator under experimental conditions demonstrated
high therapeutic efficacy in 99.9% of cases. Furthermore, an evaluation of the treatment protocol proposed
by the authors confirmed a reduced incidence of complications and a stable therapeutic effect over a long-
term observation period.

Keywords: stromal-vascular fraction, root canal, apical periodontitis, apical granuloma, microfiora, osteo-
genesis stimulator, animals, experiment
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OueHKa MMKpPo6Mosoruueckom KapTuHbI

COAEPXXMMOro anuKkasbHOM rpaHysneMbl Ha ¢oHe fleueHUn
CTPOMA/IbHO-BACKYNAPHOU dpaKLMend XKMPOBOW TKAHU

M CTUMYJIATOPOM OCTEOreHe3a B JKCNepuMeHTe

, P.P. XaiGynnuna'
, O.H. TyxBaTtynnuxa'

C.B. YyiikuH'
K.B. OaHunko'

04, C.B. OapwTt?
, JI.U. KysHeuosa', A.IN. CopokuH'

, O.P. WaHruna' (),

' BallKMPCKUI rocyAapCTBEHHBIN MeANLIMHCKINIA yHUBEepCuUTeT, I. Yda, Poccuiickas deaepauns
2000 «MacTtep JenTa», r. JasnekaHoso, Poccuiickas degepaumns
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Pe3iome

BBELOEHMUE. MauneHTsl ¢ padnuiHeiMn popmamu nepnoafoHTuta coctasnaioT 30-40% ot obero yncna o6-
paTMBLUMXCS B KIIMHUKY. Cpean XpoHnYecknx Gopm nepnogoHTuTa npeobnagaoT 4ECTPYKTUBHbIE HGOPMBI.
Cpenm 06paTUBLUMXCS 32 HEOTIOXKHOM CTOMATOJIONMYECKO NOMOLLLbIO, MALMEHTbLI C OCTPLIM UK 060CTPUB-
LWMMCSI XPOHUYECKMM MEPUOAOHTUTOM COCTaBASAT 75%. AnnTenbHOe BOCMaNeHne TKaHer NepuogoHTa
aBnseTcsa Hanbosiee 4acTon NPUYNHOLM NoTepn 3y60B U GOPMUPOBAHUSA 04AroB OAOHTOrE€HHON MHPEKLUN.
Hannune ovara nHdekunn NnpeacTaBiseT ONnacHOCTb 3a CHET NPOrPECCUPYIOLLETO YBENNYEHNS NMATOreHOB
1 6aKTEPUOTOKCUHOB B POTOBOW XMAKOCTU. KauecTBO pe3ynbTaToB IeYEHMS 3aBUCUT OT MeANKAMEHTO3HOW,
VHCTPYMEHTasbHO 06paboTkm KaHanoB 3y00B 1 MOJIHOLLEHHOM 06TYypaLnm CUCTEMbI KOPHEBLIX KAHAJI0B.
LLESTb. N3yunTb MUKpOGIOpY COAEPXMMOro anukanbHOM rpaHynemsl n paspaboTatb NPOTOKOJ JIEYEHUS.
MATEPWAJblI N METOAbI. ccnepoBaHme NPpoOBOANIOCH HAa XUBOTHbLIX — Kponukax (n = 83). B akcnepumMmeHTax
NPUMEHSINNCH KIIMHNYECKNE, PEHTIEHONOMMYeCKNe N MMkpoburonornyeckme Mmetoapl. XXMBoTHble Obinv pas-
LEeneHbl Ha ABe rpynnbl: OCHOBHYIO (N = 43) 1 koHTponbHYO (N = 40). OcHoBHas rpynna nosiy4yana feveHume, no
pa3paboTaHHOMY aBTOpPaMM MPOTOKOY, C UCMONb30BAHUEM CTPOMASIbHO-COCYAMCTOM GpakLmnm B COHETAHUN
CO CTUMYNATOPOM ocTeoreHesa. KoHTponbHasa rpynna nosiyyana ctaHgapTHYIO Tepanuio, KoTopas BKovana
9HAOAOHTMYECKYI0 06paboTKy KOPHEBbLIX KAHANOB C MOCEAYIOLNM 3KCTPaanmkabHbIM NIoMOMPOBaHNEM.
PE3YJIbTATbI. [Jo Hayana nevyeHns y XXMBOTHbIX Obli 0OHAPYXEHbI BICOKME YPOBHU MUKPOBHOIO 3arpss-
HEHUS COAEPXUMOr0O anunkasnbHOM rpaHyfnemMbl: FPaMnoNoXnUTeNbHbIE KOKKK cocTasnann 2,8 x 107 KOE/mn,
rpamoTpuuaTenbHble Kokkn — 1,9x 107 KOE/mn. NMocne neyeHns B OCHOBHO rpynne Habnio4anocb CHUXe-
HME KONMYEeCTBa rPamrnooXuUTENbHbIX M rpaMmoTpuLLaTesnbHbiX KOKKOB Ha 0,7 x 108 KOE/mn (p < 0,001). Yepes
6 1 12 mecsiueB nocne Tepanum pesynbTaTbl 0OCTaBaIMCh CTabUbHBIMY M OTMEYaNI0Ch AalfibHENLLEE CHUXE-
HMEe KONMMYEeCTBA NATOreHHbIX MUKPOOPraHM3MOB. B KOHTPOJIbHOM rpynne TUTPbl MUKPOBHOMO 3arpsi3HEHMS
COOEPXUMOro annkasibHOM rpaHynemMbl nocne nevyeHns cHmamnmnck Ha 0,2x10% (p < 0,001). OgHako 4yepes
6 mecsueB MUKPOBOHOE 3arpsi3HeHNe BEPHYIOCh K UCXOAHOMY YPOBHIO. Yepe3 12 mecsiLeB nocne nevyeHus
Habnoganock yBenndeHne sarpasHeHns Ha 0,3 x 108 KOE/man.

SAKJTIOHEHUE. AHann3 pe3ynbTaToB le4eHNs annukanbHbIX 4eCTPYKTUBHbIX GOPM NEPUOAOHTUTA C UCMONb-
30BaHNEM CTPOMAJIbHO-COCYANCTON PpakLmMmn n CTUMYNSATOPa OCTEOreHes3a B 9KCNePMMEHTaSIbHbIX YCI0BU-
S1X NoKa3a BbICOKYIO TepaneBTn4eckyio adpdekTMBHOCTL B 99,9% cnyyaeB. Kpome TOro, oueHka pesynbra-
TOB, NPEAIOXKEHHOIO aBTOPaMM NMPOTOKOJA NEYEHUS, NOATBEPAMIA CHUXEHME YAaCTOTbl OC/TIOXHEHUI N CTa-
OUNbHbI TepaneBTUYECKUN 3PP EKT B TEHEHUE ANNTENBHOrO Nepruoaa HabnaeHus.

KnioueBble cnoBa: CTpoManibHO-BackynapHas opakums, KOPHEBOM KaHan, annkasnabHbli NEPUOLAOHTUT, anu-
KanbHas rpaHynemMa, Mmkpodnopa, CTUMyNaTop OCTEOreHe3a, XMBOTHbIE, 9KCMEPUMEHT

UHdopmauma o ctatbe: noctynuna — 10.12.2025; ncnpasnena — 30.01.2026; npuHara — 09.02.2026
KoH$AUKT nHTepecoB: ABTOPLI CO0OLLa0T 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.
BnarogapHocTu: PrHaHCUPOBAHWE U MHAMBUAYANIbHbLIE 6N1aroAapHOCTU ANS AEKIAPMPOBAHUS OTCYTCTBYIOT.

Ana umtupoBaHusa: YyiikuH C.B., Xanbynnuna P.P., JapwT C.B., lWaHrmnHa O.P., Aanunko K.B., Tyxsatynnu-
Ha [.H., KysHeuoBa J1.U., CopokuH A.T. OueHka MMKPOBMOIOrMyeckoli KapTUHbI COAEPXMUMOro anmKabHOM
rpaHynembl Ha GoHE NeveHns CTPOMasibHO-BACKYNAPHON dpakunen XMpPOBOM TKaHN N CTUMYASTOPOM OCTe-
oreHesa B akcnepumenTe. 9HA0a0HTUS Today. 2026;24(2):382-387. https://doi.org/10.36377/ET-0200

INTRODUCTION

Improving the quality of treatment for patients with
periodontitis remains a pressing clinical challenge. The
primary cause of unfavorable outcomes in the manage-
ment of teeth with chronic apical periodontitis is inad-
equate debridement and disinfection of the root canal
system [1-3].

The diversity of therapeutic approaches to chronic api-
cal periodontitis contributes to variability in clinical deci-

sion-making among dental practitioners. These strategies
are aimed at eliminating exudative and destructive inflam-
mation in the periapical tissues, achieving detoxification,
stabilizing immune mechanisms, and preventing disease
recurrence. Accordingly, there is a clear need for com-
parative evaluation of existing treatment modalities, as
well as for continued scientific efforts to refine established
methods and to develop novel comprehensive therapeu-
tic approaches for chronic apical periodontitis [4—6].
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Stem cells were first described by the Russian scien-
tist, histologist, and professor, head of the Department
of Histology and Embryology at Petrograd University,
and founder of the unified concept of hematopoiesis,
A.A. Maximov [7]. In 1891, the renowned French scien-
tists Charles-Edouard Brown-Séquard (physiologist and
neurologist) and Jacques-Arséne d’Arsonval (physiolo-
gist, physicist, and pioneer of biophysics) attempted to
treat a patient with leukemia through oral administration
of bone marrow extract, anticipating its hematopoietic
therapeutic effect. This represented the first attempt to
utilize bone marrow-derived stem cells, however, the ex-
periment was unsuccessful.

Stem cells facilitate the regeneration of various
tissue defects by activating the intrinsic reparative
capacity of the organism, thereby promoting the res-
toration of damaged organs and tissues. At present,
particular attention is focused on the ability of stromal
stem cells to differentiate into osteogenic lineages,
which is of significant relevance for bone tissue rege-
neration [3; 8-11].

A current priority in modern dentistry is the experi-
mental and clinical substantiation of the efficacy of po-
rous osteoconductive materials enriched with the stro-
mal vascular fraction of adipose tissue for the recon-
struction of alveolar ridge defects in the management
of destructive processes.

AIM

The aim of this study was to normalize the micro-
flora of the apical granuloma contents in periodontitis
through the experimental application of the stromal
vascular fraction and an osteogenesis stimulator.

MATERIALS AND METHODS

Clinical, radiological (periapical radiovisiography),
and microbiological methods were employed in the ex-
perimental animals.

A total of 83 animals with experimentally induced
apical periodontitis were treated using the stromal vas-
cular fraction in combination with an osteogenesis stim-
ulator. The stromal vascular fraction was isolated from
autologous adipose tissue.

The biomaterial Alloplant is a decellularized tissue
matrix characterized by a defined fibroarchitectonics,
mechanical properties, and histochemical composi-
tion, and is processed by radiation sterilization and laser
modeling (Registration Certificate No. FSR 2011/12012,
dated February 3, 2015).

Initially, experimental periodontitis was induced in
the animals, followed by microbiological analysis of
the apical granuloma contents. Microbiological as-
sessment included determination of the total microbial
load, represented by associations of Gram-positive
and Gram-negative microorganisms, enabling evalua-
tion of the nature of the purulent-inflammatory process
and the effectiveness of the treatment. Sampling was
performed through the root canal using sterile pa-
per points and a sterile instrument, with subsequent
placement into AMIES transport medium (APEXLAB).
To quantify microbial content in the studied biotope,

dHdodoHmus
————TLT

0.1 mL of microbial suspension from serial dilutions was
inoculated onto culture media, including 5% blood agar
and Endo agar.

Intergroup comparisons of mean values were per-
formed using Student’s t-test. All parameters were re-
corded at baseline (day 1), at the completion of treat-
ment, and at 6- and 12-month follow-up intervals.

Following radiological assessment, the animals with
periapical periodontitis without fistula were allocated
into two groups: the main group (n = 43) and the control
group (n =40).

The main group received the treatment protocol de-
veloped by the authors. All procedures were performed
under ether anesthesia. After endodontic preparation,
the stromal vascular fraction and the osteogenesis
stimulator were combined and delivered into the apical
granuloma and the root canal of the central incisors of
rabbits using a lentulo spiral. Prior to application, the
osteogenesis stimulator was preconditioned in 0.9%
sodium chloride solution at a 1:1 ratio. The tooth was
then sealed with a temporary restoration. The proce-
dure was performed three times at 1-month intervals.

The control group received conventional therapy,
which included endodontic preparation of the root ca-
nals followed by extra-apical application of Metapex.

RESULTS AND DISCUSSION

The microflora of the apical granuloma contents is
highly diverse, with a predominance of coccal forms.
In addition to leukocytes and bacteria, this biological
substrate contains desquamated epithelial cells, the
number of which increases in the presence of inflam-
mation.

Prior to treatment, high levels of microbial contami-
nation of the apical granuloma contents were detected:
Gram-positive cocci accounted for 2.8 x10” CFU/mL,
and Gram-negative cocci for 1.9 x 10 CFU/mL (Table 1).
These values demonstrated statistically significant dif-
ferences compared with the control group at all levels
of significance.

According to the results of the microbiological
analysis performed prior to treatment, high titers of
pathogenic microorganisms were identified in the api-
cal granuloma contents, including Porphyromonas
gingivalis, Actinobacillus actinomycetemcomitans, Tan-
nerella forsythensis (Bacteroides forsythus), Prevotel-
la intermedia, and Treponema denticola.

Table 1. Microflora indicators of exudate

of the periapical region of teeth animals

main and control groups before treatment, CFU/ml
Ta6nuua 1. MNokasatenn MUKpodIopbl 3KccyaaTa

nepuanmkanbHom 061acTn 3y60B XKMBOTHbIX
OCHOBHOW 1 KOHTPOJIbHOM rpynn Ao neyenus, KOE/mn

Periapical periodontitis without

Microorganisms fistula formation (n = 83)

Gram-positive cocci 2.8x10"-7.6x107

Gram-negative cocci 1.9x10"-8.3x 108
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Table 2. Microfiora indices of exudate from the periapical region of teeth in patients
with periodontitis at different stages of treatment during the experiment, CFU/ml

Ta6nuua 2. MokasaTenn MUKPodIopbl aKCccyaaTa nepuanmkanbHoii 061acT 3y60B Y XKUBOTHbBIX
C NepuoaoHTUTOM Ha PasHbIX CTaAUNAX fIe4eHns B nepunom, nposeneHns akcnepumenta, KOE/mn

Gram-positive cocci Gram-negative cocci
Stage of treatment
Main group (n=43) | Control group (n =40) | Main group (n =43) ‘ Control group (n = 40)
Prior to treatment 2.8x10-7.6x107* 1.9x107-8.3x 10%*
p=0.234 p=0.324
After treatment 0.7 x 1Q#***** 1.2x105** 0.6x 10****** 1.1x 105***
p <0.001 p <0.001 p <0.001 p <0.001
p <0.001 p <0.001
6 months after completion 0.9x 104 - *** 1.3x105** 0.8x 108%™ *** 1.2x10%*
of treatment p <0.001 p <0.001 p <0.001 p=0.018
p <0.001 p <0.001
12 months after completion 1.1 x 105*%*** 1.6x10%** 1.1x105%*** 1.7x10%**
of treatment p <0.001 p <0.001 p=0.048 p <0.001
p <0.001 p<0.001

Note. *, ** significance of differences compared with baseline values at p < 0.05 and p < 0.001, respectively (Wilcoxon test);
*** indicates statistically significant differences between the main and the control groups (Mann-Whitney U test) at p < 0.001

* Kk

lMpumeyarue. *,
BETCTBEHHO (N0 KpnTepuio BunkokcoHa);
(cornacHo kputeputo Mana-YutHu) npu p < 0,001

*k Kk

The findings demonstrated that, in animals with pe-
riapical periodontitis without fistula formation, microbial
titers in the apical granuloma contents were elevated by
1-2 orders of magnitude (p < 0.001), indicating a sub-
stantial microbial load and its key role in the initiation
and maintenance of the chronic inflammatory process
in this condition.

Immediately following the proposed treatment pro-
tocol involving the stromal vascular fraction of adipose
tissue and an osteogenesis stimulator, a statistically
significant reduction in microbial counts was ob-
served Gram-positive cocci and Gram-negative cocci
decreased by 0.7x10° CFU/mL (p < 0.001). At 6 and
12 months after therapy, the results remained stable,
with further reductions noted (Gram-positive cocci
decreased by 0.5x10% CFU/mL and 0.3 x 10°® CFU/mL,
respectively (p <0.001); Gram-negative cocci by
0.7x10° CFU/mL and 0.2x105 CFU/mL, respectively
(p < 0.0%5)). These findings indicate a sustained, long-
term therapeutic effect (Table 2).

After conventional baseline therapy, the control
group demonstrated a reduction in microbial con-
tamination titers of the apical granuloma contents by
0.2x10° (p < 0.001). However, after 6 months, microbial
contamination returned to baseline levels. At 12 months
post-treatment, a further increase in contamination was
observed, by 0.3x10% CFU/mL (p < 0.001) (Table 2).

Intergroup differences in the microbiological para-
meters of apical granuloma contents in animals with api-
cal periodontitis were statistically significant (p < 0.001)
immediately after treatment and remained significant at
both 6 and 12 months of follow-up, confirming the effec-
tiveness of the proposed therapeutic approach.

In all groups, both the main and control cohorts, the
level of microbial contamination demonstrated relatively
high titers ranging from 2.9 to 3.7x10% CFU/mL. Course

3Ha4YMMOCTb PasnNnyuii nokasaTenein no cCpaBHEHUIO C NCX0AHbIM 3HadeHnem npu p < 0,05 n p < 0,001 cooT-
3HAYMMOCTb Pas3NUynin NokasaTenen Mexay OCHOBHOWM 1 KOHTPOJILHON rpynnamMm

application of the stromal vascular fraction contributed to
a statistically significant reduction in both Gram-positive
and Gram-negative cocci by two orders of magnitude
and one order of magnitude, respectively (p < 0.001),
both immediately after treatment and during follow-up at
6 and 12 months. However, immediately after treatment,
the number of Gram-positive cocci in Groups 1 and 2 was
significantly lower (p < 0.05) compared with the control
group. For Gram-negative cocci, a statistically significant
reduction immediately after treatment in the main group
compared with the control group (p < 0.05) was observed
only in animals with apical periodontitis without fistula.

Thus, the high efficacy of the proposed endodontic
treatment method for apical periodontitis using stromal
vascular fraction of adipose tissue and an osteogenesis
stimulator has been objectively demonstrated in the ex-
perimental model.

CONCLUSION

Analysis of long-term outcomes of treatment of api-
cal destructive forms of periodontitis using the stromal
vascular fraction and an osteogenesis stimulator in an
experimental setting demonstrated a therapeutic effi-
cacy of 99.9% of cases. The application of the stromal
vascular fraction in combination with an osteogenesis
stimulator in the management of apical periodontitis
showed high effectiveness, contributing to a reduction
in microbial contamination titers within the apical gra-
nuloma contents in experimental animals.

Evaluation of both immediate and long-term out-
comes of the proposed treatment protocol based on
the stromal vascular fraction and osteogenesis stimu-
lator in an experimental model of apical periodonti-
tis confirmed its high efficacy, a reduced incidence of
complications, and a stable therapeutic effect in the
long-term follow-up period.
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Abstract

AIM. To conduct a clinical assessment of the capabilities and manipulation characteristics of a modified
tungsten alloy endodontic finishing file.

MATERIALS AND METHODS. The study design involved the participation of 7 dentists with at least 10 years
of experience performing endodontic treatment at 7 different medical clinics. Each of the specialists per-
formed endodontic treatment of 15 teeth, both primary and repeated, in accordance with established di-
agnoses for diseases of the pulp and periodontium with optic magnification. The irrigation stage of the
root canal system was complemented by the use of a finishing file made by twisting wire from a modified
tungsten alloy with a bundle of microbristles on the end part. The study used 105 instruments in 105 clini-
cal cases. To standardize the assessment of capabilities and manipulation characteristics, a specially de-
signed questionnaire was used to comprehensively evaluate the work with the instrument. Clinical photo
documentation of the work stages, data collection and archiving, statistical processing and subsequent
analysis were carried out. The consistency of expert opinions was studied by calculating the Kendall con-
cordance coefficient (W).

RESULTS. The clinical capabilities and manipulative characteristics of a finishing endodontic file made of
a modified tungsten alloy based on a standardized profile questionnaire have been determined. The mode-
rate consistency of expert opinions (W= 0.54) is statistically significant at a very high level (p < 0.001), which
allows us to consider the expert assessments to be objective. The advantages and limitations of using these
files are outlined. Clinical recommendations for the use of this instrument have been formulated.
CONCLUSIONS. The use of a twisted-type endodontic finishing file made of a modified tungsten alloy in the
root canal irrigation algorithm forms a new approach in endodontics aimed at improving root canal treat-
ment and increasing the success of treatment in clinical dentistry. The results obtained will form the basis
for the development of methodological approaches to conducting both laboratory and clinical research in
this area.

Keywords: endodontic treatment, root canal system, irrigation, activation of irrigation solution, finishing file,
endodontic instrument, EndoKey
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T.MN. Nlopsauesa'?

Pe3iome

LLEJIb. MpoBeCcTn KNMHNYECKYID OLLEHKY BO3MOXHOCTEN N MaHUNYISALUMOHHBLIX XapakTePUCTUK GUHNLLHOIO
3HAO0O0HTNYECKOro dpanna n3 MmognduumMpoBaHHOro cniasa Bosibdpama.

MATEPUAblI U METObl. lnsaitH uccnenoBaHusa npeanonaran ydactne 7 Bpadeit ¢ onbIToM paboTbl HE
MeHee 10 neT, BbIMOJHAIOLWNX SHOAOLOHTUYECKOE JledeHe Ha 6a3e 7 pasnnyHbIX MEAULIMHCKUX yuYpexae-
HUI. KaxablM 13 cheumanncToB BbIMOJIHANIOCh 3HA0A0HTMYEeCcKoe nedeHne 15 3y6oB, kak NepBMYHOE, Tak
1 NOBTOPHOE, B COOTBETCTBMWN C YCTAHOBJIEHHLIMU AnarHo3amu npu 3aboneBaHnsax Nynbnbl U NEPUOJOHTA
C ONTUYECKUM YBENIMYEHMEM. DTan MppuUraunm CUCTEMbl KOPHEBbLIX KaHaNOB OOMOJSHANCA MPUMEHEHNEM
duHNWHOro danna, N3aroToBAEHHOro N3 MoandULMPOBAHHOIO CrniaBa BoJibdpamMa C Ny4yKOM MUKPOLLETU-
HOK Ha TopueBon YacTu. B nccneposannm npumeHeHo 105 nHctpymeHToB B 105 knnHu4eckux cnyyaax. Ana
CTaHZapTM3aLnn OLEHKM BO3MOXHOCTEN N MAHUMNYALMOHHBLIX XapaKTEPUCTUK MHCTPYMEHTA NCNONb30BaH
crneunanbHo pa3paboTaHHbIN OMNPOCHUK, NMO3BONSAIOWMA BCECTOPOHHE OLLEHUTb PAbOTYy C MHCTPYMEHTOM.
Mpon3BoanNoCh KIMHNYECKOE POTO-A0KYMEHTUPOBAHNE, COOP N apXMBUPOBAHME OaHHbIX, CTAaTUCTMYECKas
obpaboTka C NocnenyoLLMM aHaIM30M.

