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XXYPHAJ1 BKJIIOYEH B POCCUUCKUA UHAEKC HAYYHOIO LUTUPOBAHUSA

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

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

AIM. The analysis of the main factors causing bleeding in the oral cavity in persons in places of deprivation
of liberty, and the search for ways to eliminate this symptom, considering the limited capabilities of the
respondents.

MATERIALS AND METHODS. The study involved 402 prisoners, 330 of whom were men and 72 women. The
respondents were divided into age groups, the group of respondents under the age of 18 included 110 people,
18-25 years old — 7 people, 26-35 years old — 127 people, 36-45 years old — 94 people, 46-55 years old -
44 people and the group of 56 years and older consisted of 20 people. The respondents’ responses were
analyzed using the StatTech v 4.6.1 (developed by Stattech LLC, Russia).

RESULTS. 25 questions were analyzed, among which reliable correlations between bleeding and its
development factors were established.

CONCLUSIONS. Based on the analyzed data, bleeding as an objective symptom was noticed by
157 respondents who noted brushing their teeth and eating hard food as factors provoking the development
of this pathology. In this regard, it is necessary to develop a program aimed at improving the hygienic status
and raising awareness of prisoners about proper oral care, considering their stay in places of deprivation of
liberty. Such a program should primarily be based on the motivation of prisoners to adjust and improve their
personal oral hygiene. In addition, in addition to preventive conversations, it is necessary to conduct master
classes on the technique of proper dental cleaning and the use of additional personal oral hygiene products.

Keywords: bleeding, prisoners, oral hygiene, diabetes mellitus, periodontal diseases, penitentiary institutions.
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Y v, HAX0A4AWMXCA B MecTax iMieHUAa cBoboabl
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Pe3iome

LLEETb UCCNEOOBAHUA. AHann3 0CHOBHbIX GaKkTOPOB, Bbi3blBAIOLLMX KPOBOTOYNMBOCTb B MOOCTU pTa Y NNLL,
HaXOAALLMXCSA B MECTax JIMLLEHNA CBOOOAbI, U MOUCK NyTe yCTPAHEHMS 3TOr0 CMMNTOMA C Y4€TOM OrpaHu-
YEHHbIX BO3MOXHOCTEWN aHKETUPYEMBbIX.

MATEPUWANbBI N METOAbI. B uccneposavum npuHumMmanu yqdactue 402 3akniodeHHbIX, U3 KOTopbix 330 mMyx-
YMH N 72 XeHLWMHbl. PecnoHaeHTbl ObIM NOAENeHbl Ha rpynmnbl N0 BO3pacTy, rpynna aHKeTUPOBaHHbLIX
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540

monoxe 18 net Bkntodana 110 yenosek, 18-25 net — 7 yenosek, 26-35 net — 127 yenosek, 36-45 net — 94 ye-
noeeka, 46-55 net — 44 yenoseka u rpynna kateropum 56 net u ctapwe coctosna u3 20 yenosek. OTBeThHI
pPEecrnoHAeHTOB OblNM NPOaHaNN3NpPOoBaHbl C UCNONb3oBaHNeM nporpammsbl StatTech v. 4.6.1 (pa3zpaboTunk —
00O «CratTex», Poccus).

PE3YJIbTATbI. MpoaHannanpoBaHo 25 BONPOCOB, Cpeaun KOTOPbIX OblN YCTAaHOBNEHbI AOCTOBEPHbIE B3au-
MOCBSI31 MeX Ay KPOBOTOYMBOCTbIO U (pakTopamm ee pa3BmuTus.

BbIBOZbl. cxoas n3 npoaHanmanpoBaHHbIX AaHHbIX, KPOBOTOYMBOCTb Kak 06beKTUBHbIN CUMNTOM 3aMeTu-
n 152 aHKeTMPOBAaHHbIX, OTMETUBLLNX YACTKY 3yO0B 1 NPUEM XECTKOW NULLM Kak akTopbl, NPOBOLUMPYOLLVE
pasBMTME AaHHOW naTonornn. B cBa3m ¢ aTuM Heobxoanma paspaboTka NporpamMmbl, HanpaBAeHHOM Ha ynyd-
LLeHMEe MMrmeHn4Yeckoro crtaTyca 1 noBbilLeHUst MHPOPMUPOBAHHOCTM 3akJIIOYEHHbIX O MPaBUIIbHOM yxo4e 3a
NMONOCTLIO PTa C YHETOM HaxXoXAEHWs X B MecTax nweHns ceoboapl. Takas nporpamMmma B nepBylo ovepeab
[0JI)XHA OCHOBLIBATbCS HA MOTUBALMWN 3aKJIIOYEHHbIX KOPPEKTUPOBATb M ynydllaTh JIMYHYIO TUFMEHY NONOCTU
pTta. Kpome Toro, noMmMmo npodunaktTuiecknx becen HeoOXoaMMo NPOBECTU MacTep-KaccChl MO TEXHNKE Npa-
BUJTbHOM YNCTKM 3yOOB 1N ICNONb30BaHNS AOMNOSIHUTENbHbLIX CPEACTB MHOMBUAYANbHOW M’MIMeHbl NOI0CTH pTa.

KnioueBble cnoBa: KDOBOTOYMBOCTb, 3aKJIIOYEHHbIE, TMIMEHa NOJIOCTY pTa, caxapHblii anabeT, 3abonesaHns
NapoaoHTa, NEHNTEHUNAPHbLIE YYPEXOEHUS.

UHdopmauumna o ctatbe: noctynuna — 27.03. 2025; ucnpasneHa — 17.05.2025; npuHata — 05.06.2025
KoH®AUKT nHTepecoB: ABTOPbI HE 3a9BASAIOT O KOHMIVMKTE UHTEPECOB.

BnaropgapHocTu: ABTOpbI BipaxatoT OnarogapHocTs MNpeacenatento OHK Mocksbl I'P. BonkoBy n 3amectu-
Tenio Mpeacenatens OHK Mockebl B.A. 36epT B coaencTBum cbopa AaHHbIX 4115 NPOBEAEHNSI UCCIeA0BaHUS.
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RELEVANCE

In the Russian Federation, as of the beginning of
2024, about 430,000 people arein prison, whichis about
300 people per 100 000 population. The penitentiary
system in Russia consists of pre-trial detention centers,
correctional colonies of various regimes, specialized
open and closed type hospitals'. Maintaining dental
health in persons in places of detention is difficult due
to living conditions and limited access to dental care, as
well as low awareness of proper oral care. The condi-
tion of the oral cavity can also be a marker of general
health [1]. Bleeding when brushing teeth is an objective
symptom that a person can determine on their own.

It is not possible to achieve a good level of oral hy-
giene in the presence of several lifestyles features of
prisoners but following simple and regular measures
can significantly contribute to maintaining dental health.

Therefore, it is necessary to develop a set of meas-
ures for them, the implementation of which is possible
in places of deprivation of liberty. It is also important to
inform prisoners about the effectiveness of these ma-
nipulations, since it is known from the literature that
awareness is an important link in forming a responsible
attitude towards one’s own health [2; 3].

INTRODUCTION

In this regard, the aim of the study is to analyze the
main factors causing bleeding in the oral cavity in per-
sons in places of detention and to find ways to eliminate
this symptom, considering the limited capabilities of the
respondents.

! Federal Penitentiary Service. Brief description of the penal
enforcement system of the Russian Federation; 20.12.2024.
Available at: https://fsin.gov.ru/structure/inspector/iao/
statistika/Kratkaya%20har-ka%20UIS/ (accessed: 02.03.2025).
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To achieve the intended goal, the following tasks
were set:

1. To identify the main factors causing bleeding in
the oral cavity based on the data obtained from the sta-
tistical program.

2. To analyze reliable indicators.

3. Formulate conclusions based on the results of the
analysis.

MATERIALS AND METHODS
A survey of 402 prisoners was conducted. The data
on the respondents are shown in Table 1.

Table 1. Distribution of respondents by gender, length
of stay in a penitentiary institution, age

Ta6nuua 1. PacnpegeneHme onpoLleHHbIX N0 nony,
OJINTENBbHOCTU HAXOXAEHNS B MEHUTEHLMAPHOM
yypexaeHum, Bo3pacTy

Parameter Denotation
Number of respondents n=402
Gender, people (%) Male Female

n=330(82.1%) | n=72 (17.9%)

Duration of stay in a peniten-
tiary institution, months
(Me [Q;—Q3] (min/max))

20 [9-39] (0/49)

Age group, people, (%):

Under 18 years of age n=110(27.4%)

18-25 years old n=7(1.7%)

26-35years old n=127(31.6%)

36-45 years old n=94(23.4%)

46-55years old n=44(10.9%)

56 years and older n=20(5.0%)
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The questionnaire was provided in writing, which
included 25 questions: 3 questions aimed at collec-
ting demographic data, 2 questions aimed at asses-
sing the general health of prisoners, 6 questions aimed
at assessing dental status, 5 questions included col-
lecting information about problems with the mucous
membrane in the oral cavity, 5 questions about the
presence of problems with periodontal tissues, inclu-
ding the presence of bleeding in the oral cavity under
the influence of various factors, 4 issues, including the
presence of bad habits and somatic pathology. The
survey was conducted voluntarily, at the request of
the prisoners. Each respondent was informed about
the anonymity of his answers.

The statistical analysis was carried out using the Stat
Tech v program. 4.6.1 (developed by Stattech LLC, Rus-
sia). The number of answers to each of the questions
was calculated in absolute values and percentages. The
statistical Pearson Chi-square method was used to de-
termine the presence of correlations between the an-
swers to the questionnaire questions.

Number of respondents, %

Dental plaque Odontolith Mobility of one

or more teeth
Fig. 1. The condition of the oral cavity according
to the respondents
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Fig. 2. Characteristics of bleeding when brushing
teeth and eating when there is mobility of one or more
teeth, according to respondents
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RESULTS

Among the respondents to the questionnaire,
152 people (37.8%) reported bleeding in the oral cavity
and, on the contrary, 250 people (62.2%) didn’t expe-
rience bleeding.

Significant correlations between the presence of
bleeding, as well as the degree of its severity, were
identified for the following groups of issues:

—the condition of the oral cavity according to the
respondents;

- hygiene habits;

— the presence of bad habits at the present time and
in the anamnesis;

— several questions related to the overall health of
the respondents.

Among the cohort who reported bleeding when
brushing their teeth, 111 (27.6%) respondents had it,
25 (6.2%) had it when eating, and 37 (9.2%) respon-
dents had spontaneous bleeding.

It was found that spontaneous bleeding, as well as
bleeding when brushing teeth and eating, are signifi-
cantly more common among the contingent who report
poor oral health.

The characteristics of the oral cavity condition, ac-
cording to the respondents, are shown in Fig. 1.

It was found that among the contingent who noted
the presence of tartar, bleeding was significantly more
common when brushing teeth and eating, compared
with those who did not have bleeding. This may be due
both to the presence of periodontal diseases in the re-
spondents and to a disdainful attitude towards the con-
dition of the oral cavity.

The characteristics of bleeding when brushing teeth
and eating in the presence of mobility of one or more
teeth, according to the respondents, are showniin Fig. 2.

Bleeding during meals is significantly more com-
mon among the population who report mobility of
one or more teeth (12 (48.0%)), compared with those
who experience bleeding while brushing their teeth
(40 (36.0%)) (p < 0.001; p< 0.001)

The characteristics of hygiene habits according to
the respondents are presented (Table 4, Fig. 3).

Table 4. Indicators of hygiene habits according
to the respondents

Ta6nuua 4. lNMokasatenn rmrMeHNYeCcKnX NPMBbIYEK
MO MHEHWIO aHKETUPYEMBbIX

Parameter Categories People %
Frequency of brushing 1time per day 113 28.1
teeth 2 times a day 227 56.5

Once a month 18 4.5
Frequency of toothbrush _Regularly1 time 234 58.2

in 3 months
change

Once every

6-12 months 150 873
Rinsing the mouth with | N© 273 67.9
water or saline solution | yeg 129 3921
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Fig. 3. Indicators of hygiene habits according to the respondents
Puc. 3. lNokasaTtenn rurmeHn4eckux NMPuMBbIYEK MO MHEHUIO PECMOHOEHTOB

There is a significant relationship between the habit
of rinsing the mouth with water or saline solution and
bleeding, respondents have a lower percentage of
bleeding when brushing their teeth (26 (23.4%)) using
this habit, compared with those who do not have the
habit (103 (35.4%)) (p = 0.022).

It was also revealed that among those who brush
their teeth once a day, bleeding occurs in more than
half of the population, which is significant (43 (38.0%)
versus 70 (24.1%)) (p = 0.008).

It was found that prisoners who could change their
toothbrush regularly have a lower percentage of blee-
ding (9 (36.0%)), compared with those who change their
toothbrush once every six months or less (16 (64.0%))
(p = 0.014), which may be due to the difficulty of regular
change of toothbrush and lack of such.

The characteristics of the oral mucosa are presen-
tedin Table 5.

It was revealed that the studied contingent, who
noted problems with the mucous membrane in the lip
area, significantly more often noted bleeding when
brushing their teeth (9 (8.1%)), compared with those
who did not have bleeding (9 (3.1%)) (p = 0.030).

It was also revealed that bleeding during meals
is significantly more common among prisoners who
have problems with the mucous membrane in the lips,
cheeks and tongue. (4 (16.0%)), (9 (36.0%)), (6 (24.0%))
accordingly, compared to those who have no bleeding
(14 (3,7%), 10 (2.7%), 16 (4.2%) respectively) (p = 0,004;
p < 0.001; p < 0.001, respectively). The same trend can
be observed with spontaneous bleeding in the oral
cavity. These indicators may be associated with chronic
inflammation of the mucous membrane in the oral ca-
vity, as a result, as well as due to malocclusion, poor-
quality fillings with overhanging edges, together these
causes may contribute to the development of chronic
injury to the oral mucosa, and under the influence of ex-
ternal factors of its bleeding.

It was found that among the contingent noting the
presence of an unpleasant taste in the mouth, blee-
ding is significantly more common when brushing
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teeth (87 (33.3%)), compared with those who do not
have bleeding (41 (14.1%)) (p < 0.001), this may be due
to poor oral hygiene. mouth problems, as well as the
presence of bad habits, as well as suppuration from
periodontal pockets.

The characteristics of the general state of health and
the presence of somatic pathology of the respondents
are presented in Table 6.

Table 5. Indicators of the state of the oral mucosa

Ta6nuuya 5. NMNokasaTenn CoOCTOAHUSA CAU3UCTON
060104KM NONIOCTN pTa

Parameter Categories People %
Lips 18 4.5
Jowls 19 4.7

Problems

with the oral Tongue 22 55

mucosa The bottom of the oral cavity 8 2.0
Unpleasant taste in the mouth 78 19.4
(sour, bitter, metallic, sweet, etc.) '

Table 6. Indicators of the general state of health and
the presence of somatic pathology of the respondents

Taonuua 6. NokasaTtenn obLLEero cocToaHUA
3[0POBbS N HANMYNE COMATUHYECKOM NaToNOrnm
aHKETUPYEMbIX

Parameter Categories People | %
Very bad 5 1.2
Assessment The bad 82 8.0
of the general Satisfactory 148 36.8
condition Good 156 | 38.8
Very good 61 15.2
General weakness 296 73.6
Symptoms Malaise 36 9.0
Reduced working capacity 47 1.7
Diabetes mellitus | Availability 21 5.2
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It was also revealed that spontaneous bleeding and
bleeding during meals are significantly more common
among the contingent who report malaise. (9 (24.3%);
(7 (28.0%) respectively), compared to those who do
not have bleeding (27 (7.4%); (29 (7.7%) accordingly)
(p <0.001).

It has been established that spontaneous blee-
ding and bleeding during meals are significantly more
common among the contingent noting a decrease
in their working capacity. (8 (21.6%); 6 (24.0%) re-
spectively), compared with those who have no blee-
ding (39 (10.7%); 41 (10.9%) accordingly) (p = 0.049);
(p =0.048), respectively).

It was also found that among prisoners who re-
ported spontaneous bleeding, it was significantly more
common to indicate the presence of general weakness
(22 (59.5%)), compared with those with no general
weakness (15 (40.5%)) (p = 0.040).

Analyzing the relationship between the presence
of somatic pathology and bleeding, it was found that
respondents with diabetes mellitus were significantly
more likely to indicate the presence of bleeding during
meals (4 (16.0%)), compared with those without blee-
ding (17 (4.5%)) (p = 0.012).

Analyzing the relationship between the presence
of somatic pathology and bleeding, it was found that
respondents with diabetes mellitus were significantly
more likely to indicate the presence of bleeding during
meals (4 (16.0%)), compared with those without blee-
ding (17 (4.5%)) (p = 0.012).

The characteristics of the presence of bad habits of
the respondents are presented in Table 7.

Among the contingent who noted the presence of
bad habits in the past, 273 (67.9%) of respondents were
smokers, 21.1% of respondents had abused alcohol,
and 89 (22.1%) of respondents had taken narcotic sub-
stances in the past.

It was revealed that among smokers, the vast majo-
rity noted bleeding in the oral cavity when brushing their
teeth (89 (80.2%)).

It was also found that the studied population, who
noted the use of alcoholic beverages and narcotic sub-
stances in the past, significantly more often indicated
the presence of bleeding when brushing their teeth
(85 (31.5%); 32 (28.8%) respectively), compared with
those who have no bleeding (50 (17.2%); (57 (19.6%),
respectively) (p = 0.002); p = 0.046), respectively).

It was established that the studied contingent, who
noted the use of alcoholic beverages and narcotic
substances in the past, significantly more often noted
bleeding during meals (12 (48.0%)) and (10 (40.0%))
accordingly, compared to those who have no bleeding
(73 (19.4%); 79 (21.0%) accordingly)) (p < 0.001 and
p =0.026, respectively).

It has been revealed that prisoners who have
reported the use of alcoholic beverages and nar-
cotic substances in the past are significantly more
likely to report spontaneous bleeding. (16 (43.2%);
(17 (45.9%) respectively), compared with those who
have no bleeding (69 (18.9%); (72 (19.7%) accordin-
gly) (p < 0.001).

543

Table 7. Indicators of the presence of harmful habits
of the respondents

Tabnuua 7. Nokasatenn Hanmuus BpeOHbIX NpuBbIHEK
aHKeTnpyembixX

Parameter Categories People %
Smoking 273 67.9
Bad habits Alcohol consumption 85 211
Drug use 89 221
DISCUSSION

The problem of poor hygiene among persons in in-
stitutions of the federal Penitentiary Service can be
traced not only in Russia, but also abroad, depending
on the level of economic development of countries and
the social status of prisoners.

In 2017, a study was conducted in Finland among
prisoners of the Pelso correctional colony, during which
a qualified dentist examined 100 prisoners: 89 men and
11 women, with an average age of 35 years. According
to the survey results, it was found that half of the sub-
jects had periodontal diseases, the maximum value of
the general periodontal index or the periodontal dis-
ease needs index (CPl) among people under the age
of 30 was 3 points (removal of dental deposits, curet-
tage, hygiene, conservative therapy). in 33.3%, 2 points
(removal of dental deposits, hygiene) in 67.7%, among
people over 30 years of age, the maximum score cor-
responded to 4 points (removal of dental deposits, con-
servative therapy, flap surgery, orthopedic treatment,
hygiene) in 9.1%, only 2.9% of subjects under the age of
30 had a healthy periodontal [4].

A 2014 study conducted in the Nigerian city of Enu-
gu was also analyzed. This state is considered socially
disadvantaged, which is attributed to the low level of
medical care. To conduct the study, a questionnaire
was compiled, and an examination of the oral cavity
was performed by a specialist to assess the condition
of the teeth and periodontal tissues. The study involved
230 prisoners, among them 5.2% of the surveyed had
aCPI=0(12/230), 94.8% (218/230) had a CPI = 1/2/3/4.
According to the results of the examination, more than
half of the prisoners had caries with complications [5].

The data obtained by the authors during the survey
of prisoners demonstrate a similar relationship, namely,
based on the results of the analysis of respondents’ re-
sponses, it can be concluded that in Russia the situation
with the dental health of prisoners is comparable.

Patient awareness is achieved through preventive
interviews, as well as the development of a program that
includes sanitary and educational work with prisoners,
training in dental cleaning techniques and quality con-
trol of oral hygiene, oral sanitation, and follow-up for the
timely detection and treatment of dental diseases. An
important aspect of the program should be the develop-
ment of motivation among prisoners, since their interest
in treatment contributes to the improvement of the oral
cavity. There is a positive experience in the scientific
literature with the development and implementation of
a program based on the motivation of prisoners [4].
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CONCLUSION

As aresult of the analysis of the presence of bleeding
in prisoners, which manifests itself under the influence
of external stimuli or spontaneously without any pre-
requisites, reliable correlations between the presence
of bleeding and the provoking factor of its development
were revealed. This may be due to both the presence
of periodontal diseases in the respondents and the ne-
glect of the oral cavity. It may also be due to the inability
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Abstract

INTRODUCTION. The temporomandibular joint (TMJ) plays a crucial role in mastication, speech, and main-
taining overall postural balance. Dysfunction in TMJ biomechanics can lead to local pain, functional limita-
tions, and postural disturbances. Despite advances in digital technologies and the integration of osteopathy
into dental practice, there remains a lack of accessible and validated tools for dynamic TMJ monitoring.

AIM. To develop and validate a method for quantitative assessment of mandibular biomechanics using
craniometric measurements and digital technologies.

MATERIALS AND METHODS. Ninety patients aged 19 to 61 years with TMJ dysfunction and extra-occlusal
disorders were enrolled. Participants were divided into a main group, which received both dental and
osteopathic treatment, and a control group, which received dental treatment only. Standardized digital
imaging was performed pre- and post-treatment. Mandibular deviation was assessed by measuring the
angle and perpendicular distance from the sagittal plane using a mobile application. Statistical analysis was
performed using IBM SPSS Statistics version 26.0, with significance set at p < 0.05.

RESULTS. A statistically significant reduction in mandibular deviation was observed in both groups (p < 0.05),
with the main group showing greater improvements. The findings support the effectiveness of combining
osteopathic correction with dental therapy in restoring mandibular biomechanics.

CONCLUSIONS. The proposed method provides an objective and efficient tool for assessing the outcomes of
dental and osteopathic interventions in patients with TMJ dysfunction and offers potential for early detection
of biomechanical impairments.
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C NOMOLLbIO NMPOrpaMMHO-aNNapaTHOro KoMnJeKca

T.l. Maknusan'l<, E.B. lN'ycakoea?(?, 3.C. Xa6anse®(), A.C. Cynumos*

"MeauumnHcku ueHTp «OcTeonoankanHnk», r. Mocksa, Poccuinckas denepauma

2 UeHTpanbHaa rocynapcTBeHHaa MeauumHckad akagemms Ynpasnenus genamu MNpesungeHTa Poccunckon depepaunu,
r. MockBa, Poccuiickaa @egepauns

¥ POCCUINCKMI yHUBEPCUTET ApYXObl HAPOAOB UM. MNaTpuca Jlymym6hl, . MockBa, Poccuiickaa deaepauns

* MUP3A — PoCcuinckui TexXHON0rm4eckuit yHmsepcuteT, r. Mocksa, Poccuiickaa degepauns

> osteotigr@gmail.com

Pesiome

BBEOEHMWE. BUCOYHO-HUXHEYENIOCTHOW CYCTaB UrpaeT KJII0YEBYIO POSb B 06ecnedeHnn GyHKLUMI XXeBaHu1s,
peun n nopaepxaHus obuiero noctypanbHoro 6anaHca. HapyweHus ero 6MoMexaHukm MoryT BAUSITb He
TOJNIbKO Ha NIOKaNbHYIO 60/b U PYHKUNOHANbHbIE OFPAHNYEHUS, HO 1 Ha obLLee COCTOSSHME OCaHKU U Noa-
BUXXHOCTM BCEr0 OMOPHO-ABUraTeNbHOro annapara. 3a nociefHne rogbl B CBA3M C aKTUBHbIM PA3BUTUEM
LUMDPOBBLIX TEXHONOT NI U MHTErpaLmm 0CTEONATMM B CTOMATONIONMYECKYIO NPaKTMKY CTann co34aBaTbCs Obl-
CTpble, MaJIONHBa3NBHbIE METOAbl OLLEHKW BbISIBIIEHUS HAPYLUEHNA BUOMEXaHMKN BUCOYHO-HUXHEYENOCT-
HOro cycTtaB. TeM He MeHee, NMoKa HeT JOCTYMHbIX, 00LWEeAOCTYMNHbIX U BaINAN3UPOBAHHbBIX PELUEeHUI Ans
OMNHaMNY4ECKOrO MOHUTOPUHra.
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LLENTb NCCNTIEOOBAHUSA. PaspaboTatb cnocob oueHKM B1OMEXaHNKM HUXKHEN YeNtioCTM Ha OCHOBE KPaHWO-
METPUYECKMX UBMEPEHNI C NCNOb30BAHNEM LMPPOBLIX TEXHONOIMMN.

MATEPUAJblI 1 METOAbI. MNpoBeneHo uccneposaHne ¢ ydyactuem 90 naumeHToB B Bo3pacte oT 19 go
61 roga ¢ AncdyHKUMEN BUCOYHO-HUXKHEYEIOCTHOrO CycTaBa 1 Hanymem 3KCTPaOKKIIIO3NOHHBIX HapyLle-
HUI. MauneHTbl 6blIN pasaeneHbl Ha OCHOBHYO N KOHTPOJIbHYIO FPYMMbl; OCHOBHOW rpynne NOMMMO cToMa-
TOJIOFMYECKOIO JIeYEHNS NPOBOAMIACL OCTEONATUYeCKasa Koppekuums. 1na cpaBHEHNS PE3YNbTAaTOB Ie4YEHUS
nenann GoTo naumeHTa ¢ OTKPbITbIM PTOM, NOC/Ie Yero NPOBOANTCSH N3MEPEHNE OTKJIOHEHUSI HUXHEN Ye-
NOCTN OT CarnTTaNbHOM JIMHUX MO KPAaHMOMETPUYECKMM TouykaM. N3Mepsnnceb yron OTKIOHEHUS N ANNHA
HOpMann oo carnTtanbHOM NNHUK. CTaTUCTUYECKNIA aHaNW3 BhIMOJIHANCS C Mcnofib3oBaHnem IBM SPSS 26
npwv ypoBHe 3Ha4ymmocTun p < 0,05.

PE3VYJIbTATbBI. ¥ nauyeHToB 06enx rpynn OTMEYeHO CTaTUCTUYECKU 3HAYMMOE YMEHbLUEHNE OTKJIOHEeHUS
HUXHEN YenocTm nocne neveHuns (p < 0,05), npn 3ToM OCHOBHas rpynna nokasasna 60nee BbipaXeHHbIE yyy-
weHus. [laHHble noaTBepannn adPeKTUBHOCTb NPUMEHEHNSA OCTEONATUYECKOI KOPPEKLINUM B COYETAHUM CO
CTOMATONOrMYECKMM JIEHEHMEM AJ11 BOCCTAHOBIEHNS BUOMEXAHMKN HUXKHEN YENIOCTH.

BbIBOAbI. NMpennoxeHHbIn cnocob No3BossieT 00bEKTUBHO OLEHUTb 3P DEKTUBHOCTL CTOMATO/IOMMYECKOro
WM OCTEONATUYECKOrO NIEYEHUS NALMEHTOB C ANCHYHKLMEN BUCOYHO-HMXKHEYENIOCTHOMO CyCTaBa, a Takxe
npeanofoXnTb Hannume ANCPYHKLNN Ha PaHHUX 3Tanax.

KnioueBble cnoBa: OCTEONATUS; CTOMATONOIMUS; AUCHYHKLMS BUCOYHO-HUXKXHEYENIOCTHOrO CycTaBa
UHdopmauuna o ctaTbe: noctynuna — 28.04.2025; ncnpaeneHa — 01.06.2025; npunara — 08.06. 2025
KoH}AMKT uHTepecoB: aBTopbl cO06LLaI0T 06 OTCYTCTBUN KOHMIMKTA MHTEPECOB.

BnaropgapHocTu: GHAHCUPOBAHWE U HANBMOYaANbHbIE 611arofapHOCTY AN OEKNAPUPOBAHNSA OTCYTCTBYIOT.

Ana umtupoBaHua: MakunuaH T.I., ycakoBa E.B., Xaban3se 3.C., Cynumos A.C. Cnocob onpeaeneHns na-
MEHEHNS BMOMEXAHUKN HUXHEN YENOCTU C MOMOLLbIO MPOrpaMMHO-annapaTHOro Komnnekca. SH40A40HTUS

Today. 2025;23(2):347-351. https://doi.org/10.36377/ET-0104

INTRODUCTION

The temporomandibular joint (TMJ) plays a vital role
in mastication, speech, and the maintenance of over-
all postural balance. Dysfunctions in TMJ biomechan-
ics can result not only in localized pain and functional
impairments but also in broader postural disturbances
affecting the musculoskeletal system.

Currently, the primary diagnostic methods for as-
sessing mandibular mobility and biomechanics include
cone-beam computed tomography (CBCT), magnetic
resonance imaging (MRI) with functional tests, and the
fabrication of dental models on articulators. While these
methods provide high diagnostic accuracy, they are
time-consuming, require specialized expertise, and are
not suitable for dynamic monitoring during the course of
treatment [1]. Moreover, the use of ionizing imaging mo-
dalities necessitates justification due to associated risks.

In recent years, there has been a growing interest in
integrating osteopathic approaches into dental prac-
tice. Interdisciplinary conferences, peer-reviewed pub-
lications, and doctoral research increasingly highlight
the clinical synergy between these specialties [2]. Os-
teopathic practitioners play an active role in managing
musculoskeletal dysfunctions of the TMJ, emphasizing
the biomechanical interrelations between the joint and
the broader postural system.

Additionally, emerging evidence points to the influ-
ence of extra-occlusal disturbances and overall postural
balance on TMJ kinematics and mandibular biomechan-
ics [3]. Nevertheless, there remains a lack of accessible,
rapid, and validated methods for the objective dynamic
assessment of these interactions in clinical practice.

In response to these challenges, we propose a novel
method for the quantitative assessment of mandibular
biomechanics using craniometric analysis supported
by digital technologies.

dHdodoHmus
————TLT

AIM

This study focuses on the development and valida-
tion of a method for the dynamic evaluation of vertical
mandibular movements based on digital craniometric
measurements.

MATERIALS AND METHODS

According to the Helkimo Index, an acceptable man-
dibular deviation is defined as not exceeding 2 mm [4]
(Fig. 1), measured at the gnathion - the point located
at the lower border of the mandible where it intersects
the midsagittal plane. The line connecting the cranio-
metric landmarks nasion (N) and subnasale (Sn) is posi-
tioned along the sagittal plane. Since the angle formed
between the N-Sn line and the N-Gn line (gnathion) is
invariant to facial scaling in photographs, itis utilized by
the “TMJ Master” mobile application to assess mandib-
ular position (Fig. 2).

Nasion

Subnasale ()

Gnathion

2mm
Fig. 1. Angle between the Sn—N and Gn-N lines
Puc. 1. Yron mexgy nuHmamm Sn—-N n Gn-N
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Fig. 2. Calculation of the angle between the Sn—N
and Gn-N lines in the mobile application

Puc. 2. Pacuet yrna mexay nmHusamm Sn—N n Gn-N
B MOOUILHOM MPUIOXEHUN

Table 1. Distribution of patients by sex and age
Tabnuua 1. PacnpeneneHne nauMeHToB Mo nony

N BO3pPaCTy
Parameter M(a’i,n=g;;)up COr;:r:Ifsr)oup P
Age
M, SD 39.29(11.35) 39.82(12.43) 0.837
Me (Q1-Q3) 39(29.5-48.0) | 39(29.5-51.0)
Min, max 20; 60 19; 61
Sex
Male 17 (37.8%) 21 (46.7%) 0.393
Female 28 (62.2%) 24 (53.3%)

Table 2. Mandibular deviation (mm)
Tabnuua 2. OTKNOHEHME HUXHEN YentoCTy (MM)

Main group (n =45) |Control group (n = 45)
Mandibular
deviation Before After Before After
treatment | treatment | treatment | treatment
Me 3.01* 2.40%** 3.21* 2.92% **
Q1-Q8 2.86-3.18 | 2.27-2.56 | 2.83-3.67 | 2.53-3.37

Note. * Statistically significant difference (p < 0.05) before

and after treatment within each group.

** Statistically significant difference (p < 0.05) between the

main and control groups after treatment.

lMpumeyvaHums. * CtaTtncTuyeckn aHadmmas pasHuua (p < 0,05)

0,0 1 Nocne NedYeHnst BHYTPY Kaxaoi rpynnbl.

** Cratuctmyeckn 3Hauymmasa pasHuua (p < 0,05) mexay

OCHOBHOW M KOHTPOJIbHOM rpynnamm nocne nevyeHus.
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The a angle was automatically calculated by the ap-
plication for each uploaded image during the treatment
course. A reduction in this angle was anticipated follo-
wing effective therapy.

For the final evaluation, the real-world length of the
perpendicular line from the gnathion to the N-Sn line
was measured. A scaling factor was applied, determined
by the ratio between the physical distance of standard
anthropometric reference points on the patient and the
corresponding distance on the photograph.

Standardized digital imaging was performed under
consistent conditions: patients stood on a level surface
with their mouths open, ensuring that only the head was
within the frame.

To validate the hypothesis, a cohort of 90 patients
aged 19 to 61 years with temporomandibular joint dys-
function (TMJD) and extra-occlusal disorders was en-
rolled. Participants were randomly assigned to either
a main group or a control group, with no significant dif-
ferences in sex or age between groups (Table 1). Both
groups received dental treatment, while only the main
group underwent additional osteopathic intervention.
Dental therapy consisted of splint therapy, while os-
teopathic treatment targeted the correction of extra-
occlusal imbalances. Standardized digital imaging was
conducted before and after the treatment period to as-
sess changes in mandibular deviation from the sagittal
line. Statistical analysis was performed using IBM SPSS
Statistics version 26.0, with a p-value < 0.05 considered
statistically significant [5; 6].

RESULTS

Following the treatment, a statistically significant
reduction in mandibular deviation (p < 0.05) was ob-
served in both groups (see Table 2). Greater improve-
ments were noted in the main group, which received ad-
ditional osteopathic intervention

Analysis of variance (ANOVA) revealed a significant
interaction between group and treatment (p < 0.05),
confirming that the addition of osteopathic correction
had a more pronounced effect on the restoration of
mandibular biomechanics.

Additionally, a tendency toward improved symmetry
in mouth opening was observed, as evidenced by a re-
duction in patient-reported joint clicking and subjective
improvement in symptoms recorded through patient
questionnaires.

DISCUSSION

Analysis of the obtained data revealed that in 84%
of cases, the direction of mandibular deviation corre-
sponded to the side of the local somatic dysfunction
of the TMJ identified during osteopathic examination.
These findings were also consistent with electromyo-
graphic results, which demonstrated hyperactivity of
the masticatory and temporalis muscles on the same
side as the osteopathically diagnosed dysfunction.

This observation supports the existing osteopathic
literature, which suggests that somatic dysfunction
tends to localize where mobility is restricted — specifi-
cally, in the hypomobile temporomandibular joint. Pre-
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viously, objective instrumental data confirming this hy-
pothesis had not been presented [7].

Hypomobility in the TMJ region can manifest at mul-
tiple levels, including the ligamentous structures, mus-
cular system, intra-articular components, fascial tis-
sues, or even within the osseous structures.

Typically, in such cases, the contralateral TMJ
adopts a compensatory function, becoming hypermo-
bile, “overstretching”, and progressively losing stability.
As a result, asymmetry develops, characterized by one
joint remaining hypomobile while the other becomes hy-
permobile. The range of motion of the hypomobile joint
is reduced compared to the compensatorily overload-
ed joint, leading to mandibular deviation during mouth
opening relative to the midline. This biomechanical dis-
turbance is often clinically manifested as an asymmetric
smile or deviation during active mandibular movements,
which is considered an unfavorable clinical finding.

CLINICAL CASES

Case 1l

Patient A., a 25-year-old male, presented to the
Osteopolyclinic with complaints of asymmetric mouth
opening, clicking in the right temporomandibular joint
(TMJ), and thoracic spine pain.

Fig. 3. The right TMJ is hypomobile,

and the left TMJ is hypermobile

Source: [7]

Puc. 3. lNpaeas BHYC - runomobunsHa,
nesas BHYC - runepmobunbHa
UcTo4uHuk: [7]

dHdodoHmus
————TLT

A previous dental examination had diagnosed him
with a dentoalveolar anomaly and right-sided TMJ
dysfunction. The diagnoses according to ICD-10 were
K07.20 (Distal occlusion) and KO7.6 (TMJ disorders).

Osteopathic examination revealed a dominant so-
matic dysfunction of the thoracic region, a local so-
matic dysfunction at the TMJ level, and extra-occlusal
influences of the primary somatic dysfunction on the
chronic local TMJ dysfunction. The ICD-10 code was
M99.0 (Segmental or somatic dysfunction).

To objectively assess mandibular biomechanics be-
fore and after osteopathic correction, the “TMJ Master”
mobile application was used. Craniometric points were
identified via photodocumentation. Analysis results
demonstrated a statistically significant improvement:
after osteopathic correction, the angle between the
gnathion and the sagittal line decreased.

Case 2

Patient S., a 27-year-old female, presented to the
“Dilos” dental clinic with complaints of asymmetric
mouth opening, clicking in the left TMJ, and thoracic
spine pain.

A dental examination diagnosed her with a dentoal-
veolar anomaly and left-sided TMJ dysfunction. The
ICD-10 codes were K07.20 (Distal occlusion) and K07.6
(TMJ disorders).

Orthodontic and prosthetic treatment was recom-
mended. During the preparation phase, cone-beam
computed tomography (CBCT) was performed for TMJ
visualization, dental impressions were taken for model
fabrication on an articulator, and an initial biomechani-
cal assessment was conducted using the “TMJ Master”
application.

An individual occlusal splint was fabricated and pre-
scribed. After one month of regular use, the patient re-
turned for a follow-up assessment.

Biomechanical evaluation of the mandible before
and after osteopathic correction of extra-occlusal dis-
turbances was again performed using the “TMJ Mas-
ter” application. Craniometric measurements based
on photodocumentation revealed a statistically signifi-
cant improvement: a reduction in the angle between
the gnathion and the sagittal line was observed post-
correction.

CONCLUSION

The application of the described method based on
a software-hardware system and a mobile application
enabled a quantitative assessment of changes in man-
dibular biomechanics in patients with TMJ dysfunc-
tion. The data obtained confirm the clinical relevance
of deviation measurements based on craniometric
landmarks as an objective criterion for evaluating the
effectiveness of dental and osteopathic treatments.
The methodology demonstrated high sensitivity and
may be used not only for monitoring treatment dyna-
mics but also as a tool for the early detection of dys-
functions. However, further research with larger sam-
ple sizes and control of additional variables is required
to enhance the validity of the results.

Volume 23, no. 3/ 2025



REFERENCES / CTUCOK JINTEPATYPbI

1.

llyin A.A., Fazylova T.A., Dergilev A.P., Sudarkina A.V.,
Olesov E.E., Olesova V.N. Radiation diagnostics in
treatment of displacement of a joint disk of a temp-
jaw joint and myofascial disorders. Medical Radiology
and Radiation Safety. 2021;66(3):29-34. https://doi.
org/10.12737/1024-6177-2021-66-3-29-34 (In Russ.)
MnbmH A.A., dasbinosa T.A., Oeprunes A.l., Cynap-
knHa A.B., OnecoB E.E., Onecosa B.H. JlyueBas auna-
FTHOCTUKA MNpun nevyeHnMn cmelleHna CyCTaBHOIro gucka
BUCOYHO-HMXHEYEIOCTHOro cycTaBa U Mmodacuyaib-
HbIX pacCcTponcTB. MeaunumnHckas paamosiorvs n pagma-
umoHHas 6esonacHocTtb. 2021;66(3):29-34. https://doi.
org/10.12737/1024-6177-2021-66-3-29-34

On June 8-10, 2024 the Congress “Osteopathy Open
2024. Osteopathy in Russia and in the World: History
and Modernity” was held. Russian Osteopathic Journal.
2024;(3):133-136. (In Russ.)

8-10 nioHa 2024 r. npowen Konrpecc «Osteopathy Open
2024. Octeonatua B Poccum n B Mupe: UCTOpuUst N co-
BPEMEHHOCTb». POCCUICKNE OCTEONaTU4eCKnil XypHaJl.
2024;(3):133-136.

Minervini G., Franco R., Marrapodi M.M., Crimi S.,
Badnjevi¢ A., Cervino G. et al. Correlation between
Temporomandibular Disorders (TMD) and posture eva-
luated trough the Diagnostic Criteria for Temporo-
mandibular Disorders (DC/TMD): A systematic re-
view with meta-analysis. J Clin Med. 2023;12(7):2652.
https://doi.org/10.3390/jcm12072652

Arushanyan A.R., Popko E.S., Konnov S.V. Assessment
of the prevalence of symptoms of musculoskeletal dys-
function in persons visiting a dental clinic. Bulletin of

INFORMATION ABOUT THE AUTHORS

551

Medical Internet Conferences. 2015;5(12):1755-1756.
(In Russ.)