PE3YJIbTATbI. OnpeneneHbl KNIMHNYECKNE BO3SMOXHOCTU U MaHUMYASLNOHHBIE XapaKTEPUCTUKN PUHULLHOTO
3HO0A0HTMYECKOro darna ns MoanduuMpoBaHHOIo cnaasa Bofbdpama Ha OCHOBE CTaHAAPTU3NPOBAHHOIO
npodunabHOro onpocHuka. NokazaHa ymepeHHas COornacoBaHHOCTb MHeHM akcnepToB (W = 0,54) ctaTtu-
CTUYECKM 3Ha4YMMas Ha o4eHb BbICOKOM ypoBHe p < 0,001), 4To NO3BONSAET NPU3HATb 3KCNEPTHbLIE OLLEHKN
06beKTUBHbIMU. O603HaYeHbI NPEMMYLLLECTBA U OFPaHNYEHUS UCMOIb30BaHUS AaHHbIX pannos. Chopmynu-
POBaHbI KIMHMYECKNE PEKOMEHAALMN NO NPUMEHEHUIO MHCTPYMEHTA.

BbIBOAbI. MpumeHeHne GUHULLHOIO 9HA0A0HTUYecKkoro gaina ns MoanduLpoBaHHOIo crniasa Bosbdpa-
Ma B afiroOpuTMe uppuraumn KOPHEBbIX KaHanoB GOPMUPYET HOBLIV NOAXO0A B 3HAOAOHTUN, HAnpaBieHHbIN
NOBbLILLEHNE YCMNEXa NeYEHNS B KIMHNYECKON CTOMATONOrnu. MonyyeHHble pedynstatbl CTaHYT OCHOBOW A1
pa3paboTkM METOA0SIOMMYECKMX NOAXOA0B K MPOBEAEHMIO KaK NabopaTopHbIX, Tak U KIIMHUYECKNX UCCleno-
BaHW B 9TOM ob6nacTu.

Kniouesble cnosa: 3H0000HTNYECKOE NIeYEeHNe, CUCTEMA KOPHEBbLIX KaHaJ10B, nppuraumsa, aktmsaumg uppu-
rauMoHHOro pacTeopa, GUHULWHLIN pann, SHAOA0HTUYECKNI MHCTPYMeHT, EndoKey
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Ana uutupoBaHusa: lopsyesa T.M., 3annytaHosa [O.A., AnewwnnHa O.A., AbpamoBa E.E., Lyposa H.H.,
Hobposonbeckasa E.B., CupgsaruHa T.B., EpemeeBa E.A., CapgekoBa [A.P., Amutpuesa [O.B., ManaHbes IA.
KnuHuyeckas oueHka BO3MOXHOCTEN M MaHUNYNSLUMNOHHBIX XapakTePUCTUK GUHULLHOMO SHAO0A0HTUYECKOrO
danna n3 mogndnumpoBaHHOro cnnasa Bonbdpama. IHaoaoHTHsS Today. 2026;24(2):388—401. https://doi.
org/10.36377/ET-0203

INTRODUCTION

Endodontic treatment occupies a pivotal position
within the structure of contemporary dental care. The
wide spectrum of pulpal and periapical diseases jus-
tifies the existence of numerous approaches to both
mechanical and chemical intervention within the endo-
dontic system, as well as a variety of post-endodontic
restorative protocols [1]. This, inturn, serves as a strong

driver for the continuous and dynamic advancement of
endodontics, establishing it as a leading field in dental
science and clinical practice.

The relevance of clinical research in endodontics
is due to the complexity and still insufficient effective-
ness of treatment in patients with pulpal and periapical
pathology. To a considerable extent, this is associated
with the persistence of residual multispecies biofilms
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and the smear layer on the root canal walls. These fac-
tors hinder effective disinfection, compromise the ad-
hesion of filling materials, reduce the sealing ability of
root canal obturation, and ultimately negatively affect
long-term treatment outcomes [2-4].

Available evidence indicates that mechanical prepa-
ration leaves approximately 35% of the root canal walls
untouched; consequently, bacterial biofilms may persist
in areas that remain uninstrumented [5]. The retention
of microbial agents is further facilitated by the complex
morphology of the root canal system (RCS). Existing
classifications, particularly the widely recognized Ver-
tucci classification [6], do not always accurately reflect
the anatomical reality revealed by micro-computed to-
mography (micro-CT). For instance, the study by Dalili
Kajan et al. demonstrated significant anatomical vari-
ability of the RCS based on Vertucci’s terminology [7].
These findings emphasize that the structure of the RCS
is substantially more complex than represented in con-
ventional classifications. Moreover, due to its lower
resolution, cone-beam computed tomography (CBCT)
does not allow detailed visualization of the fine anatomi-
cal structures that can be detected using micro-CT,
considered the diagnostic “gold standard”, thereby lim-
iting the feasibility of targeted mechanical instrumenta-
tion throughout the entire RCS [8]. Consequently, the
Vertucci classification and similar systems should, in
certain contexts, be regarded as simplified representa-
tions of the actual clinical scenario. In this regard, Pok-
rovsky et al. proposed the use of the term “root canal”
not as a descriptor of the entire anatomical structure
of the RCS, but rather as the portion subjected to me-
chanical preparation aimed at “simplifying” the canal
system and creating optimal conditions for irrigation of
inaccessible areas [9].

Most root canals exhibit irregular shapes, with va-
rying diameters in the buccolingual and mesiodistal di-
rections, and frequently contain numerous lateral ca-
nals, ramifications, anastomoses, and isthmuses. Apical
ramifications, multiple apical foramina, and other ana-
tomical complexities are also commonly observed [10].
Therefore, it becomes evident that managing such
a complex system using purely mechanical methods
is highly challenging. Particular difficulties arise in the
preparation of isthmus regions. Isthmuses may present
as fin-shaped, web-like, or ribbon-like structures con-
necting the main canals. They can be classified as dis-
tinct, mixed, plate-like, or canal-type connections, with
some exhibiting closed configurations. These areas are
inaccessible to cutting manual or rotary instruments,
and smear layer as well as dentinal debris may accumu-
late and compact within these anatomical structures.

Chemical action during irrigation of the RCS signifi-
cantly reduces the bacterial load, as irrigants interact di-
rectly with canal walls, enabling antimicrobial agents to
penetrate dentinal tubules, which serve as reservoirs for
microorganisms. Nevertheless, even after such prepara-
tion, microorganisms may persist both in the main canal
and in other compartments of the RCS. Various methods
of irrigant activation have been developed to enhance ir-
rigation efficacy by improving the distribution and move-
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ment of chemical agents within the RCS, thereby in-
creasing their interaction with canal surfaces [3; 11-14].

A promising direction in this field is the development
of novel endodontic instruments capable not only of
activating irrigation solutions but also of exerting me-
chanical action on the surfaces of root canals with com-
plex configurations. Over the past decade, endodontic
files designed for the final finishing of the RCS following
mechanical preparation with Ni-Ti systems have been
actively introduced. This category of instruments fea-
tures a flexible working part that generates turbulence
and hydrodynamic agitation of the irrigant, thereby en-
hancing its activation. As a result, improved disinfection
of anatomically complex root canals is achieved, along
with more effective removal of dentinal debris, smear
layer, and remnants of filling materials (such as calcium
hydroxide, gutta-percha fragments, sealers, etc.), with-
out inducing additional dentin cutting [15-17].

This group of instruments includes the NiTi file
XP-endo Finisher (FKG Dentaire SA, Switzerland) with
a monolithic working part; the NiTi file Gentlefile Brush
(MedicNRG, Israel), the terminal segment of which con-
sists of seven stainless steel filaments; and the EndoKey
instrument (Nova Brush, Russian Federation), manu-
factured from a modified tungsten alloy and featuring
three micro-bristles at the tip of its working part [15-17].

To date, the available literature provides only frag-
mented data regarding the application of these instru-
ments. A number of aspects remain insufficiently inves-
tigated. In particular, there is a need for well-designed
clinical studies aimed at evaluating the functional capa-
bilities and handling characteristics of finishing files in
clinical practice. Such research would facilitate a clea-
rer understanding among practitioners of the principles
underlying their use, allow for a more comprehensive
assessment of their potential, and ultimately contribute
to improving the quality of endodontic treatment.

AIM

To conduct a clinical evaluation of the performance
capabilities and handling characteristics of a finishing
endodontic file manufactured from a modified tungsten
alloy.

MATERIALS AND METHODS

The study was designed as a prospective obser-
vational clinical investigation with expert assessment
and involved seven dentists with no less than 10 years
of professional experience in dentistry. All participants
held valid certification or accreditation in Therapeutic
Dentistry within the Russian Federation and routinely
performed endodontic procedures across seven dif-
ferent privately owned medical institutions in Nizhny
Novgorod and the surrounding region, thereby mini-
mizing the risk of consensus-based decision-making.
The study protocol was approved by the Local Ethics
Committee of the Institute of Postgraduate Medical
Education “Prioritet”.

Each clinician performed endodontic treatment on
15 teeth (both primary and secondary cases) in accor-
dance with established diagnoses of pulpal and periapi-
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cal diseases. The irrigation stage of the RCS was sup-
plemented by the use of a finishing file manufactured
by twisting tungsten wire. The clinical performance and
handling characteristics of the single-use finishing en-
dodontic instrument EndoKey (Nova Brush, Russian Fe-
deration; registration certificate No. RZN 2024/23430)
were evaluated.

The instrument featured a working part diameter
corresponding to ISO size 25 with a 0 taper. It was fab-
ricated from a modified tungsten alloy to ensure en-
hanced flexibility and mechanical strength. The apical
segment of the working part consisted of three micro-
bristles approximately 5 mm in length, with a circular
cross-section and a diameter of 0.1 mm. During rota-
tion, these bristles expand and adapt to the canal walls,
exerting a polishing effect on the dentinal surface.

A total of 105 instruments (15 per operator) were
used across 105 clinical cases, including both primary
(n =29) and secondary endodontic treatments (n = 76),
the latter associated with the removal of existing filling
materials and their remnants from the canal walls. Prior
to participation in the study, each clinician underwent
both theoretical and hands-on training in the use of the
instrument.

Prior to treatment, in each individual clinical case,
the clinicians performed the necessary diagnostic pro-
cedures and established the indication for endodontic
therapy. Before initiation of treatment, the teeth were
cleaned of both hard and soft dental deposits. The ope-
rative field was isolated using a rubber dam, combined
with preliminary pre-endodontic restoration of the hard
dental tissues, which prevented the ingress of biologi-
cal fluids into the tooth cavity and protected the oral mu-
cosa from the chemical effects of irrigants.

The standard stages of endodontic treatment in-
cluded necrosectomy, access cavity preparation with
opening and expansion of the pulp chamber, and me-
chanical preparation of the RCS using Ni-Ti rotary
systems selected at the clinician’s discretion. All endo-
dontic procedures were performed under magnifica-
tion, utilizing dental operating microscopes and bino-
cular loupes, with photographic documentation and
data archiving.

Irrigation of the RCS was carried out using endo-
dontic syringes with smooth plunger movement and
flexible needles featuring a rounded, non-cutting tip.
The irrigants included 3% sodium hypochlorite, 17%
EDTA, and distilled water in sufficient volume. Ultraso-
nic activation of the irrigant was also employed. The fi-
nal irrigant portion, visually assessed as clear and free
of any suspended debris, was subsequently activated
using the finishing file.

Prior to use, all finishing files were sterilized. A visual
inspection of each instrument was performed before
clinical application. The shank of the finishing file was
connected directly to a micromotor with a contra-angle
handpiece or an endomotor without the need for an ad-
ditional adapter. A rubber stop was set according to the
working length, reduced by 2 mm. The RCS was filled
with 3% sodium hypochlorite, and the instrument was
then introduced into the canal.
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Instrumentation was performed using smooth re-
ciprocating (in-and-out) motions in cycles of 3-5 se-
conds with sufficient amplitude, at a rotational speed
ranging from 3500 to 6000 rpm, without applying pres-
sure in the apical third of the canal. The instrument was
withdrawn only after complete cessation of rotation.
The canal was then thoroughly irrigated with 3% so-
dium hypochlorite, followed by aspiration of the irrigant
together with dentinal debris and organic remnants.

A total of three to five such cycles were performed,
with visual assessment of irrigation efficacy after each
cycle. The primary evaluation criteria included the
transparency of the irrigant and the absence of den-
tinal debris, organic residues, and, in retreatment
cases, remnants of filling materials within the solution.
After use, each instrument was visually inspected for
defects, disinfected, and subsequently disposed of as
Class B medical waste.

To standardize the assessment of the performance
and handling characteristics of the twisted-type tung-
sten finishing endodontic file, a dedicated questionnaire
was specifically developed and completed by all study
participants upon completion of clinical procedures.

The questionnaire comprised several sections de-
signed to provide a comprehensive evaluation of instru-
ment use, including: baseline knowledge of instruments
of this type; identification of clinical application features
influencing the quality of root canal preparation; as-
sessment of handling comfort; advantages, limitations,
and disadvantages of the finishing file identified during
the study, including comparison with instruments previ-
ously integrated into routine practice; evaluation of the
instrument’s potential; and recommendations for its
further use in specific clinical scenarios.

The core set of questions required dichotomous
(ves/no) responses. In addition, several items allowed
for free-text descriptions of clinical experience with the
instrument. Thirteen questions employed a numerical
rating scale ranging from 0 to 10, where O represented
the lowest value of the evaluated parameter and 10 the
highest.

The data obtained during the study were systema-
tized and compiled into a unified database, followed
by statistical processing using Microsoft Office® 365
(Microsoft Corporation, Seattle, USA), Microsoft Excel,
and the STADIA 6.0 statistical software package.

Inter-rater agreement among the group of seven ex-
perts was assessed for 13 parameters of the finishing
endodontic file made from a modified tungsten alloy,
evaluated using the 10-point scale. For statistical analy-
sis, Kendall's coefficient of concordance (W) [18] was
applied. The calculations were performed in Microsoft
Excel. The original dataset, containing numerical scores,
was transformed into a rank matrix. The concordance
coefficient was then calculated using a formula that ac-
counts for tied ranks.
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All input parameters were predefined (number of ex-
perts m = 7; number of evaluated factors n = 13). The de-
grees of freedom were calculated as df=n -1 (df=12).
The statistical significance of the obtained results was
assessed using the Pearson chi-square test.

For the obtained scores, descriptive statistical
measures were calculated, including the arithmetic
mean (M), standard error of the mean (m), standard
deviation (o), and median (Me). The distributions of the
studied samples were analyzed for normality, i.e., their
approximation to a Gaussian distribution.

In cases where the distributions were normal (or
approximately normal), comparisons between groups
were performed using Student’s t-test (based on mean
values). When the distributions deviated from norma-
lity, nonparametric statistical methods were applied
(based on median comparisons): the Wilcoxon test and
the Van der Waerden test were used for independent
samples.

The level of statistical significance was determined
for testing the null hypothesis (Ho: no difference be-
tween the compared samples).

RESULTS

In the initial section of the questionnaire, the baseline
awareness of dentists regarding the type of instrument,
its manufacturing material, and knowledge of possible
analogues was assessed. This group of questions was
structured in a dichotomous format (yes/no).

More than half of the specialists (57.2%) reported
encountering information in the scientific literature on
finishing endodontic instruments with functional charac-
teristics similar to the investigated device. None of the
participants had previously used the instrument under
study in clinical practice. A total of 28.6% of specialists
were aware of the use of tungsten-based instruments
in dentistry. However, all participants reported no prior
clinical experience with endodontic instruments manu-
factured specifically from tungsten. Prior to clinical ap-
plication, it was confirmed that all specialists (100% yes
responses) fully understood the operating principles and
workflow associated with the instrument.

Fig. 1. A bundle of microbristles
in the projection of the root canal
orifice of 2.6 tooth

Puc. 1. Ny40K MUKPOLLETNHOK
B MPOEKUUN YCTbS KOPHEBOIO KaHasa
3yba 2.6
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During evaluation of the finishing file’s performance,
71.5% of specialists confirmed the presence of visual-
ly detectable turbulent mixing of the irrigant within the
root canal during its use. All specialists (100%) reported
a change in the color of the irrigant (turbidity) following
activation with the finishing file in cases of retreatment
endodontic therapy.

In routine practice, 71.5% of clinicians had experience
with root canal preparation for fiberglass posts or core
build-ups (cast metal or zirconia-based). In all such clini-
cal cases (100%), clinicians observed increased turbi-
dity of the irrigating solution. The perceived potential of
the finishing file for root canal preparation prior to post
placement was rated at 5.7+ 1.1 points (Me: 6).

In the clinical practice of three specialists, four cases
of formation of an intracanal “dentin plug” or a borderline
condition were recorded. In these cases, the finishing file
was used for its disruption. It was determined that the
micro-bristle bundle separates compacted dentinal
debris, which tends to aggregate, dispersing it into sus-
pension within the irrigant volume (Fig. 1). The assessed
potential of the instrument for disruption of intracanal
dentinal “plugs” was 6.6 £2.0 points (Me: 7).

The potential of using the finishing file for irrigant
activation in retreatment endodontic cases (M*SD:
6.6+ 1.9; Me: 7) was comparable to the corresponding
parameter assessed in primary endodontic treatment
(M=SD: 6.7+2.1; Me: 7).

The effectiveness of the instrument in removing
various filling materials from the root canal surface was
evaluated by specialists on a 1-10 scale, where 10 in-
dicated maximal effectiveness. For calcium hydroxide,
the mean score was 6.9+2.3 (Me: 7); for gutta-percha,
6.3+x2.1 (Me: 7); for resorcinol-formaldehyde paste,
5.7£2.6 (Me: 7); and for endodontic cements (phos-
phate cement and analogues), 2.6 1.7 (Me: 2).

The degree of instrument adaptation to anatomical
variations in root canal curvature (including C-shaped,
S-shaped, and oval canals) was rated at 6.6 +2.7 (Me: 8).

The flexibility of the instrument, according to expert
assessment, approached the maximum possible level,
with a score of 9.1+1.0 (Me: 9.5) (Fig. 2).

Fig. 2. Integration of the finishing file into the working field:
A - 1.1 tooth; B - 1.6 tooth

Puc. 2. HTterpauusa duHuHoro ¢aina B paboyee none:
A-3y6 1.1;B-3y6 1.6
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The degree of usability of the instrument (comfort
and ease of handling), assessed on a 1-10 scale where
10 represented maximal convenience, was rated by
specialists above average at 7.5+2.6 points (Me: 8).
Two participants reported that the working length of the
instrument (25 mm) was excessive when performing
endodontic treatment in posterior teeth due to limited
access. However, the high flexibility of the instrument
allowed this limitation to be compensated without com-
promising the structural integrity of the finishing file.
Moreover, the curved deformation of the instrument
within the operative field did not affect its functional per-
formance inside the root canal.

According to all specialists, the use of the instru-
ment within the endodontic treatment workflow did not
require additional energy expenditure. The perceived
reduction in operator fatigue during root canal proce-
dures was rated at 6.1 £3.5 points (Me: 6). The potential
for repeated use of the instrument after sterilization was
evaluated at 4.4+ 3.7 points (Me: 3).

Analysis of inter-expert agreement among the se-
ven specialists across 13 parameters assessed using
a 10-point scale revealed a moderate level of concor-
dance according to conventional interpretation of Ken-
dall’s W. The Kendall coefficient of concordance was
W=0.54. This value indicates that the expert assess-
ments can be considered objective and suitable for in-
terpretation.

At the same time, Kendall’s W was evaluated for
statistical significance. For this purpose, the null hy-
pothesis was formulated (Ho: Kendall’s coefficient of
concordance W is approximately equal to zero), and
the test statistic was calculated as x2fact = m x W x df,
where m is the number of experts, W is Kendall’s coef-
ficient, and df is the degrees of freedom (n - 1). The
resulting value was x?fact = 45.36. This value was com-

Table 1. Summary table of rank sums
Ta6nuuya 1. CBoagHas Tabnuua CyMmm paHros
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pared with x2crit 0.001 =32.91. The comparison de-
monstrated that W is statistically significantly different
from zero at a = 0.001, as x2fact = 45.36 falls within the
region of the alternative hypothesis H1 (H1: Kendall’s
coefficient of concordance W is statistically signifi-
cantly different from zero).

Verification of statistical significance using Pear-
son’s chi-square test (x2fact =45.36, df= 12) confirmed
the non-random nature of agreement among evalua-
tions (p < 0.001). The high level of statistical significance
(p < 0.001) supports the reliability of the obtained expert
assessments as a robust component of the clinical study.

A summary table of rank sums for each evaluated
parameter with corresponding identifiers is presented
in Table 1.

To visualize the structure of expert opinions, an “Ex-
pert Assessment Profile” graph was constructed, ena-
bling a clear representation of cases in which specialist
opinions coincided and those in which discrepancies
occurred (Fig. 3). The x-axis represents the indices of
the evaluated parameters, while the y-axis shows the
score values assigned by each of the seven experts
(ranging from 1 to 10). The interpretation of parameter
numbering is provided in the “Summary Table of Rank
Sums” (Table 1).

Analysis of the graphical data demonstrates the
presence of convergence zones corresponding to pa-
rameters with the highest level of agreement. For ex-
ample, in the evaluation of instrument flexibility (para-
meter No. 10, Table 1), minimal variability between ex-
pert ratings was observed.

The intersections and divergences of the plotted
lines clearly illustrate a moderate degree of concor-
dance (W=0.54) as well as variability in expert judg-
ments regarding parameters with more debatable
characteristics.

No. Investigated parameter Su SN
of ranks mean rank sum
1 |Potential use in retreatment endodontic procedures 55.5 6.5
2 |Potential use in primary endodontic procedures 58.5 9.5
3 | Effectiveness during root canal preparation for post-and-core restorations 41.5 -7.5
4 | Effectiveness in disintegration of dentinal plugs 56.5 7.5
5 |Effectiveness in removal of gutta-percha fragment 53.5 4.5
6 |Effectivenessin removal of resorcinol-formaldehyde paste remnants 48.5 0.5
7 | Effectiveness in removal of cement-based materials (phosphate cement and others) 12.0 -37.9
8 |Effectivenessin removal of calcium hydroxide 57.5 8.5
9 |Degree of adaptation to anatomical features (curvature) of the root canal 52.0 3.0
10 |Instrument flexibility level 82.3 33.8
11 |Ease of use (handling comfort) 67.5 18.5
12 |Reduction of operator fatigue 36.0 -13.0
13 |Potential for repeated use after sterilization 16.0 -33.0
Total 637.3
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The moderate, statistically significant inter-expert
agreement (p < 0.001) allowed further analysis of the
instrument’s effectiveness under different clinical con-
ditions. It was determined that the performance of the
finishing file was comparable in primary and retreat-
ment endodontic procedures (p > 0.05).

At the same time, comparison of the instrument’s ef-
fectiveness in removing different filling materials from
the root canal surface revealed statistically significant
differences between the removal of endodontic ce-
ments and other materials, including gutta-percha,
calcium hydroxide, and resorcinol-formaldehyde paste
(p <0.05in all cases).

According to expert conclusions, the instrument not
only facilitates activation of sodium hypochlorite but
also contributes to the removal of both temporary and
permanent filling material remnants from canal walls. It
was observed that in 34.2% of retreatment cases, the
use of the finishing file enabled the retrieval of gutta-
perchafragments that had not been previously removed
by other techniques. Additionally, calcium hydroxide
was observed to be dispersed into the irrigant volume
despite prior ultrasonic activation alone, which was vi-
sually identified as pronounced turbidity of the solution
in 27.6% of cases. The effectiveness of the finishing file
in the re-suspension and evacuation of dentinal debris
from the root canal system was also emphasized.

Experts further noted the potential applicability of
the finishing file for the retrieval of separated endodon-
tic instrument fragments, given its structural charac-
teristics. However, due to the absence of such clinical
cases in the present study, this assumption requires
further validation under experimental simulation condi-
tions. Clinicians expressed particular interest in investi-
gating this aspect in ex vivo experimental settings.

During the evaluation of the instrument’s capabili-
ties, it was established that the twisted-type tungsten
finishing file is capable of removing filling materials
and their remnants in the area of the root canal orifices
without excessive dentin removal using conventional
cutting instruments. This approach enables endodon-
tic procedures in this region to be aligned with the prin-
ciple of “biological rationale” (Fig. 4).

Score (rating scale)

0 T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13
Investigated parameter

Expert 1 =—Expert2 = Expert3
—Expert5 =——Expert6 = Expert7

Expert 4

Fig. 3. Expert assessment profile
Puc. 3. MNpodunb aKCNepTHbIX OLLEHOK
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Clinicians identified several advantages of the fin-
ishing file observed during the study, including effec-
tive removal of calcium-containing medicaments and
gutta-percha from the root canal during retreatment
procedures; adjunctive enhancement of ultrasonic ir-
rigant activation within the RCS; ease of use without
dependence on specific equipment platforms; com-
patibility with both micromotor-driven and endodontic
handpiece systems; simplicity and ease of manipula-
tion; and absence of significant operator hand fatigue
during clinical use.

During clinical evaluation of the instrument, the fol-
lowing limitations were identified. The working length
of the instrument is adequate for use in anterior teeth;
however, it may be excessive in posterior regions, par-
ticularly in cases with limited mouth opening.

While 57.1% of specialists reported no difficulties
during use, 42.9% noted that the fan-like expansion of
the micro-bristles at the working end may complicate
insertion into the root canal in anatomically challenging
areas, such as maxillary molars.

At the same time, practical experience allowed for-
mulation of clinical recommendations to mitigate this
limitation. According to these guidelines, the endo-
dontic workflow should involve positioning the tip of
the instrument at the level of the canal orifice without
initial contact with dentinal walls, followed by activa-
tion. Under these conditions, centrifugal forces cause
spontaneous bundling of the micro-bristles, enabling
atraumatic and unobstructed entry of the finishing file
into the root canal space.

It was noted that in cases where the availability of
dental equipment or instruments is limited (e.g., ab-
sence of ultrasonic devices, magnification systems,
etc.) in the clinical setting, the use of the finishing
file may represent a viable option of choice for cli-
nicians to achieve the aforementioned procedural
objectives.

No cases of instrument binding within the root ca-
nal, fracture, irreversible deformation of the working
part of the finishing file, or breakage during use were
recorded. In addition, no compromise of the integrity
of the rubber dam was observed.

Fig. 4. The root canal orifices of 2.6 tooth (K04.5):
A — before using the finishing file;

B — after using the finishing file

Puc. 4. YcTbe kOpHeBOro kaHana 3yba 2.6 (K04.5):
A — 00 cnonb30BaHMa GUHNLLHOIO danna;

B — nocne ncnonb3oBaHnsa GUHMLIHOIO ¢aina
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DISCUSSION

The RCS represents a highly complex anatomi-
cal structure defined by the branching pattern of the
vascular bundle connecting the periodontal region
with the dental pulp. The main root canal, while main-
taining a central position, forms an extensive network
of ramifications both in the apical region and in other
segments of the canal system. Several classifications
of root canal morphology have been proposed, inclu-
ding straight, radial, bay-like, oval, and delta-shaped
configurations. These branches may present as closed
canals terminating within dentin or as through canals
giving rise to additional ramifications along their entire
length, which may occur at any level, including the fur-
cation area of molars.

As early as the beginning of the 20" century, Hess
and Fischer described delta-like ramifications in the
apical third of root canals. These anatomical structures
form a network through which pulpal vessels anasto-
mose with periodontal vasculature, bypassing the main
apical foramen, and play an important role in maintai-
ning pulpal blood supply. It is generally assumed that
accessory foramina tend to undergo gradual oblitera-
tion over time; however, this process is highly individual.
In cross-section, the canal may appear tubular or plate-
like, whereas in longitudinal section it may be straight
or curved. Curvatures may be single or double, forming
the so-called bayonet-shaped canal [19].

These anatomical characteristics of the RCS justify
the need for both mechanical and chemical approa-
ches in eliminating the microbial load within its internal
structure.

The goal of endodontic intervention is not limited
to the elimination of freely suspended cocci, spiro-
chetes, and their toxins within the RCS, but also in-
cludes the eradication of biofilm adherent to dentinal
surfaces [19; 20]. Biofilm is defined as a structured
consortium of microorganisms embedded in an extra-
cellular matrix and adherent to the hydrated surface of
the root canal wall [10]. Pathogenic bacteria are also
found within the so-called smear layer. The smear layer
is an amorphous and heterogeneous substrate formed
during mechanical instrumentation of the canal [1].
In addition to microorganisms, it contains odontoblas-
tic processes, dentinal debris, remnants of vital or ne-
crotic pulp tissue, and blood components. This layer
promotes bacterial survival and proliferation, which is
a critical consideration during subsequent root canal
obturation [20].

Removal of the smear layer is essential, as it serves
both as a nutrient reservoir for microorganisms and
as a protective barrier against the action of antiseptic
agents [1]. Its polysaccharide matrix significantly im-
pedes the penetration of antimicrobial substances into
the biofilm structure. Therefore, its elimination requires
a combined approach involving mechanical disruption
of the biofilm architecture and the application of disin-
fecting agents capable of destroying the constituent
microorganisms [10].

Despite the fact that the objective of chemome-
chanical root canal preparation is the achievement of
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disinfection across all areas of the RCS, this goal is dif-
ficult to attain in anatomically restricted spaces [21].
Consequently, a rational direction for improving the
effectiveness of endodontic treatment is the manage-
ment of regions that are inaccessible to conventional
techniques and instruments. Accordingly, the search
for and development of novel methods and devices for
the effective removal of biofilms from root canals with
complex morphology represents a key challenge in
contemporary endodontics. This trend is reflected in
the development of flexible finishing files equipped with
micro-bristle bundles.

A persistent clinical limitation encountered by prac-
titioners, which may compromise the hermetic obtura-
tion of the RCS during retreatment procedures, is the
retention of filling material remnants on the intracanal
dentinal surface. In undercuts, isthmuses, and slit-like
spaces of the canal, residual fragments of gutta-percha,
sealers, calcium hydroxide, cements, and other mate-
rials may persist [15]. Several studies have demonstra-
ted the difficulty of completely removing calcium hy-
droxide from canal walls prior to obturation, which is
necessary to ensure adequate adhesion of filling ma-
terials to dentinal surfaces [21-25]. It has been shown
that the presence of calcium hydroxide interferes with
sealer penetration into dentinal tubules, leading to
potential apical microleakage. Furthermore, it may al-
ter the physical properties of sealers and reduce the
strength of their bond with gutta-percha [20; 26; 27].
Therefore, the development and implementation of ad-
ditional strategies are required to improve the success
rate of endodontic retreatment [28].

Irrigation is a critical determinant of endodontic
treatment success [29]. The conventional technique
for RCS irrigation is based on the use of an endodon-
tic syringe; however, its isolated application does not
ensure complete debridement or optimal chemical ac-
tion [30]. For example, in the study by Ahn & Jorge [31],
conducted in vitro, the effects of 5.25% sodium hy-
pochlorite, 2% chlorhexidine, 17% EDTA, and 10%
povidone-iodine on dentinal disinfection of the RCS
were evaluated [31; 32]. Similarly, in the study by Bha-
sin et al., the effects of 5.25% sodium hypochlorite, 2%
chlorhexidine, and N-acetylcysteine on intracanal En-
terococcus faecalis and Streptococcus mutans were
assessed [33]. In none of these studies did the tested
solutions achieve complete sterilization, and viable
bacteria were still detected within the RCS.

Conventional endodontic syringes and needles are
also limited in their ability to achieve full decontami-
nation, as in narrow root canals the irrigant may fail to
reach the apical region due to surface tension effects,
resulting in the formation of an “air lock”. Consequent-
ly, the apical zone remains insufficiently irrigated [10].
More effective canal debridement therefore requires
activation techniques that modify the hydrodynamics of
the irrigant and enhance its penetration into anatomi-
cally complex and inaccessible areas of the RCS [34].

Possible approaches for delivering irrigant to the
apical region of the canal in combination with fluid agi-
tation within the canal include: enlargement of the api-
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cal third of the canal lumen; use of a greater volume of
irrigating solution; direct delivery of the irrigant into the
apical area; prolongation of irrigant exposure time; and
application of activation techniques [35].

In this context, activation is defined as a process
aimed at enhancing the effect of the irrigating solution
on the RCS surface to achieve improved disinfection.
This is accomplished through mechanical, ultrasonic,
sonic, or thermal stimulation of the solution. Such ap-
proaches improve the penetration of chemical agents
into the apical third of the root canal and its accessory
ramifications; facilitate the destruction of biofilms and
microorganisms; and enhance the removal of orga-
nic tissue remnants that may persist after mechanical
preparation, as well as residual filling material frag-
ments located in dentinal undercuts in cases of retreat-
ment. In addition, activation reduces the time required
for complete debridement of the RCS while maintaining
irrigant concentration [34; 36-38].

The mechanism of ultrasonic activation is based on
the effects of cavitation and microstreaming. Cavitation
refers to the formation of voids (bubbles) and the expan-
sion, contraction, and distortion of pre-existing bubbles
within the solution, which promotes effective removal of
fine debris and contributes to the disruption of chemical
molecules and microbial cell envelopes [33]. It results
in the formation of gas- or vapor-filled cavities within
the fluid [34]. Microstreaming is defined as a localized
fluid microflow characterized by a stable, unidirectional
circulation occurring in the immediate vicinity of a small
oscillating object [33]. This phenomenon generates
vortex-like flows, with the highest velocity observed
near the tip of the ultrasonic file. However, while micro-
streaming is a biophysical force closely associated with
endodontic instruments, the clinical relevance of cavi-
tation in vivo remains controversial [3; 30; 39-41].

Practical recommendations in the literature for ultra-
sonic irrigation suggest that the size of the ultrasonic file
should not exceed ISO sizes 15-20; instruments used
should be non-cutting to prevent canal transportation
(deviation from the original canal axis); the file should
be inserted no more than 1.5-2 mm short of the wor-
king length; reciprocating movements within the ca-
nal should be minimized; and pre-bending of the file is
recommended when working in curved canals to pre-
vent apical perforation and ledge formation. Irrigation
should be performed in three cycles of 20 seconds, with
irrigant renewal of 1.5-2 mL between cycles [30].

Itis noted that the highest efficiency is achieved when
the ultrasonic tip is freely positioned within the canal,
which is not always clinically feasible. When instrument
movement is restricted by canal walls — which is difficult
to control in clinical conditions — the effectiveness of ul-
trasonic activation is significantly reduced [31].

The operation of sonic devices and instruments
used for RCS preparation is based on hydrodynamic
activation of the irrigating solution, whereby sonic sys-
tems generate lower-frequency but higher-amplitude
oscillations [34]. Sound waves acting on and reflecting
from the root canal walls, in combination with irrigation,
promote bubble formation, removal of the smear layer,
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opening and cleaning of accessory canals, as well as
heating and thereby activation of the irrigant within the
canal. The circular motion of the file contributes to rapid
canal enlargement. At the same time, oscillation fre-
quency, tip resistance, and amplitude are automatically
regulated [1]. However, as sound waves propagate, they
progressively attenuate, accompanied by a reduction in
intensity. This attenuation is largely due to absorption
of the acoustic wave and scattering by heterogenei-
ties within the RCS environment, whose dimensions are
either smaller than or comparable to the wavelength of
the sound [2; 42].

Vacuume-assisted irrigation systems (based on the
creation of negative pressure within the canal to simul-
taneously aspirate the used irrigant and deliver a fresh
solution) and thermal activation (heating of the irrigating
solution) may also be used in endodontic practice.

Nevertheless, mechanical activation of the irrigant
remains the simplest and most accessible method in
routine clinical settings. “Manual dynamic activation”
and “instrument-based activation” involve the insertion
and withdrawal of a gutta-percha cone or endodon-
tic instrument with low-amplitude vertical movements,
thereby inducing fluid movement within the RCS. Each
of the above-mentioned methods has both advantages
and limitations [40].

Improvement of endodontic treatment outcomes is
closely linked to the development and use of novel in-
struments. The quality, strength, structural design, and
flexibility of endodontic files directly determine the effi-
ciency of root canal preparation, the prognosis of tooth
restoration, and the safety of the procedure for the
patient. Historically, materials used for endodontic in-
struments have undergone significant evolution — from
stainless steel to nickel-titanium (Ni-Ti) alloys, which
became widely adopted due to their elasticity and abil-
ity to adapt to root canal curvature. Nevertheless, even
modern Ni-Ti instruments have certain limitations, in-
cluding fatigue-related fracture, loss of elastic proper-
ties after repeated use, and the risk of sudden separa-
tion during clinical procedures [41].

The current stage of endodontic instrument de-
velopment is marked by the introduction of tungsten-
based alloys. Tungsten is a metal traditionally used in
high-technology industries, characterized by excep-
tional hardness, high density, resistance to cyclic loa-
ding, as well as corrosion, thermal, and chemical sta-
bility, making it one of the most durable metals in na-
ture [28; 43; 44]. The strength and ductility of tungsten
allow the production of unique components, including
ultra-thin wire resistant to deformation while maintai-
ning structural stability, which has become the basis
for modern finishing files [35]. Tungsten is virtually in-
soluble in sulfuric, hydrofluoric, and hydrochloric acids.
Owing to its high density and biological inertness, tung-
sten is even used for reinforcing nickel-titanium endo-
dontic instruments, improving their wear resistance and
fatigue durability [45].

This study is dedicated to the clinical evaluation of
the performance capabilities and handling characte-
ristics of a novel type of finishing endodontic file made
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from a modified tungsten alloy — EndoKey (Nova Brush,
Russian Frderation). A distinctive feature of the inves-
tigated instrument is the presence of ultra-fine micro-
bristles with a circular cross-section at the apical end
of the working part. During rotation, these micro-bris-
tles, under the influence of centrifugal force, expand
and adaptively contact the root canal walls, generating
vortex fluid dynamics and effectively amplifying irrigant
oscillatory activity.

It is postulated that mechanical interaction with ca-
nal walls occurs without dentin cutting, while simulta-
neously enabling the removal of dentinal debris, smear
layer, biofilm, and residual filling material fragments. The
rotating working part is also proposed to induce a cavi-
tation effect, initiating hydrodynamic activity through-
out the entire RCS, including the main canal as well as
lateral branches and isthmuses. Intensive mixing of ir-
rigating solutions during high-amplitude reciprocating
movements facilitates their redistribution and renewal
across the entire volume of the treated space.

To verify the claimed properties of the instru-
ment, an expert-based evaluation was performed,
and the obtained results were subjected to statistical
analysis. The resulting Kendall’s coefficient of concor-
dance (W= 0.54, p < 0.001) indicates a moderate but
statistically significant agreement among experts in
the present study. Within the framework of a prospec-
tive observational design, this finding reflects a unified
tendency in the assessment of the performance and
handling characteristics of the tungsten-based fini-
shing file.

At the same time, the absence of a “high” level of
agreement (W > 0.7) may be attributed to several fac-
tors: the complexity and variability of clinical scenarios
in individual endodontic cases, which allows for dif-
ferences in expert interpretation; variability in profes-
sional experience and individual clinical perspectives,
leading to different emphases in parameter assess-
ment; and the observational nature of the study de-
sign, which reflects real-world clinical conditions where
evaluation criteria are inherently less standardized than
in interventional trials. Despite the moderate strength
of agreement, the high level of statistical significance
(x2fact = 45.36, df=12) supports the reliability of the
expert assessments as a robust basis for statistical in-
terpretation and formulation of study conclusions.

The effectiveness of the investigated finishing file
was found to be comparable in primary and retreat-
ment endodontic procedures (p > 0.05), confirming
the stability of its performance across different clini-
cal scenarios. However, the instrument demonstrated
statistically significantly higher effectiveness in the re-
moval of gutta-percha, calcium hydroxide, and resor-
cinol-formaldehyde paste compared with endodontic
cements (p < 0.05), indicating a selective cleaning ca-
pability dependent on the physicomechanical proper-
ties of the filling materials.

This finding may also be explained by the higher ad-
hesion and hardness of cement-based materials, which
may necessitate additional irrigation protocols or en-
hanced chemical activation strategies when managing

397

such materials, for example, prolonged application time
of the finishing file during clinical use.

The combination of clinical trials with a standardized
assessment of experienced clinicians’ opinions pro-
vided a comprehensive approach to evaluating the ca-
pabilities and handling characteristics of the tungsten-
based finishing file within the endodontic treatment
workflow. This approach enabled an analysis of the in-
strument’s advantages and limitations under real-world
clinical conditions.

One of the identified advantages of the finishing files
is their direct compatibility with a micromotor equipped
with a contra-angle handpiece or an endodontic motor,
without the need for additional adapters. This distin-
guishes them from several analogues that require sup-
plementary consumables, which may, in turn, increase
operational costs and complicate the clinical workflow.

It was determined that the use of a single-use fi-
nishing file made of a modified tungsten alloy aligns
with current trends in modern dentistry, as the tech-
nology is aimed at improving the quality of endodon-
tic treatment. It is clinically user-friendly, meets the
requirements of economic efficiency for healthcare
institutions, and supports a high standard of infection
control in dental practice.

A key factor confirming the reliability of the instru-
ment was the absence of any recorded cases of file
binding within the root canal, fracture, irreversible
deformation of the working part, or other mechanical
failures during use.

The instrument serves as an adjunct to ultrasonic irri-
gation activation within the RCS, thereby enhancing the
effectiveness of the irrigation procedure. In this study,
the use of finishing files demonstrated the retrieval of
gutta-percha and calcium hydroxide remnants from the
RCS in 34.2% and 27.6% of retreatment cases, respec-
tively — outcomes not achieved during earlier stages of
canal preparation. These findings were visualized under
magnification during the procedures. This supports the
potential of the instrument in addressing clinical chal-
lenges associated with retreatment and endodontic re-
vision procedures.

Special attention was given to the ease and simpli-
city of manipulation and the absence of operator hand
fatigue during use, as well as the potential applicabi-
lity of the instrument for the removal of separated endo-
dontic instrument fragments. However, further labora-
tory and clinical investigations, including ex vivo stud-
ies, are required for a more comprehensive evaluation
of the instrument’s capabilities.

To improve handling comfort in anatomically chal-
lenging root canals, as well as in cases of microstomia
and pediatric dentistry, the development and applica-
tion of instruments with a shortened working length
should be considered. In addition, the assessment of
long-term outcomes following the use of the instrument
in various clinical scenarios represents an essential
step toward a complete understanding of its long-term
clinical effectiveness.

Despite the prospective design of the study, which
enabled the assessment of the instrument’s perfor-
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mance under real clinical conditions, several limita-
tions should be acknowledged. The absence of a con-
trol group and randomization procedures is inherent to
the observational study design. The outcome evalua-
tion was performed by a panel of seven experts, which,
despite demonstrated statistical significance and in-
ter-rater agreement, still retains a degree of subjecti-
vity for the reasons outlined above. Although the level
of agreement was moderate, it is sufficient to support
a collective expert judgment in conditions of clinical
uncertainty.

Furthermore, the clinical nature of the study pre-
cluded the use of laboratory validation methods (such
as micro-CT or SEM analysis), which could have pro-
vided more detailed quantitative data regarding the de-
bridement efficacy of the root canal surfaces.

Overall, the present study opens new and promising
perspectives for the clinical application of this type of
finishing files in dentistry.
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Impact of two different nanoparticle types
on acrylic resin denture base porosity, water sorption,
and solubility

Reem Ahmed Shihab (2 [<, Luma Nasrat Arab
Tikrit University, Tikrit, Iraq
D reemshihab@tu.edu.ig

Abstract

INTRODUCTION. Acrylic resins are widely and primarily utilized in prosthodontics as the basis material for
dentures. The acrylic resin denture base’s porosity is an inappropriate feature. During prosthesis use, water
absorbed by the acrylic resin’s surface acts as a plasticizer and may cause volume fluctuations

AIM. To assess how adding two different kinds of nanoparticles — silicon dioxide and titanium dioxide — affects
the acrylic resin denture base’s porosity, water sorption, and solubility.

MATERIALS AND METHODS. Thirty heat-cured acrylic samples were used for the porosity and solubility tests,
and each test’s samples were split into three set: control group — heat cured acrylic resin alone, heat cured
acrylic resin material with 2% of TiO, nanoparticles and heat cured acrylic resin with 2% of SiO, nanoparticles
group. A rectangular sample measuring 50x4x2 mm=1 mm was created for the porosity test, while a disc
sample measuring 40x 2.5 mm was created for the water sorption and solubility test.

RESULTS. The TiO, group had the highest mean porosity test value (2.504), whereas the Control group had
the lowest (1.468). The SiO, group had the greatest mean value for the water sorption test (1.28572430),
whereas the TiO, group had the lowest (0.66882004). The control group had the highest mean solubility test
score (0.649619315), while the SiO, group had the lowest (0.45170539).

CONCLUSIONS. The porosity of heat-cured acrylic resin was not decreased by adding TiO, or SiO,. Water
sorption is reduced when TiO; is added. Solubility was also reduced by adding 2% SiO,.