ApywansH A.P.,, MNMonko E.C., KoHHoB C.B. OueHka pac-
NMPOCTPAHEHHOCTN CUMNTOMOB MbILIJe'-IHO-CyCTaBHOI7I
oMchyHKUMM Y nny, obpallalolmnx B CTOMaTonornye-
CKYIO MOJIUKJIMHUKY. BbronnereHb MenNLNHCKUX NHTep-
HeT-koHpepeHumni. 2015;5(12):1755-1756.

. Solleveld H., Slaets B., Goedhart A., VandenBossche L.

Associations of masticatory muscles asymmetry and
oral health with postural control and leg injuries of elite
junior soccer players. J Hum Kinet. 2022;84:21-31.
https://doi.org/10.2478/hukin-2022-0086

larygina E.N., Makedonova Yu.A., Shkarin V.V., Pavlova-

. Adamovich A.G., Devyatchenko L.A., Dyachenko S.V. Ul-

trasound assessment of the structure of the masticatory
muscles against the background of relief of myofascial
pain syndrome. Endodontics Today. 2024;22(3):288-294.
(In Russ.) https://doi.org/10.36377/ET-0033

ApbirvHa E.H., MakegoHosa l0.A., LkapwvH B.B., NaBno-
Ba-ApamoBud A.l., eatyenko J1.A., AbayeHko C.B. Ynb-
TPa3BYKOBasd OUEHKa CTPYKTYpPbl XeBaTeJ/ibHbIX MbILLL],
Ha ¢OoHe KynupoBaHus MuodacumansHoro 6oseBoro
cuHgpoma. 9HaoaoHTus Today. 2024;22(3):288-294.
https://doi.org/10.36377/ET-0033

Babkin O. Temporomandibular joint: posture with its dys-
function. August 31, 2015. Accessed May 24, 2025. Avail-
able at: https://osteopatbabkin.blogspot.com/2015/08/
TMJ-postura.html (accessed: 24.05.2025).

BabkuH O. BUCOYHO-HUXHEHEIIOCTHOM CyCcTaB: 0CaHKa
npu ero anceyHkumm. 31 aBrycta 2015 r. Pexum po-
ctyna: https://osteopatbabkin.blogspot.com/2015/08/
TMJ-postura.html (nata o6paiteHms: 24.05.2025).

Tigran G. Makichyan - Osteopathic Physician, Doctor of Osteopathy, Medical Clinic “Osteopolyclinic”, 7-4 Bolshaya
Tatarskaya Str., Moscow 115184, Russian Federation

Elena V. Gusakova - Dr. Sci. (Med.), Professor, Central State Medical Academy of the Administrative Directorate of the
President of the Russian Federation, 19/1a Marshal Timoshenko Str., Moscow 121359, Russian Federation; https://orcid.
org/0000-0002-9711-6178

Zurab S. Khabadze - Dr. Sci. (Med.), Associate Professor, Department of Therapeutic Dentistry, Medical Institute, Peo-
ples’ Friendship University of Russia named after Patrice Lumumba (RUDN University), 6 Miklukho-Maklaya Str., Moscow
117198, Russian Federation; https://orcid.org/0000-0002-7257-5503

Alexander S. Sulimov - Scientist Specializing in Computational Chemistry and Molecular Modeling; Russian MIREA — Russian
Technological University, 78 Vernadsky Avenue, Moscow 119454, Russian Federation; https://orcid.org/0009-0002-0159-6048

UHOOPMALUA OB ABTOPAX

MakuusiH Turpan FpuropoBuy — Bpay-ocTeonar, rmaBHbIn Bpad, MegnumHckasa knvnHmka «OcteononmknmHmnk, 115184,
Poccuiickasa Pepepauns, r. Mocksa, yn. bonblias Tatapckas, a. 7, kopn. 4

FN'ycakoea EneHa BuktopoBHa — A.M.H., npodeccop, LleHTpanbHas rocynapcTBeHHas MeamumMHckasa akagemms Ynpasne-
Husa penamu MpeanaeHTta Poccuinckoii Depepaunn, 121359, Poccuiickas depepaums, r. Mockea, yn. Mapwana TuMoLlleH-
ko, a. 19, cTp. 1A; https://orcid.org/0000-0002-9711-6178

Xab6anse 3ypab CynukoeBud — A.M.H., goueHT, PrAQY BO «Poccuiickunii yHnBepcuTeT opyx06sl HapoaoB nMm. MaTtpuca Jly-
MymMb0bI», 117198, Poccuiickas ®enepauus, r. Mocksa, yn. Muknyxo-Maknas, a. 6; https://orcid.org/0000-0002-7257-5503
CynumoB AnekcaHpp CepreeBuy — y4yeHblii, CNELNANN3NPYIOWNIACSA B 061aCTU BbIYMUCIUTENBHOW XUMUM U MONEKYNSP-
Horo mogenunpoBaHus; Pre0Y BO «MUP3A — Poccuinickuii TeXHONornyeckuii yHmeepcutet», 119545, Poccuitickaa depe-
pauwus, r. Mockea, np. BepHaackoro, a. 78; https://orcid.org/0009-0002-0159-6048

AUTHOR’S CONTRIBUTION

All the authors made equal contributions to the publication preparation in terms of the idea and design of the article; data
collection; critical revision of the article in terms of significant intellectual content and final approval of the version of the
article for publication.

BKJA ABTOPOB

Bce aBTOpbl BHECN PaBHOLIEHHbLIN BKad, B NOAroTOBKY nybnvkauum B 4acTy 3aMbicria U An3anHa uccneposaHus; coopa
OaHHbIX; KPUTMHECKOro NepecMoTpa CTaTby B HAaCTN 3HAYMMOIO UHTENNEKTYalbHOrO COAEPXaHUA N OKOHYaTeNbHOIr0 040~
OpeHunsa BapnaHTa CTaTbl A9 onyO6/IMKOBaHUS.

Tom 23 N2 3/ 2025 ‘ Endodont(cs


https://doi.org/10.12737/1024-6177-2021-66-3-29-34
https://doi.org/10.12737/1024-6177-2021-66-3-29-34
https://doi.org/10.12737/1024-6177-2021-66-3-29-34
https://doi.org/10.12737/1024-6177-2021-66-3-29-34
https://doi.org/10.3390/jcm12072652
https://doi.org/10.2478/hukin-2022-0086
https://doi.org/10.36377/ET-0033
https://doi.org/10.36377/ET-0033
https://osteopatbabkin.blogspot.com/2015/08/TMJ-postura.html
https://osteopatbabkin.blogspot.com/2015/08/TMJ-postura.html
ttps://osteopatbabkin.blogspot.com/2015/08/TMJ-postura.html
ttps://osteopatbabkin.blogspot.com/2015/08/TMJ-postura.html
https://orcid.org/0000-0002-9711-6178
https://orcid.org/0000-0002-9711-6178
https://orcid.org/0000-0002-7257-5503
https://orcid.org/0009-0002-0159-6048
https://orcid.org/0000-0002-9711-6178
https://orcid.org/0000-0002-7257-5503
https://orcid.org/0009-0002-0159-6048

552
Review Article M) Check for updates

https://doi.org/10.36377/ET-0105

The possibility of full-arch rehabilitation
for edentulous patients supported by 4 dental implants

Vladislav S. Chudanov(>[l<, Andrei M. Panin(2, Aleksandr M. Tsitsiashvili(>,
Avtandil M. Khorguani

Russian University of Medicine, Moscow, Russian Federation
< chudanov99@mail.ru

Abstract

AIM. The objective of this study is to review possible methods of fixed prosthesis for patients with complete
edentulousness using 4 dental implants.

RESULTS. Patients with complete edentulousness and significant alveolar bone atrophy often complain about
unsatisfactory fixation of complete removable dentures. Dental implantation is used to make prostheses
with stable fixation. Full fixed prostheses supported by 6—8 dental implants have the greatest stability and
strength indicators, however, in some cases, with significant bone atrophy, the placement of a large number
of implants is impossible. The “All-on-4” technique was proposed to accelerate the rehabilitation of elderly
edentulous patients, which allows making fixed prosthesis supported by 4 dental implants without bone
grafting procedures. This treatment method involves the installation of distal implants at an angle to the frontal
plane in order to position the prosthetic platforms in the premolar area, which reduces the length of the distal
console elements and distributes the occlusal load more evenly.

CONCLUSIONS. The “All-on-4” technique has become widespread among dentists due to its relative ease
of performance, low cost and quick rehabilitation of edentulous patients. This treatment method shows high
survival and success rates, and thus can be an effective alternative to placing more implants. However, this
method of treatment requires further study from the point of view of functional changes of the dento-alveolar
system in patients with complete absence of teeth and justification using the methods of electromyography of
masticatory muscles and digital analysis of occlusion, as well as determination of critical values of angles of
inclination of distal implants using the method of mathematical modeling.
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B0O3MOXXHOCTU HECbEMHOro NpoTe3MpoBaHUA NALUEHTOB
C NMOJIHBIM OTCYTCTBUEM 3YyboB
C ONopoi Ha 4 AeHTa/NbHbIX UMMJIAHTA

B.C. YypnaHoB("' <, A.M. MNannu>, A.M. Ununawsunu(>, A.M. Xopryaum

Poccuicknin yHmBepcuteT MeauunHel . MockBa, Poccuinckas ®epnepauns
< chudanov99@mail.ru

Pesiome

LIEJTIb. O630p MeTOO4a HECLEMHOIO NPOTE3NPOBAHNSA NALMEHTOB C NOMHBLIM OTCYTCTBMEM 3yOOB C MCMOb30-
BaHmem 4 AEHTaJIbHbIX UMMNJ1AHTATOB.

PE3VYJIbTATbI. MauneHTbl ¢ NOAHBIM OTCYTCTBMEM 3yOOB 1 BbIpaXEHHOV aTpoduer anbBeonsapHON KOCTU
NP NCNos1b30BaHUU MOJTHbIX CbEMHbLIX MPOTE30B YaCTO NPeabABAIOT XanooObl Ha KX HeynoBneTBopuTesb-
Hylo dukcaumio. C uenbio ynydweHns dukcaunm npoTe3oB NPUMEHSAETCS METOA AeHTallbHOM MMMNNaHTa-
umn. Hanbonblueit yCTOMYMBOCTBIO M MPOYHOCTHBLIMUW CBOMCTBaMY 06/1a4at0T NOJIHbIE HECbEMHbIE NPOTE3bl
C OnopoW Ha 6-8 AeHTaNbHbIX UMMNIAHTATOB, OAHAKO B PSAE ClyyYaeB MpPu BbIPaXeHHOW atpoduin KOCTHOMN
TKaHM ycTaHoBKa 60/bLLIOIro KoIMYecTBa MMNaHTaToB HEBO3MOXHAa. C Lenblo 6onee 6bIcTpon peabunuta-
umm 6e33y0Obix NALMEHTOB C BblpaXXeHHOW aTpodunen anbBeoNsiPHOM KOCTHY, a TakXKe NauuMeHTOB C coMaTuye-
ckow natonoruen, bbina npeanoxeHa metoanka «All-on-4», N03BoNAIOLLAS U3BrOTOBUTb HECbEMHbIV NPOTE3
C ONOpoW Ha 4 geHTanbHbIX UMMNNaHTaTa, He npuberas K O6LWMPHBIM KOCTHO-MIACTUYECKUM ONMEpPaLLUsM.
[aHHbIn MeToa, NedYeHnsa nNpennosaraeT yCTaHOBKY AUCTalIbHbIX UMMIAHTATOB NOJA, YIIOM K GPOHTaNIbHOMN
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MOCKOCTU C LEeNbio pacnosioxeHus optoneanyeckmx nnatdopm B 061aCTv NPEMONISPOB, YTO NO3BONSET
YMEHbLNTb AJIMHY ONCTaNbHbIX KOHCOJbHbIX 3JIEMEHTOB 1 6051ee paBHOMEPHO PaCNpPenennTb OKKTIO3NOH-
HYIO Harpysky.

BbIBOAbl. Metoaunka «All-on-4», nonyynna wmnpokoe pacnpocTpaHeHne cpean ctoMmaTosioros BcneacTeme
OTHOCUTEJIbHO MPOCTOTbI BbINOJIHEHUS, OeleBU3Hbl U ObICTPOThI peabunutaunm 6e33yOblx NauneHTOoB.
OTOT METOS, NNeYEeHUs AEMOHCTPUPYET BbICOKME MOKA3aTENN BbIXXMBAEMOCTM N YCAELWHOCTU, @ 3HAYUT, MO-
XeT O6bITb 9dDEKTUBHOM anbTePHATUBON yCTaHOBKEe 60JbLUEro konnyecTsa uMmnnaHtTatos. OgHako, AaHHbIN
MeTon neveHus TpedyeT ganbHenLwero n3y4eHns ¢ To4Ku GYHKLNOHAIbHbIX U3BMEHEHUIM 3y604eNtioCTHOM CU-
CTEMbI Yy MaLUNEeHTOB C MOJIHbIM OTCYTCTBMEM 3yOOB M 0BG0OCHOBAHNS C UCMOJIb30BAHNEM METOLOB 3JIEKTPO-
Munorpadum XeBaTesbHbIX MbILL, M LMPPOBOro aHann3a OKk3nn, a Takxke onpeaeneHns KpUTU4ECKnX 3Ha-
YEeHW YrNoB HaKIOHa ANCTaNIbHbIX MMMIAHTATOB C MOMOLLbIO METO4A MAaTeEMaTMYECKOro MOAENNPOBAHUS.

KnioueBble cnoBa: uMnnaHTar, aaeHTma, atpodus, npote3mposaHue, All-on-4

UHdopmauuma o ctaTbe: noctynuna — 14.05. 2025; ncnpasnena — 29.05.2025; npuHata — 10.06.2025
KoH®AUKT nHTepecos: aBTOPbl COOOLLAIOT 06 OTCYTCTBUMN KOHPNNKTA UHTEPECOB.

BnaropgapHocTu: GUHAHCUPOBAHME U MHANBMOYaNbHbIE 611arofapHOCTY AN AEKNAPUPOBAHNSA OTCYTCTBYIOT.

Ana uutuposanuma: HynaHos B.C., MaHuH A.M., Ununawsnnmn A.M., XopryaHun A.M. BO3MOXHOCT HECbEMHO-
ro NPOTEe3MPOBaHMS MNALMEHTOB C MOSIHLIM OTCYTCTBMEM 3yOOB C ONOPON Ha 4 AEHTasbHbIX UMMAaHTa. SH40-
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INTRODUCTION

According to the World Health Organization, 29% of
individuals aged 65-74 worldwide suffer from complete
edentulism. This condition can be addressed through
two principal prosthetic options: the fabrication of
complete removable mucosa-supported dentures or
the placement of prosthetic constructions supported
by dental implants. The absence of teeth may lead to
difficulties or inability to chew food, impaired social in-
tegration, and psycho-emotional discomfort due to
compromised speech and esthetic deficiencies. Fur-
thermore, long-term edentulism results in functional
disturbances of the stomatognathic system, includ-
ing temporomandibular joint dysfunction and altered
masticatory muscle activity. The most significant di-
sadvantage of removable mucosa-supported dentures
is their inadequate retention, particularly in cases of
pronounced alveolar ridge atrophy [1]. This can lead not
only to mechanical damage of the prosthesis—such as
fracture or increased wear of artificial teeth—but also to
exacerbation of functional impairments. Nevertheless,
the relatively low cost of such prostheses and the ab-
sence of additional surgical interventions make them an
attractive solution, although every prosthetic method
presents both advantages and significant limitations.

In contemporary dental practice, dental implants
are widely used for the replacement of missing teeth to
provide support for both removable and fixed prosthetic
constructions. This has greatly expanded treatment
possibilities for patients with complete edentulism [2].
Numerous studies have been published to determine
the optimal number of dental implants required for ful-
I-arch rehabilitation. In a 2010 study, V.V. Korkin con-
ducted a comparative analysis of the survival of pros-
thetic constructions with different numbers of suppor-
ting implants using the Schileicher-Nadan criterion,
which evaluates the combined effects of tensile, com-
pressive, and shear stresses. The highest biomechani-
cal strength in the “fixed prosthesis—endosseous im-
plants—alveolar bone” system was observed when six to
eight vertically placed implants were used [3].

However, several anatomical characteristics of the
makxilla, such as extensive pneumatization of the ma-
xillary sinus and bone atrophy due to periodontitis and
long-term tooth loss, often result in insufficient bone
volume for the placement of six to eight dental implants,
necessitating sinus augmentation procedures. On the
mandible, vertical alveolar bone resorption progresses
at an average rate of 0.2 mm per year. When combined
with periodontal bone defects, this often requires bone
grafting before implant placement. Performing exten-
sive bone augmentation procedures in elderly patients
with comorbidities carries an increased risk of compli-
cations. Moreover, in many cases, the actual bone vo-
lume gain after augmentation is minimal, which may ne-
cessitate repeated surgical intervention. For example,
I. Urban, the author of the guided bone regeneration
technique known as the “Sausage technique”, reports
that additional augmentation is often required at the
stage of implant placement within the previously rege-
nerated area to ensure long-term volume stability [4].

Given these considerations, alternative treatment
options to the placement of six to eight dental implants
should be explored in specific clinical scenarios — one
such alternative being the use of fourimplantsin regions
with favorable anatomic conditions. The fabrication of
afixed prosthesis supported by dental implants in cases
of severe alveolar ridge atrophy requires careful plan-
ning of implant positioning and prosthetic design. One
of the complications associated with fixed prostheses
supported by four implants in fully edentulous patients
is bone resorption around the implants caused by ex-
cessive loading resulting from altered stomatognathic
function. According to D. Wismeijer, P. Casentini, G. Gal-
lucci, and M. Chiapasco, the majority of cases of bone
resorption and implant failure occurred in the distal
segments, underscoring concerns regarding the long-
term survival of fixed full-arch prostheses supported by
only four dental implants [5].

Since the 1960s, standard Toronto-type implant-
supported prostheses have been widely used in the
treatment of edentulous patients, particularly in cases
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of severe jaw atrophy. When four dental implants are
used to support a fixed prosthesis, they are typically
placed vertically in the anterior region of the mandible
between the mental foramina. To avoid implant place-
ment in the molar area, the distal cantilever extensions
of such prostheses often reach lengths of up to 20 mm.
However, cantilever lengths exceeding 15 mm are as-
sociated with a higher risk of complications, such as
screw loosening, chipping of the veneering ceramic,
framework fracture, significant bone resorption around
the implants, and loss of osseointegration.

In his monograph, E. Agliardi cites Tulasne et al.,
who in 1989 proposed a protocol for placing 20-22 mm
long implants into the pterygoid process of the sphe-
noid bone at an angle of 35-55 degrees. This approach
was later modified: implants were instead placed in the
pterygoid-maxillary region, parallel to the distal wall of
the maxillary sinus, often without engaging the ptery-
goid process itself.

In 2000, Krekmanov et al. analyzed the effect of ex-
tending the prosthetic span of full-arch fixed restora-
tions on both jaws by tilting the distal implants. This an-
gulated implant placement allowed for better distribu-
tion of occlusal forces, reduction in the length of distal
cantilevers, and improved implant survival rates within
fixed prosthetic constructions. The survival rate of tilted
implants reached 95.7%, compared to 90.2% for verti-
cally placed implants, with no significant differences
found in force and bending moments at the level of each
implant [6]. As a result, tilted implant placement has be-
come a well-established clinical practice and a viable
alternative to bone augmentation procedures.

AIM

To review current approaches to fixed prosthetic re-
habilitation in completely edentulous patients using four
dental implants, including protocols involving the place-
ment of tilted implants.

RESULTS

Between 2003 and 2005, P. Malo introduced the “All-
on-4” protocol, which allows for the fabrication of a fixed
full-arch prosthesis supported by four dental implants.
In this technique, the two anterior implants are placed
vertically in the region of the central or lateral incisors,
while the two posterior implants are tilted at an angle of
30-45 degrees to the frontal plane in order to position
the implant platforms in the region of the first or second
premolars. This configuration avoids the need for bone
grafting procedures and minimizes the risk of injury to
critical anatomical structures. Tilting the posterior im-
plants significantly reduces biomechanical forces and
distributes occlusal load more efficiently than the use of
five vertically placed implants. The prosthetic structure
typically consists of a 12-unit acrylic prosthesis rein-
forced with a titanium framework, screw-retained onto
multi-unit abutments.

In 2019, P. Mal6 published a retrospective long-term
follow-up study on the “All-on-4” concept with an ob-
servation period ranging from 10 to 18 years. The study
included 471 patients who received 1884 implants and
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471 fixed prostheses. The primary outcome measu-
res were prosthesis and implant survival rates, while
secondary outcomes included marginal bone loss at
10 and 15 years, as well as biological and mechanical
complications. A total of 176 patients (37%) were lost to
follow-up. The cumulative prosthesis survival rate was
98.8%, and implant survival and success rates were
93% and 91.7%, respectively, over the 18-year obser-
vation period [7].

The relative simplicity of the procedure, reduced
cost due to the absence of bone grafting materials, and
growing global adoption of the “All-on-4" technique
have inspired continued research. In a 2014 study by
M. Taruna, B. Chittaranjan, and colleagues, which
focused on the prosthetic success of the “All-on-4”"
method, particular attention was given to the angula-
tion limits of distal implants, the length of cantilever ex-
tensions, and the importance of prosthetic framework
reinforcement. When an implant is part of a splinted
multi-implant framework, the rigidity of the prosthesis
helps reduce implant bending. A more distal position of
the posterior implant and a shorter cantilever can re-
duce stress on the implant. Theoretical models suggest
that angulated implants allow for a longer prosthetic
framework, which in turn reduces the forces acting on
implants. From a biological perspective, the position of
the prosthetic platform may be more critical than the
actual angle of implant insertion.

Cantilever loading can create a hinge effect, gene-
rating high stress levels on the implants closest to the
load. Excessive cantilever length may lead to defor-
mation of the prosthetic framework and subsequent
complications such as screw loosening, fracture of
acrylic teeth, or even framework fracture. Splinted
tilted implants demonstrate lower stress levels com-
pared to vertically placed implants supporting a can-
tilever. Therefore, reducing prosthesis-induced stress
may improve the longevity of full-arch fixed prostheses
relative to traditional implant positioning. When verti-
cal force is applied to the first premolar area of a tilted
implant, adjacent implants share the load. Since the
prosthesis is loaded between the anterior and pos-
terior implants, the stress is distributed across both,
without overloading the tilted implant.

Long-term studies have shown no significant diffe-
rences in implant survival between maxillary fixed pros-
theses supported by four versus six implants. Stress
distribution and loading patterns were comparable in
four- and six-implant models. Cantilever length should
be minimized, as long extensions significantly increase
stress on distal implants regardless of the number of
supporting implants. Finite element models examined
deformation around distal implants angled at 0°, 15°,
30°, and 45°. No substantial differences were observed
between the 0°, 15°, and 30° groups, although defor-
mation increased at 45°. The recommended maximum
cantilever length is 10-12 mm in the mandible and no
more than 6-8 mm in the maxilla due to lower bone
density [8].

Modern implant systems offer various implant-abut-
ment connection designs, with the most common
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being conical, internal flat-to-flat, and external hexa-
gonal connections. In a 2023 study, Pei-Shuang Wang,
Ming-Hsu Tsai, and colleagues performed a biome-
chanical evaluation of full-arch prostheses supported
by four implants with different connection types. The
implant—-abutment connection type was identified as
a factor influencing occlusal load distribution. Two
groups were compared: one using implants with an ex-
ternal hex connection (4.0 mm diameter) and the other
using conical connections (4.3 mm diameter). All com-
ponents of the “All-on-4” protocol was included in the
analysis—custom titanium frameworks, multi-unit abut-
ments, fixation screws, and implants.

Precise measurements were taken using cali-
pers and a digital microscope, and the models were
additionally scanned with a 3D optical system (Ai-
con SmartScan-HE). CAD software and finite ele-
ment analysis tools were used to create 3D mo-
dels, which were embedded into a bone block model
(50 mm x 30 mm x 40 mm) designed to mimic human
bone, with a 3 mm dense outer cortical layer and an
inner trabecular core. A vertical force of 190 N was ap-
plied at the distal cantilever of the framework.

Both groups showed similar stress levels and dis-
tribution on distal implants under identical load condi-
tions. The highest von Mises stresses were recorded
in the fixation screws, followed by the multi-unit abut-
ments, indicating that these components are the most
vulnerable in the distal implant zone. The lowest stress
values were consistently found in the bone, with slightly
higher bone stress in the external hex group compared
to the conical group. Both groups showed a gradual de-
crease in von Mises stress from the multi-unit abutment
to the implant collar. In the external hex group, stress
was mainly concentrated on the screws and abutments,
whereas in the conical group, the stress was more even-
ly distributed and slightly lower across the framework,
screws, abutments, and bone tissue. Marginal bone re-
sorption was higher in the external hex group, though
the difference was not statistically significant. There-
fore, both connection types are considered clinically
suitable for the “All-on-4" protocol [9].
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Despite the numerous studies devoted to the “All-
on-4” technique—many of which emphasize its versati-
lity and high clinical success—not all meet the criteria for
methodological rigor and objectivity. This concern was
highlighted by David Soto-Pefaloza, Regino Zaragozi-
Alonso, Maria Pefarrocha-Diago, and colleagues in
their 2017 systematic review of the “All-on-4” concept.
An initial screening yielded 728 articles, of which only
24 met the inclusion criteria. Methodological quali-
ty assessment revealed that sample size calculation
was performed in only one study, and follow-up pe-
riods generally included small sample sizes — a limi-
tation that may introduce bias and lead to misleading
interpretations. The reported implant survival rate be-
yond 24 months was 99.8%. However, current evidence
remains limited due to insufficient methodological de-
tail, lack of long-term follow-up, and small participant
cohorts. Biological complications, particularly peri-
implantitis, were reported in a minority of patients after
an average follow-up period of two years. Therefore,
the authors emphasized the need for clearer success
and survival criteria, given the high prevalence of peri-
implant diseases [10].

CONCLUSION

The “All-on-4” technique — which involves the place-
ment of four dental implants (including tilted posterior
implants) and the fabrication of a screw-retained, rein-
forced fixed prosthesis — represents an effective alter-
native to the placement of a greater number of implants
with bone grafting procedures in cases of significant
alveolar bone loss. This protocol substantially reduces
treatment time, facilitates postoperative recovery, and
lowers patient costs by eliminating the need for grafting
materials. However, in our view, this method requires
further investigation concerning the functional changes
of the stomatognathic system in fully edentulous pa-
tients. Specifically, it warrants evaluation using elec-
tromyographic analysis of masticatory muscles, digital
occlusion analysis, and mathematical modeling to de-
fine the critical angulation thresholds for distal implant
placement.
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Morphological evaluation of the fibrin framework
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Abstract

INTRODUCTION. The complexity of the prognosis in the early and late stages of the conservative method of
pulpitis treatment has limited its wide application. The article is aimed at studying and analyzing the potential of
regenerative dentistry, which consistsinrestoring the function and structure of the dental pulp using innovative
technologies. It is considered how biomaterials, fibrin framework (PRF) can be used to achieve this goal based
on an experimental study and morphological assessment of the effect of these materials on the dental pulp.
Platelet-rich fibrin (PRF) is a concentrate of platelets, which in recent years has become increasingly popular
for regenerative procedures. An analysis of the materials used with appropriate conclusions is carried out.
AIM. To conduct a comparative morphological assessment of the use of modern bioactive materials and fibrin
(PRF) as a scaffold in the treatment of pulp hyperemia.

MATERIALS AND METHODS. The experimental part of the study was performed on 8 white laboratory rats of
64 molars of teeth, Wistar lineage, of both sexes, with a body weight of 350-600 g, quarantined for at least
10-14 days, and kept in standard vivarium conditions of the Federal State Budgetary Educational Institution
of Higher Medical Education of the Ministry of Health of the Russian Federation. The animals were divided
into 4 groups — 2 individuals and 16 teeth in each group. Group 1 animals used fibrin (PRF) + “Trioxident”
“Vladmiva”, Group 2 collagen membrane Geistlich Bio-Gide®+ “Biodentine”, Group 3 fibrin (PRF) + “Biodentine”
“Septodont”, Group 4 “Dycal” “Dentsply”. The experiment was conducted under anesthesia (protocol of the
Ethics Committee of the Federal State Budgetary Educational Institution of Higher Education of the Ministry of
Health of the Russian Federation No. 125 dated 09/12/2023). On the chewing surfaces of the 1stand 2" molars,
diamond carbide spherical borons were used to open the tooth cavity with partial pulp exposure. The formed
cavity was treated with 0.05% chlorhexidine solution and dried. The test materials were then applied to the
autopsy area. Experimental animals were removed from the experiment on days 3, 14, and 30. The resulting
biological material was fixed in a 10% neutral formalin solution, decalcified, then poured into a histological
medium and stained with hematoxylin and eosin according to Van Gieson. The sections were obtained on an
Accu-Cut SRM 200 rotary microtome.

RESULTS. In the course of an experimental study in group 1 using fibrin (PRF) + Trioxidant in the area of contact
with the therapeutic material, activation of reactive and compensatory processes in the tooth pulp tissue
was detected while maintaining its viability for 30 days, which indicated the most pronounced regenerative
potential among all the studied groups. As a result of a morphological assessment of micro-preparations of
pulp with direct coating with “Dycal” material, group 4 showed that on the 30" day the pathological process
developed in the pulp is irreversible, because morphological changes were most pronounced: inflammatory
infiltration with the presence of lymphocytes and neutrophils in the infiltrate, sclerotic changes, as well as
granulation tissue and necrosis focus in the area of contact with the therapeutic material were noted.
CONCLUSIONS. The results of an experimental study conducted to compare histological changes in the pulp
state with the use of various groups of materials in the near and long-term follow-up periods showed that the
combined use of bioactive materials and fibrin (PRF) for direct coating of pulp increases the effectiveness of
dental treatment with diagnoses of pulp hyperemia, and is also a promising direction in regenerative dentistry,
due to the high the potential to influence the stimulation of reparative processes in the tooth pulp.
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Mopdonornueckan oueHka ¢ubpuHOBOro Kapkaca
npu neyeHUM runepeMmm nynbnol 3yba:
3KCNnepuMeHTasibHOE uUccnegosaHue

K.A. Kupw (2D, E.C. 3anopoxckasa-A6pamosals, A.A. Apamuunk (>,
B.A. UBaweHko (", B.B. TaupoB(®, Y.A. OQoTnaeBa’>, B.M. CtatyeHko

KybaHcknin rocyaapCTBEHHbIN MEANLIMHCKUIA YHUBEPCUTET, I KpacHogap, Poccurickas deaepauma
< kdkirsh@mail.ru

Pe3sioMe

BBELOEHUWE. CnoxHOCTb NPOrHo3a B paHHWE 1 OTAANIeHHbIE CPOKM KOHCEPBATUBHOIO METOAA JIEYEHUS MyJb-
nuTa OrpaHNYn €ro LWMPOoKoe npuMmeHeHne. Ctatbs Hanpas/ieHa Ha N3y4eHe N aHann3 NoTeHumana pere-
HepaTUBHOW CTOMATONIOrMK1, KOTOPbIA 3aKN04aeTCsl B BOCCTAHOBNEHUN DYHKLIMN U CTPYKTYPbI NyNnbMbl 3y6a
C NMOMOLLbIO MHHOBALMIOHHbIX TEXHOMOrNiA. PaccMoTpeHo, kak buomatepuansl, pubdpurHoBbi kapkac (PRF)
MOryT ObITb MCMOJIb30BAHbI AN LOCTUXEHMS 3TOM LLEeNN Ha OCHOBAHMM SKCMEPUMEHTANLHOIoO nccnenoBa-
HUS 1 MOPDONOrMYECKONM OLEHKN BAUSHUS OaHHBIX MaTeEpPManoB Ha Nynbny 3yba. boratein TpomboumnTaMm
dunbpuH (PRF) npenctaBnsietr coboi KOHLEHTPAT TPOMOOLMTOB, KOTOPLIV B NOCNEAHNE roAbl CTAaHOBUTCS
Bce 6onee nonynsipHbIM A8 pereHepaTmnBHbIX npouenyp. NMposeaeH aHann3 NcnoJsib3yeMbIX MaTtepuasnos C
COOTBETCTBYIOLLMMM BbIBOAAMMN.

LLEJIb. MNpoBecTn cpaBHUTENbHYIO MOP@ONOrnM4eckyio OUEHKY NPUMEHEHUsSI COBPEMEHHbIX BMOaKTUBHbIX
matepuanos n ¢ubpuHa (PRF) B kauecTBe kapkaca npu Ne4eHUm rmnepemMmm nynbrbl.

MATEPUAJIbl U METO/bl. SkcnepumeHTanbHas 4acTb UCCNeaoBaHUs BbiNOSIHEHA Ha 8 Benbix nabopaTop-
HbIX Kpbicax 64 MonsipoB 3y06oB, nMHUKM BucTap, o6oero nona, ¢ maccoi tena ot 350-600 r., npoLueawmx ka-
paHTUH He MeHee 10-14 gHein, HaxoASALIMXCA B CTaHAAPTHbIX ycnosuax susapus PreQyY BO KyolrMY MuHs-
apasa Poccun. )XMBOTHbIX pasgenunu Ha YeTbipe rpynmnbl — no 2 0cobu 1 16 3y60B B kaxaon rpynne. Y xu-
BOTHbIX 1-1 rpynnbl npumeHsanuce — dnbpuH (PRF) + «TpnokcnaeHT» «BnagmMmuear, 2-i rpynnbl — KOsiareHo-
Bas membpaHa Geistlich Bio-Gide® + «Biodentine», 3-i rpynnsl — ¢pubpuH (PRF) + «Biodentine» «Septodont»,
4-in rpynnel — «Dycal» «Dentsply». 9kcnepuMeHT NnpoBoAWACSa Mo Hapko30M (MPOTOKOJT 3TUYECKOro KO-
muteta PreQy BO Ky6IrMY Munsgpasa Poccum N2125 ot 12.09.2023 r.). Ha xeBaTenbHbIX MOBEPXHOCTAX
1 1 2 MONAIPOB asiIMa3HbIM TBEPLAOCMIABHBIMU LLIAPOBUAHBIM 60pamMu NPON3BOAMNAN BCKPLITME NOSOCTH 3yba
C 4aCTMYHbIM OBHaxxeHneM nynbnbl. CHopMMpoBaHHYO NonocTb obpabarteiBanu 0,05% pacTBopom xnop-
rekCuanHa, Boicylumeanu. 3atem Ha 061aCTb BCKPbITUS HAHOCWIIM UCCeayeMble MaTepuasbl. KCNepMEH-
TasbHbIX XWBOTHbIX BbIBOAUAN N3 akcnepumeHTa Ha 3, 14 un 30-e cyTku. MNonyyeHHbIi GBuonornyeckuii mate-
pvnan ¢ukcuposanu B 10% HelnTpanbHOM pacTBope ¢popmManmHa, nogsepranm gekanabLMHUPOBAHWUIO, 3aTEM
3anMBanu B rMCTONIONMYECKYIO CPeay M OKpaLUMBaIy reMaToKCUINHOM U 303MHOM No BaH-Mm3oHy. Cpesbl
rnoJsly4ann Ha poTaunoHHOM MukpoTome Accu-Cut SRM 200.

PE3YJIbTATBI. B xone aKkcnepMMeHTanbLHOro uccnenoBaHva B 1-il rpynne npu mcnosib3oBaHuuM GubpuH
(PRF) + «TpnokcunaeHT» B 30He KOHTakTa ¢ fle4ebHbiM MaTtepuanom Oblyia oOHapyXeHa akTuBM3auns peak-
TUBHbIX N KOMMEHCATOPHbIX MPOLLECCOB B TKAHW Mynbnbl 3y6a C COXPaHEHMEM ee XM3HECNOoCOBHOCTU Ha
30 cyTKK, 4TO CBMAETENLCTBOBAJIO O Hanbosiee BbipaXeHHOM pereHepaTMBHOM MOTEHLMANEe CPeEaV BCEX UC-
cnenyemsblx rpynn. B peaynstate MoOpd0Onorniyeckoin oueHkM MUKPONpenapaToB Mysbhbl NPy NPSMOM Mo-
KpbITUKN MaTepuanom «Dycal» 4-i rpynne, nokasan, 4to Ha 30 CyTkM pa3BUBLUMIACS B MyJibMe naTtosormieckum
NPOLLECC HOCUT HEOBPATUMBIN XapakTep, Tak kak MOpPdONorniyeckme n3MeHeHus 6ol Hanbonee Bbipaxe-
Hbl: OTMEeYanacb BocnanutesnbHas MHPUAbTPAUUS C HANU4YMem B MHGunbTpate nMMeounToB U HENTPODU-
NI0B, CKNEPOTUYECKNE N3MEHEHMS, a TaK Xe onpeaensanach rpaHynsaLMOHHasa TKaHb 1 04ar HEKPO3a, B 30He
KOHTaKTa C ie4ebHbIM MaTepmanom.

BbIBObl. Pe3ynbTathl NpOBEAEHHOIO 9KCNEPUMEHTASNIbBHOMO NCCNEA0BAHUS C LLENbIO CPABHUTENbHOIO aHa-
N3a r’MCTONIOMMYECKNX UBMEHEHUI COCTOSIHUS MYSbMbl B 30HE NMPUMEHEHUS Pa3/IMYHbIX FPYNM MaTepmanos
B Gnvxanme n otaaneHHble CPokM HabnoaeHUa nokasanu, YTO COYETaHHOE NPUMEHEHNE BUOaKTUBHBIX
maTepuanos n dmubpuHa (PRF) ona npsamMoro nokpbiTUs Nynbhbl NOBbIWAKT 3(pEdOEKTUBHOCTb JIEHEHUS 3Yy-
0O0B C AnarHo3am runepemMuns nynbbl, a Tak Xe SBASTCA NepCneKTUBHLIM HanpaBiieHNEM B pereHepaTus-
HO CTOMAaTOJIONN, B CBSA3M C BbICOKUM MOTEHLMANOM BANSIHUS HA CTUMYSLMIO penapaTrBHbIX NPOLECCOB
B nynbne 3yoa.

KnioueBble cnoBa: nynbna 3y6a, UOPMHOBBLIN Kapkac, rmnepemMuns nysbnbl, pereHepaTMBHas CTOMaToNorms
UHdopmaumna o ctatbe: noctynuna — 30.04.2025; ncnpasnena — 13.06.2025; npunata — 18.06.2025
KoHGAUKT nHTepecoB: aBTOPbLI CO0OLLAOT 06 OTCYTCTBUN KOHPNUKTA UHTEPECOB.

BnaropgapHocTu: UHAHCUPOBAHWE U MHANBMAYANbHbIE 611arofapHOCTY A5 AEKNAPUPOBAHUS OTCYTCTBYIOT.

Ana uutuposanua: Knpw K.[., 3anopoxckas-Abpamosa E.C., Anamunk A.A., NeawieHko B.A., Tavpos B.B.,
Hotnaesa Y.A., CtatyeHko B.M. Mopdonormyeckas ougHka GrudpMHOBOro kapkaca npu ne4yeHmnmn runepemMmmm
nynbnbl 3yba: aKcnepuMmeHTanbHoe uccnepoBaHue. SHgoaoHTus Today. 2025;23(3):357-365. https://doi.
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INTRODUCTION

Despite the introduction and widespread use of
modern preventive and therapeutic strategies aimed
at the prevention and management of pulp hyperemia,
this dental condition remains one of the most preva-
lent pathologies worldwide [1]. The primary treatment
approach for early (reversible) forms of pulpitis typi-
cally involves endodontic procedures accompanied
by complete pulp removal. However, such interven-
tions often have an adverse impact on the physiologi-
cal properties of the tooth, including disruption of its
protective, trophic, and reparative functions, which
ultimately compromises the tooth’s viability, increa-
ses the risk of complications in periapical tissues, and
may result in tooth loss [1; 2]. For this reason, bio-
logical approaches to pulpitis management — based
on the regenerative capacity of the dental pulp — are
increasingly regarded as promising alternatives [3].
Currently, the main conservative method for treating
pulp hyperemia involves the use of “therapeutic” lin-
ers and bioactive materials [4; 5].

The advancement of regenerative dentistry and
the development of modern bioactive materials have
necessitated the exploration of novel treatment mo-
dalities for pulp inflammation. In most published stu-
dies, regenerative procedures involve the applica-
tion of autologous platelet-rich fibrin (PRF), which can
be readily prepared in dental settings with minimal
ex vivo manipulation. PRF is rich in growth factors —
including transforming growth factor-beta (TGF-B),
tumor necrosis factor (TNF), insulin-like growth fac-
tors, and angiogenic growth factors-that stimulate
collagen synthesis, angiogenesis, and cellular dif-
ferentiation. Moreover, PRF does not undergo rapid
degradation and forms a stable three-dimensional
fibrin matrix [6-9]. Its 3D architecture retains bioac-
tive molecules that support stem cell proliferation and
differentiation, thus enhancing wound healing. Con-
sequently, the clinical application of PRF is increa-
singly viewed as a promising direction in regenerative
dentistry [10; 11].