Keywords: porosity, nanoparticles, acrylic resin, water sorption, solubility
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BnuAHue ABYX pa3/IMuHbIX TUNOB HAHOYACTUL
Ha NOPMUCTOCTb, BOAOMNOI/I0WEeHne U pacTBOPUMOCTD
aKkpunosoro 6asuca 3ybHoro nporesa

P.A. Wnxa6(> <, JI.H. Apad
YHuBepcuteT Tukputa, . TukpuT, Mpak
D reemshihab@tu.edu.ig

Pe3iome

BBEAEHWE. AkpnnoBblie CMOJIbI LUMPOKO M NPEUMYLLLECTBEHHO UCNOJL3YIOTCSH B OPTONEANYECKON CTOMa-
TOoNnormm B Kayectee matepuana 6asmnca 3yOGHbIX NPOTe30B. NopucTocTb Ha3nca npoTesa N3 akpuiIoBomn
CMOJIbl ABISIETCH HEXENaTeNbHOW XapakTepmMcTukon. Bo Bpemsa akcnayatauum npotes3a Boaa, nornouLa-
emMasi NOBEPXHOCTbIO akKpUIOBOM CMOJIbl, AENCTBYET Kak NnacTtudumkaTtop n MOXET Bbi3blBaTb NU3MEHEHUS
obbema.

LLEJIb. OueHunTb BAMsHNE nobaBneHns AByX pasfinyHbliX BUOOB HaHOYaCTUL, — amokcupa kpemums (SiO,)
n amokcmaa TutaHa (TiO,) — Ha NOPUCTOCTb, BOAOMNOIIOLLEHMNE U PaCTBOPUMOCTb 6asunca 3ybHoro nportesa
13 aKpuIOBO CMOSbI.

MATEPWAJBI 1 METObI. na npoBeaeHns TECTOB Ha MOPUCTOCTb U PacTBOPMMOCTb UCMNOJIb30BaImn
30 06pa3uoB TEPMOOTBEPXAAEMOM akpnnoBo nnacTtmaccel. O6pasubl ANS KaXaoro Tecta 6binm pas-
LeneHbl Ha TpY rpynnbl: KOHTPOJIbHAA rpynna — TObKO TEPMOOTBEPXAAaeMasa akpuiosasi cMofa; rpynna

© Shihab R.A., Arab L.N., 2026
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TEPMOOTBEPXAAEMOI aKpUNOBOI CMOJbl ¢ fob6aBneHnem 2% HaHovacTuy, TiO,; rpynna TepMooTBepXaa-
eMOI akpunoBow cMonbl ¢ gobdaBneHmnem 2% HaHovacTul, SiO,. ng TecTa Ha MOPUCTOCTb U3roTaBIMBan
npsMoyronbHble 06pasubl pazamepom 50x4x2 mm*1 MM, a ANa TECTOB HA BOAOMOTJIOLLEHNE N PACTBOPU-
MOCTb — OUCKOBUOHbIEe 00pa3ubl paamepom 40X 2,5 mm.

PE3YJIbTATbI. Hanbonbliee cpenHee 3Ha4yeHUe NopmucTocTy Oblno BoisBAEHO B rpynne TiO, (2,504), Tor-
[la Kak HarvMeHbLLee — B KOHTposbHOM rpynne (1,468). B TecTe Ha BogonornoweHue rpynna SiO, nokaszana
Hanbonbliee cpenHee 3HadveHne (1,28572430), a rpynna TiO, — HaumeHblee (0,66882004). Hanbonblee
cpegHee 3Ha4eHne pacTBOPUMOCTM Haboaanock B KOHTponbHOM rpynne (0,649619315), a HanmeHbLLee —
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INTRODUCTION

Despite being the most used denture base mate-
rial, PMMA still has a number of drawbacks. As a result,
acrylic resin has undergone modifications to enhance
its mechanical, physical and working qualities, as well
as to simplify laboratory procedures [1-3]. Neverthe-
less, the conventional water bath curing method for
acrylic resin has a number of drawbacks, such as sur-
face porosity, dimensional instability, residual mono-
mer, low strength, water absorption, color instability,
and easy fracture [4-6].

In acrylic resin bases, porosity is a major concern
because too much porosity weakens prostheses and
increases their vulnerability to stress-related deteriora-
tion [5; 7].

Also surfaces with porosity compromise oral health
and appearance by encouraging bacteria colonization
and material retention. Additionally, sorption in acrylic
resins can reveal changes in volume and the release of
soluble as a product, which could irritate oral tissue [5; 8].

Nanotechnology has significantly changed the
healthcare sector, and its applications are beneficial
to dental science and modern medicine. Futuristically,
it is expected that it will pervade and further revolution
in the art and science of dentistry and will expand all
the aspects of oral diseases, diagnosis, prevention and
treatment. Nano materials are now successfully being
used in caries inhibitors, antimicrobial resins, hard tis-
sue remineralizing agents, targeted drug delivery, scaf-
folds, biomembranes, restorative cement, bioactive
glass, tissue wires and nano composites [9].

Inorganic carriers like Titanium dioxide (TiOz) nano-
particles have been used as additives to biomaterials
due to its certain characteristics such as white color,
low toxicity, antimicrobial properties, high stability and
efficiency as well as availability and low cost. Among
compounds as inorganic carriers, such as apatite, zeo-
lite, and phosphate. Silicon dioxide (SiOz) is more hope-
ful due to its porous structure and adsorption proper-

ties. Nano SiO, particle possess extremely high surface
activity and adsorb various ions and molecules [10].

The purpose of this study was to assess how adding
two different kinds of nanoparticles — SiO, and TiO, -
affects the porosity, solubility and water sorption, and
solubility of heat cure acrylic.

MATERIALS AND METHODS

For the porosity and solubility tests, thirty heat-
cured acrylic resin specimens were created and split
to two main groups (5-specimens). Following that,
each major group was divided into the following three
groups:

— heat cured acrylic alone (5-specimens);

— heat cured acrylic with 2% SiO, (5-specimens);

— heat cured acrylic | with 2% TiO, (5-specimens);

A rectangle samples measuring 50xX4 X2 mm=1 mm
(Fig. 1, A) in length, width, and thickness were prepared
for the porosity test in compliance with ASTM regula-
tions [11]. The disc’s diameter and thickness were
40 mm by 2.5 mm (Fig. 1, B) for the water sorption and
solubility test [12].

Fig. 1. The rectangular bar (A) and disc (B)
during rinsing

Puc. 1. MNpamoyronbHbiii 6pycok (A) n anck (B)
BO BPEMS ONoJiaCknMBaHUA
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Dental stone was poured into the flask after sepa-
rating media was sprayed on the flask’s lower half.
CNC templates (cutting by CNC machine) were inser-
ted into the stone in the correct location. After coating
the first layer of dental stone with separating medium
and pouring the second layer of stone, the flask was
sealed tightly. waiting for the hard stones to set.

Group 1 of samples were made from mixing heat-
cured acrylic resin only (control) according to manu-
facturer instruction. Group 2, the heat-cured acrylic
contains 30 nm silicon dioxide nanoparticles (Chang-
sha Santech Materials Co.). Group 3 contain 30 nm
titanium dioxide nanoparticles (Qingdao Hesiway In-
dustrial Co.) 100 g of powder polymer (2 g of nano-
particles plus 98 g of polymer) is added to 40 ml of
liquid monomer weighed using a sensitive balance
(+0.000 g, Radwag, Type AS 220.R1) in accordance
with the suggested PMMA 3:1 polymer to monomer
mixing ratio.

The second and third groups’ specimens were cre-
ated by combining the nanoparticles with monomer.

In order to prevent particle agglomeration, the heat-
cured polymer powder was transferred to a ceramic jar
and manually mixed after the nanoparticles were added
to liquid monomer and vibrated for five minutes. After
reaching the dough stage, it was carefully kneaded and
packed.

Curing was done then finishing and polishing ac-
cording to manufacturer instruction.

Porosity test

The standard sorption method was employed in
this study to assess porosity. Fifteen samples with di-
mensions of (50%x4Xx2) mm were generated, five from
each group. These samples experienced a thorough
drying process within a desiccator including silica gel
under vacuum conditions then using an analytical ba-
lance, accurate to 0.0001 g, was performed two weight
measurements were taken: one with the samples that
were exposed to air and the samples that were imme-
diately immersed in distilled water and weighted. Then
the samples were put in distal water at 37 °C in incubator
and weighted.

The following formulas were used to calculate po-
rosity [13; 14]:

m,-m
— d d .
Vsd,y =39
pwatsr
m —-m.
— w W .
szet - ’
pwater
Vsdry - szet

Porosity% = 100 x ——=,
Sdry
where puaer (/ML) is the density of water; Vs,e (mL) is
the volume of the wet specimen; my (g) is the mass of
the dry specimen recorded in air; m;, (g) is the mass of
the dry specimen recorded with the specimen instant-
ly submerged in water; the mass of the wet specimen
measured in air is denoted by m,, (g), while the mass of

dHdodoHmus
————TLT

the wet specimen recorded with the specimen imme-
diately submerged in water is denoted by m), (g).

This computation was based on the water’s density
as well as the mass and volume of each sample both be-
fore and after immersion [15].

Water sorption and solubility

For each material, fifteen circular specimens with
a diameter of 40 mm and a thickness of 2.5 mm were
made.

For thirty minutes, the specimens were kept at room
temperature. The initial weight of each specimen (M1)
was determined weighing using an analytical scale with
an accuracy of 0.0001 g in a water bath maintained at
37 °C until a consistent weight (M2) was achieved.

Then samples were dried at 37 °C in an incubator and
weighed (M3). The values for water sorption (Wsp) and
solubility (Wsl), expressed in ug/mms, were determined
using the subsequent formulas [15; 16]:

RESULTS

1. Test of porosity: for the three groups’ means and
standard deviations are shown in Table 1 and 2. The TiO,
group had the highest mean porosity test value (2.504),
whereas the control group had the lowest (1.468).

Table 1. Descriptive statistics for all groups
in porosity test

Ta6nuua 1. OnucartenbHaga cTaTUcTUKa
Mo BCEM rpynnam B TECTE Ha NOPUCTOCTb

Groups N Mean SD
Control 5 1.468 0.2701296
SiO» 5 2.262 0.3212009
TiO» 5 2.504 0.9671301

Table 2. T-test and p-value between groups
in porosity test

Ta6nuua 2. T-KkpUTEepUin N p-3HaveHne
MeXAay rpynnamum B TECTE Ha MOPUCTOCTb

Between groups t-value p-value Value
Control vs SiO, -4.23 0.0028 Sig
Controlvs TiO, -2.35 0.046 Sig
SiO, vs TiO, -0.54 0.60 Non sig

2. Test of water sorption: the three groups’ mean
values and standard deviations are shown in Table 3
and 4. The SiO; group had the highest mean water
sorption test (1.28572430), while the TiO, group had
the lowest (0.66882004).
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Table 3. Descriptive statistics for all groups
in water sorption test

Ta6nuua 3. OnucartensHaa ctatmcTuka
Nno BCEM rpyrnnam B TECTe Ha BOAOMOrJoLeHne

Groups N Mean SD
Control 5 0.92878302 0.272598629
SiO, 5 1.28572430 1.144199596
TiO, 5 0.66882004 0.051539575

Table 4. T-test and p-value between groups

in water sorption test

Tabnuua 4. T-KpuTEpuUii n p-3HavyeHne

Mexay rpynnamMm B TECTE Ha BOAOMOMOLLEHNE

Between groups t-value p-value
Control vs SiO; -0.71 0.50
Controlvs TiO, 2.10 0.06
SiO,vs TiO2 -1.25 0.25

3. Test of solubility: the three groups’ mean va-
lues and standard deviations are shown in Table 5
and 6. The control group had the highest mean solubility
test (0.649619315), while the SiO, group had the lowest
(0.45170539).

Table 5. Descriptive statistics for all groups
in solubility test

Ta6bnuua 5. OnucarenbHasg cTaTUCTUKA
Mo BCEM rpynnam B TECTe Ha paCTBOPUMOCTb

Groups N Mean SD
Control 5 0.649619315 0.196428937
SiO» 5 0.45170539 0.19876589
TiO, 5 0.53692591 0.238198283

Table 6. T-test and p-value between groups
in solubility test

Ta6nuuya 6. T-test n p-sHadyeHue
MeXAay rpynnamm B TECTE Ha PaCTBOPUMOCTb

Between groups t-value p-value
Control vs SiO» 2.24 0.038
Controlvs TiO, 1.15 0.26
SiO,vs TiO, -0.85 0.40
DISCUSSION

Owing to its advantageous properties, processing
simplicity, precise stability and fit in the oral cavity, af-
fordability, and better aesthetics, PMMA continues to
be the preferred material for denture base production.
However, there is an ongoing need to enhance some of
its physical and mechanical properties [17]. One stra-
tegy to address this challenge involves incorporating
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nanoparticles into the denture base polymer matrix.
This approach has shown promising results in impro-
ving the material’s properties [18].

Porosity is a complicated phenomenon that can
be linked to a number of factors, including laboratory
methodology and the combination of material and
polymerization procedure [19].

The results showed that adding TiO, and SiO; na-
noparticles increased porosity rather than decreased
it. Cevik &Yildirim-Bicer agreed with our findings [17].
They claimed that adding 1% silica would cause acry-
lic to have more voids, as shown by SEM, which would
reduce flexural strength. Our findings were rejected
by Hameed & Abdul Rahman [18] and AL-Shakarchi &
Hasan [20] who discovered that porosity decreased
when ZrO particles were added to the acrylic denture
foundation. Nevertheless, the mechanical characte-
ristics decreased as the SiO, nanoparticle content in-
creased [21]. The synergistic interaction between ZrO,
and TiO; resulted in a reduced apparent porosity value
for 3 weight percent ZrO,-TiO, [22]. Porosity is asso-
ciated with numerous causes that involve the trapping
of air during mixing, contraction of the monomer during
polymerization, vaporization of a monomer, linked to
reaction that is exothermic, insufficient monomer and
polymer mixing, high temperature during processing
and inadequate compression in the flask [23]. Occur-
rence of porosity may be revealed to the incidence of
porosity in a polymer is determined by the concentra-
tion of the initiator, which is frequently benzoyl pero-
xide have been linked to reduced mechanical qualities,
unsightly appearance, possible organism harboring,
and fluid retention, depending on the polymerization
circumstances [24].

Denture base acrylic resins were extremely unsta-
ble and continuously interacted with their surroundings
once they had polymerized. Since the dentures were
frequently immersed in aqueous disinfection treat-
ments or bathed in saliva, the significant reaction took
place with water. Two opposing processes occurred as
a result of water diffusing into the matrix: water leached
out unbound, unreacted monomers and ions [25].

One of the main drawbacks of acrylic resin denture
bases is that they go through a series of processes that
include water absorption and component filtering out
both during and after curing and implantation, these
modifications are thought to be one of the primary
causes of denture failures [26]. After adding both kinds
of nanoparticles, the water solubility in this study de-
creased.

When TiO; is introduced, water sorption reduces,
but it increases when SiO; is added. This indicates that
different kinds of nanoparticles produce different out-
comes, and concentration may also have an impact.
According to our findings, the addition of TiO, to the
acrylic denture base reduced its water solubility when
compared to the control group. Our findings were unac-
cepted by Giti et al. [27].

Chladek et al. discovered that raising the concen-
tration of nanosilver improved the soft lining material’s
sorption and solubility [28].
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Alwan & Alameer found that adding 3% weight of
treated TiO. nanoparticles to heat-cured acrylic resin
reduced water sorption and solubility [29]. Abdel-
raouf et al. found that the self-cured acrylic resin’s
flexural strength was increased and its water-sorption
was decreased by adding 5% weight TiO, nanopar-
ticles without affecting the surface roughness and
microhardness [30].
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a normalised upper dental arch in cases of congenital cleft

lip and palate during the transitional dentition period
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Abstract

AIM. The aim of this study was to improve the effectiveness of complex therapy for children with congenital
cleft lip and palate during the mixed dentition period prior to maxillary alveolar bone grafting by developing an
orthodontic treatment method.

MATERIALS AND METHODS. The developed method was applied at the Dental Clinical Center of the Republic
Hospital No. 1 — National Center of Medicine (Yakutsk, Russian Federation) in 101 patients aged 6-7 years
who underwent cheiloplasty and uranoplasty between 2007 and 2025 prior to bone grafting.

RESULTS. The method was applied after the eruption of the central incisors, before the formation and erup-
tion of the permanent canine on the cleft side. This method ensures a fixed, normal position of all permanent
and deciduous teeth, including those bordering the alveolar ridge cleft, creating optimal conditions for bone
grafting of the maxillary alveolar ridge. The developed orthodontic treatment method ensures a fixed, normal
position of all permanent and deciduous teeth in the dental arch, including those bordering the alveolar ridge
cleft, and also creates favorable conditions for proper jaw growth and development.

CONCLUSIONS. The use of the proposed orthodontic treatment method promotes optimal restoration of
dental and jaw function and enables timely and efficient implementation of comprehensive medical and social
measures aimed at restoring the anatomical integrity of oral organs and tissues, as well as the child’s social
adaptation.

Keywords: congenital cleft lip and palate, mixed dentition, titanium-molybdenum arch, wire construction,
Delar mask, alveolar bone grafting
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B Nepuog CMEHHOIro Npukyca nepen KoCTHOM NAacTUKOW anbBEOAAPHOr0O OTPOCTKA BEPXHEN YENIOCTU MYTEM
pa3paboTkm cnocoba OpTOAOHTUYECKOIO JIeHEHUS.
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MATEPUAblI N METObIl. PazpaboTaHHbIn cnocob npumeHsncs Ha 6a3e cTOMaToNOrM4yeckoro otaene-
HMa PecnybnukaHckon 6onbHMUbl N2 1 — HaunoHanbHOro ueHtpa megmumiel uMm. M.E. HukonaeBa (AkyTck),
y 101 nauueHTa B BO3pacTe 67 neT noce xeino- n ypaHonnactunkum 3a nepuog c 2007 no 2025 r. nepen npo-
BeLEHNEM KOCTHOWM NNACTUKN.

PE3YJIbTATbI. Cnocob npumeHeH nocne npopes3biBaHNS LeHTpasibHbIX pe3uoBs, 40 GopMUpoBaHUs 1 npope-
3bIBaHMS MOCTOSHHOIO KJlblka HA CTOPOHE PacCLLENNHbI, KOTOPLIM 06ecnedymBaeT GUKCUPOBAHHOE HOPMAlb-
HO€ MONOXEeHNEe BCEeX NOCTOSAHHbIX 1 BPEMEHHbIX 3yO0B, B TOM YMC/e rpaHnyYalmx ¢ pacLlle/IMHOi anbBeo-
NISIPHOr0 OTPOCTKA, KOTOPbIE CO34al0T ONTUMAasbHbIE YCNOBUS A5 MPOBEAEHNSA KOCTHOW NAACTUKU anbBe-
OJISPHOro OTPOCTKa BepXHen YyentocTu. PazpaboTaHHbI MeTO4 OPTOAOHTUYECKOrO iedeHns obecneynsaeTt
dUKCMPOBAHHOE HOPMAJTbHOE MOJTOXEHNE BCEX MOCTOSHHbBIX M BDEMEHHbIX 3y60B 3yOHOM Ayrun, B TOM YMchne
rpaHnyaLLnX ¢ pacLenMHon anbBeoIIPHOro OTPOCTKA, a TakxXe co3aaeT 6naronpusaTHbIe yCoBUS Ans npa-
BWJILHOIO POCTa U Pa3BUTUS YENIOCTEN.

BbIBOAbl. Ncnonb3oBaHne npenfioxXeHHoro crnoco6a OpTOAOHTUMYECKOro NevyeHnss cnocoObCTBYET OMNTu-
MaibHOMY BOCCTaAHOBEHMIO PYHKLNIA 3yOOYENOCTHOM CUCTEMBI, @ TakXe NO3BOJISIeT CBOEBPEMEHHO NPO-
M3BECTN OMEepPaTMBHYIO peanm3aumio KOMMAEKCHbIX MeAUKO-COUMasbHbIX MEPONPUATUIA, HarnpaBieHHbIX
Ha BOCCTAHOBJIEHME aHATOMWYECKOW LLEIOCTHOCTM OPraHOB U TKaHEW MONIOCTM PTa, a TakXke CouManbHYio
apanTtaumio pebeHka.

KnioueBble cnoBa: BPOXIEHHAS pacluenvHa ryobl u HebGa, CMeHHbI NpUKyc, TMTaH-monnbaeHoBas nyra,
NPOBOJIOYHAsA KOHCTPYKLMA, Macka Jenapa, KocTHas niacTika anbBeossipHOro 0TPOCTKa

UHdopmauumsa o ctatbe: noctynuna — 14.01.2026; ncnpasnena — 03.03.2025; npunsata — 29.03.2026
KoHAUKT uHTepecoB: ABTOPbI cO00LWaloT 06 OTCYTCTBUM KOHPINKTA UHTEPECOB.
BnarogapHocTu: GrHaHcupoBaHue 1 MHANBMOYabHbIE GNarof4apHOCTU ANs AeK1IapMpPOBaHUs OTCYTCTBYIOT.

Ana uutuposanua: KopsikmHa H.B., YwHnuknin N.4., Oassigoa M.M., MNeTposa B.M., Yeapos .M. Cno-
c00 OPTOAOHTUYECKOrO PaCLUMPEHUS, YOJIMHEHUS U COXPAHEHNS HOPMaIM30BaHHOW BepXHen 3yOHOM ayru
Npw BPOXAEHHOM pacLuennHe ryosl u Heba B nepno, CMEHHOI0 NpuKyca nepen KOCTHOM N1acTUKON anbBeo-
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napHoro otpocTka. SHaoaoHTus Today. 2026;24(2):408-416. https://doi.org/10.36377/ET-0204

INTRODUCTION

Despite the widespread study of congenital cleft
of the upper lip and palate, their problems of preven-
tion and treatment remain unresolved, as they relate
to severe congenital dysgenes of the maxillofacial re-
gion [1; 2]. At the same time, in addition to local mor-
phological pathologies, individuals with congenital cleft
lip and palate have common systemic disorders of the
functional activity of various organs and systems of the
body, which cause a marked decrease in the quality
of life of children [3; 4]. In this regard, such congenital
anomalies of the organs and tissues of the oral cavity re-
quire the need for multi-stage and comprehensive reha-
bilitation measures [1; 5]. Orthodontic treatment at the
stages of therapeutic and preventive measures in a re-
movable bite is extremely important, which are aimed at
normalizing the position of teeth and dentition, restoring
the shape of the dental arch before bone grafting of the
alveolar process of the upper jaw [2; 6; 7].

It should be noted that the orthodontic aspects of
the therapeutic effect are aimed at eliminating the con-
genital defect of the alveolar process by moving teeth in
the dental arch in the period before the formation and
eruption of a permanent canine tooth on the side of the
cleft, which create favorable conditions for restoring
speech and facial shape [5]. At the same time, normali-
zation of fragments of the alveolar process of the up-
per jaw causes the development of bone tissue, which
is especially important when the canine tooth erupts
on the side of the cleft [7-9]. In this regard, orthodontic
treatment of congenital cleft lip and palate remains one
of the urgent problems of modern medicine [1; 3; 10].
Taking into account the above, the direction of this re-
search work was chosen.

AIM

Improving the effectiveness of complex therapy of
children with congenital cleft lip and palate during the
period of replacement bite before bone grafting of
the alveolar process of the upper jaw by developing
a method of orthodontic treatment.

MATERIALS AND METHODS

The developed method of orthodontic treatment
for the expansion, elongation and preservation of the
normalized upper dental arch in congenital cleft lip and
palate during the period of replacement bite before
bone grafting of the alveolar process (patent applica-
tion No. 2026100044, dated 06.01.2026) was used on
the basis of the dental department of the Dental Clinical
Center of the Republic Hospital No. 1 — National Center
of Medicine (Yakutsk, Russian Federation) in 101 pa-
tients aged 6-7 years for the period from 2007 to 2025
after cheilo-, uranoplasty and before canine eruption on
the side of the cleft before bone grafting of the alveolar
process of the upper jaw.

The method is applied after the eruption of the cen-
tral incisors, before the formation and eruption of the
permanent canine tooth on the side of the cleft after
cheilo- and uranoplasty with underdevelopment of the
upper jaw in the sagittal and transversal planes, narro-
wing and shortening of the upper dental arch, mesial ra-
tio of the dental arches, reverse incisor occlusion, aden-
tia of the permanent lateral incisor on the side of the
cleft, adentia of temporary canines and molars the up-
per dental arch using a titanium-molybdenum arc wire
structure with a cross-section diameter of 0.19x0.25.
At the same time, the stages of leveling and aligning the
teeth of the upper jaw were carried out, then the arch
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was replaced with a titanium-molybdenum arch with
stop loops in the area of permanent central incisors
and missing temporary teeth to further preserve the
normalized dental arch and stabilize the central inci-
sors before bone grafting of the alveolar process of the
upper jaw. To form a wire structure with loop-stoppers,
impressions are taken from the upper jaw with a bracket
system and a plaster model is cast. An individual wire
structure with locking loops is formed on a titanium-
molybdenum arc manually using Engle-Tweed forceps,
covering the distal edges of the central incisors to avoid
their displacement, as well as in the area of missing per-
manent lateral incisors, canines and premolars, in front
of the first permanent molar on the right and left, taking
into account the expansion and elongation of the upper
the dental arch. Next, a titanium-molybdenum arc wire
structure was installed in the patient’s oral cavity and its
correction was performed. The hinges of the titanium
molybdenum arc wire structure serve as auxiliary ele-
ments in the area of missing teeth to fix rubber rods
when wearing an extraoral Delar mask, which is used to
eliminate retrognathia and reverse incisor occlusion, as
well as to expand, lengthen and maintain a normalized
upper dental arch. The construction is fixed at the stage
of orthodontic treatment before bone grafting and is
used after surgery on the alveolar process of the upper
jaw in the retention period for 6 months. After that, the
device is removed from the oral cavity and further or-
thodontic treatment is performed using non-removable
and removable orthodontic devices to further normalize
the position of teeth, dentition and bite.

The research was approved by the Ethics Com-
mittee of the North-Eastern Federal University No. 44
dated 08.10.2025, decision No. 3 in compliance with
ethical rules and standards of medical research in the
Russian Federation.

The statistical evaluation was carried out using Mi-
crosoft Excel software, 2020 (USA). At the same time,

g-

the studied parameters were formed based on the es-
timated totality of clinical manifestations of congenital
malformations.

RESULTS

The main purpose of the practical application of the
developed method is to fix the normalized position of
permanent and temporary teeth of the upper jaw, in-
cluding those bordering the cleft, creating optimal con-
ditions before bone grafting of the alveolar process.
The method is shown in drawings, where a child with
congenital cleft lip and palate before orthodontic treat-
ment using a titanium-molybdenum structure before
bone grafting of the alveolar process of the upper jaw
(Fig. 1); the child’s oral cavity before orthodontic treat-
ment with a wire structure (Fig. 2); orthopantomogram
before bone grafting of the alveolar process of the up-
per jaw (Fig. 3); the patient at the stage of leveling and
alignment of teeth (Fig. 4); plaster model with a norma-
lized position of the central incisors of the upper jaw
from the upper jaw, wire structure and Tweed-Engle for-
ceps (Fig. 5); formation of stop loops in the area of per-
manent central incisors and missing temporary teeth
for individual adjustment of the position of the central
incisors, expansion and elongation of the dental arch
of the upper jaw on a titanium-molybdenum arch wire
structure (Fig. 6); installed titanium-molybdenum arc
wire structure at the treatment stage in the period be-
fore the fang erupts on the side of the cleft (Fig. 7); an
extraoral Delarator mask with a rubber rod and a tita-
nium-molybdenum arc wire structure in the oral cavity
to eliminate retrognathia and reverse incisor occlusion,
as well as to expand and lengthen the upper dental arch
(Fig. 8); cone-beam computed tomography images be-
fore bone grafting of the alveolar process of the upper
jaw (Fig. 9); orthopantomogram and cone-beam com-
puted tomography images after plastic surgery of the
alveolar process of the upper jaw (Fig. 10).

*c -

Fig. 1. A child with congenital cleft lip and palate before orthodontic treatment
using a titanium-molybdenum construction before bone grafting of the alveolar process of the upper jaw:

A — front view; B — left view; C — right view; D — smiling view

Puc. 1. PebeHok Cc BpOXOEeHHOW pacLLennHom rybol n Heba g0 OpTOA0HTUYECKONO JIeHEHUS C UCMOIb30BAHNEM
TUTAH-MONMMOOEHOBOIN KOHCTPYKLMU Nepes, KOCTHOM NAIACTUKOM aNlbBEOSIIPHOIO OTPOCTKA BEPXHEN YENIOCTU:
A - Bua cnepenu; B — Bua cnesa; C — Bua cnpasa; D — Buf, ¢ ynblOKon

dHdodoHmus
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Fig. 2. The child’s oral cavity before orthodontic treatment with a wire structure:
A - front view; B — left view; C - right view

Puc. 2. MNonocTb pTa pebeHka A0 0PTOAOHTUYECKOrO NeYeHNs C MPOBOSIOYHOM KOHCTPYKLMEN:
A - Bug cnepenu; B — Bug cnesa; C — Bua cnpaea

Fig. 3. Orthopantomogram before bone grafting of the alveolar process
of the upper jaw

Puc. 3. OpTonaHTtomorpamMmma 00 KOCTHOM NNaCcTUKM aJIbBEONSIPHONO OTPOCTKA
BEPXHEN 4esnoCcTun

Fig. 5. Plaster model

with a normalized position

of the central incisors

of the upper jaw with congenital
cleft lip and palate, wire
structure and Tweed-Engle
forceps

Puc. 5. luncosas mogenb
C HOpPManM30BaHHbIM
MoNoXeHnem LUeHTpasibHbIX
pes3L0oB BEPXHEN YentoCcTn

Fig. 4. The patient at the stage of leveling and alignment of teeth: C BPOXAEHHOM PacLLEennHoMi
A —front view; B - left view; C - right view; D — from the palate ry6bl 1 HE6a, MPOBONOYHAS
Puc. 4. NauuneHT Ha 3Tane HMBEMPOBaHMS 1 BbIPABHUBAHNSA 3y60B: KOHCTPYKLMSA U LLMNLbI

A - Bupg cnepeaun; B — eua cneea; C — Bua cnpasa; D — co CTOPOHbI Heba «TBnpa-ournsa»
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Fig. 6. Formation of stop loops in the area of permanent central incisors and missing temporary teeth

for individual adjustment of the position of the central incisors, expansion and elongation

of the dental arch of the upper jaw on a titanium-molybdenum arch wire structure:

A — stop loops; B - right view; C — top view; D — view finished construction

Puc. 6. CDOpMI/IpOBaHI/Ie neTesib-CTonopoB B 0061aCTN NOCTOAHHbIX LEeHTPalNIbHbIX PEe3L0B N OTCYTCTBYIOLLNX
BPEMEHHbIX 3y0O0B A1 UHANBUAYANIbHOW KOPPEKTUPOBKN MOMOXEHUS LLIEHTPASIbHbIX PE3L,0B, PACLUMPEHUS]

M yOMHEHNsS 3yBHOM Ayrn BEPXHEN YENOCTU Ha NPOBOJIOYHON KOHCTPYKLMN N3 TUTAH-MOINOOAEHOBOM AyriA;
A — netnu-ctonopsl; B — Bup cnpaea; C — Bua cBepxy; D — BUA rotoBOM KOHCTPYKLMN

Fig. 7. Installed titanium-molybdenum arc wire structure at the treatment stage in the period before the fang erupts
on the side of the cleft: A — front view; B — left view; C - right view

Puc. 7. YcTaHoBeHHas NPOBOIOYHAas KOHCTPYKLNSA U3 TUTAH-MONMBAEHOBOM Ayrn Ha 3Tane nevyeHus
B Mepunog, 40 Npope3biBaHNS Kiblka HA CTOPOHE pacLlenmHbl: A — Bua cnepeau; B — Bup cnesa; C — B1g cnpaea

Fig. 8. An extraoral Delar mask with a rubber rod and a titanium-molybdenum arc wire structure in the oral cavity
to eliminate retrognathia and reverse incisor occlusion, as well as to expand and lengthen the upper dental arch:
A — appearance of the extraoral Delar mask on the left; B — oral cavity view on the left; C — oral cavity right view

Puc. 8. BHepoToBas macka [lensipa ¢ pe3anHOBOW TAroM 1 NPOBOJSIOYHON KOHCTPYKLUMEN N3 TUTaH-MONOaeHOBOM
Oyrv B MOSIOCTW pTa 4N YCTPaHEeHWs PETPOrHaTum 1 06paTHOM pe3L0BOM OKKJIKD3MK, a TakxXe 419 paclumpeHmns

M yONMHEeHNs BepxHel 3yOHOW ayru: A — BHELLHWI BUA, BHEPOTOBOW Macku [lensipa cnesa; B — NonocTb pTa BUA,
cnesa; C — nofocTb pTa BMA, cnpasa
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Fig. 9. Cone-beam computed tomography images before bone grafting of the alveolar process of the upper jaw:
A — front view; B - left view; C — top view; D — cross-section view

Puc. 9. CHUMKM KOHYCHO-Ny4€BOM KOMMbIOTEPHOW TOMOrpadun A0 NPOBeAEHNS KOCTHOM NAACTUKN
a/bBEONSIPHOIO OTPOCTKA BEPXHEN YentocTu: A — Bug cnepean; B — Bug cnesa; C — Bug ceepxy; D — Bua B cpese

Fig.10. Orthopantomogram (A) and cone-beam computed tomography images (B)

after bone grafting of the alveolar process of the upper jaw

Puc. 10. OptonaHtomorpamma (A) U CHUMKM KOHYCHO-/Ty4eBOM KOMMbIOTEPHOW TOMorpaduu (B)
nocne KOCTHOM NNacTUKM anbBEONSPHOrO OTPOCTKA BEPXHEN HEeNoCTH

A clinical example

Patient A., aged 7 years turned (on 15.10.2024) to
the dental department with a diagnosis of underdeve-
lopment of the upper jaw, through-the-left-sided con-
genital cleft lip and palate, shortening and narrowing of
the dental arch in the sagittal and transversal planes,
mesial ratio of the dental arches, retrognathia, reverse
incisor dysocclusion, adentia of the permanent lateral
incisor on the side of the cleft, adentia of the temporary
canines and molars of the upper dental arch, anomaly of
the position of the upper central incisors, the condition
after cheilo- and uranoplasty.

Objectively: on external examination, there is a de-
formity of the left wing of the nose and the presence of
a scar on the upper lip, an asymmetry of the face, and
a shortening of the lower third of the face. Upon exami-
nation of the oral cavity, there is a left-sided cleft of the
alveolar process of the upper jaw, underdevelopment
of the upper jaw, retrognathia, mesioocclusion, and re-
verse incisor dysocclusion.

Based on clinical and cephalometric data, evalua-
tion and analysis of the results of cone-beam compu-
ted tomography and orthopantomography, in order to
prepare for bone grafting of the alveolar process, the
patient had a fixed partial braces system on the upper
jaw. At the same time, orthodontic treatment was per-
formed using a titanium-molybdenum arc wire struc-
ture with a cross-section diameter of 0.19x0.25. At
the beginning, casts were taken from the upper and
lower jaw, control and working models were cast, and
a permanent bracket system was fixed in the area of
the central incisors 1.1 and 2.1, as well as on the per-
manent first molars 1.6 and 2.6. Next, the stages of
leveling and aligning the teeth of the upper jaw were
carried out, starting with nickel-titanium arches with
a cross-section diameter of 0.13, 0.16, 0.18 x0.25 using
opening springs and protective silicone tubes, then the
arches were replaced with a titanium-molybdenum arch
with stopper loops in the area of permanent central inci-
sors and missing temporary teeth for further expansion,
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elongation and preservation of the normalized upper
dental arch, stabilization of the central incisors for bone
grafting of the alveolar process. To form a wire struc-
ture with stop loops, an impression was taken from the
upper jaw with a bracket system and a plaster model
was cast. An individual wire structure with locking loops
was formed on a titanium-molybdenum arc in the area
of permanent central incisors and missing temporary
teeth in order to stabilize the central incisors using
Engle-Tweed forceps, covering the distal edges of the
central incisors to avoid their displacement, aswell asin
the area of missing lateral incisors, canines and premo-
lars, before the first a permanent molar on the right and
left of the upper jaw, taking into account the expansion
and elongation of the dental arch.

10.02.2025. Before bone grafting, the patient un-
derwent the installation of a titanium-molybdenum arch
wire structure in the oral cavity with an emphasis on the
first permanent molars, taking into account the expan-
sion and elongation of the upper dental arch and its cor-
rection. In this case, the hinges of a titanium-molybde-
num arc wire structure with a cross-section diameter of
0.19x0.25 serve as additional elements for fixing rubber
rods in the area of missing temporary teeth when wear-
ing an extraoral Delar mask, which was used to elimi-
nate retrognathia and reverse incisor occlusion.

08.04.2025. During the control examination of
the patient, the use of a titanium-molybdenum arch
wire structure contributed to the expansion, elonga-
tion and preservation of the normalized upper dental
arch, the position of the central incisors of the upper
jaw, which formed the correct semi-elliptical shape of
the dental arch, which is the best option for surgical
intervention. The patient was referred to the Depart-
ment of pediatric Maxillofacial surgery for bone graf-
ting of the alveolar process of the upper jaw. Next, the
design was used for 6 months in the retention period
after surgery on the alveolar process of the upper jaw.
Then the structure was removed from the oral cavi-
ty and further orthodontic treatment was continued
using fixed and removable devices.

The use of an orthodontic treatment method to
maintain a normalized dental arch in patients with acute
renal failure during the period of replacement bite be-
fore alveolar process plastic surgery has advantages:

— expands the dental arch of the upper jaw for its
normal formation;

- lengthens the upper dental arch for optimal deve-
lopment of the maxillary system;

— preserves the normalized upper dental arch in
case of congenital cleft lip and palate during the period
of replacement bite;

— it is used during the replacement period, namely
after the eruption of the central incisors and in the area
of missing temporary teeth, before the formation and
eruption of the permanent canine tooth on the side of
the cleft to create optimal conditions before bone graft-
ing of the alveolar process of the upper jaw;

— provides a fixed normal position of all permanent
and temporary teeth of the dental arch, including those
bordering the cleft of the alveolar process;

dHdodoHmus
————TLT

— creates favorable conditions for proper growth
and development of the jaws;

— contributes to improving the effectiveness of com-
prehensive medical and social rehabilitation of children
with acute respiratory viral infections;

— improves the quality of life of children with congen-
ital cleft lip and palate, which contributes to the normali-
zation of the child’s physical development.

In addition, the use of the proposed technical solu-
tion contributes to the optimal restoration of the func-
tions of the dental system, and also allows for the timely
implementation of comprehensive medical and social
measures and the adaptation of the child.

DISCUSSION

Currently, there are a sufficient number of methods of
orthodontic treatment of congenital cleft lip and palate
in a removable bite. So, there is an instrumental method
for expanding the upper dentition (patent No. 2680136
dated 15.02.2019), which includes the use of 2 remo-
vable plate orthodontic devices for the upper and lower
jaw with arc and clamp fixation. In this case, the device
for the upper jaw is made with a sawed screw, which
leads to the expansion of the upper dentition and the
movement of the teeth in the transversal direction and
their removal from the palatal position due to the exis-
ting springs. A removable structure with occlusal pads
covering the cutting edges of the frontal group of teeth
and chewing surfaces is made on the dentition of the
lower jaw. The disadvantage of the known solution is
the use of removable orthodontic devices to expand the
upper dentition, namely, to normalize the position of
the canine tooth bordering the cleft during the period
of replacement bite, which lead to sectoral expansion
without taking into account the individual position of
each tooth in space.

At the same time, there is a known method of ortho-
dontic treatment of unilateral complete clefts of the upper
jaw in children with a removable bite (patent No. 2549670
dated 27.04.2015), which uses a design with crowns for
the first permanent molar and temporary canines. In this
case, the screw and beams are located perpendicular
to the interdental space of the first premolar and tem-
porary canine, and the beams are located at one end to
the crown. The disadvantage of this solution is the rigid
frame fixation of the device, in which the upper denti-
tion expands sectorially and transversally without mo-
ving the teeth in the anterior part of the upper jaw, which
limits treatment in the lateral groups of teeth.

An orthodontic kit is known to eliminate the primary
deformation of the alveolar process of the upper jaw (see
patent No. 2803011 dated 09.05.2023), used in patients
with cleft lip and palate after cheilo and palatinoplasty,
containing the first upper jaw mounting device, the sec-
ond lower jaw mounting device, a plastic mouthguard
for the front teeth and at least one elastic rod accor-
ding to class I, while the first upper jaw mounting device
is made in the form of orthodontic rings interconnec-
ted by a palatine clasp and equipped with palatine locks
for detachable connection with a “Quadhelix” having
a semicircular shape on the side of the frontal teeth, the
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second lower jaw mounting device is made in the form of
orthodontic rings interconnected by a lingual arch with
a lingual flap made of button clamps and equipped with
buccal guides placed on the buccal surfaces of the rings,
connected to the lingual arch by left and right fastening
beams and made with end hooks for installing elastic
rods in the canine region, and mouth guards on the front
the teeth are equipped with a hook for elastic traction,
oriented towards diastasis, moreover, tubes with hooks
for elastic traction are installed on the buccal surfaces
of the orthodontic rings of the first mounting device on
the upper jaw, while on the side of the large fragment
of the upper jaw, the palatine guide has a length for fit-
ting in the area of the first temporary molar, and on the
side of the small fragment of the upper jaw, the palatine
guide has a length for fitting to the first temporary mo-
lar and canine. The buccal surface of the orthodontic
ring is also equipped with a buccal guide with a hook for
elastic traction in the canine region. The disadvantage of
the known solution using an orthodontic kit is the lateral
displacement of the teeth of the upper dentition without
taking into account the mesiodistal position of all teeth
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in three mutually perpendicular planes, which are ne-
cessary to prepare for reconstructive surgical plastic
surgery of the alveolar process in children with congeni-
tal cleft lip and palate.

CONCLUSION

The evaluation and analysis of the practical applica-
tion of the developed method of orthodontic treatment
characterizes its effectiveness, which are associated
with the expansion, elongation and preservation of a nor-
malized dental arch in children with congenital cleft lip
and palate during the period of alternating bite, namely
after the eruption of the central incisors, before the for-
mation and eruption of a permanent canine tooth on the
side of the cleft. The method provides a fixed normal po-
sition of the teeth of the dental arch, including those bor-
dering the cleft of the alveolar process, creating optimal
conditions for bone grafting of the alveolar process of
the upper jaw. This creates favorable conditions for the
normal development and eruption of permanent teeth
and bone tissue, which significantly improves the medi-
cal and social rehabilitation of children.
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Abstract

INTRODUCTION. Mixed saliva is an informative biological medium reflecting the general state of the body and
sensitive to occupational exposure factors. Changes in its macro- and microelement composition under the
influence of chemical agents can significantly affect the processes of mineralization and demineralization of
dental hard tissues, as well as serve as an early diagnostic marker of dental and systemic pathologies.

AIM. To perform X-ray fluorescence analysis of mixed saliva in workers of chemical enterprises, assessing
qualitative and quantitative changes in elemental composition and their relationship with clinical manifesta-
tions of dental pathology.

MATERIALS AND METHODS. A total of 121 workers of chemical industries with more than 5 years of occupa-
tional experience were examined. The control group consisted of 82 individuals not exposed to occupational
hazards. Unstimulated saliva samples were collected in the fasting state. Elemental composition was deter-
mined using total reflection X-ray fluorescence analysis (TXRF) on an S2 PICOFOX spectrometer (Bruker) with
selenium as an internal standard.

RESULTS. Significant deviations of the elemental composition of mixed saliva from physiological norms were
revealed in workers of chemical enterprises. Increased concentrations of zinc, strontium, iron, and copper
were observed along with decreased potassium levels. More than half of the examined individuals showed the
presence of toxic elements, including lead and barium, as well as titanium. The levels of sulfur, chlorine, and
manganese were generally within acceptable ranges. A decrease in phosphorus levels with relatively normal
calcium content was established, accompanied by an increased Ca/P ratio, indicating the predominance of
dephosphorylation processes. Clinically, this was associated with a high prevalence of non-carious lesions
(erosion, wedge-shaped defects, increased tooth wear), accounting for approximately 65% of cases.
CONCLUSIONS. X-ray fluorescence analysis demonstrated pronounced disturbances in the elemental home-
ostasis of mixed saliva in workers of chemical enterprises, caused by occupational exposure. The identified
changes, including accumulation of essential and toxic elements and imbalance of the calcium-phosphorus
ratio, play a significant role in the development of predominantly non-carious dental lesions. These findings
should be considered when developing preventive and therapeutic strategies, taking into account the specifics
of the industrial environment.

Keywords: mixed saliva, X-ray fluorescence analysis, chemical industries, elemental homeostasis, Ca/P ratio,
occupational exposure
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Pe3lome
BBEAEHME. CmeluaHHas cnioHa saBnseTcs MHOOpPMaTUBHOM BMONOrMyeckon cpenoii, otTpaxatoulei obuiee
COCTOSIHME OpraHnu3amMa 1 YyBCTBUTENIbHOM K BO3AENCTBUIO NPodecCcmnoHanbHbix GakTopoB. MIameHeHne ee
Makpo- U MUKPO3NEMEHTHOIO COCTaBa Noj, BIMSHNEM XMMUYECKMX areHTOB MOXET OKa3blBaTb CyLLLECTBEHHOE
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INTRODUCTION

BNIMSIHME HA NPOLECCHl MUHEPANU3aLMK U AEMUHEPANU3aLIMM TBEPAbIX TKaHel 3y60B, a TakXe CNY>XUTb PaH-
HUM ONArHOCTUHECKMM NPU3HAKOM PasBUTUS CTOMATONOMMHYECKON 1 COMATMYECKON NaTonornu.

LIESIb. MNMpoBecTn peHTreHOMNYOPECLEHTHBIN aHaNMM3 CMELLAHHOM CNOHbI PABOTHUKOB XMMUYECKUX Npes-
NPUATUIA C OLLEHKOM Ka4€CTBEHHbIX M KONNYECTBEHHbBIX U3MEHEHWNI 3IEMEHTHOIO COCTaBa 1 UX CBA3M C KNn-
HUYECKMMU NPOSBIEHNSMM CTOMATONOrMYECKON NaTONOrnn.