Another material used in regenerative dentistry
is the collagen membrane Geistlich Bio-Gide®. This
resorbable bilayer membrane is designed for guided
bone regeneration and is composed of highly puri-
fied type I and lll collagen. Among its advantages are
active hemostasis and chemotaxis of fibroblasts. Its
unique structure ensures excellent biocompatibil-
ity and minimizes the risk of inflammatory responses.
Furthermore, its ability to be combined with various
therapeutic fillers makes its use particularly attractive
and promising in dental practice.

A comparative analysis of the literature on materials
and methods for treating pulp hyperemia — aimed at
preserving pulp vitality — highlights the need for deve-
loping precise diagnostic criteria to better understand
the morphological changes in the pulp. It also under-
scores the importance of continued research into no-
vel treatment modalities and their rational implemen-
tation in clinical practice.

359

AIM

To conduct a comparative morphological evaluation
of the application of modern bioactive materials and
platelet-rich fibrin (PRF) as a scaffold in the treatment of
pulp hyperemia.

MATERIALS AND METHODS

The experimental part of the study was conduc-
ted on 8 Wistar-line white laboratory rats (both sexes),
weighing between 350-600 g. All animals underwent
a quarantine period of no less than 10-14 days and were
housed under standard vivarium conditions at the Fe-
deral State Budgetary Educational Institution of Higher
Education “Kuban State Medical University” of the Min-
istry of Health of Russia. A total of 64 molars were ex-
amined. The animals were randomly divided into four
groups, each comprising 2 rats and 16 molars.

Group 1: Platelet-rich fibrin (PRF) + “TrioxyDent”
(VladMiVa).

Group 2: Collagen membrane Geistlich Bio-Gide® +
“Biodentine”.

Group 3: Platelet-rich fibrin (PRF) + “Biodentine”
(Septodont).

Group 4: «<Dycal» (Dentsply).

All surgical procedures were performed under gen-
eral anesthesia using “Zoletil” at a dose of 20 mg/kg,
a veterinary-approved anesthetic. After induction, the
animals were fixed on a custom surgical table. Upon
completion of the experiment, euthanasia was per-
formed in accordance with Directive 2010/63/EU of the
European Parliament and of the Council on the pro-
tection of animals used for scientific purposes. Tissue
sampling for histological analysis was carried out fol-
lowing intravenous or intracardiac administration of so-
dium pentobarbital (Nembutal) at a dose of 200 mg/kg
using an 18% (200 mg/mL) solution.

The experiment was conducted under acute surgi-
cal conditions and was approved by the Ethics Commit-
tee of Kuban State Medical University (protocol No. 125
dated September 12, 2023).

Due to the naturally rapid coagulation of rat blood,
all materials were prepared in advance, and the centri-
fuge was pre-configured. The centrifuge used (CM-6M,
ELMI, Latvia; rotor 6M, 12 x 15 mL) was set at 2300 rpm
(400 g) for 8 minutes, in accordance with the estab-
lished protocol. To maintain balance, three Vacutainer
tubes filled with sterile saline were used as counter-
weights during PRF preparation. Blood for PRF was col-
lected via cardiac puncture, a method chosen to obtain
a sufficient volume for fibrin production. Before applica-
tion, the Geistlich Bio-Gide® collagen membranes were
pre-soaked in sterile saline.

On the occlusal surfaces of the first and second mo-
lars, cavities were prepared using high-speed diamond-
tungsten carbide burs (200,000 rpm) under physiologi-
cal saline cooling to expose the coronal pulp surface.
The cavities were disinfected with 0.05% chlorhexidine
solution and gently dried with sterile cotton pellets. The
following materials were then applied:

— PRF + «TrioxyDent» (VladMiVa);

— Geistlich Bio-Gide® membrane + “Biodentine”;
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- PRF + «Biodentine» (Septodont);

— «Dycal» (Dentsply).

All cavities were subsequently sealed with tempo-
rary filling material.

The animals were euthanized at 3-, 14- and 30-days
post-procedure. Harvested tissues were fixed in 10%
neutral buffered formalin, then decalcified in a 10%
Trilon B solution for three days. Specimens were em-
bedded in Histomix paraffin using a TISSUE-tek TEC5
embedding station. Serial sections (5-15 um thick)
were prepared using a rotary microtome (Accu-Cut
SRM 200). The histological slides were stained with
hematoxylin and eosin, and van Gieson’s stain, and ex-
amined under a Nikon Eclipse 80i microscope.

RESUTLS AND DISCUSSION

Histological examination of specimens from Group 1
(PRF + TrioxyDent, VladMiVa) on Day 3 revealed the
presence of a delicate loose fibrous matrix in the area
of material contact. Moderate interstitial edema and
dilated blood vessels were observed, accompanied
by mild disorganization of the odontoblastic layer and
a minimal lymphocytic inflammatory infiltrate. These
findings indicate a low-grade pulpal inflammatory re-
sponse at Day 3 in the group treated with PRF + Tri-
oxyDent (Fig. 1, A).

Histological analysis of Group 1 specimens (PRF +
TrioxyDent) on Day 14 revealed that, in the area of con-

A

tact with the applied material, the pulp tissue was com-
posed of loose fibrous connective tissue. There was
evidence of granulation tissue formation, a mild inflam-
matory infiltrate, and initial formation of a dentin bridge.
Additionally, irregular alignment of odontoblasts was
observed, suggesting only minor inflammatory chang-
es. These findings indicate the early onset of regenera-
tive processes, as demonstrated by granulation tissue
development and dentin bridge formation (Fig. 1, B).

On Day 30, histological examination of Group 1 re-
vealed a well-defined presence of granulation tissue,
pronounced reparative dentinogenesis with formation
of dentin bridges and focal areas of dentinogenesis,
and a clearly organized layer of odontoblasts aligned
along the walls of the root canal (Fig. 1, C). These fea-
tures signify marked regenerative processes. By Day
30, an activation of reactive and reparative processes
was noted in the dental pulp tissue, alongside preser-
vation of pulp vitality under the influence of PRF + Tri-
oxyDent. These regenerative signs were characterized
by increased metabolic activity and enhanced cellular
responses within the pulp tissue, including noticeable
activation of pulp defense mechanisms aimed at re-
solving inflammation and restoring functional integrity.
Evidence of this includes an active fibroblastic response
and replacement of inflammatory foci with granulation
tissue, serving as a scaffold for subsequent substitution
by mature connective tissue.

3
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Fig. 1. Root pulp of a rat tooth treated with platelet-rich fibrin (PRF) + TrioxyDent (hematoxylin and eosin staining,
x100 magpnification): A — on the 3 day from the start of the experiment: 7 — edema, 2 - dilated vessels,

3 — weak disorganization of the odontoblast layer, 4 — a delicate loose fibrous matrix and a minimally pronounced

inflammatory infiltrate; B — on the 14" day after the start of the experiment: 7 — loose fibrous connective tissue,

2 — granulation tissue, 3 — formation of a dentinal bridge, 4 — mild inflammatory infiltrate, 5 — disorganization

of the odontoblast layer; C — on the 30t" day from the start of the experiment: 7 — granulation tissue, 2 — formation
of dentinal bridges, 3 — formation of foci of dentinogenesis, 4 — the presence of a layer of odontoblasts along the

walls of the root canal

Puc. 1. KopHeBas nynbna 3yba KpbIChl B YCNOBUSAX NPUMeEHeHUs npenaparta ¢nbpuH (PRF) + «TpMoKCcMaeHT»
(OKpacka remaToKCUANH-303MHOM, YB. 100x): A — Ha 3-1 CyTKM OT Hayana akcnepumMmeHTa: 1 — oTek,

2 — paclumpeHHble cocyabl, 3 — cnabas nesopraHmsauus Cnost O4OHTO6NACTOB, 4 — «HEXHbIN» PbIXI0ro
BOJIOKHUCTbIN MaTPUKC N MUHUMasbHO BblpaXXeHHbIN BOCNanUTENbHbIN MHOUNLTPAT; B — Ha 14-e CyTku

OT Hayasna aKkcnepumeHTa: 1 — pbixJiasg BONOKHUCTas COeANHUTENbHAS TKaHb, 2 — rPaHyA[aUMOHHAs TKaHb,

3 — dopMUpoOBaHNE AEHTUHHOIO MOCTUKA, 4 — cnaboBblpaXXeHHbIN BOCNaANTENbHbIA MHOUNLTPAT,

5 — pe3opraHmzauns cnos ogoHTobnacTos; C — Ha 30-e CyTkM OT Havana akcnepumeHTa: 1 — rpaHynsaunoHHas
TKaHb, 2 — 06pa3oBaHne AEHTUHHBIX MOCTUKOB, 3 — 06pa30BaHNe 04aroB AEHTUHOreHE3a, 4 — HaNn4me cnos

0[0HTO6NaCTOB BAOJIb CTEHOK KOPHEBOro kaHana
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Histological analysis of Group 2 specimens
(Geistlich Bio-Gide® membrane + Biodentine) on Day
3revealed, inthe contact area, alarge number of blood
vessels with stasis within the pulp chamber, disorgani-
zation, and partial loss of the odontoblastic layer. Ad-
ditionally, a dense fibrous matrix was noted, along with
a moderately expressed lymphocytic inflammatory in-
filtrate (Fig. 2, A).

In Group 2 (Geistlich Bio-Gide® membrane + Bio-
dentine), histological analysis on Day 14 revealed irreg-
ular alignment of odontoblasts, the presence of loose
fibrous matrix, and a large number of fibroblast-like
cells. A minimal lymphocytic inflammatory infiltrate was
observed, which may be interpreted as moderately ex-
pressed inflammatory changes (Fig. 2, B).

By Day 30, the morphological features of the pulp tis-
sue in Group 2 were characterized by residual signs of
inflammation, pronounced reparative dentinogenesis,
the presence of granulation tissue, sclerotic changes,
and the formation of dentin bridges and focal areas of
dentinogenesis (Fig. 2, C).

Histological examination of Group 3 specimens
(PRF + Biodentine) on Day 3 showed a high number of
blood vessels with stasis in the pulp chamber, moder-
ate disorganization of the odontoblastic layer, a dense
fibrous matrix, and a moderately expressed inflamma-
tory infiltrate (Fig. 3, A).

Histological analysis of specimens from Group 3
(PRF + Biodentine) on Day 14 revealed the absence of
odontoblasts in the pulp chamber, the presence of ane-

o
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crotic focus, and a pronounced polymorphonuclear in-
flammatory infiltrate with neutrophilic leukocytes in the
infiltrate (Fig. 3, B).

On Day 30, the morphological features of the pulp
tissue in Group 3 were characterized by more prominent
signs of pulp inflammation and moderately expressed
reparative dentinogenesis. A mild lymphocytic infiltrate
was observed, along with the presence of granulation
tissue and formation of a dentin bridge (Fig. 3, C).

Histological evaluation of Group 4 specimens (con-
trol group, Dycal) on Day 3 demonstrated pulpal tissue
edema, dilated blood vessels with stasis, moderate
disorganization of the odontoblastic layer, presence of
loose fibrous matrix, and a mild lymphocytic inflamma-
tory infiltrate (Fig. 4, A).

Examination of specimens from Group 4 (con-
trol group, Dycal) on Day 14 revealed the absence of
odontoblasts in the pulp tissue, presence of necrotic
foci, sclerotic changes, granulation tissue, and a pro-
nounced polymorphonuclear inflammatory infiltrate
with neutrophilic leukocytes (Fig. 4, B).

On Day 30, the morphological pattern of the pulp tis-
sue in Group 4 was characterized by more pronounced
signs of pulp inflammation, sclerotic alterations, and
moderately expressed reparative dentinogenesis.
A dense inflammatory infiltrate containing both lym-
phocytes and neutrophils was observed. In the area of
contact with the applied material, granulation tissue,
necrotic foci, sclerotic changes, and formation of dentin
bridges were also present (Fig. 4, C).
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Fig. 2. Root pulp of a rat tooth under conditions of application of the drug Membrane Geistlich Bio-Gide® +
“Biodentine”, experiment (hematoxylin-eosin staining): A — on the 3" day after the start of the experiment

(in V. 400x): 1 — disorganization and loss of the odontoblast layer, 2 — numerous dilated vessels with rhinestones,
3 - dense fibrous matrix, 4 — moderate inflammatory infiltrate; B — on the 14" day from the start of the experiment
(for c. 100 x): 7 — disorganization of odontoblasts, 2 — dense fibrous matrix, 3 — a large number of fibroblast-like
cells, 4 — minimal lymphocytic inflammatory infiltrate; C — on the 30™ day from the start of the experiment

(in V. 400x): 1 — granulation tissue, 2 — dentinal bridge, 3 — foci of dentinogenesis

Puc. 2. KopHesas nynbna 3y6a KpbiCbl B YCNOBUAX NPpUMeEHeHns npenapata Mem6pana Geistlich Bio-Gide® +
«Biodentine», akcnepmnmMeHTa (Okpacka reMaTOKCUIINH-303MHOM): A — Ha 3-1 CYTKM OT Havasia SKCnepMMeHTa
(yB. 400x): 1 — nesopraHmsaums u NoTeps cNost 0A0HTO61acToB, 2 — MHOFOUYUC/IEHHbIE PaCLLUMPEHHbIE COocyabl
CO cTadamu, 3 — NAOTHbIN BONIOKHUCTbIN MaTPUKC, 4 — YMEPEHHO BblPaXXEHHbIN BOCAANNTENbHBIA MHDUALTPAT;
B - Ha 14-e cyTku OT Hayana akcnepumeHTa (yB. 100x): 7 — nesopraHmsaumsa oaoHTo61acToB, 2 — NAOTHbLIN
BOJIOKHUCTbIN MAaTPUKC, 3 — 60bLLIOE KONNYECTBO Ppnbpo6aacTo-noA00OHbIX KNETOK, 4 — MUHUMabHbIN
nmMmdbounTapHbIi BOCNanmuTenbHbii HGUNbTpaT; C — Ha 30-e cyTkn OT Havana akcnepmumeHTa (yB. 400x):

1 — rpaHynsUMOHHAas TKaHb, 2 — AEHTUHHbIA MOCTUK, 3 — o4aru AeEHTMHOreHe3a
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Fig. 3. Root pulp of a rat tooth under the conditions of using the drug fibrin (PRF) + “Biodentine” (hematoxylin-
eosin staining, uv. 100 x): A — on the 3" day after the start of the experiment: 7 — disorganization of the odontoblast
layer, 2 — numerous dilated vessels with rhinestones, 3 — dense fibrous matrix, 4 - moderate inflammatory
infiltrate; B — on the 14™ day after the start of the experiment: 7 — absence of odontoblasts, 2 - foci of necrosis,

3 - pronounced polymorphic cellular inflammatory infiltrate with the presence of neutrophilic leukocytes in the
infiltrate; C — on the 30™ day from the start of the experiment: 7 — mild lymphocytic inflammatory infiltration,

2 — granulation tissue, 3 — necrosis site, 4 — the presence of dentine bridges

Puc. 3. KopHeBas nysbna 3yb6a KpbICbl B YCIOBUSX NPUMeHeHUs npenapata eubpuH (PRF) + «Biodentine»,
(okpacka remMaToKCUNINH-303nHOM, YB. 100x): A — Ha 3-1 CYyTKM OT HaYana akcnepumeHTa: 1 — gesopraHmsaums cnosi
OA0HTOBNACTOB, 2 — MHOMOYMC/IEHHbIE PACLLUMPEHHbIE COCYaAbl CO CTa3amu, 3 — MAOTHbIN BOJIOKHUCTbIN MaTPUKC,

4 — yMEepPEHHO BbIPaXXEHHbIN BOCNANNTENbHbIN MHOUNLTPAT; B — Ha 14-1 CyTKM OT Ha4asna aKcnepumeHTa:

1 — OoTCyTCTBME O0HTOBACTOB, 2 — 04arM HEKPO3a, 3 — BbIPAXEHHbIN NOIMMOPOHBIN KJIETOYHbI BOCNANINTENbHbIN
MHPUALTPAT C HaNn4YMem B MHGULTPaTe HeMTPOdUbHLIX NenkoumToB; C — Ha 30-e CyTKM OT Havana sKkCnepuMeHTa:
1 — cnaboBbipaxkeHHas nMMMdbounTapHas BocnanuTenbHas MHOUALTpaums, 2 — rpaHynsauMOHHas TKaHb,

3 — ovar Hekpo3a, 4 — Hann4ne AEHTUHHbBIX MOCTMKOB

Fig. 4. Crown and root pulp of a rat tooth under the conditions of using the drug “Dycal” (hematoxylin-eosin
staining): A — on the 3" day from the start of the experiment, (for B. 100 x): 7 — disorganization of the odontoblast
layer, 2 — edema of the pulp, 3 — dilated vessels with stasis, 4 — loose fibrous matrix, 5 — weakly expressed
lymphocytic inflammatory infiltrate; B — on the 14™ day from the start of the experiment, (in B. 400x): 1 — absence
of odontoblasts, 2 — foci of necrosis, 3 — pronounced polymorphic cellular inflammatory infiltrate with the
presence of neutrophil leukocytes in the infiltrate; C — on the 30™ day from the start of the experiment (in V. 400x):
1 — Inflammatory infiltration with the presence of lymphocytes and neutrophils in the infiltrate, 2 — granulation
tissue, 3 — necrosis site, 4 — sclerotic changes, 5 — the presence of dentine bridges

Puc. 4. KopoHkoBasi u kKopHeBas nysnbna 3yba KpbIChl B YCIIOBUSIX MPUMeHeHMs npenapata «Dycal», (okpacka
remMaToKCUINH-3031HOM): A — Ha 3-U CYTKM OT Ha4yana aKkcnepmMeHTa, (yB. 100x): 1 — nesopraHmaaums cnos
0[,0HTO6NACTOB, 2 — OTeK NyNbnbl, 3 — pacLUMPEHHbIE COCYAbl CO CTa3amu, 4 — pbiXJiblil BOJIOKHUCTbIA MaTPUKC,

5 — cnaboBbipaxkeHHbI NIMMGOLMTaAPHbIN BOCNannTeNbHbIA MHPUALTPAT; B — Ha 14-e CyTku OT Havana
akcrnepumeHTa, (yB. 400x): 1 — oTCcyTCTBUME OA0HTOBACTOB, 2 — 04arn HeKpo3a, 3 — BblpaXkeHHbI NOMMOPQHbI
KJIETOYHbI BOCNANUTENbHbIN MHOUABLTPAT C HANUYMEM B UHOUNBTPATE HENTPODUNBHBIX NENKOLMUTOB;

C - Ha 30-e cyTkuM OT Ha4yana akcnepumMeHTa, (yB. 400x): 7 — BocnanutenbHas MHOUALTPALMS C HANNYNEM

B MHOUALTPATe NMM@POLNTOB U HEMTPODUNOB, 2 — FPaHYNALMNOHHASA TKaHb, 3 — o4ar HEKPO3a,

4 — cKNepoTMHECKME NBMEHEHMS, 5 — HANNYME AEHTUHHbLIX MOCTUKOB
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CONCLUSION

Itis evident that the search vector for the “ideal” ma-
terial and application technique for improving the effec-
tiveness of treatment for pulp hyperemia is directly de-
pendent on advances in understanding the morphologi-
cal features of dental pulp and their clinical application.
Based on the findings of the present experimental study
aimed at a comparative histological evaluation of pulp
tissue response to different material groups and the use
of platelet-rich fibrin (PRF) as a scaffold, the following
conclusions can be drawn:

The combination of modern bioactive materials for
direct pulp capping significantly enhances the effective-
ness of treatment in cases diagnosed with pulp hypere-
mia. One of the most promising directions in stimulating
reparative processes in the dental pulp is the combined
use of bioactive materials with PRF. The experimental
morphological evaluation of pulpal responses demon-
strated that the combination of PRF with the bioactive
materials “TrioxyDent” and “Biodentine” resulted in the
lowest inflammatory response and the highest biocom-
patibility with pulp tissue, while also promoting repara-
tive activity at the site of direct pulp contact.

Among the two bioactive materials tested in com-
bination with PRF, “TrioxyDent” produced the most fa-
vorable outcomes, possibly due to its unique formula-
tion — specifically, the inclusion of calcium-copper hy-
droxide as an active bacteriostatic additive, which may
enhance its biological properties.
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Experimental evaluation of the effectiveness
of non-pigmented laser photoablation
in the treatment of periodontal diseases
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Abstract

INTRODUCTION. High-quality treatment of periodontitis and prevention of further progression of periodontal
diseases can be achieved with complex and systematic adherence to algorithms for performing manipula-
tions at all stages of therapy using physical factors. This is possible with the use of laser radiation with the
effects of non-pigmented laser photoablation.

AIM. Improving the effectiveness of periodontal disease treatment using pigment-free laser photoablation.
MATERIALS AND METHODS. An experimental comparative study of 70 animals with model periodontitis under
the influence of laser radiation with non-pigmented photoablation, photodynamic laser therapy and standard
drug therapy was conducted in 3 groups. Morphological studies were performed for group | (main) and group
Il (comparison) were withdrawn from the experiment on the 7", 14" and 21%' days of treatment. Animals of
group lll (control) were withdrawn from the experiment on the 21 day.

RESULTS. Morphological analysis showed that the use of non-pigmented laser photoablation helps to reduce
inflammation in periodontal tissues, accelerate regeneration due to stimulation of fibroblast production and
stimulation of neoangiogenesis. On the 21% day of the experiment, in the group using non-pigmented laser
photoablation, based on morphological analysis, acceleration of the processes of formation of the periodon-
tal ligament with even bundles of collagen and elastic fibers perpendicular to the tooth root was confirmed.
CONCLUSIONS. Our experimental studies confirm the effectiveness of non-pigmented laser photoablation in
the treatment of periodontitis.
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JKcnepMMeHTanbHaA oueHKa 3¢ PEeKTUBHOCTU NMPUMEHEHUA
6ecnurMeHTHOM NasepHoit poToabnauumn
npu neyeHumn 3aboneBaHn NapogoHTa

A.A. HyHuxuH (2 D4, H.E. AHppuaHoBa’’, 3.A. BasuksH

Poccunnckuii yHreepcuTeT MeauunHel, 1. MockBa, Poccuiickas @eaepauya
> docca74@yandex.ru

Pe3iome

BBEAEHMWE. KayecTBeHHOE neyeHre napogoHTUTa 1 npenynpexaeHne ganbHenwero nporpeccmpoBaHmns
3abosieBaHUIi NapoaoHTa BO3MOXHO OCYLLECTBUTb NMPY KOMMIEKCHOM 1 NJIaHOMEPHOM cobnoaeHnn anro-
PUTMOB BbINOJIHEHNSA MaHUNYNALMIA HA BCEX 3Tanax Tepanum ¢ ncnonb3osaHnem dpusundeckmx pakTopos. Ta-
KO€ BO3MOXHO Mpu NCNONb30BaHNN Na3epHOro nanydyeHuns c apdpektamm 6ecnurMmeHTHON nasepHon PoTo-
abnaunn.

LLEJIb. MoBbiweHne 3ddeKTUBHOCTU iedeHus 3abosieBaHuii NapoaoHTa ¢ NpuMeHeHneM 6ecnnrMeHTHOM
nasepHoi doToabnaunu.

MATEPUAJblI U METO/[bl. SkcnepnMeHTanbHOe CpaBHUTENbHOE nccnegoBaHne y 70 XXMBOTHbIX C MOOESb-
HbIM NAPOAOHTUTOM MPU BO3AENCTBUN NA3EPHOro U3nydyeHns ¢ 6ecnurmeHTHon potoabnaumeir, dotoom-
HaMM4YeCKOM Nna3epHoM Tepannum U CTaHOAPTHOM MEeANKAMEHTO3HOW Tepannen NnpoBoaman B TPEX rpynnax.
Mopdonornyeckne nccnenoBaHmsg NPoBOAMAN Ang rpynnsl | (OCHOBHORM) 1 rpynnbl |l (CpaBHEHUS) BbIBOANIN
13 9KCNepuMeHTa Ha 7-e, 14-e n 21-e cyTkun nedeHuns. XXnuBoTHbIX rpynnbl [l (KOHTPONBHOM) BLIBOAMAN U3 SKC-
nepvmMeHTa Ha 21-e CyTKMu.

© Chunikhin A.A., Andriyanova N.E., Bazikyan E.A., 2025
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PE3YJIbTATbI. Mopdonormnyeckunini aHanus nokasal, 4To NpMMeHeHue 4To 6eCnMrMeHTHOM nas3epHon ¢oTo-
abnaunm cnocoBCTBYET CHUXKEHMIO BOCMANEHNS B TKAHAX NapOAOHTA, YCKOPEHMIO pereHepanmm 3a cHeT CTu-
MynaumMm BbipaboTkn pnbpobnacToB U CTUMYNSALUM HeOaHrnoreHesa. Ha 21-e cyTkn skcnepumeHTa B rpyn-
rne ¢ NnpMMeHeHnem 6ecnurmMeHTHON nasepHon GoToadbnaumMm Ha OCHOBaHUM MOPGOOrM4YeCcKoro aHanmnsa
NoATBEPXAEHO YCKOPEHWE NpoLeccoB GOpMUPOBaHNSA NEPUNOLOHTANBHON CBA3KN C POBHBbIMUW NMy4YKaMu KO-
JIareHoOBbIX 1 3N1aCTUYECKUX BONTOKOH, MEPNEHANKYNSPHBIX KOPHIO 3yba.

BbIBOJbI. NpoBeaeHHbIE HAMY 3KCNEPUMEHTAJIbHbIE NCCNEeA0BaHUSA NOATBEPXAAIT 9DPEKTUBHOCTbL NpuU-
MeHeHUst 6ecnUrMeHTHOM na3epHon GoToadbnaummn Npm nevyeHnn NapoaoHTUTa.

KnioueBble cnoBa: NapogoHTUT, 6ecnurmeHTHasa nasepHasa GoToabnauns, AMoaHbIA nasep

UHdopmauuna o ctatbe: noctynuna — 10.05.2025; ucnpasneHa — 20.06.2025; npuHaTta — 28.06.2025
KoH®AUKT nHTepecoB: aBTOPbI CO0OLLAIOT 06 OTCYTCTBUN KOHPNUKTA UHTEPECOB.

BnarogapHocTu: GUHAHCUPOBAHME U NHOANBUOYASIbHbIE 611arofapHOCTY A5 OEKNAaPUPOBaHNS OTCYTCTBYIOT.

Ana untupoBaHua: HYyHnxuH A.A., AHgpusHoBa H.E., BasnksaH O.A. DkcneprvMmeHTanbHas oueHka adpdek-
TUBHOCTU NMPUMEHeHns 6eCnUrMeHTHO nasepHon poToabnsaumm nNpu nedeHrum 3aboneBaHnin NapoaoHTa.

SHaoaoHTns Today. 2025;23(3):366-371. https://doi.org/10.36377/ET-0107

INTRODUCTION

Periodontal diseases are one of the most common
pathologies that occur in all age groups of the popula-
tion with a sharp further progression. In the treatment
of periodontal diseases, a comprehensive approach is
used, consisting of high-quality removal of subgingival
dental plaque, antiseptic treatment, as well as surgical
interventions aimed at eliminating gum recessions and
filling bone defects and stimulating the regeneration of
periodontal tissues [1; 2].

In recent years, photodynamic therapy techniques
have become quite widespread in the treatment of pe-
riodontal diseases. To achieve a therapeutic effect
when using PDT, photosensitizers are used that are ac-
tivated with the release of singlet oxygen, low-intensity
laser radiation with a wavelength corresponding to the
absorption peak of the sensitizer [3; 4].

To date, a new diode laser has been created, which
has passed laboratory and clinical tests, capable of
generating unique harmonics of laser radiation in a na-
nosecond pulsed radiation mode. The radiation of such
a laser has a bacteriostatic effect, is capable of per-
forming non-pigmented photoablation without the use
of photosensitizers, and also has a biostimulating effect
to accelerate the regeneration of periodontal tissues af-
ter treatment [5; 6].

AIM
Improving the effectiveness of periodontal disease
treatment using pigment-free laser photoablation.

MATERIALS AND METHODS

In the experimental part of the study, the effective-
ness of non-pigmented laser photoablation and tradi-
tional photodynamic therapy of periodontitis was as-
sessed on a model of experimental animals — sexually
mature male Wistar rats — using morphological analy-
sis. The studies were conducted in accordance with the
rules for working with animals based on the provisions
of the Helsinki Declaration and the recommendations
contained in EU Directive 86/609/ECC and the Council
of Europe Convention for the Protection of Vertebrate

Animals used for Experimental and Other Scientific Pur-
poses. The study included 70 animals, which were divi-
ded into 3 groups: | — the main (n = 30), Il - comparison
(n = 30) and lll - control (n = 10). All animals were mo-
deled periodontitis on the central incisors using the
technique developed by V.G. Atrushkevich et al., in
which prednisolone was administered intramuscularly
at a rate of 12 mg/kg of animal weight on the 1%, 3" and
5™ days of the experiment in order to provide an immu-
nosuppressive effect [7]. On the 5™ day, the animals
were injured by the circular ligament (dentogingival
junction) of the lower incisors using a metal iron by peel-
ing off the gums from the vestibular and lingual sides,
then a silk ligature was placed deep under the gum in
the resulting dentogingival pocket, covering the teeth
in the shape of a figure eight. The ligature was installed
under premedication and intravenous anesthesia and
additionally secured with phosphate cement, left for
14 days, the animals were fed soft food (Fig. 1).

Fig. 1. Photograph of an experimental animal -
fixation of the ligature with cement

Puc. 1. ®otorpadusa nabopatopHOro XMBOTHOIO —
dukcaumsa nuraTypbl ¢ MOMOLLIbIO LIeMeHTa
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After 14 days, the ligature was removed, the animals
were divided into groups, and manipulations were car-
ried out in accordance with the objectives of the study.
After this, the stage of exposure to the simulated perio-
dontitis zone in each group was started using various
factors. In Group |, laser radiation of a diode laser with
a wavelength of 1265 nm in a nanosecond pulsed radia-
tion mode with the effect of pigment-free laser photo-
ablation was used for exposure. The pockets were pro-
cessed using a fiber optic light guide with a diameter of
400 um in a contact manner. The treatment was carried
out with circular movements around the lower incisors
for 3 minutes. The radiation parameters were set as fol-
lows: the average radiation power, set on the control
panel of the device, was 1.8 W, which corresponded
to the average exposure power at 180 s of radiation —
360 J/cm?, the pulsed nanosecond radiation mode was
selected with a pulse duration of 100 ns and a pause
duration of 200 ns. The radiation parameters were
selected optimally based on previously conducted
studies [8]. Non-pigmented laser photoablation was
performed daily for 7 days in a row at the same fixed
time for each animal in Group | (main).

In Group Il, a standard photodynamic therapy pro-
cedure was performed using an exogenous photosen-
sitizer based on chlorin E6, which was applied to the
periodontal pocket for 10 minutes, then the residue was
washed off using a saline solution, then laser irradiation
was carried out with a wavelength of 660 nm in a con-
tinuous radiation mode with an exposure of 300 s. The
photodynamic therapy procedure in this group was re-
peated in the same way as in Group | (main), for 7 days
at the same fixed time. In Group Il (control), antisep-
tic treatment of inflamed periodontal tissues was car-
ried out as drug therapy. The course of treatment was
7 days. To obtain representative statistically reliable
data, 10 animals were withdrawn from the experiment in

- »
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e

the main group and the comparison group for morpho-
logical examination onthe 7", 14" and 21 days after the
start of the sessions of non-pigment laser photoabla-
tion and traditional photodynamic therapy; in the con-
trol group, animals were withdrawn from the experiment
only on the 215 day. The obtained digital data were pro-
cessed using the variation statistics method using the
Student’s T-test. The critical level of significance was
considered reliable at p <0.05.

RESULTS

On the 21 day in group | (main), morphological
examination showed that periodontal pockets were not
detected. A regenerated periodontal ligament, rich in
fibroblasts, with parallel bundles of collagen and elastic
fibers perpendicular to the tooth root, with single dilated
vessels only at the border with the bone beams of the
alveolar bone is noted. Preserved small foci of granula-
tion tissue with full-blooded vessels without edema and
inflammatory infiltration are detected (Fig. 2).

In group Il (comparison), on the 21 day of observa-
tion, moderately pronounced edema of the regenerated
periodontal ligament tissue, rich in fibroblasts, with di-
lated full-blooded vessels at the border with the bone
trabeculae of the alveolar bone is noted. Preserved
small foci of granulation tissue with pronounced edema,
full-blooded vessels and single leukocytes are encoun-
tered (Fig. 3).

In group Il (control) on the 21%* day of observation,
morphological analysis revealed pronounced periodon-
tal pockets with a high content of detritus penetrated by
leukocytes, partially epithelialized, with acanthosis of
the epithelium and the formation of its strands growing
into the granulation tissue. The periodontal ligament
was significantly destroyed and replaced by granula-
tion tissue with diffuse infiltration by leukocytes with an
admixture of macrophages. Among the growths

AR - R
Fig. 2. Morphogram of periodontal tissues in group | on the 21** day of observation: arrow — preserved small

foci of granulation tissue with full-blooded vessels without edema and inflammatory infiltration, with single
macrophages and lymphocytes (hematoxylin-eosin, Zeiss, x120)

Puc. 2. Mopdorpamma TkaHen napogoHTa B rpynne | Ha 21-e cyTkn HabnioaeHns: CTpenkorn o603HavYeHb!
COXPaHeHHble MeJfikme ovarm rpaHynsLuMOHHOM TKaHW C MOSIHOKPOBHBLIMW cocyaamMmu, 6e3 oTeka N NpM3HaKkoB
BOCNANUTENIbHOM MHOUNBLTPALUK, C ANHUYHBIMU Makpodaramm n niumooumnTaMmmn (reMaToKCUSIMH-303UH,
Zeiss, x120)
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of granulation tissue with full-blooded vessels, diffuse
infiltration by leukocytes with an admixture of macro-
phages, at the site of the periodontal ligament, single
microabscesses were found. Moderately pronounced
edema of the periodontal ligament tissue with partially
organized remnants of cellular detritus was revealed.
Restored periodontal ligament with multidirectional bun-
dles of collagen and elastic fibers, large fibroblasts, and
newly formed bone beams of the alveolar bone (Fig. 4).

3569

Thus, based on the results of morphological analy-
sis, a qualitative assessment of the impact of various
types of laser radiation in the complex therapy of model
periodontitis in experimental animals was carried out.
The results of the study showed that the use of a new
laser technology of pigment-free laser photoablation
with a wavelength of 1265 nm promotes stimulation of
vascular growth in periodontal tissues compared to tra-
ditional photodynamic laser therapy.

= ., : .tén “

Fig. 3. Morphogram of periodontal tissues in group Il on the 215 day of observation: arrows — preserved foci
of granulation tissue with pronounced edema, full-blooded vessels and single leukocytes with an admixture

of macrophages. (hematoxylin-eosin, Zeiss, x120)

Puc. 3. Mopdorpamma TkaHei napoaoHTa Bo Il rpynne Ha 21-e cyTku HabnoaeHus: cTpenkamm o603HavYeH bl
COXPaHSIoLWMNECH O4arn rpaHynAaLUNOHHON TKaHWN C BbIPAXXEHHBbIM OTEKOM, MOIHOKPOBHBIMW COCYAaMM
1 e ANHNYHBIMU JIENKOUUTaMM C NPUMECHhIO Makpodaros (reMaTOKCUINH-303MH, Zeiss, X120)

Ll

Fig. 4. Morphogram of periodontal tissues in group Ill on the 21%' day of observation: arrows — periodontal ligament
destroyed and replaced by granulation tissue with diffuse infiltration of leukocytes with an admixture of macrophages,
acanthosis of the epithelium — its strands grow into the granulation tissue. (hematoxylin-eosin, Zeiss, x120)

Puc. 4. Mopdorpamma TkaHen napogoHTa B rpynne lll Ha 21-e cyTkn HabnaeHUs: CTPENKaMmn yka3aHo
paspyLUeHne NepMoaoHTaIbHOM CBA3KM C €€ 3aMELLLEeHMEM FPaHYISLUUOHHON TKaHblo, ANddy3HON
nHbUNLTPaUnen nenkoumTamMmm ¢ NPUMEChbIo Makpodaros, akaHTO30M 3NUTENNS — €ro TSXK NpopacTaloT
B FPaHYNSLMNOHHYIO TKaHb (reMaToKCUINH-303UH, Zeiss, X120)
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DISCUSSION

Thus, based on the results of morphological analy-
sis, a qualitative assessment of the impact of various
types of laser radiation in the complex therapy of model
periodontitis in experimental animals was carried out.
The results of the study showed that the use of a new
laser technology of pigment-free laser photoablation
with a wavelength of 1265 nm promotes stimulation of
vascular growth in periodontal tissues compared to tra-
ditional photodynamic laser therapy.

The conducted experimental morphological study
allowed to prove that pigment-free laser photoablation
helps to reduce inflammation, accelerate regeneration
by stimulating the production of fibroblasts and stimu-
lating neoangiogenesis. On the 21 day of the experi-
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Changes in the dentin-pulp complex of teeth
through the prism of CBCT-studies:
A retrospective analysis

Alexander V. Mitronin(®), Diana A. Ostanina(),
Sabina Sh. Alimukhamedova(>[0<, Angelina M. Fulova

Russian University of Medicine, Moscow, Russian Federation
DA< sabina.alim20@mail.ru

Abstract

INTRODUCTION. Calcifying metamorphosis and obliteration of the pulp chamber often complicate endodon-
tic treatment, requiring the use of modern visualization and monitoring techniques during therapy.

The application of CBCT diagnostics allows for a better assessment of the condition of the dentin-pulp com-
plex, which helps reduce risks and increase the effectiveness of complex endodontic treatment.

AIM. To conduct a statistical assessment of the prevalence of degenerative changes in the dentin-pulp com-
plex of teeth based on data obtained from CBCT studies, as well as to identify possible correlational rela-
tionships between potential factors contributing to the development of calcifying metamorphosis in the pulp
space of vital teeth.

MATERIALS AND METHODS. For the retrospective analysis, 187 archival CBCT study data were selected. The
obtained images were examined in all planes for the presence of discrete radiopaque masses in the radiolu-
cent pulp space of the teeth, while the obliteration of the root pulp was determined based on the narrowing or
complete closure of the root canal space visible on the radiograph. Statistical analysis was performed using
SPSS software with a significance level set at p < 0.05.

RESULTS. During the statistical analysis, the prevalence of pulp calcifications was identified in 56.7% of cases,
and pulp space obliteration was observed in 24%. Teeth with pulp stones were 1.8 times more likely to exhibit
radiographic and clinical signs of caries compared to teeth with root canal obliteration. Among all examined
teeth, nearly half in each calcification group had restorations. According to the obtained results, a positive
correlation was found between pulp calcification and the dental status of the teeth.

CONCLUSIONS. According to the obtained data, a higher frequency of calcifications is associated with pulp
inflammation caused by local prolonged irritants, such as the presence of deep restorations, carious pro-
cesses, previously performed biological treatments, prior orthodontic treatment, trauma, and wear, as well
as other systemic aspects.

Keywords: endodontic treatment, degenerative changes in the dentin-pulp complex, root canal obliteration,
cone-beam computed tomography
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M3MeHeHMA [eHTUHHO-TNY/IbNApPHOro KoMrnsieKkca 3y6os
yepe3 npusmy KJIKT-uccnegosaHuu:
peTpocneKTUBHbIN aHaNu3

A.B. Mutpouun(>, O.A. Octanuna’>, C.lU. AnmmyxamepoBa> <, A.M. dynosa

Poccurckinin yHmBepcuteT MeaununHel, . Mocksa, Poccuinckas @epepaums
D sabina.alim20@mail.ru

Pesiome

BBEAOEHUE. Kanbundbuumpytowmuin metamopdos 1 obnutepaums nynbnapHOro nNpocTpaHcTBa 3a4acTyio
YCNOXHSIIOT 3HA040HTUYECKOE JieYeHme, 4TO TpebyeT NpMMEHEeHNs COBPEMEHHbIX MeTO40B BU3yanusauum
M KOHTPOA NPOBOAMMONM Tepanuu. cnonb30BaHME KOHYCHO-IY4EBOW KOMMbIOTEPHOM TOMOrpaMMbl B Ka-
YeCTBE AMArHOCTUYECKOr0 MHCTPYMEHTA NO3BOMAET NyyLle OLEHNBaTb COCTOSHNE AEHTUHHO-NYbNAPHOrO
KOMMJIEKCA, YTO CNOCOBCTBYET CHUXEHWNIO PUCKOB U MOBbILLEHWIO 3D DEKTUBHOCTU COXHOMO 3HA0A0HTMYE-
CKOro fieveHus.

© Mitronin A.V., Ostanina D.A., Alimukhamedova S.Sh., Fulova A.M., 2025
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LIENIb UCCNIEAOBAHUYA. MNpoBecT CTaTUCTUYECKYIO OLEHKY PacnpOCTPaHEHHOCTN AereHepaTUBHbIX 13-
MEHEHUN B AEHTUHHO-MYNbNAapHOM KOoMMiekce 3ybOB Ha OCHOBaHWU AaHHbIX, NoflydyeHHbIx B xoae KJIKT-
nUccneaoBaHuin, a TakxXe BblIBUTb BO3MOXHbIE KOPPENSALMOHHbBIE CBA3WM MeXAy NOoTeHUManbHbIMU GakTo-
pamu, CnocoOCTBYIOWMMM Pa3BUTUMIO Kanbunduumpylowero metamopdosa B NynbNapHOM MPOCTPaHCTBE
BUTabHbIX 3y6OB.

MATEPUAJIbI U METOAbIl. na peTpocnekTuBHOro aHanmaa 6bino otobpaHo 187 KJIKT-uccnepoBaHuin.
MonyyeHHble n3o6paxeHns OblN NCCNefOBaHbl BO BCEX MIIOCKOCTAX HA NPEeAMET Hannyinsi ANCKPETHOMN
PEHTFEHOKOHTPACTHOW Macchl B NyfbMNapHOM NMPOCTPaHCTBE 3y60B, B TO BpeEMS Kak, 00a1TepaLmns KOPHEBOW
NynbMnbl ONPenensnacb Ha OCHOBE CYXEHWsI UKW NOJIHOMO 3aKPbITUS MPOCTPAHCTBA KOPHEBOro kaHana. Cta-
TUCTUYECKMI aHaNN3 Obls BbINOJSIHEH C UCMONb30BaHMEM NPorpaMMHoro obecnedyeHns SPSS ¢ yctaHoBneH-
HbIM YPOBHEM 3Ha4unmocTu p < 0,05.

PE3YJIbTATbI. B xooe cTaTMCTUYECKOro aHanmaa pacnpoCcTPaHeHHOCTb NMyJfibhapHbIX KanbundukaToB Obina
BblsiBNieHa B 56,7% cnyyaeB, 06nMTepaums nynbnapHOro NpocTpaHcTea Habnoganack B 24%. 3y6bl ¢ Nynb-
napHeiMn KamHaMu B 1,8 pasa Jalle MMenn peHTreHoNorMyeckme n KIMHMYECKE NpusHakm kKapueca, B oT-
nnyunm ot 3y60oB ¢ 06nmnTepaumnen KopHeBoro kaHanamu. Cpeam Bcex 06cnefoBaHHbIX MOYTU NONOBUHA 3y60B
B KaXXAOW rpynne kanbundukaunm nmena pecrtaspauum. CornacHo nosy4yeHHbIM pesdynbratam, BbisiBieHa
NONOXMTENbHAA B3aMMOCBA3b MeX Ay Kanbundurkaumen nynbnbl 1 CTOMATONOrMYeCKUM CTaTyCcOM 3y00B.
BbIBOAbl. CornacHo nony4eHHbIM AaHHbIM, 605iee BbiICOKas 4acToTa BO3HUKHOBEHUS KanbuudurKaLnii CBs-
3aHa c BOCnaneHnem nysbmnbl, BbI3BAHHbIM MECTHBIMU AJIUTENbHBIMU Pa3apaxuTensiMu, TakKMMU Kak Hanuyine
rnyboKux pecTaBpaumii, KAPUO3HbIN NPOLECC, PAHHEE MPOBEAEHHOE fleYeHne BNONOrMYeckMM METOAO0M,
npeaLwecTByiolee OPTOAOHTUYECKOE JIeYeHne, TpaBMa 1 UCTUPaHue, a Takxke ¢ Apyrummn obuiecomaTtmye-
CKMMW acnekTamu.

Kniouesble cnoBa: 3HOOL0HTUYECKOE NIeYEHVE, fereHepaTuBHbIE UBMEHEHNSA OEeHTUHHO-MY/IbNAapHOro KOM-
nnekca, O6J'II/ITepaLI,I/IFI KOPHEBbLIX KaHaJ10B, KOHYCHO-1y4eBaa KOMMNbIOTEpHada TOMOFpa(DI/IH

UHdopmauua o ctaTbe: noctynuna — 14.05.2025; ucnpasneHa — 17.06.2025; npuHara — 01.07.2025
KoHGAUKT uHTepecoB: aBTOPbI CO0OLLLA0T 06 OTCYTCTBUM KOHMINKTA UHTEPECOB.
BbnaropaapHocTu: GMHAHCUPOBaHWE N UHAMBMAYaNbHbIE O/1arofapHOCTY 419 AeKNapupOBaHUS OTCYTCTBYIOT.

Ana yntupoBaHusa: MutpoHuH A.B., OctaHmHa [J.A., AnnmyxamepnoBa C.LU., dynosa A.M. 3ameHeHns aeH-
TUHHO-NYyAbNAPHOro komnnaekca 3ybos 4yepe3 npuamy KJIKT-uccnepoBaHuii: peTpoCNeKTUBHbBIA aHaNS.
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INTRODUCTION

According to current data from the World Health Or-
ganization (WHO), the increase in average life expec-
tancy contributes to a decreasing trend in early tooth
loss among the majority of patients [1]. In light of this,
modern scientific and clinical advancements are fo-
cused on improving endodontic treatment strategies
aimed at preserving teeth within the dental arch. The
primary objective of endodontic therapy is to perform
thorough chemo-mechanical preparation and achieve
a hermetic obturation of the root canal system to pre-
vent further microbial contamination [2]. However, fac-
tors such as the degree of root canal infection and the
anatomical and morphological complexity of the root
system significantly affect the difficulty of endodontic
treatment [3].

In their study, O. Essam et al. identified 19 factors
that may lead to complications or unfavorable out-
comes in endodontic therapy. One such factor is the
presence of pulp stones within the pulp chamber, which
results in a reduced chamber volume and limited visu-
alization of root canal orifices. Another complicating
factor is pulp space obliteration, which can be caused
by the deposition of secondary or tertiary dentin due to
pathological processes such as deep carious lesions,
restorative procedures, prior trauma, as well as age-
related changes and orthodontic tooth movement [4].
These conditions lead to partial or complete sclerosis
of the root canal system, significantly increasing treat-
ment duration, the risk of intraoperative complications,
and compromising the prognosis of the therapy.

In 2005, the American Association of Endodontists
(AAE) developed the Endodontic Case Difficulty As-
sessment Form, wherein teeth with pulp stones and cal-
cified canals are classified as moderate to high difficulty
cases [5]. This is due to the fact that complex endo-
dontic treatments are associated with a number of pro-
cedural risks, including perforation of the pulp floor or
furcation area, canal transportation, excessive removal
of pericervical dentin, ledge formation, and instrument
separation [6]. Such complications ultimately may re-
sultin the undesired loss of the tooth [7].

According to the joint position statement by the
American Academy of Oral and Maxillofacial Radiology
(AAOMR) and the AAE, cone-beam computed tomogra-
phy (CBCT) is recommended for preoperative assess-
ment of teeth with complex root morphology, for intraop-
erative evaluation of anatomical variations or additional
canals, and for the diagnosis of teeth with previous endo-
dontic treatment errors [8]. It is noteworthy that, based
on radiographic assessments, the reported prevalence
of degenerative changes in the pulp chamber varies
widely from 2.1% to 63.3% [9; 10]. This variability is attri-
buted to the limitations of two-dimensional imaging, which
does not allow for the reliable detection of small calci-
fied structures (<200 um) within the pulp cavity [10-12].
Consequently, CBCT is considered a more sensitive
imaging modality for detecting degenerative changes in
the dentin-pulp complex compared to traditional pano-
ramic and intraoral periapical radiographs [12].

Given the above, there is an evident need for a more
comprehensive investigation into the factors influencing
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the development of degenerative changes in the dentin-
pulp complex. The use of modern imaging techniques,
such as cone-beam computed tomography, significant-
ly enhances the quality of preoperative diagnostics and
helps minimize complications, thereby improving the
overall efficacy of endodontic treatment.

AIM

To perform a statistical assessment of the preva-
lence of degenerative changes in the dentin-pulp com-
plex of vital teeth based on data obtained from cone-
beam computed tomography (CBCT) studies, as well as
to identify possible correlations between potential fac-
tors contributing to the development of calcific meta-
morphosis.

MATERIALS AND METHODS

This descriptive, retrospective, cross-sectional study
was conducted from September 2024 to May 2025 at the
Department of Therapeutic Dentistry and Endodontics,
A.l. Evdokimov Research and Educational Institute of
Dentistry.

During the analysis, archival cone-beam computed
tomography (CBCT) data of 317 patients aged 18 to
74 years were reviewed. A total of 187 CBCT scans mee-
ting the inclusion criteria were selected for the study.
The inclusion criteria were: patients over 18 years of age
with signs of pulp calcification or root canal obliteration.
The exclusion criteria included: patients under 18 years
of age, absence of degenerative pulp changes, and ra-
diographs of inadequate diagnostic quality.

CBCT images were obtained using the Kavo DEXIS
ORTHOPANTOMOGRAPH™ 3D Pro system (KaVo, Ger-
many) at 85 kV, 5 mA, and an exposure time of 14.4 se-
conds. The acquired scans were evaluated in coronal,
sagittal, and axial planes to identify the presence of dis-
crete radiopaque masses within the radiolucent pulp
chamber, as well as root pulp obliteration, which was
defined as narrowing or complete closure of the root
canal space visible on the radiograph.

Statistical analysis was performed using SPSS soft-
ware (IBM Corp., USA). Pearson’s chi-square (x?) test
was used to assess the prevalence of degenerative
changes in the dentin-pulp complex and to evaluate
potential associations with other variables. A p-value of
< 0.05 was considered statistically significant.

RESUTLS

The overall prevalence of pulp calcifications in the
dental pulp tissues of all examined patients was 56.7%.
The highest frequency of pulp stones was observed in
maxillary and mandibular molars — 71.2% (Fig. 1, A, B, D).
In contrast, the lowest prevalence was recorded in the
incisors — 5% (Fig. 1, C). No statistically significant dif-
ference in the occurrence of pulp stones was found be-
tween genders (p > 0.05). Pulp canal obliteration was
identified in 24% of the teeth with calcifications. The
degree of calcification ranged from partial (15.1%) to
complete obliteration of the root canal space in 8.9%
of cases. Nevertheless, despite radiographic evidence
of complete obliteration, a narrow, barely discernible
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root canal lumen may still be present at the microscopic
level [12; 13].

Among patients aged 18-44 years, pulp calcifica-
tions predominated, whereas obliteration of the root
canals was more frequently observed in the older age
group (60-74 years) (Table 1).

The percentage distribution of predictors associ-
ated with the development of calcific metamorphosis
is presented in Fig. 2. Among teeth with pulp stones,
46% showed no signs of carious lesions, whereas 54%
exhibited radiographic and clinical evidence of caries
(Fig. 1, A). In cases with root canal obliteration, deep
carious lesions were identified in 28.7% of cases. Sta-
tistical analysis confirmed a significant correlation be-
tween the presence of pulp calcifications and dental
caries (p = 0.01).

The presence and depth of restorations did not
demonstrate a statistically significant difference
depending on the type of calcific metamorphosis
(p > 0.05). Nearly half of the teeth in each calcification
group had restorations. Notably, deep restorations
were more frequently observed among teeth with root
canal obliteration (Fig. 1, D).

In the group of teeth previously treated using bio-
logically based calcium-containing materials, oblitera-
tion of the root canal space was observed twice as of-
ten as pulp stones. A relatively low prevalence of pulp
calcifications (15%) was noted in teeth with a history of
orthodontic treatment. Interestingly, in unerupted (re-
tained) teeth that had not been exposed to external fac-
tors, pulp calcifications were identified in 18% of cases,
which may indicate an idiopathic nature of these dege-
nerative changes.

Table 1. Distribution of teeth with degenerative
changes in the pulp cavity according to group affiliation
Ta6nuuya 1. PacnpegeneHue 3yb6oB

C pereHepatnBHbIMN NSMEHEHUAMNU

B nynbnapHon Mnos10CTn B COOTBETCTBUA

C rpynnoBo NPMHaANEXHOCTbIO

Affiliation Pulp stones, % obiri(t)::a(;?::,l%

Age group affiliation

18-44 years 35.7 6.1

45-59 years 52.3 25,2

60-74 years 12.0 68.7
Gender affiliation

males 42.2 46.7

females 57.8 53.3
Group affiliation

maxilla 54.0 53.3

mandible 46.0 46.7
Tooth type

incisors 5.0 13.3

canines 6.6 10.0

premolars 17.2 23.4

molars 71.2 53.3
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Fig. 1. Sagittal Sections of Dental CBCT Studies: A — Pulp calcifications in the cavities of teeth 2.7 (presence
of secondary caries), 3.7, 3.8; B — Pulp calcifications in the cavities of teeth 1.7, 4.7, 4.8 (impacted, ectopic);

C - Pulp calcifications in the cavities of teeth 1.1, 1.2; D — Pulp calcifications in the cavity of tooth 3.6 (presence
of deep restoration), 3.7

Puc. 1. CaruttanbHble cpedbl geHTanbHbix KJIKT-nccnepnoBaHmii: A — nynbnapHble Kanbumdurkatbl B NOJOCTH
3y60B 2.7 (Hanmyne BTOPMYHOro kapueca), 3.7, 3.8; B — nynbnapHble kanbumndurkaTtsl B nonocTtn 3yda 1.7, 4.7, 4.8
(PETMHMPOBAHHbIN, ANCTONMPOBAaHHbIN); C — NynbnapHble kanbumdmrkaumm B nonoctn 3yba 1.1, 1.2;

D — nynbnapHble kanbumdurkauum B nonoctn 3yba 3.6 (Hanndme rnybokoii pectaBpauunm), 3.7
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50+

40+

30+

20+
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Intact Carious Restored Biological Impacted Orthodontic
teeth lesion teeth treatment metho teeth treatment
I rulp calcifications Root canal obliteration

Fig. 2. Potential factors of calcifying metamorphosis development
Puc. 2. [NoTeHumnanbHble pakTopbl pasBUTUS Kanbundunumpytowero metamopdosa
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DISCUSSION

The aim of this study was to evaluate the radio-
graphic characteristics of various types of dental pulp
calcifications and their association with specific dental
indicators.

Correlation analysis revealed a significant predis-
position for the formation of pulp calcifications in mo-
lars, which is consistent with previously published stu-
dies [13-15]. The high prevalence of calcifications in
this tooth group may be attributed to their anatomical
features: as the largest teeth in the dental arch, molars
possess a more developed pulpal blood supply, which
creates favorable conditions for calcification forma-
tion [16]. Furthermore, they are the first permanent teeth
to erupt and bear the greatest occlusal load throughout
life, making them more susceptible to carious lesions
and restorative procedures [17]. Notably, the study by
A. Palatynska-Ulatowska et al. indicated that pulp calci-
fications are more commonly found in the coronal pulp
than in the radicular pulp space [18].

In this study, no statistically significant difference
was found between gender and the presence of degen-
erative changes in the dentin-pulp complex. However,
a number of authors report a higher prevalence of such
changes among females, which is attributed to a grea-
ter incidence of bruxism and the influence of hormonal
factors [15-19].

Regarding age-related indicators, an inverse cor-
relation was identified between patient age and the
presence of degenerative pulp changes (p = 0.001).
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Abstract

AIM. The feature of adaptive potential of secretory function of the small salivary glands besides flying
composition of the civil aviation.

MATERIALS AND METHODS. In the article presented results of the study of secretory function of small salivary
glands beside 20 employees of flying and 15 overland compositions of civil aviation at the age 20-50 years
with pathology of oral cavity and with sound condition of dentistry status. For achievement delivered purposes
have developed and felt the way, concluding in revealing the small salivary glands on emerged secret and
fixation its paper pattern in the manner of imprint. About level of the secretions of the small salivary glands
witnessed the different diameter an imprint of secret. As a matter of convenience count small salivary glands
divided in four orders in depending of diameter heel secret — from the most small, referred to IV order, before
the most large (I order).

RESULTS. Amongst flying composition with sound condition of dentistry status at observation of the paper
pattern revealed area of the lips with concentration of the small salivary glands only 1-st and 2-nd degree.
Beside they comes to light scant few of the small salivary glands Il and Il order, density their small, on upper
lip they, as contrasted with glands IV order, concentrated to medium closer, but on lower lip — on side left and
right half. Beside flying composition with dentistry pathology discovered quite other regularity in respect of
concentrations of the small salivary glands on upper and lower lip: both on upper and on lower lip practically
were not discovered small salivary glands lll and IV orders. Together with that quantitative importance of the
small salivary glands Il order besides flying composition with pathology of oral cavity turned out to be similar
to patient without dentistry pathology.

CONCLUSIONS. Beside flying composition with dentistry pathology on amount of the secretions in the first
place answer the glands Il order, then to them are connected the glands Il order. Beside they practically do
not exist the appearances of the secret of the small salivary glands IV order that is indicative of absence their
reserve function, conditioned stress-induced influence extreme factor of aircraft flight.

Keywords: small salivary gland, flying personnel, non-flying composition, lip, civil aviation, pathology of
parodont, aircraft flight
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AfanTauMoHHbIA NOTEeHUMAN BbigenutenbHOU GYyHKLUM
MasibiX C/IIOHHBIX XeJe3 y JIETHOro coctaBa rpa)XAaHCKoi aBMauum

r.I. Awypogr(> <, M.K. Llokupoe, 9. MynnopxaHoe, M.P. N'ype3os

VHCTUTYT NOCAEAMNAOMHOro 06pa3oBaHua B chepe 30pasooxpaHerns Pecnybnnku TagxukucTtan, r. dywan6e, TaaxvkucTaH
< shakh92@mail.ru

Pe3iomMe

LLEJIb. JaTb xapakTepucTuky agantauMoHHOro NoTeHUMana BblAeNNTeNbHOM GYHKLUMN ManbiX CIIIOHHbIX Xe-
nle3 y NeTHOro cocTaBa rpa>xaaHckon aBmaumn.

MATEPUAJbI N METO/ZbI. B paboTe npeacTaBneHbl pe3ynbraThl U3y4eHUs! BbIAENNTENbHOM GYHKLIMN MasibiX
CIIOHHBIX Xene3 y 20 coTpyaHUKOB NETHOro 1 15 Ha3eMHOro cocTtaBa rpaxaaHCckon aBmauum B BO3pacTe
20-50 neT ¢ natofnorven NOAOCTM PTa U MHTAKTHLIM COCTOSIHUEM CTOMATONIorn4yeckoro craryca. nsa no-
CTMXEHMS NOCTaBNEHHOW Lenu paspabdoTany U UcnbiTanm crnocob, 3akioyaoWmniics B BbISBIEHUN MasbiX
CJIIOHHbIX XeNie3 Mo BbICTYNUBLLEMY CEKPETY U duKcauum ero BymMmaxHbiM LWABGIOHOM B BUAE OTNEYaTKOB.
00 ypOoBHE CEKPELM MasblX CITIOHHbIX Xene3 CBMAETENbCTBOBAS Pa3/INYHbIA AMaMeTp OTNevyaTkoB CEKpeTa.
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IOns yno6cTBa noacyeTa Masble CIIOHHbIE XeNe3bl OblM NoAeNeHbl HA YeTbipe NOPSAKa B 3aBUCMMOCTUN OT
OnamMeTpa NaTeH CeKpeTa — OT CaMbiX MENIKMX, OTHECEHHbIX K |V mopsaaky, 40 camMblx KpynHbIX (I nopsaka).
PE3YJIbTATbI. Cpean neTHoro coctaBa C MHTAKTHbIM COCTOSIHMEM CTOMATOJ/IOFMYECKOro cTaTyca npu Ha-
o6noaeHnn GymaxHoro wabnoHa BbiSIBAIEHbI y4aCTKM r'y6 C KOHLLEHTpauMen MablX CIIOHHbIX XXeNe3 TObKO
1-11 1 2-11 cTeneHun. Y HUX BU3yannampyeTcs HE3HAYMUTENIbHOE KONTIMYECTBO Masibix CNOHHbIX Xenes |l u Il no-
psaKa, NIOTHOCTb UX HEBENMKA, Ha BEPXHEN rybe OHW, B MPOTUBOMOMIOXHOCTL Xene3am IV nopsaka, KOH-
LEeHTpMpoBanuch Bamxe kK cepeanHe, a Ha HUXHeN rybe — no 6okam NeBor 1 NpaBov NONOBUH. Y NETHOrO
cocTaBa CO CTOMaToorM4eckon naTonormen obHapyxeHa COBCEM MHAs 3aKOHOMEPHOCTb B OTHOLLEHUMN
KOHLEHTpaLUMN MarblX CIIIOHHBIX Xene3 Ha BEPXHEN U HMUXHEN rybax: Kak Ha BepXHel, Tak 1 Ha HUXHel rybe
npakTu4eckun He Obln 0OHapyXeHbl Masble CNtoHHbIE Xxenesbl |l n IV nopsaka. BMecTe ¢ TeM KONMYEeCTBEH-
HO€e 3Ha4YeHne ManbixX CAIOHHLIX Xenes Il nopsakay neTHOro coctasa C NaTonorMen NoN0OCTM pTa okasanochb
CXOXWM C naumeHTamm 6e3 CToMaTosIorMyeckor naToaornu.

BbIBOAbIl. Y neTHOro coctaBa co CTOMaToIOrM4e€CKOWN NaToiorne no KoM4YeCcTBY CEKPELMA B NEPBYIO o4e-
peab oTBeYaloT Xxeneabl |l nopsaka, 3atem K HAM nogkayaTes xeneaol |l nopsaka. Y HUx npakTU4eckn He
HabnaeTca NOABNEHNS CEKpeTa Masblx CIIOHHbIX Xenea3 IV nopsaka, 4To CBUAETENLCTBYET 06 OTCYTCTBUM
X pe3epBHON YHKLUN, OOYCNOBNEHHOW CTPEeCcC-uHOYLUMPYIOWNUM BANSHUEM 3KCTpeMasibHbiX GakTopOB
aBMaLMOHHOIO noneTa.

KnloueBble cfioBa: Masible C/IIOHHbIE Xenesbl, NeTHbIN NepcoHal, HeNleTHbIN cocTaBs, ryba, rpaxgaHckas aBu-
auus, NaToslorusa NapoaoHTa, aBUaLMOHHbIM NoneT

UHdopmauumsa o ctatbe: noctynuna — 02.05.2025; ucnpasneHa — 16.06.2025; npunsata — 18.06.2025
KoH}AUKT uHTepecoB: ABTOPbLI cO06Wal0T 06 OTCYTCTBUM KOHMINKTA MHTEPECOB
BnarogapHocTu: GrHaHCUpPOBaHWE U MHAMBUOYASIbHbIE 611aroAapHOCTU ANS AEKapMPOBaHUS OTCYTCTBYIOT.

Ana umtnposanuma: Awypos LI, LWokupos M.K., MynnogxaHos 9., Nlype3or M.P. AnanTauMOHHbIN NOTEH-
unan BblOeNNTENbHOM GYHKLMM MasblX CIIIOHHbIX Xenes3 y NeTHOro cocTaBa rpaxAaaHCKow aBnaunmn. SH4o0-

AoHTus Today. 2025;23(3):379-384. https://doi.org/10.36377/ET-0109

INTRODUCTION

A number of biological fluids are secreted into the
oral cavity, each playing a significant role in the phy-
siology and pathology of the oral tissues and organs.
These include saliva from the ducts of the major sali-
vary glands, as well as secretions from the numerous
minor salivary glands and mucous glands distributed
throughout the oral mucosa [1-3]. The full extent of
saliva’s importance for oral health has yet to be com-
pletely elucidated. The composition and properties of
saliva largely depend on the functional state of the cen-
tral nervous system, the activity of the salivary glands
themselves, and the quality of ingested food [4-7].

In light of the above, particular scientific interest
lies in the investigation of the functional state of the
minor salivary glands under stress-inducing condi-
tions caused by the extreme factors associated with
aviation flight.

AIM

To characterize the adaptive potential of the secre-
tory function of minor salivary glands in civil aviation
flight personnel.

MATERIALS AND METHODS

The tasks aimed at assessing the adaptive poten-
tial of the secretory function of minor salivary glands
in civil aviation flight personnel were addressed based
on original selective observations of individuals across
specific age groups. This study presents the results
of an investigation into the secretory function of mi-
nor salivary glands in 20 flight crew members and
15 ground personnel of the civil aviation sector, aged
between 20 and 50 years, both with oral pathology and
with intact dental status.

dHdodoHmus
————TLT

To achieve the stated objective, we developed and
tested a method involving the identification of minor
salivary glands through the detection of emerging se-
cretions and their fixation using a paper template to ob-
tain impression marks. A square paper frame with 2 cm
sides was applied to the mucosal surface of the lower
lip, which had been pre-stained with a 1% solution of
methylene blue or brilliant green. Secretory droplets
emerging from the ducts of the minor salivary glands
were then counted by identifying the decolorized spots.

In professional civil aviation personnel, the level of
secretion of the minor salivary glands was reflected by
the varying diameters of the secretion prints. Accor-
ding to I.F. Romacheva, the normal number of functio-
ning minor salivary glands within a 2 cm square frame
is 20-22. For convenience in quantification, the glands
were categorized into four grades based on the dia-
meter of the secretion spots - from the smallest
(Grade IV) to the largest (Grade I).

Statistical analysis was performed using Statisti-
ca 10.0 and Microsoft Excel. The distribution type was
assessed using the Kolmogorov—-Smirnov and Sha-
piro—Wilk tests. The following descriptive statistical pa-
rameters were determined: number of observations (n),
arithmetic mean (M), standard error of the mean (m),
and relative values (P, %). Statistical significance was
setatp < 0.05.

RESUTLS

The data obtained from the study of the secretory
function of minor salivary glands in ground person-
nel of civil aviation with oral pathology indicate that
the number of these glands on the lower lip averaged
71.3£8.4 units, which is 1.5 times higher than on the
upper lip (46.9+2.7 units; p<0.001). The vast majority
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of minor salivary glands on the upper lip were classi-
fied as Grade IV (smallest secretion spot diameter), ac-
counting for 27.1+2.8 units (57.8%), and this number
was significantly higher (p <0.01) than that of Grade Il
glands with medium secretion spot diameters -
16.7 £2.3 units (35.6%). It was also highly significantly
greater (p<0.001) than the number of Grade Il glands
characterized by larger secretion spot diameters —
3.1=1.1 units (6.6%) (Fig. 1, A).

It should be noted that among the examined ground
personnel with dental pathology, sialometry of the mi-
nor salivary glands did not reveal any glands of the first
grade (Grade 1), characterized by the largest secre-
tion spot diameters. The average secretion rate was
0.94+0.46 mg/min.

As mentioned above, the average number of minor
salivary glands on the lower lip was 71.3+3.4 units.
The grade-wise distribution of minor salivary glands
on the lower lip in ground personnel of civil aviation
with oral pathology demonstrated the following pat-
tern: Grade IV glands predominated, accounting for
47.3+2.2 units (66.3% of cases), which was signifi-
cantly higher than the number of Grade lll glands -
18.7 £2.6 units (26.3%; p<0.001), and Grade Il glands —
5.83+0.7 units (7.4%) (Fig. 1, B).

In the ground personnel of civil aviation with den-
tal pathology, the assessment of the secretory func-
tion of the labial minor salivary glands revealed that
although the total number of glands on the lower
lip (71.3+£3.4 units) exceeded that on the upper lip
(46.9+2.7 units), this proportional relationship was not
observed across different gland grades, except for
Grade IV glands, which were significantly more numer-
ous on the lower lip (47.3£2.2 units) than on the upper
lip (27.1£2.8 units; p<0.001). In contrast, the average
numbers of Grade Ill and Grade Il glands on the lower lip
(18.7+2.6 and 5.3+0.7 units, respectively) did not differ
significantly from those on the upper lip (16.7+2.3 and
3.1+1.1 units, respectively).

Among ground personnel with an intact dental sta-
tus, the total number of minor salivary glands on the
lower and upper lips was 78.8 3.7 and 52.4 + 3.3 units,
respectively. The average numbers of Grade Il

Small salivaty
glands Il orders
6.6%

Small salivaty
glands Ill orders

Small salivaty 35.6%

glands IV orders
57.8%

A
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and Grade lll glands on the lower lip (9.5+0.8 and
22.7+3.2 units, respectively) were higher than on the
upper lip (5.8 1.5 and 17.8 £ 2.6 units, respectively).

Comparative analysis demonstrated that in ground
personnel with an intact dental status, the total num-
ber of minor salivary glands on the lower and upper
lips was approximately 1.1 times higher (78.8+3.7 and
52.4+3.3 units, respectively) than in those with oral pa-
thology (71.3x3.4 and 46.9+2.7 units, respectively).
These findings suggest that the presence of pathological
conditions in the oral cavity is associated with a certain
degree of reduction in the secretory function of minor
salivary glands among ground personnel of civil aviation.

A similar study was conducted among flight per-
sonnel of civil aviation with an intact dental status. The
results in this group revealed a diametrically opposite
pattern in the quantitative distribution of minor sali-
vary glands on the upper and lower lips compared to
the ground personnel with healthy oral tissues. Spe-
cifically, among flight crew members with intact dental
status, the number of minor salivary glands on the lo-
wer lip was 1.3 times lower (41.1£ 1.6 units) than on the
upper lip (54.7 £2.2 units). Moreover, the vast majority
of glands on the lower lip were classified as Grade IV
(32.5+2.9 units), followed by Grade Il (7.3%=1.3 units)
and Grade Il (1.8+0.7 units), accounting for 78.1%,
17.6%, and 4.3% of the total, respectively (Fig. 2).

In flight personnel of civil aviation with an intact
condition of oral tissues, structural analysis of the to-
tal secretory function of minor salivary glands on the
upper lip (54.7 +£2.2 units) revealed a predominance of
Grade IV glands (64.4%; 35.2%2.3 units), followed by
Grade Il (833.1%; 18.1£1.5 units) and Grade Il (2.5%;
1.4+0.2 units).

A comparative evaluation of the secretory function
of minor salivary glands in flight crew members without
dental pathology clearly demonstrates that although the
total number of glands on the lower lip (41.1 £ 1.6 units)
was lower than that on the upper lip (54.7 £2.2 units),
this ratio was also reflected in the number of Grade llI
(7.3+1.3 vs. 18.1 1.5 units) and Grade IV (32.5+2.9 vs.
35.2+2.3 units) glands on the lower and upper lips, re-
spectively.

Small salivaty
glands Il orders
6.6%

Small salivaty
glands lll orders

Small salivaty 35.6%

glands IV orders
57.8%

Fig. 1. Quantitative estimation of small salivary glands on upper (A) and lower (B) lip in depending of diameter
heel secret beside non-flying composition of the civil aviation with dentistry pathology

Puc. 1. KonnyecTBeHHas ougeHKa MaiblX CIIIOHHBIX XXene3 Ha BepxHel (A) n HMxHewn (B) rybax B 3aBUCUMOCTU OT
anameTpa NaTeH CeKpeTa y HEIETHOro cocTaBa rpaXkgaHCKol aBMaumm Co CTOMaTOI0rMYeCckom NnaTonornemn
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In the examined cohort of flight personnel with an
intact dental status, the secretory output of minor sali-
vary glands was also measured. Upon recalculating
the number of glands on the upper and lower lips to the
corresponding amount of secreted fluid, it was found
that the volume on the lower lip (14.7+1.3 mg/min)
was 1.5 times higher than that on the upper lip
(9.8+£0.7 mg/min; p<0.01). On the upper lip, Grade llI
and Grade IV glands secreted nearly equal volumes of
saliva — 4.9£0.6 mg/min and 4.8+0.5 mg/min, respec-
tively — with the remainder attributed to Grade Il glands.

Considering the total secretory output on the lower
lip (14.7£1.3 mg/min), Grade IV and Grade lll glands ac-
counted for the majority of secretion, with a dominant
contribution from Grade IV glands - 9.7+0.8 mg/min
(66.0%), which significantly exceeded the secretion
from Grade lll glands - 3.2+ 0.5 mg/min (21.8%). A min-
imal volume of secretion was produced by Grade Il
glands - 1.8+0.2 mg/min (12.2%). When comparing
secretion volumes between the upper and lower lips,
a statistically significant difference was observed only

Small salivaty
glands Il orders
2.5%

Small salivaty
glands lll orders

Small salivaty 33.1%

glands IV orders
64.4%

A

for Grade IV glands: 4.8+0.5 mg/min on the upper lip
vs. 9.7£0.8 mg/min on the lower lip (p < 0.001).

Among flight personnel with intact oral health, recal-
culation of the number of minor salivary glands on the
upper and lower lips in terms of their secretory output re-
vealed that secretion on the lower lip (14.7+1.3 mg/min)
was reduced by 1.5 times compared to that on the upper
lip (9.8+0.7 mg/min; p<0.01). On the upper lip, Grade llI
and IV glands produced nearly equal amounts of saliva —
4.9+£0.6 mg/min (50.0%) and 4.6+£0.5 mg/min (46.9%),
respectively — while Grade Il glands accounted for the
remaining 0.5=0.1 mg/min (3.1%) (Fig. 3).

The average value of the secretory function of mi-
nor salivary glands on the lower lip in civil aviation flight
personnel with dental pathology was 11.3+0.6 mg/min,
which is 1.3 times lower than the corresponding value
in pilots with an intact dental status (14.7+1.3 mg/min).
Upon evaluating the secretory function of minor salivary
glandsinthisarea, itwas foundthatinflight personnel with
dental pathology, Grade lll and IV glands also constituted
the primary source of secretion, with a predominance of

Small salivaty
glands Il orders
4.3%

Small salivaty
glands lll orders

Small salivaty 17.6%

glands IV orders
78.1%

Fig. 2. Quantitative estimation of small salivary glands on upper (A) and lower (B) lip in depending on diameter
heel secret beside flying composition of the civil aviation with sound condition of dentistry status

Puc. 2. KonnyecTBeHHas ougHka Masblx CIIIOHHBIX Xene3 Ha BepXHeEN (A) n HmxHeln (B) rybax B 3aBUCUMOCTU
OT AamMeTpa NATEH CEKpeTa y IETHOrO CocTaBa rpaXkaaHCKOW aBMauum ¢ MHTakTHbIM COCTOSTHUEM

CTOMAaTOJIOrnM4eckKoro crtatyca

Small salivaty
glands Il orders
11.5%

Small salivaty

Small salivaty glands lll orders

Small salivaty
glands Il orders
3.1%

Small salivaty
glands Il orders

Small salivaty 50.0%
glancis%l\é%rders 40.7% glands IV orders
' 46.9%
A B
Fig. 3. Value produced secret of small salivary glands Il, lll and IV order on lip beside flying composition in
depending of conditions dentistry status: A — patients with dentistry; B — patients without dentistry
Puc. 3. BenanumHa npoayumpyemoro cekpeta Manbix CitoHHbIx xene3 I, [ n IV nopsgka Ha rybax y 1eTHoro

COCTaBa B 3aBMCUMOCTN OT COCTOAHNA CTOMATOJIOrM4eCKOoro crtartyca: A — nauMeHTbl CO CTOMATOJIONMYECKUM
neyeHnem; B — nauneHTbl 6€3 CTOMaTON0rM4EeCKOro nevyeHuns

dHdodoHmus
————TLT
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Grade IV glands — 5.4+0.3 mg/min (47.8%). However, this
value was significantly lower than the secretion produced
by Grade Il glands — 4.6+0.3 mg/min (40.7%; p<0.05).
The remaining amount of saliva (1.3+0.2 mg/min; 11.5%)
was attributed to Grade Il minor salivary glands.

DISCUSSION

In civil aviation pilots with pathology of the oral tis-
sues, analysis of the overall secretory function of minor
salivary glands on the upper lip (7.9%0.5 units) also re-
vealed a numerical predominance of Grade IV glands
(49.4%; 3.9+0.8 units), followed by Grade lll (44.3%;
3.5+0.5 units) and Grade Il (6.3%; 0.5+0.2 units). Sta-
tistically significant differences in secretion volume be-
tween the upper and lower lips were observed only for
Grade Il glands (11.5% vs. 6.3%) and Grade lll glands
(40.7% on the lower lip vs. 49.4% on the upper lip).

To investigate the existence of a consistent pattern
in the topographical distribution of minor salivary glands
depending on the dental status in civil aviation pilots
with oral pathology, glandular imprints were transferred
onto a paper template using a specialized coordinate
grid, allowing for identification of zones with the highest
concentration of each gland grade. The concentration
density (glands per mmz?) was classified into three le-
vels: less than one gland — Grade I; exactly one gland —
Grade Il; more than one gland — Grade lIl.

Among pilots with an intact dental status, observa-
tion of the paper templates revealed only Grade | and Il
concentration levels. Although glands of different or-
ders appeared intermixed, certain areas exhibited pro-
nounced clustering of minor salivary glands consistent
across all subjects. On the upper lip, the highest con-
centration of Grade IV glands was found near the lateral
areas of the oral vestibule arch, while on the lower lip,
clustering was most prominent in the central zone. Only
small numbers of Grade Il and lll glands were visualized,
with low density. These were located more centrally on
the upper lip (unlike Grade IV glands) and laterally on the
left and right halves of the lower lip.

Conversely, in pilots with dental pathology, a funda-
mentally different pattern of gland distribution was ob-
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The effect of the type
of jaw growth caused by the change of baby teeth
on the bioelectric activity of the chewing muscles
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Abstract

INTRODUCTION. The bioelectric activity of the masticatory muscles is influenced by many factors due to the
parameters of the craniofacial complex — morphometric parameters of the head. However, there is no datain
the literature on the effect of the type of jaw growth during periods of alternating bite on the functional activity
of the muscles that lift the lower jaw.

AIM. To determine the impact of jaw growth type, associated with the transition from deciduous to permanent
teeth, on the bioelectrical activity of the masticatory muscles.

MATERIALS AND METHODS. A survey of 150 children aged 5 to 14 years was conducted, randomized into
5 groups - group | —the final period of milk bite and preparation of the jaw for tooth replacement. Group Il — the
first permanent molars and incisors of the lower jaw erupted. Group Il — there was a change of permanent milk
incisors. Group IV — there was a complete change of all baby teeth. Group V - the second permanent molars
have erupted. An analysis of the telerentgenogram and the functional activity of the masticatory muscles is
presented by determining absolute and relative indicators.

RESULTS. In patients of groups |, Il and lll, low bioelectric activity was detected, which increases during the
complete change of all baby teeth and the eruption of the second permanent molars, which is due to the
formation of chewing activity of the muscles. Also, during this period, the symmetry and synchronicity of the
work of the masticatory and temporal muscles proper was noted.

CONCLUSIONS. Minimal changes during jaw growth due to the change of baby teeth lead to a change in
the functional activity of the masticatory muscles, which may subsequently be a predictor factor for the
development of neuromuscular imbalance in the maxillofacial region.

Keywords: removable bite, telerentgenogram, electromyography, jaw growth
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BanaHMe TMNA pocTa YesioCTew,
06ycnoBneHHOro cMeHOM MOJIOUHbIX 3y60B,
Ha 6M031eKTPUUECKYI0O AKTUBHOCTb YKeBaTeJ IbHbIX MbILLL|

B.B. WkapuH(®, U.B. AnpeHko (>, O.A. MakepoHoBa ") <, C.B. AMuUTpueHko >,
E.H. fpoirmuna’?, A.I. NaBnoBa-ApamoBu4(>), E.A. OroHaH

Bonrorpagcknii rocyaapcTBEHHbIM MEANLIMHCKNA yHUBEPCUTET, I. Bonrorpaa, Poccuiickas ®enepauns
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Pe3iomMe

BBEAOEHME. Ha 6noanekTpmnyeckyio akTUBHOCTb XeBaTeIbHOM MyCKynaTypbl BINSET MHOXECTBO (hakTOpPOB,
06ycnoBneHHbIE NapaMeTpamMmn KpaHno-daumanbHOro KoMmnaekca — MoppoMeTpruyeckme napameTpbl roo-
Bbl. OgHako, B nuTepatype OTCYTCTBYIOT AaHHblE O BAUSHUM TUMNA pPocTa YentioCTeEN B NEPNOAbl CMEHHOIO
npukyca Ha GYHKLUWOHAbHYIO @KTUBHOCTb MbILLL,, MOAHUMAIOLMX HUXHIOK YENOCTb.

LIENTb NCCNEOOBAHUA. Onpenennts BANsSIHWE TUNA POCTA YENOCTEeN, 0OYCNOBAEHHOrO CMEHO MOMOYHbIX
3y00B, Ha BNO3NEKTPMNHECKYIO aKTUBHOCTb XEBATENbHbIX MbILLL,.
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MATEPUAbI N METO/bI. MpoBeaeHo o6cnenosaHme 150 pneteit B Bo3pacTte oT 5 oo 14 neT, paHAOMNU3NPO-
BaHHbIE Ha 5 rpynn — | rpynna — 3aBepLialoLLmii NEPUOL MOJSIOYHOMO MPUKYCAa 1 MOATOTOBKA YENOCTU K CMEHe
3y60B.. Il rpynna — npope3anucb NepBble NOCTOSIHHLIE MOJIAPLI U pe3Lubl HUXKHeN YentocTu. Il rpynna — npo-
M30L1a CMEHA MOJIOYHbIX PE3L0B NOCTOSHHbIMK. IV rpynna — nponsoLwia nojiHas CMeHa BCEX MOJIOYHbIX
3y60B. V rpynna — npope3anncb BTOPbIE NOCTOSIHHbIE MONSIPLI. [peacTaBNeH aHaNN3 TeIEPEHTIeHOrpaMmbl
1 OYHKLMOHANbHOM aKTUBHOCTU XEBATENbHOM MYCKYNaTypbl C MOMOLLBIO onpeneneHns abCconoTHbIX N OT-
HOCUTESNbHbIX MOKa3aTenen.