MATEPUAJIbI M METOAbI. O6cneposaH 121 paboTHUK XMMUYECKMX NPOU3BOACTB CO cTaxem b6onee 5 ner.
KoHTponbHylo rpynny coctaBunu 82 yenoseka 6e3 Bo3aencTBUS NPodecCrMoHalbHblX BpegHocTen. COop
HECTUMYSIMPOBAHHOW C/IOHbI MPOBOAVN HATOWAK. DNIEMEHTHBIM COCTaB ONpeaensny MeToaoM PEeHTreHo-
GnyopecLEeHTHOro aHanmMaa C MNofHbIM BHeELWHUM oTpaxeHnem (TXRF) Ha cnektpomeTpe S2 PICOFOX
(Bruker) ¢ ncnonb3oBaHnemM ceneHa B Ka4eCTBE BHYTPEHHErO cTaHaapTa.

PE3VYJIbTATbI. Y pabOTHMKOB XUMUYECKNX NPELNPUATUIA BbIIBNEHbI 3HAYNTENbHbIE OTKJIOHEHUS SNIEMEHT-
HOro COCTaBa CMELUAHHOW CAIOHbI OT G13N0Nornyecknx HopM. OTMeHeHO NOBbILLEHNE KOHLLEHTPaLUMIA LINH-
Ka, CTPOHUMSA, Xenesa 1 Meaun npu ogHOBPEMEHHOM CHUXEHUU kanusl. bonee 4yemM y nonoBuHbLI 06Ccneno-
BaHHbIX 0OHapPyXeHO NPUCYTCTBUE TOKCUYHBIX 31IEMEHTOB, B TOM YMCNe CBMHLUA 1 Bapus, a Takxxe TuTaHa.
ConepxaHne cepsbl, xJlopa U MapraHua B 60NbLUIMHCTBE C/ly4aeB COOTBETCTBOBANIO AOMYCTUMbIM 3Ha4Ye-
HUSIM. YCTaHOBNEHO CHUXeHne ypoBHs docdopa Nnpu OTHOCUTENBHO HOPMaJIbHOM COAEPXaHUN Kanbuus,
4YTO COMPOBOXAANOChb yBenuyeHnem mnHaekca Ca/P n cempeTenscTtBoBano o npeobnagaHmm npoLLEeCCOB
nedocohopunmpoBanmst. KnMHNYECKN 3TO NPOSABASAIOCH BbICOKOW HaCTOTOM HEKAPUO3HbIX MOPaxXeHuin (dpo-
31K, KNIMHOBUAHbIE AedeKTbl, NOBbILUEHHAS CTUPAEMOCTb), 01 KOTOPbLIX COCTaBmiIa okono 65% cnyyaes.
BbIBOAbl. MeTogom peHTreHopIyopeCcLeHTHOro aHannaa nokasaHo, 4To y paboTHUKOB XMMMYECKUX Npes-
NPUATUIA NPOUCXOOUT BbIPAXEHHOE HAPYLUEHNE 3/IEMEHTHOrO0 roMeocTasa CMELLAHHOM CIoHbl, 00YCnoB-
JIEHHOE BO3OEeNCTBMEM MPOU3BOACTBEHHbIX GaKTOPOB. BbIIBNEHHbIE M3MEHEHUS, BKIOHAA HaKoOMJeHue
39CCEHLMANBHBIX Y TOKCUYHBIX 31IEMEHTOB 1 AncHanaHc Kanbunii-docdOpPHOro COOTHOLLIEHUS, UTPAIOT BaX-
HYIO POJib B Pa3BUTUM NPENMYLLECTBEHHO HEKAPMO3HbIX MOpaxeHuin 3y6oB. MNMonyyeHHble AaHHble cnenyeT
yumThiBaTb Npu paspaboTke NpodunakTUiecknx n nedyebHbix MeponpuaTuii ¢ y4eToM cneundukm npoms-
BOACTBEHHOW cpepbl.

KnwoueBble cnoBa: CMELLAHHASA C/IIOHA, PEHTreHOMJIYOPECLEHTHbIN aHanM3, XMMMUYeckmne NpepnpusaTus,
3N1EMEHTHbIN romeocTas, nHgekc Ca/P, npodeccmoHanbHble BPeLHOCTHN

UHdopmaumna o ctatbe: noctynuna — 24.03.2026; ncnpasneHa — 29.04.2026; npuHata — 03.05.2026
KoH$AUKT nHTepecoB: ABTOPLI Co0OLLa0T 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.
BnarogapHocTu: ®rHaHCcHpoBaHMe 1 MHAUBMOYabHbIE 6narof4apHOCTY ANS AeKIapMpOoBaHUs OTCYTCTBYIOT.

Ana umtuposanuma: MutpoHuH A.B., ®ynosa A.M., PoxaectBeHckas A.A., NMpokonoB A.A. CMeLlaHHas citoHa
PabOTHUKOB XUMNYECKUX NPEeanpUaTUA B CBETE PEHTreHOdTyOPEeCLIEHTHOro aHanmaa. 9Haoa0HTUS Today.
2026;24(2):417-424. https://doi.org/10.36377/ET-0206

Mixed saliva (MS) is widely regarded as a reflection
of the body’s physiological state and has been exten-
sively studied for the early detection of pathological
conditions and monitoring of metabolic responses to
biologically active compounds, including those asso-
ciated with occupational exposure [1-4]. Analysis of
the macro- and microelement composition of MS is im-
portant both for understanding oral biological proces-
ses and for identifying electrolyte disturbances linked
to systemic and local alterations. Detection of such im-
balances may help clarify their causes, predict adverse
physiological effects, and support timely preventive or
corrective interventions.

Recent multidisciplinary studies combining chemi-
cal, biological, biochemical, and medical approaches
have improved understanding of the complex pro-
cesses occurring in the oral cavity with the involve-
ment of MS. However, many aspects remain insuffi-
ciently understood. In particular, increasing attention
has been focused on the role of essential and exo-
genous elements and their potential local and syste-
mic effects [5; 6]. This includes their contribution to
mineralization-demineralization processes, modula-
tion of buffering capacity, and influence on metabolic,
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redox, microbiome-related, and other physiological
mechanisms.

Because MS is considered a sensitive biomar-
ker of occupational exposure to chemical agents and
anthropogenic environmental factors, its composition
has been investigated using various physicochemi-
cal analytical techniques. Inductively coupled plas-
ma mass spectrometry has been widely applied for
elemental analysis [7; 8], together with photometric
methods [9; 10] and biochemical assays [11]. The ionic
composition of MS has also been assessed by capillary
electrophoresis [12], while X-ray fluorescence analy-
sis (XRF) has gained increasing attention in recent
years [13-15].

Interest in XRF is largely related to its high analyti-
cal sensitivity and broad applicability in biological re-
search. In studies of biological materials, XRF can pro-
vide valuable information about mechanisms involved
in disease development and progression, potentially
improving diagnostic and therapeutic approaches [16].
Recent advances in instrumentation have further ex-
panded its analytical capabilities. Total reflection X-ray
fluorescence (TXRF) enables elemental analysis with-
out complex sample preparation. Unlike conventional
XRF, TXRF uses monochromatic radiation and total
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reflection geometry, which reduce signal scattering,
matrix effects, and background noise. As a result, the
method provides high sensitivity, including for trace
elements. TXRF allows simultaneous multielement
analysis of elements from aluminum to uranium, except
niobium, molybdenum, and technetium.

AIM

The aim of this study was to investigate the qualita-
tive and quantitative elemental composition of mixed
saliva in employees of four chemical industry enter-
prises using total reflection X-ray fluorescence analysis
(TXRF) and to evaluate possible associations between
elemental alterations, pathological conditions, and po-
tential long-term health effects. The findings may be
useful for the development of primary dental preventive
measures in occupational settings.

MATERIALS AND METHODS

The study was conducted at the Departments of
Therapeutic Dentistry and Endodontics and General
and Bioorganic Chemistry of the Russian University of
Medicine (Moscow, Russian Federation), as well as at
the laboratories of the Kurnakov Institute of General
Inorganic Chemistry (Moscow, Russian Federation).

Dental status was evaluated in 121 employees and
engineering personnel with at least 5 years of occupa-
tional exposure during the production of biologically
active substances, paints and coatings, and metal pro-
ducts. All participants were routinely exposed to inor-
ganic and organic chemical reagents in the workplace.

The control group included 82 dentally healthy indi-
viduals without metallic restorations or prosthetic ap-
pliances who were not taking medications or biologi-
cally active supplements and worked at the same en-
terprises in positions unrelated to chemical exposure.

Unstimulated MS samples were collected at the
workplace in the morning under fasting conditions by
expectoration into sterile sealed plastic tubes. Before
sampling, participants were instructed not to brush
their teeth or use mouth rinses to minimize contamina-
tion from oral hygiene products and reduce the risk of
false-positive results.

Selenium (Se) was added to saliva samples as an
internal standard. Several microliters of each sample
were then applied onto a 30-mm quartz glass substrate
using a micropipette, dried at 60°C for 12 h, and ana-
lyzed using a spectrometric system.

Elemental analysis was performed using an ener-
gy-dispersive total reflection X-ray fluorescence
spectrometer S2 PICOFOX (Bruker AXS) according to
ISO/TS 18705:2015 (“Surface chemical analysis — Use
of total reflection X-ray fluorescence spectroscopy in
biological and environmental analysis”). The average
absolute sensitivity of the method was approximately
107'°%. Spectral lines of all detected elements were
recorded simultaneously. The integrated software au-
tomatically performed spectral deconvolution, cor-
rected for spectral overlap, background effects, and
loss peaks, and calculated quantitative concentrations
expressed in mg/L.
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RESULTS AND DISCUSSION

The qualitative and quantitative composition of MS
is influenced by multiple biological and environmental
factors. Previous studies have shown that employees
of chemical industry enterprises may exhibit either the
presence of non-native elements in biological fluids or
altered concentrations of essential elements.

No substantial deviations from physiological refe-
rence values reported in the literature were identified
in the control group; therefore, these data are not pre-
sented separately.

Table 1 summarizes representative results of the
elemental analysis of MS samples obtained from em-
ployees directly involved in industrial production and
laboratory activities. The table mainly includes indivi-
duals with the most pronounced elemental alterations.
Isolated findings of trace elements such as nickel (Ni),
bromine (Br), and arsenic (As) were excluded because
these cases were sporadic and showed no clear as-
sociation with occupational exposure, although they
are discussed later. Concentrations of biologically im-
portant macroelements, including calcium (Ca), phos-
phorus (P), and potassium (K), showed physiological
variability within expected ranges.

The concentration of chloride (Cl) in unstimulated
mixed saliva (MS) of healthy individuals is approximately
550 mg/L [17], although reported physiological values
range from 180 to 2500 mg/L [18]. In the present study,
Cl concentrations remained within physiological limits
in nearly all samples. Slight reductions observed in
several cases were unlikely to be clinically significant.

Most examined employees demonstrated elevated
zinc (Zn) concentrations compared with reported phy-
siological values [19; 20]. Increased salivary Zn pro-
motes zinc phosphate deposition and may contribute
to dental calculus formation [20]. Elevated Zn concen-
trations may also facilitate its incorporation into apatite
structures of dental hard tissues. Patients No. 3 and 15,
who demonstrated the highest Zn concentrations, pre-
sented with wedge-shaped cervical defects and mine-
ralized dental plaque deposits, whereas patient No. 7
showed dental erosion. Previous XRF analysis of teeth
obtained from employees of the same enterprises
also confirmed Zn incorporation into dental hard tis-
sues [21]. These findings suggest a possible role of Zn
imbalance in enamel demineralization and non-carious
dental lesions.

Strontium (Sr) was detected in all analyzed samples,
and employees working in high-temperature industrial
workshops demonstrated the highest concentrations
(Table 1, patients No. 1, 3, and 15). Excessive Sr may
replace calcium (Ca) in apatite structures and sali-
vary gland acinar cells [7; 22; 23], potentially impairing
mineralization processes. Employees with elevated Sr
concentrations frequently demonstrated erosive le-
sions and wedge-shaped defects. Nickel (Ni), detected
in two employees (patients No. 1 and 5), could also
have contributed to these findings. Patient No. 1 addi-
tionally demonstrated elevated bromine (Br) concen-
trations. Altered Sr/Ba balance has been associated
with cardiovascular and neurological disorders [24].
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Therefore, pronounced deviations in salivary Sr and Ba
concentrations may reflect broader systemic effects
of chronic occupational exposure. Barium (Ba) con-
centrations were elevated in patients No. 1 and 15 and
coincided with more severe dental pathology. Previous
studies linked elevated salivary Ba concentrations to
industrial environmental exposure [7; 22]. Increased
Ba concentrations have also been reported in patients
with Parkinson’s disease [25], supporting the potential
systemic relevance of this finding.

Potassium (K) concentrations were reduced in nearly
all analyzed samples. Reduced salivary K may reflect
autonomic dysregulation and chronic systemic imba-
lance associated with occupational exposure [26;27].

Titanium (Ti) was detected in more than 50% of ana-
lyzed samples, with the highest concentrations identi-
fied in patients No. 12 and 15. Ti exposure in this cohort
was most likely associated with inhalation of titanium-
containing industrial dust. Although the biological ef-
fects of chronic Ti exposure remain insufficiently un-
derstood, systemic distribution of Ti after pulmonary
absorption may explain its presence in MS [28].

Elevated iron (Fe) concentrations were identified in
all analyzed MS samples. In most cases, Fe concentra-
tions exceeded reported physiological values several-
fold [19; 20; 22; 29; 30]. Excessive Fe accumulation is

associated with oxidative stress and tissue damage [31].
Employees with elevated Fe concentrations frequently
demonstrated erosive lesions and wedge-shaped de-
fects and less commonly carious lesions. These findings
may indicate chronic systemic effects associated with
occupational exposure. Patient No. 11 additionally de-
monstrated detectable arsenic (As), although at a low
concentration. Previous XRF analysis identified Fe incor-
poration into dental hard tissues only in isolated cases
[21], suggesting limited incorporation of Fe into apatite
crystal lattices despite elevated salivary concentrations.

Copper (Cu) concentrations substantially exceeded
reported physiological values in nearly all analyzed
samples [19; 20; 22; 30; 32]. Elevated Cu concentra-
tions have been associated with impaired osteoblast
viability, increased gingival permeability, and progres-
sion of periodontal disease and dental caries [33].
In the present study, elevated Cu concentrations were
associated with multiple erosive and carious lesions,
particularly in patients No. 1 and 15. Previous investi-
gations in employees of the same enterprises did not
demonstrate Cu incorporation into dental hard tis-
sues [21], indicating selective incorporation of trace
elements into apatite structures. Elevated salivary Cu
concentrations have also been reported in oral precan-
cerous lesions and oral cancer [34; 35].

Table 1. Elemental composition in mixed saliva of surveyed chemical industry workers (mg/L)
Ta6nuuya 1. CogepxxaHne 31eMeHTOB B CMeLLIAHHOM CNtoHe 06cneaoBaHHbIX PaboTHUKOB

XMMUYECKNX NpeanpuaTuin (Mr/n)

Patient Cl Zn Sr K Ti Ba Fe S Cu Pb Mn Ca P Ca/P
Metallurgical enterprise
1 265.27 - 2.784 | 403.96 - 38.250| 6.376 | 23.42 | 0.355 | 0.219 | 0.061 | 37.40 | 36.73 | 1.02
2 148.26 | 1.203 | 0.142 | 200.00 | 0.048 - 3.062 | 20.46 | 0.087 - - 40.00 | 14.23 | 2.81
3 384.90 | 4.004 | 5.165 | 400.00 - - 13.435 | 2513 - 0.150 - 53.07 | 42.56 | 1.25
4 179.30 | 3.070 | 0.117 | 177.60 | 0.0048 | 0.012 | 1.730 | 13.06 | 0.101 | 0.020 - 17.05 | 22.17 | 0.77
5 172.40 | 1.105 | 0.107 | 139.40 - 0.011 | 6.320 | 17.33 | 0.173 - 0.022 | 35.80 | 7.54 4.75
Chemical-pharmaceutical enterprise
6 203.23| 0.771 | 0.153 | 184.65| 0.306 | 0.082 | 9.970 | 21.53 | 0.061 | 0.010 | 0.036 | 36.22 | 21.74 | 1.67
7 196.40 | 4.250 | 0.095 | 193.50 - 0.020 | 4.820 | 23.16 | 0.048 | 0.074 | 0.054 | 21.80 | 9.95 2.19
8 98.85 | 0.997 | 0.238 | 150.00 | 0.014 | 0.024 | 2.830 | 24.07 | 0.136 - 0.021 | 37.30 | 9.56 3.90
9 92.87 | 0.499 | 0.275 | 134.10 - - 2.634 | 23.34 | 0.116 - - 24.94 | 18.13 1.38
Agrobiological enterprise
10 183.70 | 1.224 | 0.084 | 161.30 - - 4190 | 11.28 | 0.097 | 0.009 | 0.030 | 40.05 | 11.31 | 3.54
11 256.80 | 2.122 | 0.134 | 141.40 - - 1.080 | 5.84 | 0.007 | 0.003 - 51.60 | 34.21 1.51
12 216.95 | 1.401 | 0.258 | 312.94 | 2.007 | 0.367 | 4.386 | 42.49 | 0.134 | 0.470 - 30.89 | 54.27 | 0.57
13 95.89 | 0.818 | 0.143 | 164.36 | 0.053 | 0.082 | 2.300 | 8.07 | 0.065 - - 18.80 | 12.22 | 1.54
Enterprise manufacturing paints, coatings, and anticorrosion materials

14 64.83 | 0.238 | 0.087 | 98.72 | 0.021 | 0.013 | 1.520 | 3.57 | 0.003 - - 12.45 | 712 1.75
15 153.35 | 8.863 | 8.774 | 227.50 | 0.950 | 1.016 | 10.862 | 23.79 | 0.263 | 1.082 - 101.33 | 41.88 | 2.42
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Lead (Pb) was detected in more than half of the
examined employees, and in several cases, concentra-
tions exceeded permissible levels by one or two orders
of magnitude. The highest concentrations were identi-
fied in employees working in high-temperature indus-
trial workshops, suggesting inhalational exposure. Pb
accumulation is known to disrupt redox balance and
interfere with mineral metabolism [36]. Employees with
elevated Pb concentrations predominantly demonstra-
ted non-inflammatory dental lesions, including erosion,
pathological tooth wear, and wedge-shaped defects.

Manganese (Mn) was detected in fewer than half
of analyzed samples at concentrations general-
ly corresponding to reported physiological values
[7; 19; 20; 22]. Previous XRF analysis identified Mn
incorporation into dental hard tissues only in isolated
cases [21]. However, the chemical forms of Mn were
not determined, limiting interpretation of its biologi-
cal effects.

Sulfur (S) concentrations remained within physiolo-
gical limits in all analyzed samples despite pronounced
imbalance of other elements. Although salivary sul-
fur composition has been associated with periodontal
status [37-39], occupational elemental exposure in the
present cohort likely reduced the diagnostic signifi-
cance of S fluctuations.

Calcium (Ca) concentrations were generally within
physiological limits but close to the lower boundary
of normal values, whereas phosphorus (P) concen-
trations were reduced in nearly all samples. Reduced
phosphate availability may enhance demineralization
processes by promoting phosphate migration from
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CONCLUSION
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Abstract

This case report describes the successful endodontic management of an 18-year-old male patient diagnosed
with chronic apical periodontitis accompanied by isolated bone destruction in both the apical and furcation
regions of mandibular molar #46. The patient presented with mild masticatory discomfort, a nonvital pulp,
and radiolucencies detected in the furcation and periapical areas. Root canal treatment was performed
using rotary instrumentation. This case underscores the role of meticulous chemomechanical preparation,
irrigant activation, and coronal sealing in achieving predictable healing even in complex anatomical conditions
involving accessory and interradicular canals. Early identification of these anatomic features and adherence to
comprehensive endodontic protocols significantly enhance long-term treatment outcomes.

Keywords: apical periodontitis, furcation lesion, interradicular canal, endodontic treatment, irrigation, calcium
hydroxide, sealing, CBCT, root canal anatomy
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Pesiome

B cTatbe npeacTaBneH KNMHMYECKNIA CyYali yCNeLwHoro aHA0A0HTUYECKOro nevyeHmsa 18-neTHero nauyeHTa
C AMArHO30M XPOHUYECKMI anuKabHbI NEPUOAOHTUT, KOTOPbIA CONPOBOXAANCSH M30/IMPOBaHHbLIM pa3py-
LLIeHNeM KOCTHOW TKaHn B 06nacTu dypkaLmm 1 anekca HUXHero nepBoro monsipa (3y6 46). MauneHT npeab-
ABNAN Xanobbl Ha HE3HAYMTENbHbIN AMCKOMMOPT NP XeBaHun, Npu o6cnefoBaHUN BbiSIB/IeHA HEKPOTU3N-
pOBaHHas Nynbna U PagnoioLEHTHbIE o4arn B o6nactn dypkaumm 1 BepXyLlek KOpHe. QHA0A0HTUYECKOe
fleyeHune 6bln0 BbIMOHEHO C UCMOJIb30BaHNEM POTALMOHHbIX UHCTPYMEHTOB M CTaHO4apPTHOro NpoTokoa 06-
pPabOoTKM KOPHEBLIX KAHANOB. [laHHbIM Cny4Yali NoKasbiBaeT BAXHOCTb TLLATENbHOM XeMOMeXaHnyeckom obpa-
60TKN, aKTUBALLUN NPPUTAHTOB N HAAEXHOI KOPOHKOBOW repMeTnsaumm ans 4OCTUXEHNS NpeackasyemMoro
3aXMBNEHUS Aaxe NPy CAOXHbIX aHATOMUYECKUX YCNIOBUAX C BOBJIEYEHNEM A0OABOYHbIX U MEXKOPHEBbIX
KaHanoB. PaHHAS noeHTUdUKaLNS TakMx aHaTOMUYECKNX 0COBEHHOCTEN 1 coBNoAeHNEe KOMMIEKCHOMO 9H-
[OO0HTNYECKOro NPOTOKONA 3HAYNTESNbHO NOBbLIWAIOT 3DPEKTUBHOCTL 1 A0JIFOBPEMEHHLIN YCMEX Ne4eHns.
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Kniouesbie cnoBa: anvikasbHbI NEPUOLOHTUT, GYPKALMOHHOE NOpaxeHne, MexKOpHEeBOW KaHa, 9HAOA0H-
TUYECKOE NleveHne, nppuraums, rmapokecug kanoums, repmetnsaums, KJKT, aHaTtommyeckne ocob6eHHOCTHU

KOPHEBbLIX KaHa0oB

UHdopmauumsa o ctatbe: noctynuna — 13.02.2026; ncnpaenena — 20.04.2026; npuHsata — 30.04.2026

KoH$AUKT uHTepecoB: ABTOPLI cCO0OLLa0T 06 OTCYTCTBUN KOHPINKTA UHTEPECOB.
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INTRODUCTION

Apical periodontitis represents primarily an infec-
tion of the root canal system, characterized by inflam-
matory processes and the subsequent destruction of
periapical and periradicular tissues. These changes
arise from complex interactions between micro-
bial agents and the host’s immune defense mecha-
nisms [1; 2]. The degradation of the periodontal liga-
ment begins with the breakdown of the extracellular
matrix, a process driven by metalloproteinases (MMPs)
[3], and further intensified by periradicular inflamma-
tion and bone resorption mediated through proinflam-
matory cytokines [4].