PE3YJbTATbI. Y nauymenTos |, Il n Il rpynn BbisBNeHa HM3kasa bruoanekTpuyeckas akTMBHOCTb, KOTopas B ne-
p1oA, NOMHOM CMEHbI BCEX MOMOYHbIX 3yOOB 1 MPOPe3bIBaHUS BTOPbIX MOCTOSIHHbIX MOJIIPOB YBENNYMBAETCS,
4TO 00YyCNOBNEHO GOPMUPOBAHMEM XeBaTeslbHOW akTUBHOCTU MYCKYnaTypbl. Takxe B AaHHbIM nepuog oT-
Meyanacb CUMMETPUYHOCTb U CUHXPOHHOCTb Pab0Tbl COOGCTBEHHO XEBATENbHOW U BUCOYHOW MbILLILL.
BbIBOAbl. MuHnManbHble n3aMeHeHns B nepnog, pocTta YyentocTteinr, 06yCNnoBNEHHbIE CMEHO MOJIOYHbIX 3Yy-
0B, NPUBOAAT K NUBMEHEHWNIO PYHKLIMOHAbHOM akTUBHOCTW XeBaTeslbHbIX MbILL, KOTOpas BNocneacTsnm
MOXET SBNATbCS HaKTOPOM-NPEeanNKTOPOM Pa3BUTUS HEMPOMBILLEYHOro ancbanaHca YentoCTHO-INLLEBOWN
obnactu.

KnioueBble cnoBa: CMEHHbIN NPUKYC, TENIEPEHTreHorpamMmma, anekTpommorpadums, pocT HeNtoCcTn
UHdopmauumna o ctaTbe: noctynuna — 29.04.2025; ncnpasneHa — 03.06.2025; npuHaTta — 17.06.2025
KoH)AUKT uHTepecoB: ABTOPbI cO0OLLLal0T 06 OTCYTCTBUM KOHDINKTA UHTEPECOB.

BnarogapHocTu: MiccnegoBaHue BbINOJIHEHO B paMKax peanuMaauum rpaHta AogMuHucTpauum Bonrorpag-
cKoii obnacTtu — cornaweHne N2 1 — 2024.

Ana yutuposanua: LLkapuH B.B., Anpenko W.B., MakegoHosa lO.A., Amutpuenko C.B., ApbirnHa E.H., MNaB-
noea-Apamosud A.lL, OroHsH E.A. BnnsHue Tuna pocta yenocteinr, 06yCNOBAEHHOr0O CMEHOM MOJIOYHbIX
3y60B, Ha OMOINEKTPUYECKYID aKTUBHOCTb XeBaTeNbHbIX MbllLl,. SHA0A0HTMS Today. 2025;23(3):385-392.
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INTRODUCTION

Morphometric parameters of the craniofacial com-
plex determine the characteristics of the masticatory
muscles, as demonstrated by previous studies [1].
However, during the mixed dentition period, structural
transformations occur as a result of jaw growth as-
sociated with the eruption of primary and permanent
teeth [2]. To date, the literature provides detailed data
on changes in craniofacial parameters in children du-
ring the transition from primary to permanent dentition.
Researchers have observed that the most significant
dimensional changes occur in the facial region of the
skull and are related to the phases of occlusal height
increase following the eruption of key teeth [3].

At the same time, international literature reports that
by the time of dental replacement, the dimensions of
the neurocranium in children reach approximately 90%
of adult values. It is therefore evident that the size of
cranial bones contributes to the anatomical and func-
tional features of the masticatory musculature [4]. Mor-
phometric peculiarities of the facial skeleton in children
during the early mixed dentition stage have also been
documented in the presence of occlusal abnormalities,
particularly in terms of vertical skeletal parameters.
During this period, active growth of the mandibular ra-
mus continues, accommodating the developing buds of
permanent molars [5].

Furthermore, the type of facial skeletal growth is in-
fluenced by the gonial angle, which ranges from 118° to
122°in cases of neutral growth patterns. Consequently,
the orientation of the muscle attachment site at this an-
gle is presumed to affect the bioelectrical activity of the
masticatory muscles [6]. However, no current literature
provides data on the influence of jaw growth during the
mixed dentition period on the functional activity of mas-
ticatory muscles.

dHdodoHmus
————TLT

Electromyography remains the principal method
for assessing the bioelectrical activity of the mastica-
tory muscles and is well documented in both textbook
and scientific literature [7]. Surface electromyography
(sEMG) is one of the primary auxiliary diagnostic tools,
enabling objective assessment of the functional state
of the masticatory muscles, including their bioelectri-
cal activity [8]. While this method is described in both
domestic and international publications, the majority
of studies offer comparative analyses between patient
groups and controls without clearly defined quantitative
criteria [9; 10].

Several studies have reported asymmetry in the bio-
electrical activity of the masticatory muscles in children
with physiological occlusion, whereas in malocclusion
cases, the temporal and masseter muscles exhibit syn-
chronized function. However, these investigations have
not addressed the typological changes in the functional
state of the masticatory muscles during tooth replace-
ment in relation to jaw growth. This gap in knowledge
formed the rationale for the present study.

AIM

To examine the influence of jaw growth patterns as-
sociated with the transition from primary to permanent
dentition on the bioelectrical activity of the masticatory
muscles.

MATERIALS AND METHODS

The study was conducted at the Department of Den-
tistry and the Department of Prosthetic Dentistry and
Orthodontics of the Institute of Continuing Medical and
Pharmaceutical Education at Volgograd State Medical
University. In accordance with the study standardization
protocol, specific inclusion, non-inclusion, and exclu-
sion criteria were developed.
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Inclusion criteria

® Age 5-14 years

® Absence of chronic somatic diseases

® Absence of periodontal diseases

® Absence of temporomandibular joint dysfunction
® Informed voluntary consent of the parents

Exclusion criteria

® Presence of pain on percussion of the tooth

® Unwillingness to undergo procedures

® Simultaneous participation in another clinical trial
® Socially vulnerable population groups

Exclusion criteria

® |Individuals under 5 years and over 14 years of age

® Low patient compliance

® Patient’s withdrawal from further participation in the study
® Orthodontic treatment

® Administration of botulinum toxin type A

Fig. 1. Inclusion, Non-inclusion, and Exclusion Criteria
for Study Participants

Puc. 1. Kputepuu BkOHEHWS / HEBKIIIOYEHWS /
WCKJTI0YEHNS NALMEHTOB B UCCNeaoBaHne

All participants were divided into five equal groups
(80 individuals each), based on the eruption stage of
specific tooth groups:

— Group | - final stage of primary dentition and prep-
aration of the jaws for tooth transition.

— Group Il — eruption of the first permanent molars
and mandibular incisors.

— Group lll - replacement of primary incisors with
permanent ones.

— Group IV - complete replacement of all primary
teeth.

— Group V- eruption of the second permanent
molars.

Dental examinations were carried out using both
basic and supplementary diagnostic methods. Clinical
oral evaluation was performed using a dental mirror and
probe. The dental status and presence of periodontal
conditions were assessed. Lateral and posteroanterior
cephalometric radiographs were obtained using the
Evolution (Italy) imaging system.

Electromyographic (EMG) examination was con-
ducted using the Synapsis system in accordance with
standard protocols. Surface electrodes were placed on
the masseter and temporalis muscles, with an intere-
lectrode distance of at least 1 cm. Patients were seated
in a dental chair in a relaxed, resting state.

During the “rest” trial, the following parameters were
recorded:

— maximum and mean amplitudes of the masseter
and temporalis muscles on both sides;

— Temporalis Muscle Symmetry Index (TMSI);

— Masseter Muscle Symmetry Index (MMSI);

— Center of Muscle Coordination (CMC);

— Torsion Index (TORS).

3587

Mean amplitude values were considered absolute
parameters, measured in microvolts (uV). Relative pa-
rameters — TMSI, MMSI, CMC, and TORS - were auto-
matically calculated by the software and expressed as
percentages.

Statistical analysis was performed using Statistica
10.0 Enterprise. Descriptive and inferential statistics
were applied, including the calculation of the mean (M),
standard error (£fm), standard deviation (c), and inter-
group comparisons using Student’s t-test to assess
statistical significance.

RESUTLS

Analysis of the mean amplitude of the temporalis
and masseter muscles revealed group-dependent dif-
ferences in bioelectrical activity. It is evident that the
functional activity of the examined muscles depends
on the type of jaw growth and the number of erupted
teeth. In Group I, the mean amplitude of the temporalis
muscle was statistically significantly lower compared to
other groups: 21.4% lower than Group Il, 25% lower than
Group lll, 33.9% lower than Group IV, and 66.8% lower
than Group V. No statistically significant differences
were observed between Groups Il, lll, and IV (p>0.05).
However, in Group Vchildren with erupted second per-
manent molarsthe mean amplitude was 36.7% higher
than in Group Il, 32.9% higher than in Group I, and 24%
higher than in Group IV (children with complete primary
tooth replacement).

The values of mean masseter muscle amplitude fol-
lowed a similar trend to the temporalis muscle. The lo-
west value was recorded in Group | (81.4+2.1 uV), which
was 16% lower than in Group Il, 22.2% lower than in
Group lll, 24.6% lower than in Group IV, and 45.7% lo-
wer than in Group V (p<0.05). No significant differences
were noted among Groups I, lll, and IV (p > 0.05), which is
likely due to the presence of first permanent molars in all
three groups. The replacement of incisors alone does not
appear to affect the functional state of the masticatory
muscles, as these teeth are primarily involved in incising
rather than chewing. In contrast, the eruption of second
permanent molars significantly enhances the bioelectri-
cal activity of both the temporalis and masseter muscles,
as confirmed by the statistical analysis (p<0.05).

Table 1. Absolute values of bioelectrical activity, uv

Ta6nuua 1. AOCONIOTHbIE 3HAYEHUS
ON03NEeKTPUYECKON aKTUBHOCTU, MKB

Indicators Group Mean amplitude

| 56.3+2.4
Il 68.1£3.2

Temporalis muscle 11 70.2+3.1
v 75127
\ 93.4+3.1
| 81.4+2.1
Il 93.9+2.4

Masseter muscle 1l 98.7+2.6
v 101.3+2.7
\ 118.4+£3.3

Tom 23 N2 3/ 2025 ‘ Endodontl.cs



588

Table 2. Relative indicators of bioelectrical activity, %

Ta6bnuua 2. OTHOCUTENbHbIE NOKa3aTeNmn

6103 NeKTPNYECKON aKTUBHOCTH, B %

Group TMSI MMSI TORS CcMC
| 19.7+4.6 20.3+3.1 22.4%£3.6 23.1£3.5
Il 15.2+£3.6 16.9+£2.0 15.9+£1.8 14.7+2.1
1l 15.6+1.4 16.7+1.7 15.2£1.9 15.6+£1.5
v 16.1£1.5 15.6+2.4 15.1%£1.6 14.9+£2.0
\Y 11.9%£1.8 18.7£2.1 14.8£1.7 15.3%1.4

Relative electromyographic parameters reflecting
the dynamics of neuromuscular changes are presented
in Table 2.

The analysis of the relative indicators of masticatory
muscle activity revealed no statistically significant dif-
ferences between the comparison groups (p>0.05).
In children at the stage of primary dentition and in the
preparatory phase for tooth transition, higher symmetry
indices were observed. These values tended to decrease
with age and over time. Greater symmetry and stability
of muscle activity were noted during the eruption of the

Fig. 2. Patient M., cephalometric radiograph: A — frontal view, B — lateral view
Puc. 2. MNaumeHT M., TenepeHTreHorpamma: A — B npssMoin npoekumn, B — B GOKOBOI NpoekLumnmn
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Fig. 3. Patient M., cephalometric radiograph in frontal (A) and lateral (B) views of a child following the eruption
of the first permanent molars and mandibular incisors

Puc. 3. MNaumeHT M., TenepeHTreHorpamma B npsmoim (A) n 6okoBoi (B) npoekuunsax pebeHka
rnocne Npope3biBaHMSA MEPBbIX MOCTOSAHHbBIX MOJIIPOB U HUXKHUX PE3L,OB
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second permanent molars, with the corresponding pa-
rameters demonstrating high reproducibility.

An increased torsion index in Group | children indi-
cates an unbalanced activity of the masticatory mus-
cles. In Groups Il, lll, and IV, the values were averaged,
showing no predominance of either muscle group.

A cephalometric radiograph of patient M. from
Group |, in both frontal and lateral views, is presented in
Fig. 2.

; R LLAGIRP
T
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Cephalometric radiograph of Patient P. from
Group Il, shown in both frontal and lateral projections,
is presented in Fig. 3.

Cephalometric radiograph of Patient O. from
Group lllis presented in Fig. 4.
Cephalometric radiograph of Patient K. from

Group IV is presented in Fig. 5.
Cephalometric radiograph of Patient V. from Group V
is presented in Fig. 6.

Fig. 4. Patient M., cephalometric radiograph in frontal (A) and lateral (B) views after the replacement

of primary incisors (Fig. 5)

Puc. 4. MNauneHT M., TenepeHTreHorpamMmma B npsimon (A) u 6okoBoi (B) npoekumnsax

rnocJsie CMeHbl MOJIOYHbIX Pe3L0B (puc. 5)

Fig. 5. Cephalometric radiograph in frontal (A) and lateral (B) views of a child after the complete replacement

of all primary teeth

Puc. 5. TenepeHTtreHorpamma B npsimori (A) u 6okosoi (b) npoekumsax pebeHka

nocJie CMeHbl BCEX MOJIOYHbIX 3y6OB

Tom 23 N2 3/ 2025 ‘ Endodont(cs
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Fig. 6. Cephalometric radiograph in frontal (A) and lateral (B) views of a child after the eruption

of the second permanent molars

Puc. 6. TenepeHTreHorpamma B npsimoit (A) n 60koBoli (B) npoekumax pebeHka

nocJie npope3biBaHNA BTOPbIX MOCTOAHHbIX MOJIAPOB

CONCLUSION

Thus, the present study demonstrated a direct cor-
relation between jaw growth patterns during the transi-
tion from primary to permanent dentition and the bio-
electrical activity of the mandibular elevator muscles.
It was established that children in the final stage of
primary dentition exhibited reduced functional acti-
vity of the masticatory muscles. During the eruption of
the first permanent molars and mandibular incisors, as
well as during the replacement of primary incisors with
permanent ones, the bioelectrical activity remained
slightly diminished. However, during the complete re-
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Fiber post retrieval and furcal perforation repair in maxillary molar:
A case report with one year follow-up
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Abstract

INTRODUCTION. Furcal perforation is a complex endodontic complication that can jeopardize treatment
outcomes. Accurate diagnosis and appropriate management are essential to prevent periodontal breakdown
and tooth loss.

AIM. This case report aims to present the non-surgical management of a furcal perforation in a maxillary first
molar caused by fiber post-placement, emphasizing the role of CBCT, biomaterials, and magnification.
MATERIALS AND METHODS. A 33-year-old female presented with mild pain and swelling in the upper left
maxillary region. Clinical examination revealed a sinus tract near the cervical area. Cone Beam Computed
Tomography (CBCT) confirmed a furcal perforation with extrusion of a fiber post. The fiber post was carefully
removed under magnification using ultrasonic tips. Hemostasis was achieved, and a calcium hydroxide
dressing was applied to the perforation site to promote healing. After 10 days, the site was sealed with mineral
trioxide aggregate (MTA). The tooth was then permanently restored following core buildup.

RESULTS. At the one-year follow-up, the tooth was asymptomatic. CBCT showed bone healing at the
perforation site, and the sinus tract had resolved. Clinical and radiographic evaluation confirmed successful
tissue repair and preservation of periodontal health.

CONCLUSIONS. This case highlights the importance of early detection and precise management of furcal
perforations. The use of CBCT, magnification, and MTA enables predictable, non-surgical repair. Even in
delayed cases, MTA provides effective sealing and promotes long-term clinical success.

Keywords: mineral trioxide aggregate, furcal perforation repair, root canal treatment, perforation repair
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YaaneHue CTeKN0BOJIOKOHHOro WTudTa U repMeTusauma
$dypKaumoHHoM nepdpopauum y MosIApA BEPXHEN HeNIOCTH:
KJIMHUYECKUW clyvan ¢ rogoBbiM HabnogeHneM
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Pesiome
BBELEHME. ®dypkauyioHHasa nepdopaums — 3T0 CIOXHOE 3HA0A0HTMYECKOE OCIOXHEHME, KOTOPOE MOXET
HEeraTMBHO NOBANATbL HA UCXOA NleYeHus. ToyHasa AnarHoCcTuka 1 CBOEBPEMEHHOE NlIeYeHre MMEIOT peLuato-
Liee 3Ha4yeHne s npeaoTBpaLLeHns pa3pyLleHns NnapogoHTa n notepu 3yba.
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LLENTb UCCNELOBAHUA. HacToAwmin KNIMHNUYECKNIA Ciydait MNNIOCTPUPYET HEXMPYPrMYeckoe nedeHune dyp-
KauMoOHHOM nepdopaumy NePBOro Moisipa BEPXHEN HYENMIOCTN, BOSHUKLLEN B pe3ysibTaTe yCTaHOBKWM CTEKI10-
BOJIOKOHHOrO WTU®TA, C aKLueHTOM Ha 3HadeHune KJTIKT, 6uomartepuranoB 1 yBENNYEHUS.

MATEPUAJIbl U METO/LbI. 33-neTHas naumeHTka obpatunack ¢ xanobamm Ha yMepeHHyio 60/1b 1 NpUnyx-
NocTb B 061aCT BEpxXHel neBoit 4entocTu. MNMpun KIMHNYeCKoOM 0CMOTpPe Oblfl BbiSIBNIEH CBULLLEBOW XOA4, B NPU-
weeyHon 3oHe. KoHycHo-ny4eBas komnbloTepHasa Tomorpadusa (KJIKT) nogrsepavna Hanndve dypkaum-
OHHOW Nepdopaunmn ¢ 3KCTPy3ner CTEKNOBOSIOKOHHOIO WwWTndTa. YaaneHue wtmndTa Ob10 BbINOAHEHO NOA,
YBEJIMYEHNEM C UCMOJSIb3OBAHNEM YNbTPA3BYKOBbLIX Hacagok. [locne 0CTaHOBKM KPOBOTEYEHUS B 06/1aCTb
nepdopauunm 6bina BHECEHa NoBSA3Ka C rMapPoKCUA0M KanbLns Ans cTumynaummn penapaunn. Yepes 10 gHein
nepdopauyms 6bi1a repMmeTM3anpoBaHa MHepanbHbIM TPMOKCUAHbIM arperatomM (MTA). 3aTtem 3y0 Obl1 OKOH-
YyaTesibHO BOCCTAHOBJIEH C POPMMPOBAHUEM KYNLTU.

PE3YJIbTATbI. Yepes roa nocne nevyeHus 3y6 octaBancs KAMHNYeCckn acumMnTomMaTuyHbiM. Mo aaHHbiv KJTKT
Habno4an0Ccb BOCCTAHOB/IEHME KOCTHOM TKaHM B 30He nepdopaumm, CBULLLEBOM X0, O6blS1 MOSIHOCTbIO 3aKPbIT.
KnuHnyeckas n peHTreHonornyeckas oLeHka NnoaTBEPAVIN YCMNELLHOE BOCCTAHOBEHMNE TKAHEN 1 COXpaHe-
HMEe NapOaOHTANIbHOIO 340P0BbS

BbIBOAbl. JaHHbI KNWHUYECKMIA Clyyalr noaYepknBaeT BaXXHOCTb PAHHErO BbISIBJIEHUSI M TOYHOIO HEXU-
pypru4eckoro segeHns dypkaumoHHsix nepdopauni. NMpumenerne KJIKT, onTnyeckoro ysenmyeHna n MTA
obecneunBaeT npeackasyemoe n ahPekTMBHOE BOCCTAHOBIEHME JaXe NP OTCPOYEHHOM BMELLATENIbCTBE,
Crnoco6CTBYSA A0NTOCPOYHOMY KJIMHNYECKOMY YCHEXY.

KnioueBble cnoBa: MUHEPASIbHbI TPMOKCUOHLIN arperaT, repMeTrsaumsa dypkaunmoHHoi nepdopaunn, ne-
YyeHune KOPHEBbLIX KaHa0B, BOCCTaAHOB/IEHME Nepdopaumm

UHdopmauumsa o ctatbe: noctynuna — 24.04.2025; ncnpasneHa — 30.05.2025; npunata — 14.07.2025
KoH$AUKT nHTepecoB: ABTOPLI cO0OLLa0T 06 OTCYTCTBUMN KOHPNUKTA UHTEPECOB.
BnarogapHocTu: duHaHcupoBaHue U HAnBMAYabHble 61arofapHOCTY s AeKNapUpPOBaHUS OTCYTCTBYIOT.

Ana uutnposanus: LLiensn C., Kymap LL., KxantaH A., Ocsan ., MpasuH A., Axaaxas K.P. YoaneHve ctekno-
BOJIOKOHHOTO WTUdTA U repmeTmaauns pypkaunoHHon nepdopaummn y Monsipa BepXHen YenioCcTu: KJIMHNYe-
CKWIA cnyyai ¢ rogoBbiM HabnwaeHnemM. SHgoaoHTus Today. 2025;23(3):393-398. https://doi.org/10.36377/

ET-0111

INTRODUCTION

Furcal perforation is one of the most undesirable
and frequently encountered procedural accidents in
endodontics, occurring at various stages of treatment.
It is often caused by using burs with inappropriate di-
mensions, improper angulation during pulp chamber
ceiling removal, or attempts to locate root canal orifices
in calcified pulp chambers. Accidental perforations ac-
count for up to 29% of all endodontic mishaps, with 87%
of these occurring in the pulp chamber of molars. The
management of perforations can be approached surgi-
cally or non-surgically, depending on the clinical sce-
nario [1; 2].

The prognosis and treatment planning for this com-
plication are influenced by key factors, including the
etiology, location, size, and time elapsed before repair.
Small, fresh perforations located in the coronal or api-
cal third of the root generally have a favorable progno-
sis. Conversely, untreated perforations in pulp cham-
ber floors are linked to poor outcomes, historically
often necessitating tooth extraction. Although calcium
hydroxide emerged as a repair material offering an al-
ternative to extraction, its limited physical and chemi-
cal properties often resulted in suboptimal outcomes,
particularly for larger perforations [2].

The introduction of mineral trioxide aggregate
(MTA) in the 1990s marked a significant advancement
in managing perforations. MTA, a calcium silicate-
based material composed of mineral oxides such as
tricalcium silicate, tricalcium aluminate, and tricalcium
oxide, has been extensively studied and is recognized
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for its superior performance in various clinical applica-
tions, including perforation repair, apexification, and
pulp capping. With a high pH of 12.5 and the ability to
set within approximately four hours in the presence
of moisture, MTA offers enhanced sealing ability, bio-
compatibility, and long-term stability, making it a gold
standard for managing complex cases of perfora-
tion [3; 4].

The objective of this case report is to describe the
management of a pulpal floor perforation in a maxillary
first molar, caused by the placement of a fiber post ex-
tending beyond the furcation area. The fiber post was
carefully retrieved under a dental operating micro-
scope, and the perforation was successfully repaired
using mineral trioxide aggregate. Clinical and radio-
graphic outcomes were evaluated over a one-year fol-
low-up period.

CASE REPORT

A 33-year-old female patient visited the Department
of Conservative Dentistry and Endodontics, reporting
swelling in the gums and mild pain in the upper left back
region of her oral cavity. Her dental history revealed that
she had undergone endodontic treatment on the upper
left first molar three months prior, and a post and core
had been placed during the last procedure. The pa-
tient’s medical history was non-contributory.

Upon initial clinical examination, a sinus tract was
observed in the gingival mucosa near the radicular cer-
vical region of the maxillary left first molar with small
swelling (Fig. 1, A).
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Fig. 1. Clinical examination of the patient: A — preoperative clinical image with sinus tract;
B — axial CBCT showing perforation; C — coronal CBCT showing extruded fiber-post;

D — pulp chamber floor with perforation(arrow); E — fiber-post retrieved;

F — calcium hydroxide (CH)placement; G - follow-up after CH placement;

H — MTA application; / - healed sinus

Puc. 1. KnuHnyeckmne obcnenoBaHus naunmeHTKn: A — npeaonepaunoHHoe KIMHNYeckoe n3obpaxeHune

C Han4meMm CBULLEBOIO x04a; B — akcmnanbHblii cpes3 KJIKT, pemoHcTpupyiowmin obnacte nepdopauunm;

C — kopoHasnbHbIn cped KJIKT ¢ Bu3yanusaumen akCTPy3nmn CTEKIOBOIOKOHHOMO WTNdTa;

D —pHO nynbnapHomn kamepsbl ¢ nepdopaumen (ykasaHo CTPenkomn); E — N3BNEYEHHbIN CTEK/TOBOSIOKOHHbIN WTUDT;
F — BHeceHue rmgpokcuga kanbums (CH); G —koHTponbHoe o6cnenoBaHme nocne pa3meuleHms CH;

H — annnukauna MmHeparsnbHOro TpuokcuaHoro arperata (MTA); [ — 3aXuBLUMA CBULL,
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No pocket was present at probing. A cone-beam
computed tomography (CBCT) scan of the area, re-
vealed a radiopaque structure extending beyond the
furcation, suggesting a perforation with a postin the fur-
cation from the floor of the pulp chamber (Fig. 1, B & C).
Since the previous endodontic therapy was in an ac-
ceptable state, only perforation repair was planned.
The patient was informed about all available treatment
options, including the prognosis for each. With the pa-
tient’s consent, a non-surgical endodontic treatment
was planned, to be performed under the dental opera-
ting microscope.

Absolute isolation of the operative field was achieved
before proceeding. After coronal access,visual in-
spection at the pulp chamber floor confirmed the pre-
sence of afurcal perforation. A portion of the fiber post
remained, extending beyond the furcation, as corro-
borated by Cone Beam Computed Tomography (CBCT)
findings. Active bleeding from the perforation site in-
dicated an unhealed and persistent defect around the
fiber post (Fig. 1, D). The portion of the fiber post ex-
tending beyond the furcation was carefully removed
using ultrasonic tips (ED 12 ultrasonic tips (Guilen
Woodpecker, China) (Fig. 1, E) Bleeding at the furca-
tion site was controlled with 2.5% sodium hypochlorite,
and no granulation tissue was found. To aid healing,
a water-based calcium hydroxide dressing (Ultracal
XS, Ultradent, Jordan) was placed at the furcation site
for 10 days (Fig. 1, F).

At the 10-day recall, the sinus opening had fully
healed the swelling had regressed completely, and
there was no bleeding at the perforation site (Fig. 1, G).
The perforation was sealed with MTA Angelus, and a
moist cotton pellet was placed in the pulp chamber to
maintain a humid environment conducive to MTA solidi-
fication (Fig. 1, H). ACBCT showed extrusion of MTA into
the periradicular tissues and closure of the defect. The

tooth was temporarily restored with Cavit until the next
appointment.

The patient returned in 3 days, reporting no symp-
toms or discomfort and resolution of the sinus (Fig. 1, /).
The temporary restoration and damp cotton pellet
were carefully removed, and an explorer was used to
assess the hardness of the MTA. The perforation site
was covered with type Il glass ionomer cement, fol-
lowed by dual-cure core buildup using a total-etch
protocol. The tooth was temporized with a provisional
crown for one month and restored permanently.

Follow-up clinical and CBCT examinations con-
ducted 365 days after the intervention demonstrated
successful bone repair in the interradicular area, and
the absence of any clinical signs or symptoms indica-
ted the healing of the furcal perforation (Fig. 2).

DISCUSSION

Perforations can be managed using both surgical
and non-surgical approaches. However, surgical in-
terventions are often associated with complications
such as loss of periodontal attachment, chronic in-
flammation and furcation defects. In contrast, non-
surgical management has shown success rates ex-
ceeding 70% [5].

The prognosis of perforated teeth depends on se-
veral factors, including the extent of periodontal da-
mage, perforation size, proximity to the gingival sulcus,
time elapsed before repair, quality of the seal, proce-
dural sterility, and the biocompatibility of the repair
material. Optimal healing outcomes are achieved when
perforations are sealed immediately. Nevertheless,
in our case, a perforation that occurred three months
prior also demonstrated signs of healing, highlighting
that delayed repair can yield positive outcomes and
should be attempted when feasible [6-8].

A

C

Fig. 2. One-year follow-up: A — clinical image showing absence of any sinus or swelling;
B - axial CBCT showing sealed perforation area; C — coronal CBCT showing sealed perforation area

Puc. 2. KoHTponb Yepes oanH rog HabntoaeHus: A — KInHMYeckoe n3obpaxeHune, AEeMOHCTpUpYoLLEee
OTCYTCTBME CBMLLLA 1 0TeKa; B — akcmanbHblii cpe3 KJIKT, nokasbiBalowmin repMeTUYHO 3aKpbITyio 061acTb
nepgopauum; C — kopoHanbHbii cped KJIKT, nemMoHCTpurpyloLWwmii repMeTrUyHyo 06TypaLmio 30HbI nepdopaumm
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As emphasized, accurately identifying the location
of a perforation is essential for selecting the most ap-
propriate repair material. In this case, CBCT imaging
was instrumental in precisely locating the perforation
and the position of the fiber post, thereby aiding in diag-
nosis. Additionally, CBCT provided detailed information
about the defect’s size, facilitated 3D reconstructions,
and enabled evaluation of the morphology of surroun-
ding structures [9].

The choice of repair material is critical to achieving
favorable clinical outcomes. Ideal materials should pos-
sess appropriate physicochemical, antimicrobial, and
biocompatible properties to effectively restore perio-
dontal and dental architecture. These materials should
induce minimal inflammation while promoting the for-
mation of a mineralized tissue barrier over time [10; 11].

MTA has been extensively researched and is re-
garded as the gold standard for repairing furcal per-
forations. Systematic reviews of the histological re-
sponse of the periodontium to MTA consistently high-
light its ability to meet the criteria for an ideal repair
material [12; 13].

One significant challenge in non-surgical perforation
repair is preventing the extrusion of material into peri-
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Abstract

AIM. To evaluate the presence of residual filling material in the root canal walls after retreatment and final
irrigation using scanning electron microscopy (SEM).

MATERIALS AND METHODS. Fifty-two mandibular oval premolars were instrumented with ProTaper Next
X1-X3 and divided into 2 groups: Group BC, filled with Bio-C Sealer and Group AH, filled with AH Plus. The
experimental groups were retreated with a ProTaper Next X4 file and received different irrigation protocols
(n =13): Group BC-PUI: agitation with ultrasound; Group BC-EC: agitation with Easy Clean; Group AH-PUI:
agitation with ultrasound; and Group AH-EC: agitation with Easy Clean. The remaining filling material in the
dentinal tubules was evaluated in scanning electron microscope images by three evaluators who scored the
samples. The Kappa test was performed to check interexaminer agreement. Pearson’s chi-square test with
a significance level < of 5% was performed to compare the groups.

RESULTS. It was found that the BC-EC group showed better results in the apical and middle thirds. In the
coronal third, the BC-PUI group also performed well. AH Plus showed the lower results in all situations.
CONCLUSIONS. In the apical third, the BC-EC group showed better performance, in the middle third, the
AH-PUI group had the worst performance, and in the coronal third, the BC-PUI group stood out in terms of
cleaning. This manuscript provides the importance of thorough cleaning, especially in difficult areas such as
the apical third, is emphasized to improve the overall outcome of treatment.
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Pesiome

LLEJIb. OueHnTb Hann4yne ocTaToYHOro NIOMOMPOBOYHOIO MaTeprana Ha CTeHKax KOPHeBOro kaHana nocne
NOBTOPHOM 06paboTKM N GUHANBHON MPPUTraALUK C NCMOJIb30BAHNEM CKAHUPYIOLLEN 3N1eKTPOHHON MUKPO-
ckonun (COM).

MATEPUAJbI U METObI. NaTtbaecaT ABa 0BafbHbIX HUXHEYENIOCTHLIX NPEMoNsapa 6bIv MHCTPYMEHTUPO-
BaHbl cuctemon ProTaper Next X1-X3 n pasgeneHsl Ha age rpynnol: rpynna BC — 06Typauunsa 6uokepamuye-
ckuM cunepom Bio-C Sealer, rpynna AH — 06Typaumsa AH Plus. SkcnepuMeHTanbHble rpynmnbl NOABEPrainuch
NOBTOPHOI 00paboTke MHCTPpyMeHTOM ProTaper Next X4 n pasnuyHbiM nNpoTokonam uppurauum (n = 13):
BC-PUI — akTnBauma nppurarta ynsrpassykom; BC-EC — aktnsaums ¢c nomoubto Easy Clean; AH-PUI — akTu-
Baums ynerpassykom; AH-EC — akTmBauus ¢ nomowbto Easy Clean.

OcTaTouHbI NIOMOMPOBOYHBI MaTepmnan B AEHTUHHbIX KaHaIbLLAX OLEHMBAJICS B CKAHUPYIOLLLEM 3/1EKTPOH-
HOM MUKPOCKOME TPeMs He3aBUCUMbIMY aKcnepTamu no 6anbHOM cucteme. Ins OueHKM COrnacoBaHHOCTU
Mexay akcnepTamu npumeHancs kKoadduumeHt Kanna. ns cTaTMcTUYECKOro CpaBHEHMS MeXAy rpynnamMmm
1ncnosb3oBanca x2-kputepuii NupcoHa npu yposHe 3HaunmMmocTtn <5%.

PE3VYJIbTATHI. 'pynna BC-EC npoaemoHcTpuposana ny4ywmne pedynstaTbl B annkanbHON U CpeaHen TpeTu.
B KOpOHKOBOI TPETU Hamny4Lwme nokasatenn 6uinm 3adurkcrmposansl B rpynne BC-PUI. Hanxyglive pesynb-
TaTbl BO BCEX 30HaxX nokasana rpynna ¢ cunepom AH Plus.

BbIBOAbl. B anukansHoi Tpetn rpynna BC-EC obecneunna Hannyywylo O4UCTKY, B CPEOHEN TPETU Hau-
xXygluve nokasarenu sadpukcmposaHsbl B rpynne AH-PUI, a B KOPOHKOBOV TPETM NlyyLLYI0 04MCTKY o6ecnednna
rpynna BC-PUI. HacTtosilee nccnenoBaHne nogyepkmBaeT BaXXHOCTb TLWATEIbHOM O4YNCTKM KOPHEBOIO Ka-
Hana, 0CoO6EeHHO B TPYAHOAOCTYMHbLIX 30HAX, TAKUX Kak anvkanbHas TpeTb, A5 NoBbILLeHUS 3PDEKTUBHOCTU
9HAOO0HTUYECKOTO NIeYEeHUS.

KnioueBble cnoBa: NoBTOpHas 06paboTka, ynbTpa3Byk, CKaHMPYIOLAsA 9N1eKTPOHHAsA MUKPOCKONUS
UHdopmauma o ctatbe: noctynuna — 14.05.2025; ncnpasnena — 19.06.2025; npuHara — 15.07.2025
KoHGAUKT nHTepecoB: aBTOPbLlI CO0OLLA0T 06 OTCYTCTBUN KOHPNNKTA UHTEPECOB.

BnarogapHocTu: ViccnegoBaHue 6b1s10 nogaepXxaHo rpaHtamm ot doHpa coneicTeBms Hay4YHbIM UCCea0Ba-
Hnam wTtarta Pno-ge-Xanenpo (FAPERJ) n HaunoHanbHOro copeta no-Hay4HOMY M TEXHOSIOMMYECKOMY pas-
BuTuio (CNPQ), rocynapCTBEHHbIX yupexaeHuin bpasunun.

Ana uutnposanusa: Gpeiipe 4.K.A., NenerpuHe P.A., Powa [.[.M., HacumenTy Y.M., lnmoiipy A.I.C., Mapcenu-
aHy 9..B., MuparHaa A.P.J1.C., KoytuHbio T.M.K., MapcennaHy-Ansec M.®.B., ByaHo K.3.C. 9kcnepumeHTanb-
Hoe ex vivo nccnegoBaHne aPEKTUBHOCTU OBYX NPPUTALIMOHHBIX CUCTEM NMPU NOBTOPHOM 06paboTke Kop-
HEBbIX KaHaNoB, 06TYPMPOBAHHLIX B1oKepaMMyeckumMn cunepamn. SHAo40HTUS Today. 2025;23(3):399-407.
https://doi.org/10.36377/ET-0112

INTRODUCTION

The root canal system has ramifications and isth-
mic areas, which makes the disinfection process areal
challenge. The presence of microorganisms in the root
canals is the main cause of failure of endodontic treat-
ment [1].

Conventional retreatment is the first treatment op-
tion in case of endodontic treatment failure. Effective
removal of obturation material is an extremely important
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step to allow better cleaning and disinfection of the root
canal system, so that irrigants and instruments can act
along the entire canal [2].

Irrigation solution activation [3] has been used to
improve the cleaning process and promote smear layer
removal, facilitating root canal system disinfection [4].
The Easy Clean (EC) plastic instrument (Bassi/Easy
Equipamentos Odontolégicos, Belo Horizonte, Brazil)
has the shape of an “airplane wing” and can be used in
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arotary or reciprocal motion to move the irrigation solu-
tion, which promotes a mechanical action, thus impro-
ving the cleaning of the canal walls [5; 6].

The epoxy resin-based sealer AH Plus (Dentsp-
ly /Maillefer, Bailagues, Switzerland) is considered the
gold standard sealer due to its high bond strength to
dentin [7-9]. Bioceramic sealers are increasingly used
in endodontic practice due to their physicochemical
and biological properties [10]. They are biocompatible
materials that are stable and non-toxic in the biological
environment [11].

Several studies have used SEM to verify the amount of
remaining filling material in the dentinal tubules [12-14].
However, few studies have investigated irrigation me-
thods in the removal of bioceramics [3; 15].

The aim of this study was to use SEM to evaluate
the efficacy of retreatment with two different rinsing
systems in teeth previously filled with resin sealer or
bioceramics. The null hypotheses tested were that the
amount of residual filling material after retreatment
would be the same between (i) the two endodontic
sealers and (ii) the irrigation systems.

MATERIALS AND METHODS

The present study was submitted to and approved
by the local research ethics committee under num-
ber 3.090.544. The sample was calculated based on
a previous study [12] using the statistical test ANOVA,
with a minimum difference between treatment means
of 4, a test power of 0.80, and an alpha of 0.05. Fif-
ty-two extracted oval human mandibular premolars
(bucco-lingual diameter twice the mesio-distal dia-
meter along the first two-thirds of the canal) were se-
lected and kept in 0.1% thymol solution until the start
of the study. Teeth with single canal roots, complete
rhizogenesis, and a curvature angle between 0° and
10° according to the method of Schneider [16] were
included in the study.

All roots with an angle of curvature greater than 10°,
with incomplete rhizogenesis, root fractures and/or
perforations, and previously treated canals or whose
patency was not achieved were excluded.

Teeth were standardized to 15 mm by leveling their
occlusal surfaces with a 223 Carboril disk (Dentorium,
New York, USA). The working length (WL) was determined
by inserting a #10 K-file into the canal using a magnifying
glass at 3.5x magnification until its tip appeared at the
apical end of the root, subtracting 1 mm.

Preparation of the specimen

The canals were instrumented with ProTaper Next
X1-X3 rotary files (Dentsply Sirona, Charlotte, USA)
driven by an X Smart Plus motor (Dentsply/Maillefer)
in a rotary motion with a torque of 2.0 Ncm and a speed
of 300 rpm, with in and out movements and brushing of
the canal walls.

The irrigant used was 2.5% sodium hypochlorite
(NaOCl) in a 5 mL luer syringe (Descarpack, Sdo Paulo,
Brazil) and a 27G Endo-Eze needle (Ultradent, Indaiatu-
ba, Brazil) 3 mm from the apex. Irrigation was performed
with 5 mL of solution for each file removal, for a total of
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15 mL of irrigation fluid. The final irrigation protocol was
performed with 3 cycles of 20 seconds of 17% EDTA and
3 cycles of 20 seconds of NaOCI [4], irrigated with EC
and finally rinsed with saline. The canal was dried with
ProTaper Nxt X3 absorbent paper tips (Dentsply Sirona,
Ballaigues, Switzerland).

Teeth were randomly divided into 2 groups (n = 26):
Group AH, filled with AH Plus (Dentsply Sirona, Char-
lotte, USA) and Group BC, filled with Bio-C Sealer Bi-
oceramic (Angelus, Londrina, Brazil). Both sealers were
manipulated according to the manufacturers’ recom-
mendations and placed in the canal through a prese-
lected gutta-percha cone (ProTaper Next X3 (Dentsply
Sirona, Charlotte, USA). The single cone technique was
used to perform the root canal filling.

The roots were radiographed in the buccal-lingual
and mesio-distal directions to assess the quality of the
filling. The access cavities were filled with Cavit tempo-
rary filling material (3M ESPE, Saint Paul, USA). All roots
were stored in an oven at 37°C and 100% humidity for
2 weeks to allow the sealers to cure.

For canal initial retreatment Gates-Glidden (Dentsply
Sirona, Ballaigues, Switzerland) drills Nos. 2 and 3 were
used in the cervical third and ProTaper Next X4 (40.06)
rotating files coupled to an X Smart Plus motor and ro-
tating at a speed of 300 rpm and a torque of 2.0 Ncm
were used in the middle and apical thirds. Each instru-
ment was used on three teeth and discarded. Rinsing
was performed with 15 mL of NaOCI. As a criterion for
assessing clearance, the canal walls should be smooth,
and the instrument used should not contain any visible
obturation material under a magnifying glass with 3.5x
magnification.

According to the clearance procedures, the speci-
mens were divided into 4 subgroups (n = 13) according
to the irrigation system used:

— AH + PUI: Teeth were filled with AH Plus and ul-
trasonic activation was performed with an Irrisonic tip
(Helse, Santa Rosa do Viterbo, Sao Paulo) in a Gnatus
ultrasonic device with 10% power 1 mm below the WL;

— AH + EC: Teeth were filled with AH Plus, and irriga-
tion fluid was moved 1 mm below the WL in a reciprocal
motion in WaveOne all mode using EC in an X Smart Plus
motor;

— BC + PUI: Teeth filled with Bio-C Sealer + agitation
of the irrigant with PUI. The procedures were the same
as for AH + PUI,

— BC + EC: Teeth filled with Bio-C Sealer + agitation
of irrigation solution with EC. The procedures were the
same as for AH + EC.

The rinsing protocol for all groups was the same as
for endodontic treatment. After the final irrigation, the
specimens were dried with paper points and a gutta-
percha cone was inserted to WL. Using the 1190 FF drill
(KG Sorensen, Cotia, Barsil), two grooves were made to
near the root canal on the buccal and lingual walls along
the entire length of the root longitudinally without con-
nection to the main canal. The specimens were washed
under running water to remove debris. A No. 24 spatula
was used to apply a vertical force that caused the sepa-
ration of the root halves [17].
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The most intact half of each root was selected. Hori-
zontal slits were drilled with a drill 1190 FF (KG Soresen,
Serra, Brazil) at 3, 6 and 9 mm from the anatomical apex
to determine the thirds examined: apical, middle, and
coronal.

After drying, specimens were mounted on stubs with
double-sided tape, coated with gold in the metallizer
(Denton Vacuum, Moorestown, USA), andassessed by
SEM (JSM-6390LV, JEOL, Tokyo, Japan) for the root ca-
nal walls evaluation. Stepwise magnifications of 10, 100,
and up to 2000x were performed until the delineated
areas (3, 6, and 9 mm from the apex) were visible, and
three photographs were taken at each mark.

Statistical analysis

The images were sentin slide format in the Microsoft
Office PowerPoint program to three calibrated exami-
ners for evaluation. A score (Fig. 1) was assigned for
each image based on the study by Pirani et al. [18].

For inter-rater analysis, the Kappa test was per-
formed. After applying the Kolmorogov-Smirnov test,
association analysis was performed using Pearson’s chi-
square test and Student’s t test, both with a significance
level of 5%. The Minitab version 17 program was used.

RESULTS

A total of 156 images were obtained and evaluated
by 3 calibrated examiners. Interexaminer agreement was
calculated for each of the thirds. Then, 4 experimental
groups were compared in each third. In the apical third,
the BC+EC group showed better results (Table 1).

In the middle third, there was similar behavior be-
tween the AH+EC / BC+PUI and BC+EC groups com-
pared with the AH+PUI group (Table 2). The AH+PUI
group showed the worst results, with a statistical dif-
ference compared with AH+EC (p = 0.01). There was
also a statistical difference between the BC+PUI and
BC+EC groups (p < 0.00) (Table 2).

Inthe coronal third, the BC +PUI group had the best per-
formance compared with all others, followed by AH+PUI
and AH+EC, with no statistical difference between them,
followed by the control group and BC+EC (Table 3).

When comparing the individual groups, a statisti-
cal difference was found between the groups AH+PUI
(p=0.01); AH+EC (p<0.00) and BC+PUI (p < 0.00).
Performance was similar for the other groups (Table 4).

In summary, in the apical and middle mm third, the
BC+EC group performed better overall, and in the co-
ronal third, the BC+PUI group performed better.

Fig. 1. SEM imagens of the evaluated areas: A — Score 1: smear layer/debris not present, more than 75%
of tubules open; B — Score 2: less than 75% of tubules open; C — Score 3: tubules visible in limited areas,
less than 50% of tubules visible; D — Score 4: homogeneous smear layer/debris, tubules not visible

Puc. 1. COM-n3obpaxeHunsa OUeHEHHbIX y4acTKOB: A — 6ann 1: cMa3aHHbI cnoi/nedpuc oTCyTCTBYET,
6onee 75% AEHTUHHbIX KaHasbLEB OTKPbIThI; B — 62111 2: OTKPbITO MeHee 75% KaHanbLEeB;

C - 6ann 3: kaHanbLbl BUAHbLI INLIb HA OTAENbHbIX y4acTKaxX, OTKPbITO MeHee 50% KaHanbLEeB;

D — 6ann 4: ogHOPOOHbLIM CMa3aHHbIN Cron / ebpuc, KaHasnblbl HE BU3yann3npyloTcs

Table 1. Percentage of the score by groups in the apical third
Ta6nuua 1. MNMpoueHTHOe pacnpeaeneHme 6anioB Nno rpynnam B anvkasibHoOn TpeTn

Group/escore Controle AH+PUI AH+EC BC+PUI BC+EC* p-value*
1 5.13 - - - 20.51 -
2 20.51 23.08 2.56 - 23.08 <0.01
3 20.51 23.08 35.90 30.77 33.33 -
4 53.85 53.84 61.54 69.23 23.08 -

Note: * Difference between the BC+EC group compared to all other groups

lMpumeyvanuns: * Pasnnana mexay rpynnon BC +EC n Bcemun apyrumm rpynnamm

dHdodoHmus
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Table 2. Percentage of the score by groups in the middle third
Tabnuua 2. NpoueHTHOEe pacnpeneneHne 6anoB No rpynnam B CPeaHen TPETH
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Group/escore Controle?® AH+PUI° AH+EC?" BC+IUP>® BC+EC*P
1 7.69 - 7.69 20.51 2.56
2 35.90 30.77 48.72 28.21 43.59
3 25.64 64.10 20.51 43.59 46.15
4 30.77 513 23.08 7.69 7.69

Note: a — control XBC+PUI / BC+EC - p < 0.00; b — AH+PUI X AH+EC / BC+EC /BC+PUl - p = 0.037
lMpumevanys: a — koHTponb X BC+PUI /BC+EC - p < 0.00; b - AH+PUIXAH+EC /BC+EC /BC+PUI - p=0.037

Table 3. Percentage of a score by groups in the coronal third
Tabnunua 3. NpoueHTHOe pacnpeaeneHue 6annoB No rpynnam B KOPOHKOBO TPETU

Group / escore Controle® AH +PUI° AH+EC"® BC+PUI° BC+EC? p-value*
1 23.08 17.95 28.21 53.85 20.51
2 17.95 43.59 53.85 35.90 10.26 <0.00
3 35.90 30.77 10.26 10.26 53.85 -
4 23.08 7.69 7.69 - 15.38 -

Note: * Difference between the BC+PUI group and all others; a - AH+PUI / AH+EC x control - p = 0,023
lMpumevanys: * Pasnununa mexay rpynnoii BC+PUI n Bcemn octanbHbiMu rpynnamu; a — AH+PUI / AH+EC no cpaBHeHUIo
c koHTponem: p = 0,023

Table 4. p-value of the difference in proportion
between the experimental groups in each third*
Tabnuua 4. p-3HavyeHns pasnmynii B npornopLmsix
MeXAy 9KCMepUMeEHTaIbHbIMU rpynnamMm

B KaXXa0n Tpetn*

Note: * Chi-square test with a significance level of 95%
lMpumeyvaruns: * Kputepwnin X2 npyn ypoBHe 3Ha4MMocTn 95%

DISCUSSION

This study investigated the presence of residual fil-
ling material in the root canal wall after retreatment and
final irrigation using SEM. The null hypotheses tested
were rejected because there were differences in both the
sealers and the irrigant agitation methods employed.

The removal of filling material is a challenge dur-
ing the endodontic treatment. To address this, several
methods were investigated, including manual, rotary,
and reciprocating instrumentation, as well as additional
irrigant agitation methods. However, none of the me-
thods has been shown to completely remove the filling
material on the dentinal tubules [2; 5; 19].

Mandibular premolars present challenges for both
treatment [20] and retreatment [21] due to their oval ana-
tomy, which can potentially lead to a large percentage of
unprepared root canal walls. In this study, the ProTaper

Next system was used for instrumentation and retreat-
ment [19], with a larger instrument tip for retreatment
compared to treatment [22].

The manufacturer of Irrisonic recommends using
using 2 mm short of the WL, while EC can be used at the

: : WL, but the two instruments used to agitate the solu-

ST Pl AJGEIE | S tions were used 1 mm below the WL as a way of stand-
AH+PUIxAH+EC 0.59 0.01 0.87 ardization for this study.

AH+PUIx BC+PUI 0.27 0.35 0.14 The evaluation of the samples was conducted us-

AH+PUIXBC+EC 001 0.20 0.01 ing SEM, a standard technique for observing smear

' : : layer morphology, the presence of debris within the

AH+ECxBC+PUI 0.35 0.02 0.23 dentinal tubules, and intratubular dentin morpholo-

AH+EC xBC+EC <0.00 0.25 0.02 gy [13; 14; 18; 23; 24]. A disadvantage of using SEM is

BC+PUIXBCEC <0.00 0.03 <0.00 the lack of standardization of the site to be evaluated.

: i i In this study, this factor was circumvented by previously

delineating the areas to be studied.

In the present study, the quality of cleaning of the
dentinaltubules ofthe coronal, middle, and apical thirds
was evaluated, and it was found that there were sig-
nificant differences between the methods of agitation
of the irrigants with respect to these regions. EC was
more effective in the apical and middle thirds, while in
the coronal third PUI showed better results, which cor-
responds with a previous study [17] that showed that
EC was more effective than PUl in removing the smear
layer in the apical third of the canals. However, other
studies [5; 25; 26] found no significant differences in
cleaning the root canal thirds after endodontic retreat-
ment. PUI performed well in retreatment of maxillary
premolars filled with Bio-C Sealer [27]. A possible ex-
planation for the better performance of EC in the api-
cal third is its design: it lacks a cutting blade, is made
of plastic, and therefore does not damage the canal
walls, whereas ultrasound requires a larger space to
achieve better results, which is not the case in the api-
cal third.

Tom 23 N2 3/ 2025 ‘ Endodont(cs
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Our results corroborate the assertion that sealers
penetration depth is directly related to the diameter
of tubules, which are more numerous and large in the
middle and cervical thirds [28]. Both AH Plus sealer
and bioceramics have sufficient fluidity to penetrate
the dentin recesses and tubules of the canal, making
complete removal of these materials virtually impos-
sible [12]. The bioceramic sealer tested was easier to
remove, leaving the tubules freer of debris and con-
sequently contributing to a higher rate of treatment
success, possibly related to the solubility of this ce-
ment [29].

This study had some limitations, including the ab-
sence of information regarding the age and sex of the
tooth donors, which could affect the interpretation of
the results. In addition, the presence of tubular sclero-
sis poses a challenge to the standardization of the sam-
ples used in this study because they were sourced from
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Endodontic management of C-shaped canals: A case series
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Abstract

INTRODUCTION. C-shaped root canals represent a complex anatomical variation, primarily seen in
mandibular molars. Their intricate morphology poses significant challenges for diagnosis, cleaning, shaping,
and obturation in endodontic practice.

AIM. To present a series of clinical cases illustrating the diagnosis and endodontic management of different
types of C-shaped canals based on Fan’s classification.

MATERIALS AND METHODS. Four clinical cases involving mandibular molars with C-shaped canal
configurations were managed in accordance with CARE and PRICE guidelines. Each case included clinical
and radiographic diagnosis, working length determination, cleaning and shaping with either the R2 Reciproc
(VDW) or PlexV (Orodeka) system, irrigation with NaOCl and EDTA under ultrasonic activation, and obturation
using thermocompaction or single-cone techniques with bioceramic sealers.

RESULTS. All cases demonstrated successful identification and management of C-shaped canal systems
(types C1to C4). Clinical and radiological follow-up at 1 and 3 months showed favorable healing with resolution
of symptoms and periapical pathology.

CONCLUSIONS. Early and accurate diagnosis of C-shaped canals, supported by clinical and radiographic
examination, is critical for successful endodontic outcomes. The use of magnification, appropriate canal
preparation techniques, and bioceramic materials significantly enhances treatment success in such complex
anatomical variations.

Keywords: C-shaped canal, endodontic treatment, bioceramic sealer, mandibular molar, case series
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Pe3iome

BBELOEHUE. C-06pa3Hble KOpHEBbIE KaHasbl MPeACTaBAAT COO0I CNOXHbI aHaTOMUYECKUiA BapuaHT, npe-
MMYLLLECTBEHHO BCTPEYAOLWMNIACS B HUXHUX Mongapax. Mx cnoxHaa mopdonorva co3faeTt cepbesHble TPpya-
HOCTW NMpu AnarHocTuke, o6paboTke, pacluMpeHnn n 06TypaLmm B SHOOAOHTUYECKOWN NPaKTUKe.

LIEJIb. MpeactaBuTb cepuio KIIMHUYECKUX ClyyYaes, WIIOCTPUPYIOLWMX AMAarHOCTUKY U SHOOLOHTUYECKOe
fieveHmne pasnuyHbix TMNoB C-o6pasHbiX KaHANOB cornacHo knaccudukaumm daxHa.

MATEPUAbI U METO/LbIl. YeTbipe KNMHUYECKUX CRyYas, BKKOYABLUMX HUXHNUE Monsapbl ¢ C-06pa3HOM KOH-
durypaumen kaHanos, 6binm o6paboTaHbl B cCOOTBETCTBUM C pekoMeHaauuamu CARE n PRICE. B kaxaom
cnyyae NpoBOAMIACH KIIMHUYECKAs 1 pagmosiormyeckas ouarHoctmka, onpeaeneHue paboyen oamvHbl, mexa-
Hu4eckasn obpaboTtka cuctemamm R2 Reciproc (VDW) unn PlexV (Orodeka), nppuraumusa pactsopamu NaOCI
n BOTA c ynbTpa3ByKOBOM akTMBaLMel, a Takxe 06Typaunsa TepMoKoMNakumen nam MeToaoM OANHOYHOIO
KOHyCa C NpMMeHeHnemM 61okepaMmn4eckmx CUIepoB.

PE3YJIbTATbI. Bo Bcex cnyyaax 6bina ycnewHo npoBeaeHa ngeHtuounkaumsa n neyeHne C-o6pasHbix kaHa-
noB (TunoB C1-C4). KOHTPOJNIbHbIE KJIMHUYECKNE U PEeHTreHonornyeckue obcnenoBaHms yepes 1 1 3 me-
csua nokasasnu nofIOKMTESNIbHYI0O AUHAMUKY: KYNMMPOBaHME CUMIMTOMOB 1 MPU3HaKN 3aXXMBIEHUS nepuanm-
KasNbHbIX TKAHEMN.

BbIBObl. PaHHsAS 1 ToYHas auarHocTmka C-o06pa3HbiXx KaHanoB HA OCHOBAHWUM KJIMHUYECKMX N Pa4nono-
rM4yeckmnx AaHHbIX ABAETCA KJ/II0YEBbIM CbaKTOpOM ycnewHoro aHA0A0HTNYEeCKOro nedeHna. I'IpmmeHeHme
yBeJIMYEHNS, aeKBATHLIX METOA0B 06paboTKM KaHANOB N BMOKEPAMNYECKMX MAaTEPUANOB CYLLLECTBEHHO NO-
BbllWaeT 3P HPEKTUBHOCTb JIEHEHUS NPU HANIMYUM CITIOXKHbBIX aHATOMUYECKNX BapuaLni.

© Salah K.B., Boukhris H., Zidani H., Gnaba |., Youssef S.B., 2025
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KoH}AUKT uHTepecoB: ABTOPbI coo6Lal0T 06 OTCYTCTBUM KOHGMIMKTA MHTEPECOB

BnarogapHoctu: drHaHCMPOBaHWE N MHAVBUAYaNbHbIE 61aro4apHOCTU AN AeK1apupOBaHNsa OTCYTCTBYIOT.

Ana umtupoBanma: Canax K.b., bByxpuc X., 3uganun X., lHaba U., I0ced C.B. SHOomoHTNYECKOE NeyeHne
C-06pa3Hbix kaHanoB: cepusi cnyyaeB. IHHoAoHTMs Today. 2025;23(3):408-416. https://doi.org/10.36377/

ET-0113

INTRODUCTION

Understanding the internal anatomy of the tooth is
a crucial condition in endodontic therapy. The consider-
able diversity in the root canal system underscores the
importance of treatment strategies guided by an under-
standing of tooth anatomy [1]. This approach broadens
the scope for accommodating and addressing these
variabilities, thereby enhancing the success rate of en-
dodontic treatments.

Among these anatomical variations, C-shaped ca-
nals are frequently observed in lower molars and pre-
molars. These canals derive their name from the con-
figuration formed when the root canals partially or com-
pletely merge, a characteristic visible in cross-sectional
views.[2]

Early detection of canal with C-shaped configura-
tion can assist the clinician in effective negotiation and
preparation, thereby averting irreversible damage that
could potentially compromise the integrity of the tooth.

This study, aimed to discuss the clinical and radio-
logical diagnosis of C-shaped canals as well as their
management through clinical cases.

CASE REPORTS

This case series was conducted in compliance with
the CARE guidelines, the 2020 PRICE (Preferred Re-
porting Items for Case reports in Endodontics) guide-
lines and COPE recommendations to ensure transpa-
rent and standardized reporting. All patients were thor-
oughly informed about the complexity and specific fea-

tures of their cases, as well as the proposed endodontic
procedures. Written informed consent was obtained
from each patient for the treatment and for the use of
their clinical images and radiographs in this publication.

CASE 1: C-SHAPED CANAL TYPE C1

A female patient in her 20’s consulted our depart-
ment for continuous spontaneous pain that did not re-
spond to analgesics in regard with the tooth 46. The api-
cal diagnosis was a symptomatic apical periodontitis.

The preoperative radiograph demonstrates a C-sha-
ped root canal type 1 of Fan [3], characterized by a coni-
cal structure, featuring a subtle radiolucent longitudinal
line dividing the root into discernible mesial and distal
sections. The mesial and distal canals unite into a singu-
lar canal prior to emerging at an open apex [3] (Fig. 1).

A Type | C-shaped root canal with a fan-shaped con-
figuration was identified.

Thus, the treatment plan involved nonsurgical root
canal therapy. At the first appointment and after rubber
dam isolation, access cavity was performed, revealing
a C-shaped canal type | of Fan (Fig. 2).

After radiographic determination of the working
length (Fig. 3), the root canal preparation was conduc-
ted using R2 file Réciproc (VDW). During instrumenta-
tion, a copious irrigation with 2.5% sodium hypochlorite
was frequently renewed and associated to an ultra-
sonic activation. The final activation sequence was per-
formed with an alternation of 2.5% NaOCI, 17% EDTA,
and 2.5% NaOClI for 30 seconds each.

Fig. 1. Preoperative radiograph
preparation showing

Puc. 1. lNpeponepaumoHHas
peHTreHorpamma

Fig. 2. Access cavity preparation
showing C-shaped canal type |
of Fan

Puc. 2. lNoarotoBka nosiocTu

Fig. 3. Determination of working
length

Puc. 3. OnpeneneHue paboyen
OJINHbI

[OoCTyna ¢ Bu3yanmaaumen
C-o6pasHoro kaHana Tuna | no ®any
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Calcium hydroxide was given as intracanal medica-
ment and the coronal access cavities were temporarily
sealed. Two weeks later, the tooth was asymptomatic.
The canals were once again debrided, dried, and then
filled in 2 steps.

We begin with a Biodentin apical plug and then we
obturated the rest of the canals using the thermo-
compaction technique (Revo-condensor, MicroMega)
(Fig. 4).

During clinical and radiological follow-ups, at
1 month and 3 months, the tooth was asymptomatic
demonstrated periapical healing (Fig. 5, 6).

Case 2: C-shaped canal type C2

A female patient in her 40’s presented to the dental
medicine departmentin our hospital with asymptomatic
apical periodontitis. Radiographic examination showed
a type | root configuration, characterized by a tapered
root with a subtle radiolucent longitudinal line dividing
the root into distinct mesial and distal segments, with
the mesial and distal canals converging into a single ca-
nal before exiting at the apical foramen [3] (Fig. 7).

The treatment plan included access cavity prepara-
tion revealing a semicolon-shaped canal resulting from
the discontinuation of the “C” line [4] (Fig. 8).

Fig. 4. Periapical radiograph
showing the apical plug

Puc. 4. lNepnanukanbHas
peHTreHorpamma, nokasblBatoLas
anuKanbHyI0 NPooKy

radiograph

Fig. 7. Preoperative radiograph

Puc. 7. lNpeponepauymoHHas
peHTreHorpamma

dHdodoHmus
T

Fig. 5. One month Follow-up

Puc. 5. KoHTponbHas
peHTreHorpamMmma yepes Mecsl,

Radiographic working length determination (Fig. 9, A),
cleaning and shaping with the PlexV (Orodeka) sys-
tem, irrigation with 5.25% sodium hypochlorite asso-
ciated with ultrasonic activation, and obturation using
the single-cone technique and a bioceramic sealer
One-fil (MediClus) (Fig. 9, B, C).

Case 3: C-shaped canal type C3

A female patient in her 50’s presented for endodon-
tic treatment of tooth 47, exhibiting asymptomatic api-
cal periodontitis and a clinical diagnosis of two separate
canals, classified as a Fan type C3 C-shaped canal [4].
Radiographic examination revealed a type | root config-
uration, characterized by a conical structure with a sub-
tle radiolucent longitudinal line dividing the root into
distinct mesial and distal segments, where the canals
converge into a single canal before exiting at the apical
foramen (Fig. 10) [3].

The treatment plan consisted of access cavity prep-
aration (Fig. 11), working length determination, cleaning
and shaping using the PlexV (Orodeka) system, irriga-
tion with 5.25% sodium hypochlorite associated to an
ultrasonic activation, and obturation using the single-
cone technique with bioceramic sealer One-fil (Medi-
Clus) (Fig. 12, 13).

Fig. 6. Three months Follow-up
radiograph

Puc. 6. KoHTponbHas
peHTreHorpamma vepes 3 mecsua

Fig. 8. Clinical examination
showing C-shaped canal type C2
Puc. 8. KnnHnyeckoe
obcnepoBaHune, NnokasblBaroLLee
C-06pa3sHbiin kaHan Tuna C2
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A B

Fig. 9. Peroperative radiographs: A — working length determination; B — cone-fit radiograph;
C - post operative radiograph

Puc. 9. VIHTpaonepauMoHHbIE PEHTIEHOrpaMMebl: A — onpeaeneHne paboyen onvHbl;

B —peHTreHorpamMmma c KoHycosugHon dopmon; C — nocneonepaumoHHas peHTreHorpammMa

Fig. 10. Preoperative radiograph Fig. 11. Clinical examination showing A C-shaped

Puc. 10. MNpegonepaLmoHHas peHTreHorpaMmMa canal type C3
Puc. 11. KnuHnyeckoe obcnenosaHue,
nokasbiBatoLee C-obpasHhlit kaHan Tuna C3

Fig. 12. Cone-fit radiograph Fig. 13. Post-operative radiograph
Puc. 12. PeHTreHorpaMmma ¢ KOHyCOBUOHbIM Puc.13. lNocneonepaunoHHas peHTreHorpamMmma
n3obpaxeHnem
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Fig. 14. Preoperative radiograph

Pwuc. 14. NpeponepaunoHHas
peHTreHorpamma

Fig. 15. Clinical examination
showing C-shaped canal type C4

Puc. 15. KnuHnyeckoe
obcnepgoBaHme, NokasbiBaloLlee

Fig. 16. Determination of working
length
Puc. 16. OnpeneneHuve pabouyeii
OJINHBI

C-o06pasHbii kaHan Tuna C4

Fig. 17. Cone-fit radiograph

Puc. 17. KoHycHas
peHTreHorpamma

Case 4: C-shaped canal type C4

A male patient in his 20’s presented to our dental
medicine department with continuous spontaneous
pain, diagnosed with symptomatic irreversible pulpitis
in tooth 47. Radiographic examination showed a type
| root configuration, characterized by a conical shape
with a subtle radiolucent longitudinal line dividing the
root into distinct mesial and distal sections, with the ca-
nals converging into a single apical foramen (Fig. 14) [3].

Clinical examination revealed a single, round ca-
nal, classified as a Fan type C4 C-shaped canal [4]
(Fig. 15).

The treatment plan included working length de-
termination using an apex locator and radiography
(Fig. 16), cleaning and shaping with the PlexV (Orode-
ka) system, ultrasonic activation of the irrigant, and
obturation using the single-cone technique with One-
fil bioceramic sealer (Fig. 17, 18).

DISCUSSION

Through a series of clinical cases involving the ma-
nagement of various types of C-shaped canals, this
study highlights the critical role of accurate clinical and
radiographic diagnosis in ensuring effective endodontic
treatment of these complex anatomical configurations.

C-shaped root canals represent a significant ana-
tomical variation, predominantly observed in man-

dHdodoHmus
T

Fig. 18. Post-operative radiograph

Puc. 18. lMocneonepaunoHHas
peHTreHorpamma

b -

Fig. 19. One-month Follow-up
radiograph

Puc. 19. KoHTponbHas
pEHTreHorpaMmma 4epes Mecsl,

dibular second molars [5]. Their complex morphology
poses challenges in endodontic treatment, requiring
a thorough understanding of their etiology and clinical
implications. Despite extensive research, the precise
mechanisms underlying their formation remain unclear.
Several factors have been proposed, including deve-
lopmental anomalies, genetic predisposition, environ-
mental influences, and ethnic or geographic variations.
Developmentally, disruptions in epithelial-mesenchy-
mal interactions during root formation may contribute to
this atypical configuration. Genetic studies suggest that
specific genes or mutations could influence root canal
morphology. Additionally, environmental factors such
as trauma, infections, or vascular disruptions during
odontogenesis have been implicated. Epidemiological
data indicate a higher prevalence of C-shaped canals
in certain ethnic populations, particularly among indivi-
duals of Asian or Native American descent, suggesting
a potential genetic and regional predisposition. Given
these multifactorial origins, further research is essential
to elucidate the underlying mechanisms and improve
treatment strategies for teeth with C-shaped canals [6].

The influence of racial and geographic factors on
root canal anatomy further underscores the complexity
of C-shaped canals. Variations in prevalence have been
documented across different populations, highlighting
the role of genetic and environmental determinants.
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Notably, C-shaped canals are often found bilaterally,
with studies reporting a prevalence of 75.3% for bilate-
ral occurrences and 24.7% for unilateral cases [7]. This
distribution appears consistent across genders and
tooth locations, suggesting an inherent anatomical pat-
tern rather than a random occurrence. Understanding
these racial and regional variations is crucial for impro-
ving diagnostic accuracy and refining endodontic treat-
ment approaches [8].

Classification of C shaped canals

Melton et al. classified C-shaped canals based on
their cross-sectional morphology, recognizing that their
shape may change along the root length. This classifi-
cation includes 3 classes [9].

However, given the limitations of Melton’s system in
describing variations along the entire root length, Fan’s
classification [4] was adopted in our study. In fact, Fan
proposed a more comprehensive system with five ca-
tegories, all illustrated in our study, considering both
continuity and segmentation of the canal along the root.
This classification includes:

— C1: acontinuous C-shaped canal;

— C2: a discontinuous C-shape with at least one arc
> 60°;

— C3: two to three separate canals with no arc ex-
ceeding 60°;

— C4: asingle round or oval canal;

— C5: a root with no canal lumen, typically near the
apex. By using Fan’s system, our study ensures a more
detailed and clinically relevant classification of C-sha-
ped canals.

Fan et al. have also supplemented their work with
a radiological classification, which classified C-shaped
roots into three types based on their radiographic ap-
pearance [3]:

— Type I: A conical or square root with a faint radiolu-
cent longitudinal line separating mesial and distal seg-
ments, which merge into a single canal before reaching
the apex;

Fig. 20. Fan et al. (2004) classification
Source: [10]

Puc. 20. Knaccudpukaumnsa dana n gp. (2004)
Ucto4Huk: [10]
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— Type IlI: Similar root shape with a radiolucent line,
but the mesial and distal canals remain separate and
follow independent paths to the apex;

— Type IlI: A conical or square root with a radiolu-
cent line; one canal follows a curved path, overlapping
with the line, while the other remains separate.

Anatomical Characterization of C-Shaped Canals
in Molars

The crown structure of teeth exhibiting C-shaped
anatomy does not display distinctive characteristics
that can assist in diagnosis.

The clinical confirmation of C-shaped canals be-
comes apparent upon accessing the pulp chamber.
In this case, the pulp chamber might extend consi-
derably in the occluso-apical length, often with a shal-
low bifurcation [4]. As an alternative, the canal might
be calcified, concealing its C-shaped configuration.
Initially, multiple orifices might be explored. In a ge-
nuine C-shaped canal, smooth passage of an instru-
ment from the mesial to distal aspect is achievable

without obstructions [7].
B

Fig. 21. Measurement of angles for the C2 (A)
and C3 (B) canal. Both angle a and B are more than 60°
Source: [10]

Puc. 21. NamepeHue yrnos ans kaHana C2 (A)
n C3 (B). O6a yrna a u B coctansatoT 6onee 60°
UctoyHuk: [10]

Fig. 22. Radiographic type of C-shaped Canal
Source: [10]

Puc. 23. PeHTreHonorndeckuii tun C-obpasHoro
KaHana

Ucto4Huk: [10]
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C-shaped canals exhibit an isthmus that may or
may not allow instrument passage. If an additional ca-
nal exists alongside a buccal or lingual C-shaped ca-
nal, inserting an instrument from either side of the “C”
may reach the distal foramen. If the instrument cannot
traverse the isthmus, the canal is considered sepa-
rate [2]. According to Fan et al., a mandibular second
molar is classified as having a C-shaped canal system
if it meets three criteria: fused roots, a longitudinal
groove on the lingual or buccal root surface, and a ca-
nal configuration falling under C1, C2, or C3 in Fan’s
classification [3; 4].

Studies indicate that C-shaped canals often divide
into multiple canals in the apical region, particularly
when they exhibit a semicolon or continuous shape at
the orifice level [11].

In another hand, Aricioglu et al. were the first to
identify a significant association between taurodon-
tism and C-shaped canal configurations. They sug-
gested that this correlation may arise from a common
developmental anomaly affecting the dental epithe-
lium. These findings highlight the need for clinicians
to anticipate a higher prevalence of C-shaped canals
when performing endodontic treatments on taurodont
teeth [12].

Clinical Management

Preoperative retroalveolar radiographs taken at 20°
mesial or distal angles, are essential for assessing ca-
nal morphology. However, their two-dimensional nature
limits their accuracy, as they may fail to reveal all root
and canal variations.

Still, Cone-Beam Computed Tomography (CBCT)
has become an invaluable tool in endodontics, offer-
ing significant advantages over conventional imaging
methods. In fact, it provides a comprehensive view of
root canal morphology, improving diagnostic accuracy
and enhances the detection of small anatomical details,
including C-shaped canal configurations [13].

Fig. 23. A preoperative periapical radiograph

of tooth 47

Source: [15]

Puc. 23. lNpeponepauoHHas nepuanmkanbHas
peHTreHorpamma 3yba 47

UcTtouHuk: [15]

dHdodoHmus
————TLT

However, CBCT exposes patients to higher radiation
doses compared to traditional radiography. As a result,
the American Association of Endodontists recommends
its use only when conventional imaging is insufficient for
a definitive diagnosis [14].

In our cases, retroalveolar X-rays were used as a di-
agnostic and follow-up tool.

Therefore, precise access cavity preparation is es-
sential for successful treatment, with an operating
microscope improving results. For C-shaped canals,
adjustments to the access outline help identify and ne-
gotiate the entire system. The number of canals varies
by orifice shape, from 1 to 3 canals [4].

To navigate these variations, initial files are placed
accordingly: three for a continuous orifice, two for an
oval, and one for a round orifice. Calcifications and cur-
vatures can obscure canals, requiring careful probing
with small K-files to prevent missed canals [2].

Effective cleaning and shaping of C-shaped canals
require special attention to isthmuses, troughs, and fins,
where debris and pulp tissue tend to accumulate [2].
Instrumentation should be carefully selected, as using
files larger than diameter 0.25 in the isthmus may lead
to strip perforation. Extracting affected pulp or necrotic
tissues from intricate regions of this root canal system
with instruments [16], proves challenging. Hence, the
use of chemical solutions such as Soduim Hypochlorite
(NaOCl) for cleaning and irrigating root canals becomes
particularly crucial.

In fact, enhanced irrigant volume and deeper pen-
etration achieved with small instruments through sonic
or ultrasonic methods might improve cleaning in the
fan-shaped regions of C-shaped canals. However, ex-
cessive use of ultrasound can lead to a perforation and
breaking of the ultrasonic file [5].

For the obturation, achieving a dense and uniform fill
in C-shaped canals is challenging due to their complex
morphology. Vertical condensation with thermoplasti-
cized gutta-percha is often preferred over cold lateral
condensation, as the latter requires deeper spreader
penetration, which is difficult in narrow isthmuses [17].
On the other hand, Bioceramic sealers offer significant
advantages in the obturation of C-shaped canals due to
their excellent flowability and bioactivity, which enhance
the sealing of irregular canal spaces, including isthmu-
ses and fins. Their hydrophilic nature and chemical
bonding to dentin improve adaptation, reducing the risk
of microleakage and ensuring long-term biocompatibi-
lity in these anatomically complex systems [18].

in our case series, we used a bioceramic sealer to fill
the c-shaped canals, which guaranteed periapical hea-
ling and sedation of the clinical symptoms.

CONCLUSION

C-shaped canals represent significant challenges in
diagnosis and treatment. Early detection is key to effec-
tive cleaning, shaping, and obturation. This study ex-
plored the management of various types of C-shaped
canals and highlights the role of the clinical and radio-
logical diagnosis in ensuring effective endodontic treat-
ment of these complex anatomical configurations.
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Apexification of traumatized anterior teeth
with blunderbuss canals using MTA putty
and collagen membrane: A case report
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Abstract

INTRODUCTION. Trauma to developing permanent teeth can disrupt root formation, leading to open apices
and weakened tooth structure.

AIM. This report details the non-surgical management of an 8-year-old male with blunderbuss canals in
anterior teeth using mineral trioxide aggregate (MTA) putty and a resorbable collagen membrane to support
apical barrier formation and healing.

MATERIALS AND METHODS. Non-surgical apexification was performed using MTA putty as the primary
apical barrier material, supplemented by a resorbable collagen membrane to aid in barrier formation and
periapical healing.

RESULTS. Over 12 months, clinical and radiographic follow-ups showed successful healing with no periapical
pathology.
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Anekcudpukauma TpaBMUPOBaHHbIX NepegHux 3ybos
¢ kaHanamu BLUNDERBUSS c ucnonbsosanuem MTA PUTTY
M KoNnareHoBoi MeMbpaHbl: OTUET 0 cyyae
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Pesiome

BBELOEHME. TpaBma pOopMUPYIOLLNXCHA MOCTOSIHHBIX 3yO0OB MOXET HapyLwaTte GOpMUPOBAHME KOPHEN, Npu-
BOAS K HeCHOPMMPOBAHHBLIM BEPXYLLUKAM (OTKPbITEIM anekcam) U ocriabneHHon CTpykType 3yba.

LIEJTb. B naHHOM KJIMHNYECKOM Cyyae NpeacTaBneH HeEXUPYPrniecKnii NOAX0L K Ie4eHuto 8-neTHero masb-
ymka ¢ BOPOHKOOOpPa3HbIMUY KaHanamm Bo ppoHTasbHbIX 3ybax ¢ ipUMeHeHneM M1UHepasibHOro TPUOKCUAHO-
ro arperata (MTA) B BuA€e nacTbl 1 paccacbliBalOLWENCs KonnareHoBo membpaHbl Ans GopMmMpoBaHns anum-
KanbHOro 6apbepa u CTUMYIMPOBAHUS 3aXMBIEHUS.

MATEPUWAJIbl U METO/bI. Bbina npoBeaeHa Hexmpypruyeckas anekcudukaums ¢ ucnonb3oBaHveM nactsl MTA
B Ka4eCTBe OCHOBHOIO MaTepuasna AJis annkanbHoro 6apbepa, a Takxke A0noSHUTENIbHbIM NMPUMEHEHEM pacca-
CbIBAIOLLENCS KOMNAreHoBoM MembpaHbl 4ns noanepxaHusa 6apbepa 1 3aXXMBAEHUs NepuanmkanbHon o6nacTu.
PE3YJILTATHI. B TedyeHue 12 mecsiueB KIMHUYECKOrO U PEHTFEHONIOrMYecKoro HabnoaeHUs oTMe4anoch
ycneLHoe 3axuvBneHne 6e3 npn3Hakos nepuanukanbHOM NaTonoruu.

Knwouesble cnoBa: He3pesble 3yObl, BOPOHKOOOPAa3HbI kKaHas, anekcudukauus, nacta MTA, konnareHoBas
mMembpaHa

UHdpopmauumsa o ctatbe: noctynuna — 14.05.2025; ncnpasnena — 06.07.2025; npunsara — 20.07.2025
KoH}AUKT uHTepecoB: aBTOPbI cO06LLa0T 06 OTCYTCTBUN KOHMIMKTA MHTEPECOB.
BnarogapHocTu: GMHAHCMPOBAHUE N MHOVBUAYaNbHbIE 61aro4apHOCTU AN AeK1apUpPOBaHNs OTCYTCTBYIOT.

Ana umtnposanma: CuHrxanusa P., Kanpa I, XacaHn C.®., Hanrua T., LLpueactaBa M., MNpacaa H J1., LWax C.,
Mypun H. Anekcudurkauus TpaBMMpPOBaHHLIX NepegHux 3y6oe ¢ kaHanamm BLUNDERBUSS c ncnonb3oBa-
Huem MTA PUTTY u konnareHoBOW MemOpaHbl: OTYeT O cnyyae. IHAoAoHTus Today. 2025;23(3):417-422.
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INTRODUCTION

Dental trauma is a common concern in young chil-
dren and a leading cause of pulpal non-vitality in imma-
ture permanent incisors. Evidence shows that 13.80%
to 15.10% of individuals experience trauma to perma-
nent anterior teeth, highlighting the need for preventive
strategies and early intervention [1]. Such injuries can
damage the periodontium, alveolar bone, and pulp’s
neurovascular supply, potentially leading to pulp necro-
sis and long-term complications [2].

A major consequence of necrosis in immature teeth
is arrested root development, resulting in open api-
ces, blunderbuss canals, a compromised crown-to-
root ratio, and thin, fragile dentinal walls, complicating
conventional endodontic treatment [3]. In such cases,
achieving proper cleaning, debridement, and root canal
sealing becomes challenging, increasing the risk of ex-
trusion of filling materials into periapical tissues, which
can hinder healing. To prevent this, an apical calcific
barrier is necessary to facilitate proper root canal filling
and strengthen weakened root structures [3; 4].

Various materials have been used for apical bar-
rier formation in apexification procedure, including cal-
cium hydroxide, tricalcium phosphate, and osteogenic
proteins, with calcium hydroxide being the gold stan-
dard [5; 6]. However, the European Academy of Pae-
diatric Dentistry (EAPD) and Americam Association
of Endodontists (AAE) recommended alternative ap-
proaches to calcium hydroxide apexification for imma-
ture necrotic teeth, favoring regenerative approaches
because of its unpredictable outcomes and longer
appointment time' [3]. In recent years, biocompatible
materials like Mineral Trioxide Aggregate (MTA) and
Biodentin have become increasingly preferred. MTA,
a tricalcium silicate-based powder, has demonstrated
excellent sealing ability, promotes the formation of min-
eralized tissue, improves treatment outcomes, and re-
duces the number of required appointments [7].

In cases involving blunderbuss canals with wide,
funnel-shaped open apices, there is a heightened
risk of material extrusion beyond the apex, particu-
larly when using calcium silicate-based sealers and
cements even though MTA-based apical closure has
shown favorable results [8]. Despite their biocompat-
ibility, the unintended extrusion of these materials may
affect the healing of periapical lesions. Research indi-
cates that hemostatic collagen membranes can serve
as effective apical barriers, minimizing extrusion and
promoting more accurate MTA placement [8; 9].