Commensal oral bacteria, once gaining access
to the dental pulp, can transform into opportunistic
pathogens. Breaches in the natural dentin barriers —
enamel and cementum — caused by caries, fractures,
or trauma, open pathways for bacterial invasion into the
pulp chamber and root canal system [5]. Communica-
tion between the dental pulp and the periodontal liga-
ment may occur through the apical foramen, as well as
via lateral or accessory canals located in both apical
and coronal regions of the root. Even with careful case
selection and adherence to proper endodontic proto-
cols, treatment failures can still occur, frequently due
to existing anatomical connections between pulpal and
periodontal tissues [6].

Accessory canals develop as a result of localized
disturbances in the formation of Hertwig’s epithelial
root sheath during odontogenesis. This anomaly is
thought to result from the persistence of aberrantly
positioned blood vessels extending toward the pulp,
most commonly found in the furcation region [6].

These anatomical structures are often referred to
as interradicular canals [7]. In 2018, Ahmed et al. in-
troduced a novel classification system for accessory
canals, providing a more precise framework for descri-
bing their anatomical location and morphology [8]. The
term “chamber canals” in this context refers to small
canals branching from the pulp chamber that typically
open onto the external root surface, including the fur-
cation area.

The objective of the present case report is to de-
scribe the management and subsequent healing of
a chronic apical periodontitis case accompanied by
localized destruction of both the furcation and apical
bone regions.

dHdodoHmus
————TLT

CASE REPORT

An 18-year-old male patient with an unremarkable
general medical history was referred to a dental clinic
The patient reported experiencing nonacute pain in
tooth #46, particularly when biting or applying masti-
catory pressure. Pulp vitality testing using carbon dio-
xide yielded no significant response, while percussion
elicited a positive reaction. The average periodontal
probing depth was measured at 2 mm.

Periapical radiographic examination revealed an ex-
tensive carious lesion located on the mesio-occlusal
surface of the tooth, extending into the pulp chamber.
Additionally, a distinct radiolucent area was observed
in the furcation region, separate from the apical ra-
diolucencies associated with both roots. There was
no record of prior endodontic intervention on this
tooth (Fig. 1).

Inspection of the pulp chamber floor under an ope-
rating microscope (Carl Zeiss Meditec AG, Jena, Ger-
many) at variable magnifications showed an intact
structure, with no evidence of furcation perforation or
root fracture.

e 4

A

Fig. 1. Isolated furcation bone and apical bone
destruction in the furcation area of tooth # 46

on apical radiograph (A) and cone beam computed
tomography (B) images

Puc. 1. I3onmpoBaHHasa KOCTHas neperopoaka

1 paspyLueHne anmkanbHom KOcTu B 0651acTun
neperopoakmu 3yba N2 46 Ha CHMMKax annkasnbHOM
peHTreHorpaMmmbl (A) 1 KOHYCHO-Jly4eBOM
KOMMbIOTEPHOM TOMOrpadun (B)
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The treatment protocol was as follows: coronal prep-
aration of the root canal system was carried out using
Endoview files (Russia) ranging from ISO sizes 13.03,
15.05, 20.06.

To enhance the efficacy of disinfection in the fur-
cation area, it is recommended to employ an intraca-
nal thermoactivation protocol using a 3% sodium hy-
pochlorite solution: heating to 150°C with a heat carrier
plugger (System-B or equivalent, tip size 30/04) at the
level of the root canal orifices, without contact with the
canal walls, following a three-cycle protocol (5 seconds
of heating — 5 seconds of pause, three cycles, with solu-
tion replacement after each complete block). Following
thermoactivation, without intermediate drying, passive
ultrasonic activation is performed for 1 minute.

ku ik - e . e
Fig. 2. Working length
of the root canals

Puc. 2. Pabouasa pavHa
KOPHEBbIX KaHaoB

Fig. 3. Orifices of sealed
root canals

Puc. 3. OtBepctus
B 3arnj0MOMPOBaHHbIX
KOPHEBbIX KaHanax

Fig. 4. Apical radiograph (A) and cone beam computed
tomography (B) images of healed bone destruction
Puc. 4. CHUMKM anvkanbHOM peHTreHorpamMmmbl (A)

M KOHYCHO-Ty4€BOI KOMMNbIOTEPHOW TOMOrpadun (B)
3aXXMBLUEN KOCTHOW TKaHU

427

The treatment was not concluded by placing a cal-
cium hydroxide-based intracanal medicament. As the
patient remained asymptomatic, the canals were thorou-
ghly dried and obturated. Root canal filling was carried
out by means of the continuous wave condensation tech-
nique, employing gutta-percha cones and AH Plus sealer
(Dentsply International Inc., York, PA, USA). The furca-
tion canal was restored with MTA (Angelus, Brazil). Upon
completion of the endodontic phase, the patient was re-
ferred for restorative management. The tooth was sub-
sequently restored with a composite restoration (Fig. 3).

Complete healing of both the periapical and furcation
regions was achieved within 12 months and was further
verified by cone-beam computed tomography (CBCT)
imaging performed 48 months after obturation (Fig. 4).

DISCUSSION

Numerous studies investigating interradicular ca-
nals in mandibular molars have reported varying fin-
dings, methodologies, terminological interpretations,
and sample sizes [9].

Wolf et al. identified 9 interradicular canals (7.7%)
establishing communication between the pulp cham-
ber floor and the furcation region, using dye penetration
techniques in extracted teeth [9]. The study examined
117 mandibular first molars by preparing access cavi-
ties, flooding the pulp chambers with methylene blue,
and centrifuging the samples. On average, 4.2 slices per
tooth (0.145+0.03 mm thickness) were obtained with
a diamond band saw, and the presence of interradicular
canals and diverticula was assessed under a light micro-
scope at 125x magnification. Similarly, Perlich et al. de-
tected 3 canals (4.8%) with scanning electron microscopy
and 22 canals (64.5%) using light microscopy in the pulp
chamber floors of 62 human molars [10]. Chouchi et al.,
employing micro-CT imaging on 57 extracted permanent
teeth, identified furcation canals in 7% (n = 4) of first and
21% (n = 12) of second mandibular molars [11].

Furcation perforation represents a pathological
communication between the root canal system and
periodontal tissues or the oral cavity. Its etiology may in-
clude caries, resorptive processes, or iatrogenic causes
such as improper bur angulation during access cavity
preparation or canal localization [12]. Furcation involve-
ment, by contrast, describes bone loss at the bifurcation
or trifurcation of multirooted teeth secondary to perio-
dontal disease [13; 14]. Comprehensive clinical evalua-
tion, including magnification-assisted inspection, pulp
vitality testing, and confirmation of the absence of prior
endodontic therapy, can help rule out periodontal origin
of furcation defects.

Successful endodontic therapy requires complete
debridement and disinfection of the root canal system.
Complex root anatomy often contributes to incomplete
cleaning, allowing microbial persistence [15; 16]. Ir-
rigation thus plays a critical role in achieving effective
disinfection. An ideal irrigant must possess antimicro-
bial and antibiofilm properties and be capable of neu-
tralizing endotoxins [17]. Activation techniques signifi-
cantly enhance the irrigant’s cleaning efficacy [18; 19].
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Al-Jadaa et al. demonstrated that ultrasonic activation
raises irrigant temperature in accessory canals to ap-
proximately 53.5+2.7°C after five minutes, which may
improve disinfection efficacy [20]. The position or an-
gulation of accessory canals showed no significant
influence on this effect.
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Abstract

This article reviews the mechanisms of monoclonal antibodies affecting wound healing in the oral cavity and the
maxillofacial region. The analysis focuses on key targets, including TNFa, 1L4/IL13, TSLP, IgE, RANKL-RANK,
and VEGF/VEGFR, and their impact on inflammation, angiogenesis, epithelialization, and bone remodeling.
Particular attention is given to anti-TNF agents (infliximab), Th2-targeted therapies (dupilumab, tezepelumab,
omalizumab), anti-RANKL therapy (denosumab), and anti-VEGF/VEGFR agents (ramucirumab), and their as-
sociation with medicationrelated osteonecrosis of the jaw (MRONJ) and other oral complications. The article
emphasizes the need for a interdisciplinary approach in dental and maxillofacial surgical practice to minimize
complications and improve outcomes in patients receiving monoclonal antibodybased targeted therapy.
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Pesiome

B ctatbe npeacTaBneH 0630p MEXaHN3MOB AECTBMS MOHOKJTIOHANbHBIX aHTUTEN, BIMSIOLLMX HA MPOLLECChI 3a-
XUBNEHWS TKAHEN MNONOCTU PTa U YENIOCTHONMLLEBOM 06NnacTU. AHANM3UPYIOTCS KITIOYEBbLIE MULLIEHW, TAKNE Kak
TNFa, IL4/IL13, TSLP, IgE, RANKL-RANK n VEGF/VEGFR, a Takxe nx BAUsIHWE Ha BOCMaJIEHNE, aHTMOreHEs,
aNUTENMann3aLmio 1 KOCTHoe pemoaenupoBaHme. Ocoboe BHMMaHWe yaensieTca npenapartaMm aHTUTNF (uH-
dnukcrumab), Th2-TtapreTHon Tepanuun (oynunymab, Tesenenymab, omanmadymab), aHTn-RANKL (aeHocyma0)
naHTn-VEGF/VEGFR (pamyumpyma0), ux ponu B pa3sutm MeamkaMeHTacCoLMMpOBaHHOIO OCTEOHEKPO3a Ye-
noctein (MRONJ) 1 opyrux opasbHbIX OCJIOXKHEHWI. MNoadYepkmBaeTcs HEOOGX0AMMOCTb MEXANCLUMIIMHAPHOIO
noaxoAa B CTOMATONOrMYECKOM 1 YEMIOCTHONULLEBOWN XMPYPIW 1151 CHUXKEHUSI PUCKA OCNTIOXHEHWUI 1 ynyuyLle-
HUS UCXOA0B NIEYEHNS MALVEHTOB, MOAYYaoLWMX TAPreTHYIO Tepanmio MOHOKJIOHANbHBIMW @aHTUTENaMu.

KnioueBble cnoBa: MOHOKJIOHA/IbHbIE @aHTUTENA, 3aXUBJIEHNE paH, camanctas o60si04Ka NosocTK pTa, Me-
OMKaMeHTacCOoLMNPOBaHHLIN OCTEOHEKPO3 YenocTei, nHbAnkcnumao, aynunymab, Tesenenymad, omannay-
mab, neHocymab, pamyuLupymab

UHdopmauumna o ctaTbe: noctynuna — 23.02.2026; ncnpasneHa — 30.04.2026; npunarta — 10.05.2026
KoH$AUKT nHTepecoB: ABTOPLI CO0OLLAIOT 06 OTCYTCTBUN KOHPNUKTA UHTEPECOB.
BnarogapHocTu: PrHaHCMPOBaAHME U MHANBMAYANbHbIE GNarof4apHOCTU ANS AeKNapMPOBaHUS OTCYTCTBYIOT.

Ana uutuposanua: Canex K.M., TkayeHko B.C., A66acosa I.P., Mycnumos 3.M., fambapsH I.I., fambapsH J1.I.,
Konppatbea C.A., Munocnasckas K.A. MexaHn3mMbl MOHOKJIOHaJIbHbIX aHTUTES, BINSIOLWLNX HA 3aXXUBNEHne
B MNosiocTu pta. 3HAoAoHTus Today. 2026;24(2):430-436. https://doi.org/10.36377/ET-0205

© Salekh K.M., Tkachenko V.S., Abbasova G.R., Muslimov Z.M., Gambarian G.G., Gambarian L.G., Kondrateva S.A., Miloslavskaia K.A., 2026

9Hdodornmus Volume 24, no. 2 / 2026


https://doi.org/10.36377/ET-0205
https://orcid.org/0000-0003-4415-766X
https://orcid.org/0009-0001-6723-7470
https://orcid.org/0009-0002-4750-8277
https://orcid.org/0009-0000-6533-5651
https://orcid.org/0009-0007-3633-6410
https://orcid.org/0009-0000-3423-9341
https://orcid.org/0009-0005-6576-2879
https://orcid.org/0009-0007-2343-8928
https://doi.org/10.36377/ET-0205
https://orcid.org/0000-0003-4415-766X
https://orcid.org/0009-0001-6723-7470
https://orcid.org/0009-0002-4750-8277
https://orcid.org/0009-0000-6533-5651
https://orcid.org/0009-0007-3633-6410
https://orcid.org/0009-0000-3423-9341
https://orcid.org/0009-0005-6576-2879
https://orcid.org/0009-0007-2343-8928
https://doi.org/10.36377/ET-0205
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.36377/ET-0205&domain=pdf&date_stamp=2026-06-11

INTRODUCTION

Healing of oral and bone of the maxillofacial region’s
wounds is multiphase process dental and maxillofa-
cial’s outcomes depend of [1; 2].

Nowadays monoclonal antibodies (MAB) became
potent tool in medicine because of opportunity to im-
pact on molecular targets participating in tissue re-
generation [1; 3; 4]. MAB are widely used in oncology,
chronic inflammatory and allergic processes, therefore
dental care is provided in the context of general the-
rapy [5; 6]. Targeted changing of key mediators of in-
flammation, angiogenesis and remodelling can change
infection complication’s risk, lead to disruption of epi-
thelization [1; 2; 7].

AIM

Generalizing of clinical data of MAB’s main classes
impact on healing of oral and maxillofacial wounds and
presenting quantitative assessment of the risk of com-
plications with the use of targeted therapy based on data
from published meta-analyses of randomized trials.

MATERIALS AND METHODS

This review was conducted in accordance with the
principles of a systematic literature search. The search
was conducted in November 2025 in two databases:
PubMed and eLIBRARY.RU. Key words and their com-
binations used in PubMed searching are of the follo-
wing: “monoclonal antibodies”, “wound healing”, “oral
mucosa”, “MRONJ”, “medication-related osteonecro-
sis of the jaw”, “denosumab”, “infliximab”, “dupilumab”,
“Tezepelumab”, “omalizumab”, “ramucirumab”, “anti-
RANKL”, “anti-TNF”, “anti-VEGF”, “oral complications”,
“targeted therapy”. Additional words used in eLIBRARY.
RU searching: monoclonal antibodies, adverse effects,
wounds healing, osteonecrosis of jaw, targeted therapy,
complications of oral mucosa. Besides scientific pub-
lications official instructions were used to taking follo-
wing medications: infliximab, dupilumab, tezepelumab,
omalizumab, denosumab, ramucirumab.

RESULTS

A search of the PubMed database yielded a signifi-
cant number of publications for each keyword. Sources
were manually selected based on their relevance to the
review topic: publications on the mechanisms of action
of monoclonal antibodies, their impact on oral and ma-
xillofacial tissue healing, and clinical complications of
targeted therapy in dental practice were included. Du-
plicate publications and sources that did not meet the
inclusion criteria were excluded. The final list included
46 sources: 35 English-language publications, primarily
identified through PubMed, and 11 Russian-language
sources from eLIBRARY.RU.

MAB as targeting and potent points
of impact on healing phases

MAB realise their action due to binding with inflam-
mation mediators, cytokines, receptors or lygands of
signal paths which let selectively transform inflamma-
tion and next regeneration stages [1; 8; 9].

4351

Pro-inflammatory cytokines (like TNF-a), regulators
Th2-inflammation (IL-4/1L-13, TSLP, IgE), RANKL-RANK
and signal path, determining angiogenesis and epithe-
lial regeneration (VEGF/VEGFR n EGFR-addicted pro-
cesses) [1; 2; 6; 10-13].

Clinical significance of these targets is participating
in microinflammation’ control, vascular reaction, epitheli-
zation and bone regeneration which may increase com-
plications’ risk after invasive treatments [2; 7; 14; 15].

Anti-TNF-therapy and risks for oral surgery

Anti-TNF-therapy is widely used in autoimmune di-
seases and may be associated with periodont health
changing and risks of complications related to dental
practice [5; 16]. Infliximab is a monoclonal antibody
to TNF-a which decreases pro-inflammatory reactions
including a secondary reduction in the production of
other cytokines and inflammatory response mole-
cules [1; 17; 18]. General complications of MAB-therapy
are increased infectious risks and immunologic adverse
events which are important in planning of invasive treat-
ment in oral cavity [19-24].

Infusion reactions of infliximab have been syste-
matically reviewed in other systematic review highliting
the need to consider tolerability of therapy in preopera-
tive period [19]. Researchs of significant complications
after intervention with infliximab including infection
cases and osteomyelitis of the lower jaw after extrac-
tion of teeth are presented in literature [25].Infectious
complications associated with infliximab have also been
described in other areas which supports clinical aware-
ness regarding infectious risk in some patients [26].

Practic aspects of management

The recommendations call for the need to debride
foci of chronic infection before planned interventions
and interdisplinary coordination of therapy since out-
comes depend on activity of underlying disease and the
degree of immunosupression [5; 7].

In highly invasive procedures and bone surgeries, an-
tibiotic prophylaxis and enhanced surveillance for high-
risk patients should be considered, based on a clinical
study on the impact of modern antitumor therapy on
bone complications [7; 27].

Th-2 targeted therapy in dental practice

Dupilumab - simultaneously blocks IL-4Ra and de-
creases signalling IL-4/1L-13, which reduces Th2-me-
diated inflammation and IgE-related effects [6]. Adver-
se effects of dupilumab include conjunctivitis, eosino-
philia and reactions in the area of injection, adverse
effects of skin [6; 28]. Clinical case of successful pre-
operative use of dupilumab in high-risk operation de-
montrates opportunity of continuation of the therapy
in individual risk assessment and interdisplinary ma-
nagement [29].

For the patients taking dupilumab, monitoring of in-
flammatory manifestationsis clinically significant (since
it is necessary to take into account the state of barrier
tissues in the perioral area), which requires more care-
ful monitoring in the postoperative period [6; 28].
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Tezepelumab - the antibody to TSLP, targets an
upstream epithelial cytokine activating dendritic cells
and then Th2-response [11]. Its efficacy in severe un-
controlled asthma is demonstrated in randomized tri-
als and united analyses and in the safety profile, up-
per respiratory tract infections and local reactions are
more frequently noted [10; 30]. Nowadays, there is no
evidence of increased MRONJ or severe oral infections
with tezepelumab. Considering mechanism (targeting
on epithelial cytokine, rather than total immunosupres-
sion) risk of severe surgical complications is minimal
theoretically. However, trials are still ongoing [10; 11].
In severe asthma treated with tezepelumab, it is neces-
sary to ensure stable disease control before anesthesia
and intervention [10; 11].

Omalizumab binds free IgE, reducing FceRI-me-
diated mast cell and basophil activation. It is clinically
effective for chronic urticaria and asthma [31-33]. Clini-
cal data and systematic reviews confirm the efficacy and
high safety profile of omalizumab, although clinical dis-
cussions emphasize the increased risk of anaphylaxis
and the importance of post-injection monitoring [34].
Long-term observations in selected patient groups also
support good tolerability of therapy while maintaining
standard precautions [22; 35]. Routine discontinuation
before most dental procedures is unnecessary, but de-
tailed allergy history and emergency preparedness are
recommended [32; 33].

Immune-mediated adverse events
in oncologic targeted therapy and oral lesions

Immune-mediated complications of antitumor the-
rapy may include oral mucosa pathologies and be ac-
companied by the need of systemic immunosupression,
which increases risk of infections and impaired hea-
ling [8]. Oral complications of targeted antitumor thera-
py have been described as a clinically significant group
of conditions, including inflammatory lesions of the oral
mucosa, xerostomia, secondary infection [2]. Combina-
tion of antitumor therapy with anti-RANKL may be as-
sociated with MRONJ, as reported by case reports and
reviews [7; 15; 23].

Clinical trials of PD-1-inhibitor therapy in domestic
practice highlight the need of interdisplinary approach
and adverse effects control [36].

Practical aspects of managing

Prior to antitumor therapy sanation of the oral cavi-
ty and minimization of future traumatic invasions are of
high importance, since adverse events of the oral mu-
cosa and bone worsen the quality of life and can compli-
cate treatment [2; 7]. During the therapy if ulcers/ero-
sions appear differential diagnosis between toxic mu-
xositis, infectious complications and immuno-mediated
damage is carried out [2; 8].

Anti-RANKL-therapy and MRONJ: meta-analysis
Denosumab - fully human antibody that binds with
high affinity to RANKL (Receptor Activator of Nuclear
Factor Kappa-B Ligand), which blocks RANKL-RANK
interaction and supresses formation and activity of os-

dHdodoHmus
————TLT

teoclasts, resulting in a significant reduction [12; 24].
Denosumab is also associated with high risk of hypocal-
cyemia, which whatis important for perioperative safety
and patient monitoring [12].

MRONJ (Medication-related osteonecrosis of the
jaw) — is a clinically significant complication of anti-re-
sorptive therapy and has direct implications for den-
tistry due to its association with invasive procedures
and inflammatory diseases of the oral cavity [14; 37-40].
Pathogenetic aspects of MRONJ include immune distur-
bances and changes in bone remodeling, as reflected
in reviews on immune dysfunction in MRONJ [38; 41].

Risk factors and prevention

Invasive dental intervention, low level of the oral hy-
giene and inflammatory diseases of periodontium may
increase the risk of MRONJ [14; 37; 38; 40]. Clinical
guidelines indicate the need for oral sanitation before
starting anti-resorptive therapy and the use of standar-
dized protocols for managing patients at risk [12; 40; 42].

Antiangiogenic therapy and impair of healing

Ramucirumab - fully human monoclonal antibody
to IgG1. Ramucirumab is an antibody to VEGFR-2 and
inhibits angiogenesis which can pathogenetically impair
the vascular phase of healing [13]. Randomized trials in
solid tumors confirm clinically significant adverse events
of antiangiogenic therapy such as arterial hypertension
and bleeding [16; 43-45].

Dental management of anti-VEGF/anti-VEGFR ap-
proaches should take into account the potential risk of
impaired healing and hemorrhagic complications, es-
pecially in extensive interventions [13; 44].

Targeted therapy and oral toxicity
(EGFR-related effects)

Oral complications of target antitumor therapy de-
scribed as often and clinically significant problem, in-
cluding mucositis, stomatitis, xerostomia and secondary
infections of the oral mucosa [2; 46]. Impaired epithe-
lial regeneration with targeted therapy impact on signal
paths (including EGFR-related effects) can prolong the
epithelization time and increase the risk of complications
after dental procedures [2]. Practical measures include
prevention and treatment of mucositis, pain control and
hygiene, and monitoring for secondary infections. [2].

CONCLUSION

The combined data demonstrate that the effect of
mADbs on oral healing outcomes is class-specific and is
determined by the processes the drug affects: anti-in-
fective defense, angiogenesis, epithelial repair, or bone
remodeling. MABs can significally influence clinical out-
comes in oral cavity which requires a interdisciplinary
approach in dentistry and oral & maxillofacial surgery.
Prevention of complications requires preoperative oral
sanitation, risk assessment, timing of invasive proce-
dures and adherence to MRONUJ clinical guidelines.