This case report presents the successful endodon-
tic management of a traumatized immature tooth using
the MTA apexification procedure with a collagen mem-
brane as an apical barrier.

' American Association of Endodontists. Clinical considera-
tions for a regenerative procedure. Revised 2021 May 18. Avai-
lable at: https://www.aae.org/specialty/wp-content/uploads/
sites/2/2021/08/ClinicalConsiderationsApprovedByREC062921.
pdf (accessed: 27.06.2025).

dHdodoHmus
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CASE PRESENTATION

A 11-year-old male patient presented to the De-
partment of Pediatric and Preventive Dentistry in the
month of March, 2024 with a chief complaint of pain in
the upper front tooth region for the past two days. The
pain was mild to moderate, continuous, localized, and
aggravated during mastication. The patient reported
a history of dental trauma six months ago, which re-
sulted in a fractured and loose tooth. Splinting was
performed at a nearby dental clinic. No relevant medi-
cal history was noted.

Clinical examination revealed fracture including the
enamel, dentin and pulp in relation to tooth 21 (Fig 1, A).
The tooth was unresponsive to both electric and ther-
mal pulp sensibility tests. Diagnostic intraoral periapical
radiograph (IOPAR) and CBCT were advised. CBCT re-
vealed a radiolucency involving the enamel, dental and
pulp and a large blunderbuss canal with an open apex,
accompanied by a periapical lesion (Fig. 1, B). Based on
these findings, a diagnosis of Ellis class IV fracture with
open apex and symptomatic periapical abscess invol-
ving tooth 21 was established.

The treatment plan was explained to the parents,
and after thorough discussion and informed consent, it
was decided to proceed with MTA apexification in con-
junction with a resorbable collagen membrane place-
ment given the presence of a blunderbuss canal with an
open apex followed by esthetic rehabilition of the tooth.

The access cavity for tooth 21 was prepared using an
Endo Access bur and an Endo Z bur under rubber dam
isolation. The working length was established with an
apex locator (Woodpecker Al motor, Guilin Woodpecker
Medical Instrument Co., Ltd., Guilin, Guangxi, China)
and verified radiographically using a 60K file (MANI, Inc.
Tochigi, Japan). Cleaning and shaping were performed
with hand K-files and ProTaper Universal rotary files
(Dentsply Maillefer, Ballaigues, Switzerland) at 300 rpm
speed and 2-3 NCm torque as per the manufacturer’s
instructions. Canal irrigation was done with 3% sodium
hypochlorite, saline, and 17% EDTA using a side ven-
ted needle followed by drying with sterile paper points.

Fig. 1. Preoperative frontal view of tooth 21

in occlusion showing an Ellis Class Il fracture (A)

and preoperative CBCT image of 21 revealing an open
apex with a wide blunderbuss canal (B)

Puc. 1. NpeponepaunoHHbI GPOHTaNbHLIN BUA 3y6a
21 B OKK1103UKM € nepenomom no IAnnucy knacca lll (A)
1 npegonepaumoHHoe naobpaxeHne KJIKT 3yba 21,
OEMOHCTpUpyioLLee HeCHOPMUPOBAHHYIO BEPXYLLKY
M LLMPOKWIA BOPOHKOOBOPAa3HbI kaHan (B)
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A triple antibiotic paste (TAP) (Amoxicillin, Metronida-
zole, and Ciprofloxacin in a 1:1:1 ratio) was applied for
21 days. The dressing was replaced with CaOH, applied
every 21 days for 2 months until the patient became
completely asymptomatic (Fig. 2, A).

After the patient became completely asymptoma-
tic, the dressing was carefully removed, and the canal
was thoroughly irrigated with a copious amount of so-
lution to ensure complete decontamination. The canal
was then dried using sterile paper points to eliminate
any residual moisture. A collagen membrane (Heali-
guide, Advanced Biotech Products [P] Ltd., Chennai,
India), precisely trimmed into a 3x3 mm square, was
carefully placed at the apical region of the canal. Using
a plugger (MANI, Inc., Tochigi, Japan), the membrane
was gently positioned up to the predetermined wor-
king length, ensuring a proper seal and adaptation to
the canal walls. To further enhance stability, an addi-
tional collagen membrane was layered above the first,
creating a 1-2 mm stable base at the apical region.

Following this, MTA putty (e-MTA Putty, Kids-e-Den-
tal LLP, Mumbai, India) was introduced into the canal
using an MTA carrier. The material was incrementally
placed, and each layer was carefully compacted using
a plugger to form a well-adapted 5 mm apical plug, en-
suring an effective seal (Fig. 2, B) Once the MTA had
achieved its initial set, the canal was obturated with
gutta-percha using a bioceramic sealer (BioActive
RCS, SafeEndo Dental India Pvt. Ltd., Vadodara, India)
to enhance the long-term sealing ability and biocompa-
tibility (Fig. 3, A). Finally, the access cavity was restored
and the crown build up was done (Fig. 3, B) with a light-
cured composite (Beautifil Il Dental Composite, Shofu
Inc., Kyoto, Japan). The patient was followed up for upto
12 months (Fig. 4, A, B).

et

Fig. 2. Radiographic image of tooth 21: A — with
calcium hydroxide dressing; B —following MTA
apexification using a collagen membrane (the red mark
indicates 5 mm of MTA putty placed within the canal)

Puc. 2. PeHTreHonornyeckoe nsobpaxeHme

3yba 21: A — ¢ rMaApPOKCUAOM KasbLMS B Ka4ecTBe
BPEMEHHOI NekapCTBEHHOW Npoknagku; B — nocne
anekcudukauum c npumeHeHnem MTA v konnareHoBOW
MeMbpaHbl (kpacHas MeTka ykasblBaeT Ha 5 MM nacThl
MTA, BBEAEHHOW B KaHas)

A

Fig. 3. Imnmediate postoperative radiographic image
of tooth 21 following obturation with gutta-percha
and bioceramic sealer (A); clinical image of tooth 21
after composite buildup (B)

Puc. 3. PeHTreHonormnyeckoe naobpaxeHue 3yba 21
cpasy nocne NaoMbMpoBaHUs ryTranepyen

1 BruokepamMmnyeckum cunepom (A); KNnHmndeckoe
n3obpaxeHune 3yba 21 nocne BOCCTAHOBEHWS
KOMMO3UTHbIM MaTepunanom (B)

Fig. 4. Follow-up radiographic images of tooth 21:
A —at 6 months; B — at 12 months post-treatment

Puc. 4. PeHTreHonorndeckne naobpaxeHus 3yba 21
npu nocneayouiem HabnaeHun: A — yepes 6 MecsLIEB;
B - 4yepes 12 mecsueB nocne nevyeHus

DISCUSSION

According to the AAE, apexification remains the
preferred treatment approach for managing non-vital
immature permanent teeth?. While Calcium Hydroxide
(Ca(OH),) was historically the material of choice for this
procedure, it presents several limitations, including the
need for multiple appointments, a prolonged treatment
period (typically 12-24 months) for apical closure, un-
predictable outcomes, and a reliance on patient com-
pliance throughout the process® [3; 10]. To overcome
these challenges, single-visit apexification techniques
using biocompatible materials such as Mineral Trioxide
Aggregate (MTA) and Biodentine have become more
widely adopted. These materials offer faster, more pre-
dictable results with fewer appointments, enhancing
both efficiency and patient satisfaction [7].

2 American Association of Endodontists. Clinical considera-
tions for a regenerative procedure. Revised 2021 May 18. Avai-
lable at: https://www.aae.org/specialty/wp-content/uploads/
sites/2/2021/08/ClinicalConsiderationsApprovedByREC062921.
pdf (accessed: 27.06.2025).

3 Ibid.
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MTA is ideal for treating open apices due to its excel-
lent sealing ability and ability to set in the presence of
moisture or blood [8]. It promotes hard tissue formation,
cementogenesis, and osteogenesis by creating a bio-
compatible environment that supports cell activity [9].
Its high pH gives it antibacterial properties, while its
dense seal prevents bacterial ingress, aiding periapi-
cal healing [4; 7]. These characteristics made it the pre-
ferred material in our case.

Although newer biomimetic materials like Biodentine
have gained popularity due to their improved handling
properties and faster setting times, MTA was preferred
in our case. This decision was based on its superior
marginal adaptation [11], reduced microleakage [12],
and more predictable apical barrier formation [13] when
compared to Biodentine, particularly in wide or blun-
derbuss canals [14]. Additionally, the extended setting
time of conventional MTA, along with the challenges as-
sociated with achieving the optimal consistency during
manipulation, are often considered limitations. To over-
come these drawbacks, a pre-mixed MTA putty was uti-
lized in this case.

It offered a significantly faster setting time compared
to traditional MTA and came with a standardized, ready-
to-use consistency, facilitating easier handling. The
MTA putty allowed for improved working time, enabling
precise placement and condensation within the com-
plex canal anatomy [15]. It offered enhanced adaptabi-
lity in irregular spaces, and set more rapidly than con-
ventional MTA. These properties made MTA putty the
material of choice for achieving a reliable and biologi-
cally favorable outcome in the present case.

In this case, a 5 mm apical plug of MTA was placed
using an MTA carrier, followed by careful condensation
with hand pluggers. This thickness was selected based
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Abstract

INTRODUCTION. Diagnosis of pulp diseases remains a pressing issue in dentistry, which is determined by
their high prevalence and, in some cases, latent course.

AIM. To study new technologies developed for hardware testing of pulp vitality based on modern literature data.
MATERIALS AND METHODS. A systematic search was performed in the electronic databases PubMed,
Google Scholar, eLibrary, Google Patents. The search depth was 6 years — from 2019 to 2024.

RESULTS. The search in the electronic library databases initially yielded 793 results. After screening titles and
abstracts and removing duplicates, 368 articles were identified, assessed by reading their full text, and analysis
of whether the publication criteria were met; 65 articles were included in the systematic review. Based on the
results preliminary screening and application of the eligibility criteria, 15 publications were included in the quali-
tative analysis and 7 publications in the quantitative analysis, 43 publications were used to write the introduction
text and in the discussion of the study results. Based on the patent search, 4 patents were included in the analy-
sis. Most of the well-conducted and documented studies were devoted to the pulse oximetry method.
CONCLUSIONS. An analysis of modern literature sources showed that the most common methods for
assessing pulp vitality are laser Doppler flowmetry and pulse oximetry. Pulse oximetry is the most accurate
diagnostic tool. Alternative diagnostic methods are increasingly being explored for their potential to assess
pulp vitality. The most frequently mentioned methods in scientific publications for 2019-2024 are: ultrasound
Doppler flowmetry, transillumination, magnetic resonance imaging, speckle imaging, tooth temperature
measurements, electroodontometry and plethysmography. However, to date, none of the alternative methods
for diagnosing pulp vitality have been integrated into clinical practice, indicating an ongoing challenge in
creating a reliable approach to assessing pulp vitality.
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Pe3ioMme

BBELOEHMWE. OgHoit 3 akTyanbHbIX Npo6i1eM COBPEMEHHOM CTOMATONOMMN SBASIETCA NPYMEHEHWE AVarHo-
CTNYEeCKOro apceHana ndy4eHnd BuTaJibHOCTU Nynbnbl 3y608 B TeX NN UHbIX KNNHNYEeCKnX cny4vasx.

LIESTb NCCNEOOBAHUA. Ha ocHoBaHMM 0630pa nnTepaTypHbIX AaHHbIA U3Y4YUTb MIHHOBALVOHHbIE TEXHONO-
rmn gna onpeaeneHna BUTaabHOCTU NyNbribl 3y6OB.
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MATEPUAJBbI U METOAbI. CuctemaTtnyeckmin nouck 6bii BbIMOSHEH B 3NIEKTPOHHbIX 6a3ax AaHHbIXx PubMed,
Google Scholar, eLibrary, Google Patents. My6uHa noncka coctasuna 6 net — ¢ 2019 no 2024 r.
PE3Y/NbTATHI. Mouck B 6adax anekTPOHHbIX OMOGNMOTEK NepBoHavYanbHO gan 793 pes3ynbrata. lNocne
yoaneHus oyonmkatoB 6b1510 naeHTudunumpoBaHo 368 ctaTen, Ha OCHOBaAHUM COOTBETCTBUS KPUTEPUSIM
BKJIlOYEHUS Nybnmkauum BblaeneHo 65 ctatelt B cuctematunyecknin o63op. B panbHenwem 15 nybnunka-
LW OblNM BKJIIOYEHbI B KAYE€CTBEHHbIN aHann3 u 7 nyonmkauuin B KONMYECTBEHHbI aHanma, 43 nybnn-
Kaumin 6bln1M MCNONb30BaHbl OJ1 HANNCaHUS TekcTa BBeAEHUS U Npu 0OCyXAeHUN pe3ynbTaToB Uccne-
[oBaHus.

BbIBOAbl. Ha ocHOBaHMN nuTepaTypHbIX AaHHbIX MOXHO BbIAENNTbL cleayoume Hanbdonee pacnpocTpaHeH-
Hble METOAVKAMMW N3YHEHNS BUTANIbBHOCTM MyNblbl 3y60B, K KOTOPbIM MOXHO OTHECTM METO[, la3epHOon [on-
NnnepoBCKOn GrioymeTpun 1 nynbcokcnmmeTpumn. Cpeam HeTpaguUMOHHbIX METOO0B ANArHOCTUKN BUTaAb-
HOCTM NyNbMbl BCE Yallle NCCNeayioTCs C MOMOLLLIO YIbTPa3BYKOBOW AONMAEPOBCKON hIOyMETPUN, TPaHC-
UANIOMUHAUNK, MarHUTHO-pe30HaHCHasa Tomorpaduun, cnekn-smdyanm3aumn, U3MeEpPEHUs TemnepaTtypbl
3y0o0B, 91eKTPOOAOHTOMETPUN U NNeTuaMorpadmn.

KnioueBblie cnoBa: annapaTHble METOAbI, ANArHOCTMKA, BUTAJIbHOCTb MyJbribl

UHdopmauumsa o ctatbe: noctynuna — 01.03.2025; ucnpasneHa — 10.04.2025; npunara — 19.04.2025
KoH®AUKT nHTepecoB: aBTOPbI COOOLLAIOT 06 OTCYTCTBUN KOHPNUKTA UHTEPECOB.

BnarogapHocTu: GUHAHCUPOBAHWE U MHANBUAYANbHbIE 611arofapHOCTY AN AEKNAPUPOBAHUS OTCYTCTBYIOT.

Ana umtuposanmsa: LLlagpmnHa K.B., Opexosa J1.10., lToHyapos B.A., BawHésa B.IO., Cunnna 3.C., Koco-
Ba E.B., lNeTpoB A.A. CoBpeMeHHbIe acnekTbl UCMNO/Ib30BaHMSA annapaTHbIX METO40B ANarHOCTUKW BUTasb-
HOCTM Nynbnbl (HacTb 2. HeTpaanUMOHHBIE METOAbI ANArHOCTUKW). SHA0AOHTUS Today. 2025;23(2):423-432.

https://doi.org/10.36377/ET-0085

INTRODUCTION

In endodontic practice, the assessment of the den-
tal pulp condition is a crucial and necessary diagnos-
tic tool, as diagnosis constitutes an integral part of
planning subsequent treatment strategies. The gold
standard for determining pulp vitality is its direct eva-
luation via histological sectioning. However, since the
pulp is surrounded by a calcified barrier, such assess-
ment is not feasible prior to the initiation of endodontic
treatment.

Given the inability to directly visualize the pulp, indi-
rect methods must be employed to assess its condition
by evaluating innervation — for example, pulp sensitivity
tests. The most commonly used tests for assessing pulp
sensitivity are thermal and electric pulp tests, which
stimulate pulpal nerves either through the movement of
dentinal fluid induced by temperature fluctuations, re-
sulting in the movement of odontoblastic processes and
mechanical stimulation of pulpal nerves, or through the
application of an electric current to the tooth, producing
electrical stimulation of the pulp nerves [1; 2].

The primary mechanism of the electric pulp test in-
volves initiating ionic changes across the nerve mem-
brane through electrical stimuli, which affect the action
potential via rapid depolarization at the nodes of Ran-
vier in myelinated nerves [3]. Contemporary pulp sensi-
tivity testing methods indirectly evaluate pulp vitality by
assessing the neural response, without accounting for
vascular circulation, which may result in false-positive
responses in teeth that have temporarily or permanently
lost sensory function and do not respond to such tests
despite the presence of an intact vascular network [4].

The limitations of pulp sensitivity testing have been
addressed by the development of pulp vitality test-
ing methods such as pulse oximetry (PO), laser Dop-
pler flowmetry (LDF), and ultrasonic Doppler flowmetry
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(UDF), which assess pulpal blood flow without relying
on patient responses and are considered to provide a
more accurate evaluation of pulp status. PO measures
oxygen saturation within the pulp chamber using a non-
invasive probe with two diodes placed on the tooth,
whereas LDF and UDF assess vascular flow within the
dental pulp by evaluating the “concentration and veloc-
ity of blood cells,” thereby reflecting indicators of pulpal
perfusion and vitality [5; 6].

The limitations of pulp sensitivity testing have been
addressed through the development of pulp vitality as-
sessment methods. However, laser Doppler flowmetry
and pulse oximetry have not yet gained widespread
use in routine dental practice, which has prompted in-
creased scientific interest in alternative diagnostic ap-
proaches for evaluating pulp vitality.

Among the non-conventional methods currently
under investigation are optical diagnostic techniques,
ultrasonic Doppler flowmetry, magnetic resonance im-
aging, terahertz imaging, and dental thermography [7].

MATERIALS AND METHODS

Search Strategy

A systematic electronic search was conducted
in the international databases PubMed and Google
Scholar, as well as in the Russian scientific electro-
nic library eLibrary. Patent searches were performed
using the Google Patents database. The search co-
vered a 6-year period, from 2019 to 2024. Russian
literature was defined as studies conducted in Rus-
sia and published in Russian scientific journals. The
search strategy included the keywords: Diagnostic,
Instrumental Methods, and Pulp Vitality. For Russian-
language sources, the following terms were used:
Diagnostic, Instrumental Methods, and Pulp Vitality.
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Inclusion Criteria

1. Articles published in Russian or English between
2019 and 2024.

2. Types of publications: scientific articles—including
research and practice-oriented studies—as well as sys-
tematic reviews.

3. Full-text availability free of charge on the internet.

4. Relevance to the research topic — instrumental
(device-based) methods for the diagnosis of pulp vitality.

Exclusion Criteria

1. Type of publication: conference abstracts, pro-
ceedings, and dissertations.

2. Lack of full-text availability online.

3. Absence of analysis regarding the effectiveness
of the method.

4. Methods that assess only pulp sensitivity (e.g.,
thermal tests, electric pulp testing).

A stepwise screening process was employed for the
selection of publications. After initial identification, each
source underwent title and abstract screening, and du-
plicates were excluded. Full-text articles were then re-
viewed for relevance. The bibliographies of all eligible
articles were examined to identify additional relevant
publications. Each study was assessed for alignment
with the research objective based on three criteria:
evaluation of the title, abstract, and full text.
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Data Extraction

Each included article was analyzed to extract informa-
tion on bibliometric characteristics, study methodology,
and results. The extracted variables included: the type of
pulp vitality test or measurement used, patient-related
variables (number, age, and sex), number of samples
(teeth), type of teeth examined, as well as the technique
and device employed for assessing pulp vitality.

RESULTS

Non-Conventional Approaches
to Pulp Vitality Diagnosis®

In the publications reviewed from 2019 to 2024,
the following non-conventional methods for assessing
pulp vitality were identified: ultrasonic Doppler flow-
metry [9-11], transillumination [12], magnetic reso-
nance imaging [13], speckle imaging [14-16], dental
thermography [17; 18], and plethysmography [19].

The studies were grouped according to the type of
non-conventional method used. For each method, the
diagnostic objective and key findings were summarized.
Where available, diagnostic accuracy indicators — such
as sensitivity, specificity, positive predictive value, and
negative predictive value — were also reported (Table 1).

' Traditional Approaches to Assessing Dental Pulp Vitality are
discussed in Part 1 of the article [8].

Table 1. Characteristics of the included non-traditional studies
Ta6nuuya 1. XapakTepucTuka BKJIIOYEHHbIX HETPaANLMOHHbLIX UCCNIeJ0BaHUN

Publication, type | Sample size . Diagnostic s e Accuracy,
of research and type HEE T target Malgifiedings PPV, NPV
Optical methods
Daretal., 2020 [19] | 30 incisors Mx TLP Pulpal blood |Harmless stimuli caused a reversible decrease in |Not reported
Clinical study flow TLP values in human teeth. TLP was able to moni-
(on humans) tor pulpal blood circulation
Knorzeretal., 2 mandibular PPG Simulation of | Flow data were detected using light at 625 nm Not reported
2019 [20] molars (1 for pulpal blood |and 940 nm in a model with comparable size and
Invitro (extracted |each ofthe flow volumetric blood flow rates. Signal interference
human teeth) 2 models) from the gingiva was observed at 625 nm but not
at940 nm
Proulx etal., 2022 |45 dogs TTI Tooth trans- | Transillumination is less effective than cold and Sensitivity: 0.59
[12] 45 teeth lucency electric tests. In cases without discoloration, Specificity: 0.95
In vivo animal transillumination may fail to detect necrotic pulp, PPV:0.94
model (dog) resulting in false-negative outcomes. Additionally, |NPV: 0.67
discolored teeth with enamel defects or drug- Accuracy: 0.76
induced stains may produce false-positive results
Xu etal., 2021 [14] |3 teeth LSI Simulation LSCI can detect blood flow in the pulp and is The sensitivity of
In vitro (extracted of blood flow |capable of measuring flow velocity. Vertically LSClis sufficient
human teeth inthe dental |polarized LSCI demonstrated a wider dynamic to detect minor
connected to an pulp detection range compared to non-polarized LSCI |changes in blood
injection pump) (np-LSCI) flow
Chistyakova G.G., | 141 patients LSl Pulpal blood |During the analysis and screening of speckle Not reported
2019 [15] 235 teeth flow patterns, hemomicrocirculation parameters were
Clinical study optimized, such as spectral power S (relative units)
(on humans) and mean frequency (Hz), which were interpreted
as indicators of blood flow level and intensity
Chistyakova G.G., | 190 patients LSI Pulpal blood |As blood flow intensity decreases, electroodon- |Notreported
2020 [16] 210 teeth flow tometry values increase, and the pulp’s electrical
Clinical study excitability threshold decreases
(on humans)
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Table 2 (ending) / Tabnuua 2 (OKOH4YaHMe)

Publication, type | Sample size . Diagnostic s e Accuracy,
of research and type fechiiane target Malgifiodines PPV, NPV
Ultrasound Doppler flowmetry
Kim etal., 2023 [9] |9 dogs, UDF Pulpal blood [When using UDF, gingival blood flow affects the Not reported
In vivo animal 36 rightand flow measurement of pulpal blood flow. Therefore,
model (dog) left maxillary the gingiva must be isolated from the tooth being
anterior teeth evaluated
Magnetic resonance imaging
Juerchottetal., 70 individuals, MRI Pulpal blood |Teeth with healthy pulp can be visualized, and Not reported
2022 [13] 1585 teeth flow pulpal tissue can be quantitatively assessed us- | (the entire pulp is
Clinical study (on ing dMRI with a specific set of parameters. This considered intact)
humans) may serve as a useful diagnostic tool for identify-
ing various pulp diseases in future patient studies
Tooth temperature measurement
Ajith Kamath, 75 individuals ITMI Tooth There were no significant differences in baseline |Accuracy
Nasim, 2020 [17] surface temperature between vital and non-vital teeth. of 97.34%
Clinical study temperature |Vital teeth may exhibit better surface heating
(on humans) compared to non-vital ones
Mendes etal., 58 individuals ITMI Thermo- When using an infrared thermograph, teeth with | The measurement
2020 [18] 126 maxillary grams and different pulpal conditions exhibited different error of the overall
Clinical study anterior teeth tooth tem- temperatures temperature is
(on humans) (including perature +2%
33 pairs of
vital — non-vital
maxillary cen-
tralincisors)

Note: Mx — maxillary; NPV —Negative predictive value; PPV — Positive predictive value; TLP — Transmitted light plethysmography;
PPG - Photoplethysmography; TTI — tooth transillumination; LSCI — Laser speckle contrast imaging; LS| — Laser speckle imag-
ing; UDF — Ultrasound Doppler flowmetry; MRl —Magnetic resonance imaging; ITMI — Infrared thermographic imaging

lMpumeyvaHne: Mx — BepxHsasa YyeniocTb; NPV — oTpuuartensHas nporHocTndeckas LeHHOCTb; PPV — nonoxntensHas nporHocTu-
yeckas LeHHOoCTb; TLP — ceeToBas nnetuamorpadus; PPG — ¢otonnetuamorpadus; TTlI — TpaHcunniommHauusa 3y6a; LSCI —
JNlasepHas cnekn-koHTpacTHasa Bu3yanusauus; LS| — nasepHas cnekn-suayannsaums; UDF — ynbTpasBykoBas AonnjepoBckas
dnoymetpus; MRI — marHUTHO-pe3oHaHcHasa Tomorpadus; ITM — nndpakpacHasa Tepmorpadumyeckas susyannsaums

Table 2.Devices/systems used in studies to assess pulp vitality
Tabnunua 2. YcTpoicTBa/CUCTEMbI, UCMOJIb3yEMbIE B UCCNEA0BaHUAX A1 OLEHKM BUTaNIbHOCTW NyNbMbl

System /device (publication) Purpose /Aim

Photoplethysmography

The light source is a light-emitting diode (LED) with a wavelength of 525 nm. The transmitted light is
delivered in pulses [19]

Pulp blood flow

The light source consists of light-emitting diodes (LEDs) with wavelengths of 625 nm and 940 nm [20]

Laser speckle imaging

Polarized Laser Speckle Contrast Imaging (LSCI) systems include vertically polarized LSCI (vp-LSCI)
and non-polarized LSCI (np-LSCI) configurations. In vp-LSCI systems, the laser light is vertically polar-
ized [14]

Laser speckle-optical device “Specklemeter” [15; 16]

Pulp blood flow

Transillumination

Intense narrow beam of light [12] Light passing through a tooth

Ultrasound Doppler flowmetry

Ultrasonic Doppler device and 20 MHz probe [9] Pulp blood flow

Continuous-wave dental Doppler ultrasound system (DDUS) using 22 MHz ultrasonic probes. The
DDUS comprises a dual-element transducer, a two-channel probe system (one for transmission and
one for reception), and a laptop

Pulp blood flow

Magnetic resonance imaging

A 3-Tesla system using a 16-channel coil with intravenous administration of gadolinium contrast [13] Condition of the pulp tissue

Tooth temperature measurement

Infrared thermometer with laser targeting [17] Tooth temperature

FLIR E60 thermal imaging camera [18]
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Table 2 summarizes information on the non-conven-
tional devices and systems described in publications
from 2019 to 2024 that were used for the assessment
of pulp vitality.

Photoplethysmography (PPG) - is a non-invasive
optical method widely used to study and monitor pulsa-
tions associated with changes in blood volume in peri-
pheral vasculature. It is characterized by low susceptibi-
lity to signal contamination from surrounding tissues. This
method can be applied to assess pulp vitality, particularly
in traumatized teeth, using a custom-fabricated holder.

Light sources used in PPG systems include:

— LEDs with wavelengths of 525, 625, and 940 nm [20];

— a spectrometer placed between a xenon arc lamp
and a fiber optic bundle, where the transmitted light is
recorded in pulses [19].

The method primarily relies on the intensity of trans-
mitted light, which in some studies has been converted
into other metrics, such as voltage and pressure sig-
nals [20]. Studies have shown that PPG can monitor pulp
blood flow changes in response to harmless stimuli [19].

Knorzer et al. developed a dual-wavelength PPG sys-
tem (625 and 940 nm) and successfully detected signals
originating from the dental pulp without interference
from surrounding tissues, demonstrating the feasibility
of registering pulsed blood signals. The system revealed
enhanced signal strength without requiring extensive
noise suppression. At a wavelength of 625 nm, signals
from both the pulpal and surrounding tissues could be
detected on the tooth surface. However, at 940 nm, only
signals from the pulp were recorded, free from surroun-
ding tissue interference. These findings highlight PPG
as a promising approach for future pulp vitality testing.
Crucially, the ability to clearly distinguish between pulpal
and non-pulpal PPG signals remains essential [20].

Transillumination (TTI). Transillumination is a di-
agnostic method in which visible light is directed onto
atooth, and a digital camera captures the resulting bright
transmitted illumination of the dental tissues. The light
source is positioned behind the tooth, and the pulp’s vi-
tality influences its translucency. A vital pulp permits light
transmission, resulting in a well-transilluminated tooth,
whereas a necrotic pulp appears dark and dim [12].

However, this technique may be unreliable for de-
tecting pulp necrosis in teeth without visible discolora-
tion, potentially leading to false-negative results [12].
Additionally, false-positive outcomes may occur in ca-
ses where tooth discoloration is caused by factors
unrelated to pulp vitality [12].

Speckle imaging (LSI). LSl is based on the cohe-
rent interference of light, which generates a speckle pat-
tern — a mix of bright and dark spots. These speckles ex-
hibit random temporal fluctuations caused by changes
in blood flow direction and particle position, allowing the
measurement of blood flow velocity through frequency
analysis of these fluctuations. LS| enables differentiation
between necrotic and vital pulp and facilitates the eva-
luation of pulpal blood supply. This non-invasive tech-
nique does not require the use of holders [14].

LSl is sufficiently sensitive to detect minor changes
in blood flow and is a simple, non-invasive, relatively
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low-cost method that can be readily integrated into
dental practice. It allows the measurement of blood flow
velocity across a wide range. However, accurate as-
sessment of pulpal circulation using speckle patterns
remains challenging due to the limited penetration of
light through enamel and dentin [14].

Laser Speckle Contrast Imaging (LSCI) captures a sin-
gle exposure of the laser speckle pattern projected onto
the tissue of interest and analyzes the resulting pattern to
provide information on blood flow, including velocity, ves-
sel diameter, and blood volume [1]. Multi-Exposure Con-
trast Imaging (MECI) is an enhanced extension of LSCI,
offering improved resolution and sensitivity [2].

Xu et al. enhanced the detection of stimulus-induced
blood flow in extracted teeth by integrating optical po-
larization technology with laser speckle contrast ima-
ging (LSCI), introducing a promising tool for pulp vitality
assessment in clinical settings, particularly in cases of
dental trauma [14]. The results demonstrated that a ver-
tically polarized LSCI system (vp-LSCI) could detect
a broader dynamic range of pulpal blood flow contrast —
1.5 1o 2 times greater — compared to non-polarized LSCI
(np-LSCI). Atemporal contrast algorithm was able to de-
tect small flow velocity changes of 0.03-0.07 mm/s, with
a detection index 5-10 times higher than that of a spa-
tial contrast algorithm. The vp-LSCI system, combined
with temporal contrast analysis, significantly enhances
the ability of speckle-based techniques to detect pulpal
blood flow, enabling the detection of a wider flow velocity
range and finer hemodynamic variations [14].

G.G. Chistyakova evaluated microcirculatory parame-
ters in dental pulp vessels using the laser speckle optical
device Speklometr (State Registration No. MT-7.1504-
0108) in accordance with a methodology approved by the
Ministry of Health of the Republic of Belarus (Instruction
No. 099 0619 dated June 28, 2019) [16; 21]. During the
analysis and screening of speckle patterns, key hemo-
microcirculatory parameters — such as spectral power S
(relative units) and mean frequency (Hz) — were optimized
and interpreted as indicators of blood flow level and in-
tensity. It was found that decreased blood flow intensity
corresponded with increased electroodontometric va-
lues and a reduced threshold for pulp excitability [16].

Ultrasound Doppler Flowmetry (UDF) is a non-
invasive, radiation-free technique that evaluates blood
flow by transmitting ultrasonic waves through tissues.
UDF operates on the same Doppler principle as laser
Doppler flowmetry (LDF) but utilizes ultrasound instead
of light. Parameters such as blood flow velocity, pul-
satility index, and circulation index are calculated. The
technique also allows real-time auditory monitoring of
pulsatile sounds [22].

No human clinical studies using UDF for pulp vita-
lity assessment were identified in the reviewed period.
However, one animal study (in dogs) and one in vitro
study using simulated pulp blood flow in extracted hu-
man teeth were published.

A retrospective study in dogs demonstrated that
UDF had higher diagnostic effectiveness compared to
electric pulp testing (EPT) when assessing pulp vital-
ity in traumatized teeth. It also showed a correlation
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between pulpal blood flow (PBF) and blood flow in the
adjacent gingiva. The study concluded that effective
UDF measurement requires isolation of the gingiva from
the tooth structure [9].

A laboratory study on extracted human teeth indi-
cated that UDF can detect simulated blood flow below
the cemento-enamel junction, but not at the mid-root
level [11].

In 2021, a continuous-wave dental Doppler ultra-
sound system (DDUS) was introduced, employing
22 MHz ultrasound probes. The DDUS comprises a two-
element transducer, a dual-channel probe system (one
fortransmission and one for reception), and alaptop. The
probe system performs analog front-end processing,
including ultrasound transmission /reception, low-noise
amplification (LNA), quadrature demodulation (QDM),
low-pass filtering (LPF), and analog-to-digital conver-
sion (ADC). The laptop conducts intermediate-level pro-
cessing such as decimation, logarithmic compression,
interference filtering/noise reduction, and data analysis
displayed as a spectrum or spectrogram. To enhance
the signal-to-noise ratio (SNR), noise reduction is im-
plemented using Hankel Singular Value Decomposition
(SVD). The results are presented in real time as Dop-
pler spectra and spectrograms via a custom-developed
graphical user interface (GUI) for the DDUS [10].

The use of Ultrasound Doppler Flowmetry (UDF) in
cases of dental trauma presents a promising and poten-
tially more sensitive approach than laser Doppler flow-
metry (LDF) [23]. UDF is capable of distinguishing signals
originating from the dental pulp and surrounding tissues
by analyzing waveform and sound characteristics.

However, the method has several limitations. These
include instability in producing consistent results over
short observation periods, challenges in accurate
probe positioning, potential interference from patient
discomfort, and early-stage trauma-induced impair-
ment of pulpal blood supply, which may compromise
measurement reliability [23].

Currently, there is no established standard for UDF
parameters that distinguish between normal and patho-
logical pulp. Moreover, variables such as probe angle or
positioning, probe holder characteristics, and gingival
blood flow [9] can significantly influence the recorded
values.

Magnetic resonance imaging (MRI). Teeth are
difficult to visualize using conventional magnetic reso-
nance imaging (MRI) due to their high mineral content.
Moreover, the signal decays rapidly after radiofrequen-
cy excitation because of the severely restricted mo-
lecular motion of water in densely mineralized tissues.
Only with the advent of later technological modifica-
tions, such as SWIFT-MRI, have image details emerged
that may hold potential value for endodontic research.
MRI scanners with a magnetic field strength of 1.5 Tesla
have been shown to be insufficient for effective visuali-
zation of oral and maxillofacial structures [24].

In response to these limitations, Juerchott et al. con-
ducted a prospective in vivo study aimed at optimizing
the assessment of pulpal contrast enhancement (PCE)
using dental MRI (dMRI) and at investigating physiologi-
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cal models of PCE. Healthy teeth were examined using
3-Tesla dMRI with a 16-channel coil, and gadolinium
contrast agent was administered intravenously before
and after scanning. The results demonstrated that PCE
in dMRI is a stable intra-individual marker with minimal
differences between tooth types, forming an important
basis for within-subject comparisons in the evaluation of
teeth suspected of endodontic pathology. Furthermore,
PCE was shown to be independent of age and sex [13].

The implementation of higher-field MRI systems
operating at 3 Tesla has significantly improved dental
visualization and is regarded as a promising tool for de-
tecting pulp tissue abnormalities. Nonetheless, further
improvement in spatial resolution is essential for enhan-
cing the diagnostic utility of MRI in endodontics [24].

Tooth temperature measurement (TTM). It has
been established those vital teeth emit more heat than
non-vital teeth. When vital teeth are cooled, a pheno-
menon known as surface rewarming is observed —
these teeth are able to restore their surface tem-
perature over time. Surface rewarming is considered
a potential indicator for assessing true pulpal vitality.
Vital teeth successfully regained surface heat within
a 3-minute period, whereas none of the non-vital teeth
reached baseline temperatures within this timeframe.
Thus, vital teeth demonstrate faster surface rewar-
ming compared to non-vital teeth. This methodology
demonstrated a clinical success rate of 97.34% in diag-
nosing pulp vitality status [17].

In another study assessing 126 makxillary anterior
teeth using the FLIR E60 thermal imaging camera, it
was shown that vital and non-vital anterior teeth ex-
hibit distinct temperatures when assessed with infra-
red thermography [18]. Infrared thermometry with laser
guidance may be employed as a routine test for pulp
vitality in clinical settings and represents a simple and
reliable tool. One of its main advantages is non-inva-
siveness [17]. However, at this stage, this test appears
impractical for routine use as a standalone method of
assessing dental vitality.

This review of non-conventional methods for pulp
vitality assessment aims to present current research
trends. However, any conclusions drawn must be inter-
preted with caution due to the heterogeneity of included
studies and the lack of reported accuracy and predic-
tive values in most of them.

Patents on Instrumental Methods for Assessing
Pulp Vitality

The results of the patent search identified four pa-
tents published during the review period (2019-2024).
One patent concerned an electronic device for intra-
oral scanning [25], two patents described optical me-
thods — a dental diagnostic probe [26] and a fiber-optic
device [27] - and one patent focused on an ultrasonic
probe [28] (Table 3).

Patent Overview on Instrumental Methods for As-
sessing Pulp Vitality Jiang X., Fu M., and Yang L. develo-
ped a cranio-maxillofacial oral cavity scanning device
designed to detect necrotic pulp tissue and residual
pulpal matter following operative procedures [25].
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Ta6nuua 3. O6Las nHdopmaLms 0 BKIIOYEHHbIX MAaTEHTax

Publication year Patent No.

Title

Magnetic resonance imaging

2021 (G) Jiang et al., 2020 [25] CN-111528846-B

Oral craniomaxillofacial scanning device and scanning method
and electronic device.

Opti

cal

2023 (G) Ertl etal., 2017 [26] EP- 3439542- B1

Dental probe

20283 (P) Tang, Schmitt, 2023 [27] US-2023263398-A1

Apparatus and method for tooth pulp vitality detection

Ultrasound Dop

pler flowmetry

2019 (P) Kim, 2018 [28] KR-20190089430-A

Dental pulpal vitality assessment system including ultrasound
probe and method for assessment

T. Ertl, N. Karazivan, and A. Savic proposed a dental
diagnostic probe that emits light within the 500-1500 nm
range, which passes through part of the pulp. The trans-
mitted signals are captured by a photodiode detector
positioned on the opposite side of the tooth. The system
enables detection of bacterially induced inflammatory
changesin the pulp, even in teeth with crowns or restora-
tions [26].

Tang C.-M. and Schmitt J. developed a fiber-optic
device consisting of a handpiece, a rotational axis, and
a caliper-like mechanism that emits light onto the tooth
and receives interference signals corresponding to pul-
pal motion [27].

Kim H.-Y. designed an ultrasonic probe that emits
ultrasound signals at 15-25 MHz and detects reflected
echoes. Signal analysis allows the calculation of blood
flow velocity within the pulp [28].

RESULTS

Non-conventional methods for pulp vitality assess-
ment are increasingly being explored for their diagnos-
tic potential. Scientific publications from 2019 to 2024
have referenced a range of such methods, including
ultrasound Doppler flowmetry, transillumination, mag-
netic resonance imaging, speckle imaging, dental ther-
mography, and plethysmography.

Ultrasound Doppler flowmetry has shown a more
promising and sensitive approach than laser Doppler
flowmetry, particularly in cases of dental trauma. The
introduction of high-field 3 Tesla MRI systems has sig-
nificantly improved imaging capabilities and is now con-
sidered a potential tool for detecting pulpal abnormali-
ties. However, further enhancement of spatial resolution
is necessary for successful integration into endodontic
diagnostics.

The vp-LSCI system, in combination with temporal
contrast algorithms, has greatly improved the ability of
laser speckle imaging to detect pulpal blood flow, offe-
ring greater sensitivity to flow velocity and subtle hemo-
dynamic changes. The transillumination technique is
most effective when visible tooth discoloration is pre-
sent. Photoplethysmography (PPG) shows promise for
future pulp vitality testing, though accurate differen-
tiation between pulpal and non-pulpal signals remains

a critical requirement. Meanwhile, infrared thermom-
etry, although non-invasive and accessible, currently
appears impractical for routine clinical use as a stan-
dalone diagnostic method.

To date, none of the non-conventional pulp vitali-
ty assessment methods presented in this review have
been fully integrated into standard clinical practice,
underscoring the persistent challenge of developing
areliable diagnostic approach. While emerging techno-
logies aim to improve diagnostic sensitivity and speci-
ficity, further evidence-based studies and the develop-
ment of clinically applicable, user-friendly equipment
are needed to advance their implementation.