This issue is understudied, and databases do not
provide precise statistics on specific complications.
Therefore, the topic is relevant for further research.
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Abstract

INTRODUCTION. Modern surgical dentistry is searching for the most effective bone-substituting materials
that ensure predictable bone tissue regeneration in the alveolar ridge area. In this context, the domestically
produced osteoplastic material “Gistograft” based on octacalcium phosphate granules for socket augmenta-
tion is of significant interest due to its use of nucleic acids as molecular triggers for reparative processes. The
primary proposed mechanism of action is the stimulation of growth factor expression, among which vascular
endothelial growth factor (VEGF) plays a key role.

AIM. To assess bone tissue condition following socket augmentation with an osteoplastic material based on
octacalcium phosphate granules using cone-beam computed tomography (CBCT) data.

MATERIALS AND METHODS. The study included 15 patients aged 18 to 45 years with ICD-10 diagnosis K04.5
“Chronic periodontitis” without severe comorbidities. Patients were randomized into two groups. In the first
group (8 patients), socket augmentation with synthetic osteoplastic material based on octacalcium phos-
phate granules was performed after tooth extraction. In the second group (7 patients), no augmentation was
performed, and healing occurred under blood clot. Bone tissue condition was assessed by CBCT before sur-
gery and 6 months post-intervention. Statistical analysis was performed using Statistica 6.0 software, with
differences considered statistically significant at p < 0.05.

RESULTS. In the first group, CBCT data at 6 months post-surgery showed marked positive dynamics with
signs of mineralization and integration of octacalcium phosphate granules into surrounding bone tissue.
Mean bone height in the defect area increased from 13.4 mm to 16.5 mm, while ridge width remained stable
(approximately 5 mm). In the second group, ridge height decreased by an average of 42 mm: height de-
creased from 8.0 mm to 6.4 mm, width from 4.0 mm to 3.3 mm. Statistical analysis revealed significant differ-
ences between groups (p < 0.05).

CONCLUSION. The use of synthetic osteoplastic material based on octacalcium phosphate granules for
socket augmentation allows formation of sufficient bone volume and height for subsequentimplant treatment
and reduces the need for additional bone grafting procedures.

Keywords: osteoplastic material, socket augmentation, octacalcium phosphate, dental implantation, cone-
beam computed tomography, VEGF
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OueHKa 3¢pPeKTUBHOCTU NPUMEHEHUA MaTepMuanoB Ha OCHOBe
oKTakanbuuesoro ¢pocdarta npu ayrMeHTaLum JIYHKH
yAaneHHoro 3yba no gaHHbIM Ny4yeBbIX METOA0B UCC/Ie40BaHUA
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PesioMe

BBEOEHUVE. B coBpeMeHHOW XMpypruieckoii CToMaTonorum npoaoixaetTcs nonck Hambonee appekTums-
HbIX KOCTHO3aMeLLLaLWKMX MaTepmanos, obecneynsanLmx NpeackasdyemMyo pereHepaumnio Koct B o6nactu
aNbBEONSPHOr0 OTPOCTKA U aNbBEOASPHOM YaCTN YeNoCTEN. B 9TOM KOHTEKCTE OTE4YECTBEHHbI OCTeoNnna-
cTuyeckmn matepuan «fmcrtorpadT» Ha OCHOBE rpaHyn okTakanbumesoro ¢pocdarta, NnpeaHasHa4YEeHHbIN AN
ayrMeHTauuu NyHkKu yaaneHHoro 3yba, npeactaBnseT 3Ha4YnTeNbHbI MHTepec 6naroaaps UCMnosib30BaHUIO
HYKJTIEMHOBBIX KMC/IOT B KQYECTBE MOJIEKYSAPHBLIX TPUITEPOB penapaTmuBHbIX nNpoueccoB. OCHOBHbIM Npea-
rnosaraeMblM MexaHM3MOM OeNCTBUS ABNSAETCHA CTUMYNALNS SKcnpeccun ¢akTopoB pocTa, Cpean KOTopbIX
KJIlO4EBYIO POSib UrpaeT pakTop pocta aHpoTenus cocynos (VEGF, Vascular Endothelial Growth Factor).
LLEJIb. OueHnTb COCTOSAHME KOCTHOM TKaHM NOCie ayrMeHTauum NyHKM OCTEeOoNnIacTUYecknmMm Mmatepmanom
Ha OCHOBE rpaHysn okTakanbumesoro pocdara no gaHHbIM KOHYCHO-Ty4EBO KOMMbIOTEPHOM TOMOrpadun.
MATEPUAJIbI N METO/bI. B nccnepoBaHue BkoyeHsbl 15 naumeHToB B Bo3pacTe oT 18 oo 45 net ¢ ana-
rHo30oM no MKB-10 K04.5 «XXpoHn4eckuii nepmoaoHTUT» 63 TSXXEbIX CONMYTCTBYIOLLMX U XPOHUYECKNX 3a60-
nesaHuin. MaumeHTbl bV paHAOMU3MPOBAHLI HAa ABe rpynnbl. B nepBoit rpynne (8 nauneHToB) nocne yna-
neHuns 3yb6a NpoBOAVN ayrMEHTALNIO TYHKM CUHTETUYECKUM OCTEOMIaCTUYECKMM MaTePMaioM Ha OCHOBE
rpaHyn okTakanbumesoro ¢docdara. Bo BTopon rpynne (7 naunMeHToB) ayrMeHTaLMIO HE BbIMOMHANN, 3aXNB-
JIeHne npoTekasno Nof KPOBAHbIM CrycTKOM. OUEeHKY COCTOSHUSA KOCTHOW TKaHW OCYLLECTBASAN MO AaHHLIM
KOMMbIOTEPHOM TOMOrpadunn 0o onepaumm n yepes 6 MecsiLes Nocse BMeLlaTenscTea. CTtaTucTnyeckyto 06-
paboTKy AaHHbIX MPOBOANIN C UCMOJSIb30BaHNEM NakeTa Statistica 6.0, cTaTMCTMYECKM 3HAYUMBIMU CHUTAN
pasnuynsa npun p < 0,05.

PE3YJIbTATDI. Y naumeHToB NepBoii rpynnel No gaHHbiM KJIKT yepes 6 MecsaLeB Nocne onepauum oTMmevanm
BbIPAXXEHHYIO MONIOXUTENbHYIO ANHAMMKA C NPM3HaKaMn MUHepann3aumn n HTerpauumn rpaHyn oktTakasnb-
umeBoro gocdara B OKPYXaloLLLYO KOCTHYIO TkaHb. CpeaHsas BbiIcOTa KOCTHOM TKaHu B 30He aedekTa yBe-
nnumeanacek ¢ 13,4 mm 1o 16,5 MM, LWIMpKHA anbBeONSPHOro rpebHs ocTaBanacbk CTabubHOM (0KO0 5 MMm).
Bo BTOpOW rpynne oTMeyanu ybblfib BbICOTbI afbBEONSPHOIro rpebHs B cpegHeEM Ha 4+ 2 MM: BbICOTa YMEHb-
wanack ¢ 8,0 mm o 6,4 mm, wnpuHa — ¢ 4,0 mm go 3,3 mm. CTaTUCTUYECKMIA aHANNS BbISIBU JOCTOBEPHbIE
pasnuunsa mexay rpynnamm (p < 0,05).

SAKJTIOHEHME. MprMeHeHne CMHTETUYECKOro OCTEONIaCTUYECKOro MaTtepmana Ha OCHOBE rpaHyn OkTa-
KanbumeBoro gpocdata npu ayrMeHTaunm NyHKn yaaneHHoro 3yba no3BonseT chopMmMpoBaThb 4OCTATOUHbIN
006bEeM 1 BbICOTY KOCTHOM TKaHM AN NOCNeayoLLero UMNAaHTON0rMYECKOro Ie4eHUs U YMEHbLLINTb He0OX0-
OMMOCTb JOMONIHNTENbHbBIX KOCTHOMIACTUYECKNX BMELLATENBLCTB.

KnwoueBble cnoBa: 0OCTEONIACTMYECKMIA MaTepuan, ayrMeHTaums nyHku 3yba, okTakanbumeBbli docodar,
AeHTanbHaa MMNaaHTaums, KOHYCHO-y4eBas KomnbtoTepHas Tomorpadusa, VEGF

UHdopmauuma o ctaTbe: noctynuna — 29.03.2026; ncnpasneHa — 03.05.2026; npuHata — 20.05.2026
KoHGAUKT uHTepecoB: ABTOPLI CO0OLLa0T 06 OTCYTCTBUN KOHMIMKTA UHTEPECOB.
BnarogapHocTtu: ®rHaHCcHpoBaHMeE U MHAMBMOYabHbIE 6n1arog4apHOCTU ANS AeKIapMpPOBaHUs OTCYTCTBYIOT.

Ana umTupoBanma: TapaceHko C.B., ibsykoBa E.1O., lop N.A., Conowenkos N.M1., KazapaH A.A., 306a [.A.,
MpecHsikos E.B. OueHka apDeKTUBHOCTM NPUMEHEHNS MaTeEPMAioB HA OCHOBE OKTakanbumeroro docoa-
Ta Npu ayrMeHTauuun NyHKU yaaneHHoro 3yba no AaHHbIM ly4eBbIX METOO0B UCCNenoBaHnsa. OHA0AO0HTUS
Today. 2026;24(2):437-444. https://doi.org/10.36377/ET-0207

INTRODUCTION

Modern oral surgery places considerable empha-
sis on the development and implementation of effec-
tive bone regeneration techniques, which are of criti-
cal importance for treatment planning and execution
of dental implant rehabilitation [1-4]. Following tooth
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extraction, bone remodeling processes are initiated
within the alveolar process and the alveolar part of
the jawbones, accompanied by physiological resorp-
tion of the alveolar bone and subsequent changes in
its volume and architectural structure [3-6]. Resto-
ration of adequate bone volume and quality is a key
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determinant of successful dental implant placement,
while preservation of the alveolar ridge through soc-
ket preservation is regarded as one of the principal
strategies for preventing pronounced post-extraction
atrophy [2-5; 7].

One of the most widely applied surgical proce-
dures aimed at maintaining bone volume and preven-
ting resorptive changes is socket augmentation using
various osteoplastic materials [2; 4; 6; 8]. In recent
years, increasing attention has been directed toward
both autogenous and allogeneic, xenogeneic, and
synthetic biomaterials for socket preservation, in-
cluding B-tricalcium phosphate, hydroxyapatite, col-
lagen-based composites, and novel nanostructured
systems [3; 5; 6; 8; 9]. Within this spectrum, materials
based on octacalcium phosphate (OCP) are of par-
ticular interest, demonstrating promising outcomes
in maxillofacial surgery and ridge preservation proce-
dures [9-11].

The domestic material “Histograf” belongs to
a class of synthetic osteoplastic compositions based
on octacalcium phosphate granules and is character-
ized by the use of nucleic acids as molecular triggers
of reparative processes. It is hypothesized that this
material stimulates the expression of growth factors,
including vascular endothelial growth factor (VEGF),
thereby enhancing angiogenesis and, consequently,
bone tissue regeneration [10-13]. VEGF is a key regu-
lator of vascularization, promoting capillary network
formation and improving perfusion of regenerating tis-
sues; its role in osteogenesis and bone defect repair
has been demonstrated in both experimental and clini-
cal studies [10-13].

It has been shown that precise regulation of VEGF
dose and local concentration is critical for the coordi-
nated progression of angiogenesis and osteogenesis,
as both deficiency and excessive levels of this factor
may impair bone matrix formation and vascular network
development [12-14]. Accordingly, the use of osteo-
plastic materials capable of inducing controlled VEGF
expression and supporting angiogenesis within the de-
fect site is considered a promising direction in bone tis-
sue engineering and regenerative dentistry [5;11-14].
Thus, a comprehensive evaluation of the clinical ef-
ficacy and radiological characteristics of octacalcium
phosphate granule-based materials in post-extraction
socket augmentation remains a relevant task in con-
temporary oral and maxillofacial surgery.

MATERIALS AND METHODS

The study was conducted at the Department of
Oral Surgery, Borovsky Institute of Dentistry, Seche-
nov First Moscow State Medical University. A total of
15 patients of both sexes, aged 18 to 45 years, without
decompensated systemic diseases or severe chronic
conditions, were included in the study. All patients
were diagnosed with ICD-10 code K04.5 (“Chronic api-
cal periodontitis”), which served as an indication for
tooth extraction.

Patients were allocated to study groups using a ran-
domization method.
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Group 1 (n = 8) included patients in whom socket
preservation was performed following tooth extraction
using a synthetic osteoplastic material based on octa-
calcium phosphate granules enriched with vascular en-
dothelial growth factor (VEGF).

Group 2 (n = 7) included patients in whom no socket
augmentation was performed, and healing occurred
under a blood clot.

All patients underwent cone-beam computed to-
mography (CBCT) prior to surgery and at 6 months post-
operatively to assess bone tissue status and changes in
alveolar ridge height and width in the defect area. Linear
measurements (ridge height and width) were obtained
from standardized CBCT sections. Statistical analysis
was performed using Statistica 6.0 software. Norma-
lity of data distribution was assessed, and appropriate
parametric or non-parametric tests were applied for
intergroup comparisons. Differences were considered
statistically significant at p < 0.05.

SURGICAL PROCEDURE

All surgical interventions were performed under local
anesthesia using conduction and infiltration techniques
with 4% articaine solution with epinephrine 1:100,000
(Articaine 4% with epinephrine 1:100,000, 1.7 mL).

Atraumatic tooth extraction was performed, inclu-
ding root sectioning using a dental bur when necessary,
followed by meticulous curettage of the socket until the
appearance of pinpoint bleeding.

In Group 1, after socket preparation, augmentation
was performed using an osteoplastic material based
on octacalcium phosphate granules combined with
VEGF. Immediately prior to application, the granules
were mixed with sterile saline solution to obtain a mol-
dable consistency, after which the socket was carefully
filled with the prepared material. A hemostatic sponge
(Alvance) was placed over the graft material and se-
cured with interrupted sutures using Vicryl 4/0 (mean:
3 sutures per case).

Patients in both groups received standard postope-
rative pharmacological management, including:

— antibiotic therapy (amoxicillin / clavulanate 625 mg
twice daily for 7 days);

- non-steroidal anti-inflammatory drugs as needed
(nimesulide);

— antihistamine therapy (chloropyramine 25 mg, 1 tab-
let at night for 3 days).

Clinical follow-up was performed dynamically with
assessment of wound healing, presence of inflamma-
tory signs, pain intensity, and patient-reported symp-
toms. Radiological evaluation was repeated at 6 months
to assess the volume and structural characteristics of
the regenerated bone tissue (Fig. 1-8).

RESULTS

The study evaluated the clinical course of the post-
operative period and radiological outcomes in patients
who underwent socket augmentation using an osteo-
plastic material based on octacalcium phosphate
granules (Group 1) and in patients with spontaneous
socket healing under a blood clot (Group 2).
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Fig. 1. Patient M (Group 1) diagnosed with chronic apical  Fig. 3. Patient K (Group 2) diagnosed with chronic apical

periodontitis of tooth 3.6 periodontitis of tooth 3.6
Puc. 1. MNMauyuneHTt M (rpynna 1), anarHos — xpoHnyeckmnn ~ Puc. 3. MauyueHT K (rpynna 2), AnarHo3 — XpOHUYeCKuin
nepuoaoHTUT 3yba 3.6 nepuoaoHTUT 3yba 3.6

PaX-i3D Smart - Auto Pano
PaX-i3D Smart - Auto Pano

)

Fig. 2. Patient M (Group 1) after extraction of tooth 3.6 ~ Fig. 4. Patient K (Group 2) after extraction of tooth 3.6

with subsequent socket augmentation procedure without subsequent socket augmentation

Puc. 2. MNaumeHT M (rpynna 1): npoBeaeHo yaaneHme Puc. 4. MNauymneHT K (rpynna 2): npoBeaeHo yganeHne
3yba 3.6 c nocnenyoLleii onepaumein ayrmeHTaumnm 3yba 3.6 6e3 nocneayoLlei onepaumm ayrmeHTaumnm
JIYHKM JIYHKM

Fig. 5. Patient M (Group 1): CBCT-scan of prior to tooth extraction and socket augmentation

(bone height is 14.5 mm to the inferior alveolar nerve)

Puc. 5. NMauneHT M (rpynna 1): KJIKT-cHUMOK naumeHTa oo yaaneHus 3yba 1 onepaumm ayrmeHTaumm ayHKn
(kocTHaa TkaHb cocTtaBnseT 14,5 MM 40 HUXKHENYHOYKOBOIO HEPBA)
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Fig. 6. Patient M (Group 1): CBCT-scan of 6 months after socket augmentation
Puc. 6. NMaymeHt M (rpynna 1): KJIKT-cHMMOK cnycTs 6 MecsaLeB Nocne onepauum ayrMmeHTaumnmn JyHKn

Fig. 7. Patient K (Group 2): CBCT-scan of prior to tooth extraction without subsequent socket augmentation
Puc. 7. NMNaunenT K (rpynna 2): KJIKT-cHuMok 0o onepaumm yaaneHms 3yba 6e3 nocnenyioLlen ayrmetaumm

Fig. 8. Patient K (Group 2): CBCT-scan of 6 months after tooth extraction without socket augmentation
(healing occurred under a natural blood clot)

Puc. 8. NauymeHnT K (rpynna 2): KJIKT-cHuMoOK cnycTs 6 mecsiueB nocne yaaneHns, 6e3 NnpoBeaeHns onepauum
ayrMmeHTauunm (3axmnsneHne noa co6CTBEHHbIM CryCTKOM)
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In the overall study cohort, the postoperative period
was uneventful in the majority of cases. Mild inflammato-
ry reactions at the surgical site, manifested as soft tissue
hyperemia and edema, were observed in three patients
and resolved following standard therapy. In one patient
from Group 1, graft material rejection occurred due to
significant non-compliance with postoperative instruc-
tions; this case was excluded from the final analysis.

In Group 1, CBCT evaluation at 6 months postopera-
tively demonstrated a pronounced positive radiological
response, characterized by signs of mineralization and
integration of octacalcium phosphate granules into the
surrounding bone tissue. The graft particles appeared
as areas of increased radiodensity, which gradually be-
came less distinguishable within the newly formed bone
matrix, a finding interpreted as evidence of successful
osseointegration.

The mean alveolar bone height in the defect re-
gion in Group 1 increased from 13.4+1.2mm to
16.5x1.5 mm, while the alveolar ridge width remai-
ned stable (5.0+0.5 mm). The mean vertical bone gain
was 3.1£0.8 mm.

In Group 2, in which spontaneous healing occurred
under a blood clot, CBCT data at 6 months demonstra-
ted a reduction in alveolar ridge height of 4.0£2.0 mm
on average. Bone height decreased from 8.0£1.5 mm
to 6.4+1.8 mm, while ridge width decreased from
4.0£0.8 mm to 3.3+£0.9 mm. In several cases, the re-
sulting bone volume was insufficient for subsequent
dental implant placement without additional bone aug-
mentation procedures.

Statistical analysis revealed significant differences
in newly formed bone parameters between the aug-
mentation group and the spontaneous healing group
(p <0.05), indicating more favorable conditions for
subsequent implant rehabilitation when an octacalcium
phosphate—based osteoplastic material was used.

DISCUSSION

The obtained results demonstrate that the use of an
osteoplastic material based on octacalcium phosphate
granules for socket augmentation after tooth extraction
contributes to the preservation and increase of alveolar
ridge height compared with spontaneous healing under
a blood clot. These findings are consistent with previ-
ously published data on ridge preservation techniques
employing various synthetic and xenogeneic biomate-
rials [2-4; 6; 8; 9]. A number of clinical and experimental
studies have shown that socket filling with biomaterials
reduces both horizontal and vertical ridge resorption
and improves conditions for subsequent implant place-
ment [2; 3; 6; 8; 9].

The present results are in agreement with previ-
ously reported outcomes on octacalcium phosphate
(OCP)-based materials, including OCP-collagen com-
posites, which have demonstrated the formation of
highly vascularized bone tissue with a pronounced type
H vascular network and favorable morphometric cha-
racteristics [9-11]. The observed increase in alveolar
ridge height and maintenance of ridge width in the aug-
mentation group in the present study provide more fa-
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vorable conditions for optimal implant positioning with-
out the need for additional bone grafting procedures,
which is of significant clinical relevance [2-4; 8; 9].

The proposed mechanism of action of the “Histo-
graf” material, involving stimulation of VEGF expression
and enhancement of angiogenesis, is consistent with
the current concept of osteoangiogenesis coupling, ac-
cording to which successful bone regeneration is criti-
cally dependent on the coordinated formation of vascu-
lar and bone tissue compartments [10-13; 15]. Experi-
mental studies have demonstrated that local delivery of
VEGF or the use of biomaterials capable of inducing its
expression promotes accelerated neovascularization,
increased bone mineral density, and improved struc-
tural organization of bone in defect sites [10; 12; 13; 15].
At the same time, it is emphasized that the dose and
release kinetics of VEGF must be carefully controlled,
as excessive angiogenic stimulation may lead to the for-
mation of immature or excessively vascularized tissue
with impaired osteogenic potential [12; 13; 15].

In the present study, the superior clinical and ra-
diological outcomes observed in the augmentation
group may be attributed to the combined osteocon-
ductive properties of OCP granules and an additional
angiogenic effect mediated through VEGF-dependent
mechanisms. Such a combination of osteoconduc-
tion and controlled osteoinduction is currently con-
sidered one of the key directions in the development
of advanced bone substitute materials [5; 11-13; 15].
Furthermore, the use of CBCT as a quantitative method
for assessing bone volume and architecture is consis-
tent with contemporary recommendations for stan-
dardized radiological evaluation of alveolar ridge pre-
servation procedures [3; 4; 6; 8; 16].

The main limitations of this study include the rela-
tively small sample size and the limited follow-up pe-
riod (6 months), which do not allow for assessment of
long-term implant outcomes and the stability of alveo-
lar ridge parameters. Definitive validation of the clini-
cal efficacy of octacalcium phosphate—based materials
requires larger randomized controlled trials with exten-
ded follow-up periods, as well as inclusion of histo-
logical evaluation of regenerated bone, as reported in
recent studies on OCP composites and growth factor-
releasing biomaterials [9-13; 15].

CONCLUSION

Based on clinical and radiological assessments,
socket augmentation using a synthetic osteoplastic
material based on octacalcium phosphate granules
demonstrated a statistically significant advantage over
spontaneous healing under a blood clot in terms of
preservation and restoration of alveolar bone volume.

The material promotes a stable increase in alveolar
ridge height, as confirmed by CBCT findings at 6 months
postoperatively.

The use of an octacalcium phosphate-based osteo-
plastic material enriched with vascular endothelial growth
factor (VEGF) optimizes conditions for subsequent im-
plant rehabilitation and, in selected cases, may eliminate
the need for additional bone augmentation procedures.
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