LIMITATIONS OF THE STUDY

The primary limitation of this review is the lack of
a critical appraisal of the methodological quality of
the included studies. This may have resulted in the in-
clusion of lower-quality research, thereby increasing
heterogeneity among the studies. As the current re-
view aims to provide a broad overview of emerging re-
search trends, any conclusions drawn should be inter-
preted with caution due to the diversity of the included
literature.

In several studies, data were limited exclusively to
anterior teeth, which restricts the generalizability of the
findings to the assessment of pulp vitality in posterior
teeth. While sensitivity and specificity are commonly
cited indicators of diagnostic validity, positive predic-
tive value (PPV) and negative predictive value (NPV)
may better reflect clinical utility. Pulp testing ideally
requires clinical validation through histological confir-
mation, yet such data were absent from most of the in-
cluded studies. This lack of histological evidence ham-
pers accurate assessment of the diagnostic precision
of non-conventional methods.

As a result, questions remain regarding the reliabi-
lity and clinical relevance of the reviewed technologies,
similar to those associated with traditional pulp sen-
sitivity tests. Future studies should encompass both
static and dynamic blood flow conditions and investi-
gate a broader spectrum of light frequencies, which are
essential for optimizing the efficacy of emerging optical
pulp vitality assessment techniques.
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FUTURE DIRECTIONS

Further research is necessary to refine non-conven-
tional methods for pulp vitality assessment. Specifical-
ly, future investigations should examine their correlation
with histological findings. Interdisciplinary collaboration
between dental professionals and biomedical engi-
neers will be critical for the development of standar-
dized tooth models for diagnostic testing. Such part-
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Abstract

AIM. This study investigated the impact of calcium silicate sealers on bone healing in rat calvaria defects.
MATERIALS AND METHODS. Twenty-six rats were divided into 3 groups. Calvaria defects were prepared and
treated in 3 different ways: CG (n = 6): Filling with clot; ES (n = 10): Filling with Endosequence BC RRM Putty
repair sealer and BC (n = 10): Filling with Bio C repair sealer.

RESULTS. After 15 and 30 days, histological evaluations revealed varied levels of bone regeneration and
inflammation. The group treated with a blood clot showed more bone regeneration without inflammation
at 15 days. However, after 30 days, complete closure of the defect with immature tissue was observed
in this group, while limited new bone formation occurred in the other groups, accompanied by mild
inflammation.

CONCLUSIONS. Overall, the study suggests that calcium silicate-based sealers can induce new bone
formation, but they do not offer superior bone repair compared to natural healing with a blood clot alone.
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Pe3iomMe

LLEJTIb. B naHHOM nccnenoBaHum ndy4anochb BAUSHUE KanbLNA-CUINKATHBIX LLEMEHTOB Ha 3aXMBJIEHME KOCT-
HOW TKaHM Npu gedekTax cCBoAa Yepena y KpbiC.

MATEPUWAJIbl U METO/bI. B nccneposaHune 66110 BKIOYEHO 26 KpbIC, pa3aeneHHbix Ha 3 rpynnbl. Jedek-
Tbl B 0611aCT cBOAA Yepena co3gaBanuch U obpabaTtbiBanuch Tpems cnocodbamm: CG (n = 6): 3anonHeHne
CrycTkOM KpoBW (KOHTposb); ES (n = 10): 3anonHeHne BoccTaHOBUTENbHbIM LemMeHToM Endosequence BC
RRM Putty; BC (n = 10): 3anonHeHune uemeHToM Bio C Repair.

PE3YJIbTATbI. Yepe3 15 1 30 aHen npoBogmnack rmcTonornyeckas oueHka, Kotopas nokasana passimyHbii
YPOBEHb pereHepaunm KOCTU N BbIPAXXEHHOCTU BOcnanenus. B rpynne, rae npuMeHsancs ToNbKO KPOBSHOM
CryCTOK, Ha 15-11 oeHb Habnoganacb 60onee akTMBHAA KOCTHAas pereHepaums n otcyTcTemne socnaneHms. Og-
Hako 4yeped 30 aHel B aTOM rpynne aedekT Obli NONHOCTLIO 3aKPbIT HE3PESNON TKaHbtO, TOrAa Kak B OCTaslb-
HbIX rpynnax ¢opMrUpoBaHNE HOBOW KOCTHOWM TKaHM OblI0 OFrpaHNYEHHBIM U CONPOBOXAanoch cnabosbipa-
>XEHHbIM BOCManNeHneM.

BbIBOAbI. B uenom uccnegoBaHme nokasasno, 4TO KafbLWn-CUNMKaTHbIE LLleMeHTbl CNOCOOHbI MHAYLMPOBaTb
obpasoBaHne HOBOW KOCTU, OAHAKO He obecnednBaioT 6onee apdHeKTUBHOro BOCCTAHOB/IEHUS KOCTHOM TKa-
HM NO CPABHEHWIO C ECTECTBEHHbBIM 32XXVB/IEHMEM NPU UCMOJIb30BaHNUM OAHOMO NMLLbL CrYCTKa KPOBU.

KniwoueBble cnoBa: XVMBOTHas MOAENb, 3HAOLOHTUS, CTOMATOJIONMYECKME MaTepuarbl
UHdopmauumsa o ctatbe: noctynuna — 21.05.2025; ucnpasneHa — 11.07.2025; npunara — 20.07.2025
KoHGAUKT nHTepecoB: aBTOPbI COOOLLAIOT 06 OTCYTCTBUN KOHMNIMKTA UHTEPECOB.

BnaropgapHocTu: laHHOe nccnegoBaHue 66110 nogaepxaHo rpaHtamu Gonpa nvenn Kapnoca Yaraca du-
b0 NO NOAAEPXKE Hay4HbIX nccnegosaHun wrata Prno-ge-Xanenpo (FAPERJ) n HaunoHanbHOro coseta
Nno Hay4YHOMY 1 TexHonorndeckomy passutmio (CNPQ) — rocynapCTBEHHbIX HayYHbIX Y4pexaeHuii bpasunun.

Ana untuposanma: 3ayap X.M., byaHo K.3.C., MNenerpuHe P.A., ®oHTaHa K.3., MapTtuHec 3.®., MoHTar-
Hep MN.4., HacumeHTy Y.M., NlIumonpy A.I.C., Powa A.I".I., MapcennaHy-Ansec M.®.B., lanxapan M.MN.B., Knu-
Myc M., MapTuH A.C. BansHne kanbumin-CUINKATHbIX BOCCTAHOBUTESbHBIX LLEMEHTOB Ha 3a>KMBJIEHNE KOCT-
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INTRODUCTION

Bioceramic sealers have been developed with the
aim of making procedures such as pulp capping, pul-
potomies, perforation repairs, root resorption treat-
ments, apex formation treatments, and retrograde fil-
lings more predictable [1]. However, the direct con-
tact of these sealers with pulp and periodontal tissues
may raise concerns regarding their biocompatibility [1].
The interaction of these materials with tissues is often
suggested with the aim of promoting tissue regenera-
tion/repair [2], but it is important to evaluate potential
adverse reactions such as inflammation [3; 4].

MTA (mineral trioxide aggregate) is a material that
revolutionized endodontics in the 1990s [5]. It is con-
sidered the biocompatible treatment option of choice
in many cases of root perforations, internal and exter-
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nal resorptions, and pulp capping [6; 7]. However, MTA
has some disadvantages [8], such as low compressive
strength, high pigmenting power of the remaining tooth
structure, time-consuming setting. Due to its low flowa-
bility, it is difficult to handle when it clumps with distilled
water, resulting in a sandy appearance and making it
impractical to use [6; 8; 9].

To overcome the drawbacks of MTA, new calcium si-
licate-based materials have been developed to improve
handling, setting time, and release of heavy metals 10.
These third-generation materials have been evaluated
for their cytotoxicity, regenerative potential, and overall
biocompatibility [4; 10-14].

Some of these sealers, such as EndoSequence Root
Repair Material Putty (Brasseler USA, Savannah, GA,
USA) and Bio-C Repair (Angelus, Londrina, PR, Brazil)
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have been successfully applied both in vitro and in vivo
[5; 7; 11; 15]. However, there is still controversy and un-
convincing results compared to MTA [8; 11; 16; 171.

Although used as an adjuvant and even as the main
material in various clinical situations in endodontics, se-
veral studies question their ability to form bone [18-20],
an essential property within their indications.

Given the difficulty in conducting clinical trials to
evaluate the efficacy of these materials, research has
focused on animal models. The present study, conduc-
ted in rats, aimed to evaluate histologically and histo-
morphometrically the effect of calcium silicate-based
repair sealers, Endosequence BC RRM Putty and Bio
C Repair, on bone healing in skull defects. The null hy-
pothesis is that there is no difference in bone healing
between defects filled with clot or repair sealers.

MATERIALS AND METHODS

The study was conducted in accordance with the Dec-
laration of Helsinki. Twenty-six rats of the species Rattus
norvegicus albinu, class Mammalia, order Roedentia, of
the Wister strain, were used for this study. The research
was approved by the local Ethics Committee for the Use
of Animals under the number 2020/13 (Date: June 30,
2020). The selected animals were young adult animals
without genetic modification, approximately 3 months
old and weighing 300 g each. The animals were kept in
the animal house in cages lined with autoclaved wood
shavings, changed daily, with three animals per cage.
The environment had controlled lighting with 12 hours of
light and 12 hours of darkness, a controlled temperature
of 21°C, and water and food ad libitum.

Sample calculations were based on a critical value
of 1.96 for the 95% confidence interval, a maximum ac-
ceptable variance of 0.23 (23%) based on a preliminary
experiment 21 a minimum standard error of 5% of the
mean, and a significance level of p < 0.05. The manu-
script of this laboratory study was written according to
the PRIASE 2021 guidelines for reporting animal studies
in Endodontology.

The 26 animals were randomly divided into 3 groups,
namely CG - control group with 06 animals and experi-
mental groups ES and BC with 10 animals each accord-
ing to the intervention to be performed and, divided
into two groups according to the observation period of
15 and 30 days. The division of the groups can be seen
in Table 1.

For surgical interventions, the animals were previ-
ously restrained and subjected to general anesthesia.
For this purpose, they were injected intraperitoneally
with ketamine hydrochloride (Ketamine Agener, Agener
Unido, Embu-Gargu, Brazil) at a dose of 75mg/Kg and
xylazine hydrochloride (Dopaser, Hertape Calier S.A,
Juatuba, Brazil) at a dose of 10mg/Kg. After confirming
effective analgesia of the animals, they were trichoto-
mized in the calvaria region and positioned in ventral
decubitus position on a special couch on which the re-
gion to be operated was immobilized. Asepsis was per-
formed in the region of the skullcap using iodine alco-
hol as a local antiseptic. Then, a semilunar incision was
made in the median region of the skull of the rats, fol-
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lowed by a wide lateral excision and exposure of the cal-
varia. A 4-mm-diameter trephine burr was used to drill
a 1-mm-deep, circular, noncritical bone defect in the
calvariae of the rats under constant irrigation with sa-
line at low rotation. During surgery, sterile gauze soaked
with 0.9% saline was placed over the animals’ eyes to
prevent corneal desiccation.

The defects were filled and treated as described in
Table 1. The wound was then sutured with 4.0 silk suture
(Ethicon, Johnson & Johnson, Sao José dos Campos,
Brazil) to properly close the flap edges.

After surgery, the muscle relaxant tramadol was ad-
ministered intraperitoneally at a dose of 5 mg/Kg every
24 hours for 3 days, in addition to the analgesic flunixin
meglunin at a dose of 1.1 ml/Kg in a single dose. No
anti-inflammatory or antibiotic drugs were administered
preoperatively or postoperatively to allow the healing
process to take its natural course.

The operated animals were routinely observed from
the first surgical act (creation of the defect and insertion
of the bioceramic cements) until euthanasia. Animals
were euthanized 15 and 30 days after surgery by an over-
dose of anesthetic, according to the protocol of choice:
90-150 mg sodium thiopental (71-73-8) associated with
10 mg/ml lidocaine (137-58-6), intraperitoneally.

After euthanasia, histologic analysis was performed
by conventional light microscopy of slides stained with
hematoxylin and eosin. The analysis was performed by
a single examiner. Grades from 0 to 3 were assigned to
measure the intensity of the inflammatory infiltrate, with
0 representing an inflammatory infiltrate of up to 15%,
1 representing an infiltrate between 15 and 50%, 2 rep-
resenting an infiltrate of more than 50% up to 75%, and
3 representing an infiltrate of more than 75%. Histomor-
phometry assessment was also performed by a single
investigator who was blinded to the work performed.
The total area observed was measured in square mi-
crometers (um2) and was considered 100%, and the
bone area analyzed was its percentage relative to the
total area.

Statistical Analysis

Then, the inflammation data were statistically ana-
lyzed and subjected to Kruskal-Wallis test followed by
Mann-Whitney U test with a significance level of 5%, and
the histomorphometric data were subjected to descrip-
tive statistics.

Table 1. Allocation of experimental groups

Ta6nuua 1. PacnpeneneHne akCrnepumMeHTasbHbIX
rpynn

Group| N |Euthanasia Intervention
CG | 3 15days |Animals subjected to cranial trephina-
tion without insertion of bioceramic
3 30days |sealer - repair with blood clot only
ES 5 15days |Animals subjectto cranial trephination
——————using Endosequence BC RRM Putty
5 30days |repairsealer — Brasseler
BC 5 15days |Animals subjected to cranial trephina-
tion using Bio C repair sealer —
5| 30days |Angelus
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Legend: W area of new bone formation; A mature bone; C - repair sealer; * mononuclear inflammatory infiltrate; & phagocytic
inflammatory giant cell
Jlererna: W 06nacTb HOBOOGPA30BAHNSA KOCTU; A 3penas KOCTb; C — penapauyOoHHbI LLEMEHT; % MOHOHYKJI€apHbIA BOCNanm-
TenbHbIN VIHd)I/IﬂpraT, '::> d)aI'OLI,I/ITVIpWOLLI,aﬂ BOCMnannTenbHad rMraHTCckaga Knetka
Fig. 1. A, Band C - group GC after 15 days at 40x, 100x and 200x magnification, respectively; D, E, and F — group ES
after 15 days at 40x, 100x, and 200x magnification, respectively; G, H and | — group BC after 15 days at 40x, 100x
and 200x magnification, respectively; J, K, and L — group GC after 30 days at 40x, 100x, and 200x magnification,
respectively; M, N, and O - group ES after 30 days at 40x, 100x, and 200x magnification, respectively;
P, Q and R — group BC after 30 days at 40x, 100x and 200x magnification, respectively

Puc. 1. A, Bn C - rpynna GC yepes 15 gHen npu yBenmyeHnmn 40x, 100x n 200x cooTBeTCcTBEHHO; D, En F - rpynna
ES uepes 15 gHew npu yeennyeHnn 40x, 100x n 200x cootBeTcTBEHHO; G, H | — rpynna BC yepe3d 15 gHen npu
yBenudeHum 40x, 100x n 200x cooTBeTCTBEHHO; J, K1 L — rpynna GC 4yepes 30 gHein npu ysenuyeHum 40x, 100x

n 200x cooTBeTcTBEHHO; M, N 1 O —rpynna ES yepe3s 30 gHeli npu yBennyeHum 40x, 100x 1 200x COOTBETCTBEHHO;
P, Qu R - rpynna BC 4epe3 30 gHeli npu yBennyeHum 40x, 100x 1 200x COOTBETCTBEHHO
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RESULTS

The illustrative images of the histological sections
stained with hematoxylin-eosin of the different groups
of samples after 15 days are shown in Fig. 1. After
15 days, areas of new bone formation were observed
at CG in the region near the recipient bed as well as in
the central region of the defect. Osteoblasts outlining
the bone spicules were also observed, and this region
was well vascularized. No inflammatory process was
observed. In the ES group, sealer areas distributed
throughout the defect were observed with little new
bone formation, strong vascularization, and a discrete,
typically mononuclear inflammatory infiltrate. In the BC
group, cementum and an inflammatory infiltrate were
observed, also typically mononuclear, highly vascula-
rized, and almost no area of new bone formation.

The illustrative images of the hematoxylin-eosin-
stained histological sections of the different sample
groups after 30 days are shown in Fig. 2. At CG, almost
complete closure of the filled defect was observed with
the presence of both immature bone tissue and lamel-
lar bone. Little bone tissue was observed in the ES and
BC groups. In the ES group, bone tissue was noted near
the peripheral region of the defect. In the BC group, the
presence of phagocytic inflammatory giant cells pene-
trating the biomaterial was also observed. In all groups,
no lymphocytic or mononuclear infiltrate was observed
in the defect region.

The control group had an inflammation value of zero
during the 15-day observation period, while the ES and
BC groups had a value of 1, representing a statistically
significant difference between the control and experi-
mental groups (p = 0.014). For the 30-day observation
period, the 3 groups showed a value of 0, i.e., no sta-
tistical difference. In all groups and evaluation periods,
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there was no variability in the scores evaluated. When
comparing time periods, the control group showed no
statistical difference, and the ES and BC groups showed
a statistically significant decrease in score (p = 0.004)
from 1 at 15 days to 0 at 30 days.

DISCUSSION

The search for restorative materials that promote
bone regeneration in endodontics is not a new topic [21].
In this study, two calcium silicate-based materials in-
dicated for cases of root resorption, root perforations,
pulpotomies, revascularization, retrograde obturation,
and pulp capping were evaluated. However, the results
obtained showed no significant advantage in bone re-
generation compared with the control group, in which
the defect in the calvaria of the rats was filled only with
a blood clot. These results, while contradictory to the
indications of the materials, are consistent with several
other studies in the literature [8; 11; 16; 17; 21-23].

The assessment of bone regeneration through cal-
varia defects used in this study is considered the gold
standard to test the tissue response promoted by root
filling materials [16]. On the other hand, it might be
ideal to make two defects in the same animal, one filled
with clot and the other filled with the test material, so
that each test sample is a separate control [24] Such
a method was not used in this study because a separate
animal served as the control group.

One aspect of these materials that has been much
discussed in the literature is the setting time, and it is
well known that calcium silicate-based sealers have
a long setting time [17]. According to Damas et al. [17],
Endosequence RRM Putty can set up to 12 hours in
a 100% humidity and 37°C environment, but in their
study, there was no complete set and evaluations at 24,

Measure (um?)

Measure (um?)
100000 150000

50000

0

T T T T T

10 20 30
Experimental unit

=15 days (GC) ===30 days (GC)

150000 200000 250000 300000 350000

A

3
Experimental unit
=15 days (ES) ===30 days (ES)
=15 days (BC) ===230 days (BC)

Fig. 2. Amount of newly formed bone per animal, in um?, after 15 and 30 days:

A —for the control group; B — for the groups ES and BC

Puc. 2. O6beM HOBOO6GPA30BaHHOM KOCTU Ha XUBOTHOE (B MKM?) yepes 15 u 30 gHeir:

A — B KOHTpOJbHO rpynne; B — B rpynnax ES n BC
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72 and 120 hours. Complete setting was observed only
after 168 hours. This aspect could be one of the reasons
for the greater presence of an initial inflammatory infil-
trate and a delay in bone regeneration [4; 13; 14].

In a previous study [25], after a 2-week treatment
with AH Plus endodontic sealer, a moderate inflamma-
tory reaction was observed, which decreased only after
4 weeks, confirming our study, in which a decrease in
the inflammatory process was also observed through-
out the evaluation period. However, it is worth noting
that the material tested in that study was based on
epoxy resin, which is significantly different from the ma-
terial used in the present study. In our study, although
the inflammatory process was more persistent than in
the control group at the end of the observation period,
the absence of a lymphocytic or mononuclear infiltrate
is indicative of the biocompatibility of the sealers tested.
This result is also consistent with another study [23], in
which two sealers (AH Plus and Sealer Plus) were tested
on calvarial hill defects in rats. In this study, the sea-
lers caused an intense inflammatory response but were
considered biocompatible because they allowed bone
repair. It should also be noted that endodontic defects
are usually smaller than those created in this study, re-
sulting in less contact between the exposed material
and the tissue, which could also lead to a lower inflam-
matory response.

The assessment of inflammation in our study was
semiquantitative by initial qualitative assessment fol-
lowed by quantitative assessment by scores. It is known
that this type of assessment may not be accurate
enough to compare different materials or different time
intervals [16]. On the other hand, a purely quantitative
score in this type of analysis usually shows differences
only when the studied groups are very different, as it
may inadequately capture small differences [16].

Finally, small differences between the sealers stu-
died can be explained by possible differences in their
surface properties, which are directly related to their
biological properties. The presence of calcium in the
composition of these sealers may be similar but re-
leased to the medium to different extents [3]. The re-
lease of calcium from the sealer into the medium is the
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main agent for cementoblast differentiation and dentin
bridge formation and plays an important role in antimi-
crobial activity [3; 13; 14].

A recent study, also using an animal model (Wistar
rats) [14], investigated eight calcium silicate-based
sealers, quantifying volume change, biocompatibility,
and systemic migration of sealer components using
different evaluation methods. The study used sealers
in powder/liquid and “ready-to-use” presentations,
employing computed microtomography to assess vo-
lume variation and histological analysis to determine
biocompatibility after 30 days of implantation in alveolar
bones and subcutaneous tissues. Mass spectrometry
was used to measure the accumulation of metals such
as bismuth, tantalum, tungsten, and zirconium in the kid-
neys after the euthanasia of the animals. The results re-
vealed that Biodentine, EndoSequence BC RRM Putty,
and ProRoot MTA maintained better volumetric stability,
although ProRoot MTA and MTA Repair HP showed me-
tal accumulation in the kidneys. The analysis concluded
that Bio-C Repair, NeoPUTTY, and MTA Repair HP lose
volume in subcutaneous tissues more than in bones,
with NeoPUTTY inducing more inflammation. The study
suggests that the chemical composition of the sealers
and the type of tissue significantly affect their clinical
performance.

A limitation of this study is the use of animal model,
so caution is advised during the results interpretation,
due to the translation from a laboratory and in vivo
study using an animal model to the patients could be
distant. Further studies are needed to confirm not only
the bone repair indication of calcium silicate sealers,
but also the other indications that were not investigat-
ed in this study.

CONCLUSION

Within the limitations of the present study, it was
found that calcium silicate-based sealers are materials
that have biocompatibility properties and can enable
the regeneration process in the defects in the calvaria
of rats. However, compared to the control group, which
was only filled with blood clots, they did not show supe-
riority in accelerating this regeneration.
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Abstract

AIM. The aim of this study was to evaluate bacterial reduction in root canals with the XP-Endo Shaper (XP) and
Trunatomy (TN) systems.

MATERIALS AND METHODS. Twenty-eight permanent human type |, oval-shaped Vertucci premolars and
straight root canals were contaminated with Enterococcus faecalis for 30 days at 37°C. Samples were col-
lected prior to instrumentation. The teeth were divided into two groups (n = 14) and processed with the
tested groups at 37°C: XP group - (30/0.04) and TN group — Small (20/0.04) and Prime (26/0.04). Biological
samples before and after instrumentation were collected using a sterile paper cone inserted into the canal
for one minute. Bacteria were counted using colony forming units (CFU/mL) and results were subjected to
Kruskal-Wallis test at 5 level of significance.

RESULTS. Both the XP and TN systems significantly reduced bacterial counts (p < 0.0001), but did not elimi-
nate bacteria in the root canals.

CONCLUSIONS. Both the Trunatomy and XP-Endo Shaper systems were similar in terms of antimicrobial ef-
ficacy, but neither system was able to eliminate bacteria from the root canals.

Keywords: endodontics, Enterococcus faecalis, root canal treatment
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Pe3iomMe

LIENb. Lienbto gaHHOro uccnenoBaHus Oblio OLUEHUTh CTeNeHb CHMXEeHUs 6akTepunanbHOh 06CeMeHEeHHOCTH
B KOPHEBbIX KaHanax nocne o6paboTkm ¢ ucnonb3oBaHmem cuctem XP-Endo Shaper (XP) n TruNatomy (TN).
MATEPUAJblI U METOAbI. ABaguarte BOCEMb MOCTOSIHHBIX YE/IOBEYECKMX NPEMOJISPOB TUna | no BepTy4un
C OBaJibHOM GOPMOI 1 NPSMbIMU KOPHEBBLIMY KaHanamMmu 6binn 3apaxeHsl Enterococcus faecalis B TedueHne
30 gHen npu TemnepaType 37°C. Ob6pasubl codbnpannck A0 Havana MHCTPYMEHTanbHOM 06paboTku. 3ybbl
Oblnn pasgenexsbl Ha age rpynnel (n = 14) n o6pabdoTtanbl Nnpu 37°C: rpynna XP — nHctpymeHT (30/0.04); rpyn-
na TN — uHcTpymeHTbl Small (20/0.04) 1 Prime (26/0.04). Buonornyeckue o6pasubl 4o 1 nocne o6padoTku
cobupanncb CTEPUIbHbIM OYMaXHbIM WTUHTOM, BBEAEHHBIM B KaHasl Ha OAHY MUHYTY. MNoacyeT 6akTepuin
NPOV3BOAWIICS MO YNCIY KOJIOHMeobpasyowmnx eanHul, (KOE/mn), peaynstaTbl aHaIM3npoBaanch C UCMOJib-
30BaHneM kputepusa Kpyckana-Yonnuca npu yposHe 3Ha4nMmMmocTun 5%.

PE3YJIbTATbI. O6e cuctembl — XP 1 TN — 0OCTOBEPHO CHMXanM Konn4ecTso 6akTepuii B KOPHEBbIX KaHanax
(p < 0.0001), opHako He obecneymBanm NOJIHOIO UX yaaneHus.

BbIBOAbl. Cuctembl TruNatomy u XP-Endo Shaper npoaemMoHCTpUpoBany COnocTaBUMYy0 aHTUMNKPOOHYIO
9P EKTUBHOCTb, 0QHAKO H OHA U3 HUX HE 06ecneymna NOAHOM ANMMUHALMKN 6AKTEPUIA N3 KOPHEBbLIX KAHANOB.

KnioueBbie cnoBa: sHO000HTUSA, Enterococcus faecalis, neyeHne KopHeBbIX KaHaNoB
UHdopmauumna o ctatbe: noctynuna — 02.06.2025; ncnpasnena — 03.07.2025; npuHata — 24.07.2025
KoH)AUKT nHTepecoB: aBTOPbI CO0OLLLA0T 06 OTCYTCTBUM KOHMNKTA UHTEPECOB.

BnaropgapHocTu: [laHHOe nccnegoBaHue 6b110 nogaepxaHo rpaHtammn donpa nmenun Kapnoca Yaraca ®du-
b0 NO NMOAAEPXKe Hay4yHbIX uccnegoBaHuin wrata Pno-ge-Xanenpo (FAPERJ) n HauyoHanbHOro coeeta
Nno-Hay4yHOMY 1 TexHonorndyeckomMmy passutumio (CNPQ) — rocyaapCcTBEHHbIX Hay4HbIX yupexaeHnin Bpasunnun.

Ana uutuposaHua: Coysa A.K.C.M., ByaHo K.2.C., doHTana K.3., Menonu K.9., Ctpunreta K.M., Map-
TuH A.C., NMenerpuHe P.A., HacumeHTo Y.M., Jliumonpy A.I.C., NMutwk M.A.J1.P., MeTo A., Knumyc M., Mapce-
nnany-Ansec M.®.B., Powa [.I.MN. 9kcnepumeHTanbHas ex vivo ougHka aHTUMUKPOOHO 3¢pdEKTUBHOCTHU
rnocne npenapupoBaHusa ¢ ucrnonb3oBaHmemMm cuctem XP-Endo Shaper n TruNatomy. SHagoaoHTus Today.
2025;23(3):441-449. https://doi.org/10.36377/ET-0116

, A.r.N. Powa®

INTRODUCTION

One of the main aims of endodontic treatment is to
prevent or promote the healing of apical periodontitis by
cleaning, shaping, disinfecting and filling the root canal
system [1]. The microorganisms can organize them-
selves into biofilms, which increases their resistance to
endodontic procedures and makes root canal disinfec-
tion a challenge [2].

One microorganism of interest in endodontics is
Enterococcus faecalis, which has been extensively
studied as it is particularly associated with persistent
endodontic infections, which are a common cause of
treatment failure due to their resistance in intracanal
procedures [3]. This bacterium has an inherent resis-
tance to various treatments, including irrigation solu-

dHdodoHmus
————TLT

tions, intracanal medications [4], antibiotics and pH
changes [5]. Its ability to adhere, multiply, invade, re-
sist host defenses and compete with other bacteria in-
creases its virulence [6].

Mechanical preparation is the most critical phase of
endodontic treatment, and great development has been
made in the development of instruments [7]. Studies
show that even with different techniques, complete re-
moval of organic debris [8] and bacteria [9] is difficult
to achieve. Automated systems based on a nickel-tita-
nium alloy that work with continuous rotary motion have
become widely accepted in recent decades [9]. These
files, with innovative designs, manufacture, alloy com-
position and heat treatment [10], have redefined root
canal instrumentation.

Volume 23, no. 3/ 2025
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Some of these systems are XP-Endo Shaper
(FKG Dentaire, La Chaux de Fonds, Switzerland) and
TruNatomy (Dentsply Sirona, Ballaigues, Switzerland). in shaping and preserving root canal anatomy with limited
These files have an innovative design and use rotary research on its effects on reducing intracanal bacteria
motion to enhance the root can preparations [7], con-
sidered effective for complex anatomy that often har-

bor resistant microorganisms such as Enterococcus AIM AND HYPOTHESIS
faecalis [5; 6]. Aim: To compare the efficacy of mechanical bacterial reduction
’ between the XP-Endo Shaper (FKG Dentaire) and TruNatomy

RATIONALE / JUSTIFICATION
Studies have highlighted the effectiveness of TruNatomy

. The XP—I.Er!do Sha-per (FKG) with its serpe_ntlne dg— (B ety Cilrme) S s
sign and NiTi MaxWire alloy adapts to the irregulari- Hypothesis: The null hypothesis tested was that there would be
ties of the canal and minimizes stress on the dentin no differences between groups in terms of bacteria reduction

wall. It transitions from a straight, martensitic shape to
a spoon shape at body temperature and uses its elas-
ticity and shape memory effect to expand and contract ETHICAL APPROVAL
during rotation to improve cleaning and disinfection. This study was submitted to and approved
This dynamic ability improves root canal treatments by by the local ethics committee (CAAE 5.351.873)
reaching hard-to-reach areas and effectively agitating because it involved biological material
theirrigant [7; 11]. The instrument is 30/.01 (size/taper),
but can have a final canal preparation of 30/.04 [12]. TETE

. Another _neW system is th_e Trungtomy_ (Dentsp_ly Twenty-eight permanent human premolars with formed single
Sirona), which ensures superior peri-cervical dentin roots and straight canals
preservation thanks to a special instrument geometry
and heat treatment [13]. The Trunatomy instruments

are characterized by flexibility, regressive tapering and EXPERIMENTAL AND CONTROL GROUPS,
a decentralized parallelogram cross-section and faith- INCLUDE INDEPENDENT VARIABLES
fully reproduce the anatomy of the canal [14]. This sys- Group XP (n = 12): The samples in this group were instrumented
tem comprises five instruments for cervical preparation with the XP-Endo Shaper rotary system

. . . . TN group (n = 12): The samples in this group were instrumented
(Orifice Modifier 20.08), the glide path (Glider 17.02v) with the TruNatomy rotary system

and three sizes for canal shaping: Small (20.04v), Prime
(26.04v) and Medium (36.03v) [11].

Endo Shaper (FKG Dentaire) and the Trunatomy OUTCOME ASSESSED
(Dentsply Sirona) system. The null hypothesis tested Bacterial reduction in root canals
was that there would be no difference between the
groups in terms of bacterial reduction [15; 16].

METHOD USED TO ASSESS THE OUTCOME
MATERIALS AND METHODS Colony forming units (CFU/mL)

The study was conducted in accordance with the
Declaration of Helsinki. This study approved by the

local ethics committee because it involved biologi- RESULTS
cal material (Opinion: 5.351.873, 14" April, 2022). The There was no difference in the extent of microbial reduction
manuscript was written according to the Preferred Re- between the TN and XP systems (p = 0.5623)

porting ltems for Laboratory studies in Endodontology
(PRILE) 2021 guidelines [17] (Fig. 1).

The number of 14 samples per group was based CONCLUSION(S)
on previous works [18; 19]. The sample was calculated ___ltwas found that the TruNatomy and XP-Endo Shaper.
i . L . instruments were equivalent in microbial reduction of biofilm
using the t-test, with a minimum difference between the consisting of Enterococcus faecalis Neither system
means of the treatments of 0.74, a standard deviation of was able to eliminate bacteria from the root canals

0.81-0.78, a number of treatments of 2, a test power of
0.80 and an alpha of 0.05.

FUNDING DETAILS
Sample selection and standardization None

The criteria included the selection of permanent hu-
man mandibular premolars with fully developed, singular
roots, a straight single canal curvature < 10° according to CONFLICT OF INTEREST
Schneider [20] and a Vertucci type | and an oval shape (in The authors deny any confiict of interests
which the buccolingual diameter is twice as large as the
mesiodistal diameter in the first two thirds of the canal).  Fig. 1. Preferred Reporting ltems for Laboratory
Teeth with fractures, calcifications, dilacerations or pre-  studies in Endodontology (PRILE) 2021 guidelines
vious endodontic treatment were excluded. Radiographs  Puc. 1. PekomeHayeMble 3feMeHTbl oT4eTa 4
were taken in both vestibulo-lingual and mesiodistal ori- nabopaTopHbIX UCCNea0BaHUI B 9HAOAOHTUMN
entations to confirm compliance with the inclusion criteria.  (PRILE) — pekomeHgaunn 2021 1.
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The teeth were ultrasonically cleaned to remove any
residual periodontal ligament or calculus. They were
stored in 0.1% thymol until the start of the study. In pre-
paration for the experiments, the roots were thoroughly
rinsed under running water for one hour to remove all
thymol residues. They were then dried with a stream
of air and gauze. The samples were then flattened
with a diamond disk attached to a ruler and measured
with a conventional ruler, ensuring standardization to
a length of 15 mm.

The working length (WL) was determined with
a K#10 file (K-File, Dentsply Maillefer, Ballaigues, Swit-
zerland) up to the apical foramen, whereby the WL was
determined by subtracting 1 mm. The canal was then
enlarged with a K#20 file (K-File, Dentsply Maillefer, Bal-
laigues, Switzerland) to standardize the original canal
diameter and make room for bacterial contamination.

Micro-CT Scanning

All teeth were scanned in a micro-CT device (Sky-
Scan 1273; Brucker micro-CT, Kontich, Belgium) at
70 kV, 114 mA, 12 um pixel size, 360° around the verti-
cal axis, with 0.5 rotation step and 2 average frame and
with a 1.0 mm thick aluminum filter. After scanning, the
N. Recon v.1.6.9.16 software (Bruker micro-CT) was
used for the image’s reconstruction (ring artifact cor-
rection of 5, a beam hardening correction of 50% and
a smoothing of 8). The 3-dimensional volume and sur-
face area were measured using CTAn v1.14.4.1 soft-
ware (Bruker micro-CT).

The CTAnv1.14.4.1 software (Bruker micro-CT) was
also used to measure the major diameter of the buc-
colingual root canal three millimeters from the apex.
Root canals that had a buccolingual distance that was
at least three times the mesiodistal distance were con-
sidered oval [21]. This procedure allowed the sam-
ples to be matched and randomly divided in two ex-
perimental groups according to Enterococcus faecalis
contamination.

Enclosure of the roots in silicone

To prevent the irrigation solution from leaking
through the apical foramen during root preparation, the
root apices were first covered with utility wax. These
roots were then placed in plastic cubes with 4 cm and
a diameter of 3 cm, filled with silicone and finally co-
vered with a thin layer of cyanoacrylate around the root
to ensure stability. The teeth were then sterilized into
an autoclave at 121°C for 15 minutes and subsequently
contaminated with E. faecalis.

Contamination of the sample

The target microorganism for the infiltration test
was E. faecalis (ATCC-29212), which was cultured and
stored in BHI liquid medium (Brain Infusion Hearth —
BHI - Difco — Detroit, Michigan, USA) with 20% glycerol.
To prepare the inoculum, 100 uL of the E. faecalis broth
was transferred to 2 mL of BHI broth and kept in the oven
at 37°C for a maximum of 24 hours. After this time, the
broth became turbid, which was compared with the Mac
Farland 10 scale (1.0x10 CFU/mL). 37 g of BHI was dis-
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solved in 1 liter of demineralized water and distributed
into smaller containers. After the BHI was prepared, it
was autoclaved for 40 minutes at 121 °C, pH 7.4, 0.2 at
25c¢ with typical (g/liter).

Twenty microliters (uL) of the suspension at the final
concentration was added to the root canals using a pi-
pette. A sterile, absorbent cotton was moistened, and
placed in four wells of each cell culture plate. The lid
of the plate was closed and sealed with adhesive tape
and the whole was incubated in an oven at 37°C with 5%
CO, for 30 days, when the used absorbent cotton was
changed in plates wells [4]. During the contamination
period, the bacteria viability was checked every three
days and BHI was added daily to keep the strains viable
to confirm that the contamination was effective. The
container was then opened, and the contaminated teeth
were used to start the experiment.

Root canal Instrumentation

Once the biofilm had matured, the individual samples
were removed prior to instrumentation and randomly al-
located into experimental groups (n = 12):

— Group TruNatomy (TN);

— Group XP — Endo Shaper (XP).

Samples were collected in a laminar flow chamber
using a sterile cone of absorbent paper No. 20 (En-
dopoints, Manacapuru, Amazonas, Brazil) immersed
in the canal for 1 minute. The samples were then trans-
ferred to an Eppendorf tube containing 5 mL of sterile
0.85% saline solution and shaken for 30 seconds (Vor-
tex CP 600 Plus, Phoenix, Araraquara, Brazil). Serial
dilutions (107", 1072, 1072 and 107*) of this suspension
were prepared and transferred to test tubes. Aliquots of
0.1 mL of the suspension and each dilution were seeded
in Petri dishes containing BHI agar. The plates were in-
cubated in an oven with 5% CO, at 37°C for 24 hours.
The number of CFU/mL per culture plate was then
counted before the root canals preparations.

After the antimicrobial samples prior to instrumen-
tation, 5 mL of sterile 0.9% saline solution was used as
irrigant, and the canals were instrumented. Root canal
preparation was performed at 37°C in a heating cabi-
net (800-Heater; PlasLabs, Lansing, MI) built into the
laminar flow. Instrumentation of the root canal was per-
formed as follows:

Group XP (n=12): Samples in this group were in-
strumented with the XP-Endo Shaper rotary system.
While the canal was filled with 0.9% saline, a K#15 file
(K-File, Dentsply Maillefer, Ballaigues, Switzerland) was
inserted third by third up to the WL. The file reached
the WL by long, even back and forth movements in the
longitudinal direction. The movements were wide and
uninterrupted so that the conical shape of the canal
was defined. Once the WL was reached, 3 incremental
movements were done. The teeth were instrumented
with the X-Smart Plus motor (Dentsply Maillefer, Bal-
laigues, Switzerland) at 800 rpom and 1.5 Ncm. At each
instrumented root third, the canal was irrigated with
5 mL of sterile 0.9% saline solution (Farmax, Brazil) us-
ing a conventional irrigation syringe (Ultradent, USA)
and a 25x4 irrigation needle (Injex, Sdo Paulo, Brazil)
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and the glide path was performed with a K#20 hand file.
A 30/ 04 gutta-percha cone was used to check the final
preparation diameter.

TN group (n = 12): The specimens in this group were
instrumented with the TruNatomy rotary system. While
the canal was filled with 0.9% sterile saline, a K#15 file
was inserted third by third up to the WL. Initially, the
Orifice Modifier 20.08 instrument was used, followed by
the 17.02v, 20.04v, 26.04v and 36/.03 instruments. The
torque used was 1.5 Ncm and the speed was 500 rpm
with continuous rotation using the X-Smart Plus mo-
tor. Each time the instrument was used, three to four in
and out movements were performed until the WL was
reached.

All procedures were performed in a cabinet at 37°C
with a heater (800-Heater; PlasLabs, Lansing, USA) to
simulate body temperature. In both groups, each root
canal was irrigated with 25 mL of saline after 3 prepa-
ration cycles (1 cycle corresponds to 3 back and forth
movements).

Sample collection after instrumentation

After the final irrigation, the samples of each group
were taken again using sterile paper cones, which re-
mained in the canal for 1 minute. After 1 minute, the
cones were removed and stored in a plastic container.
The dilutions were prepared in test tubes according to
the same protocol as the previous collection.

Statistical analysis

The results were analyzed using BioEstat 5.3 and
the Shapiro-Wilk normality test was used. The sample
showed non-normal behavior, then Kruskal-Wallis para-
metric test (Student-Newman-Keuls) was chosen, con-
sidering a significance level of 5%.

RESULTS

The previous count showed no significant difference
between the groups before the preparation (0.5546).
The results showed a significant intragroup microbial
reduction after root canal instrumentation with the TN
(p < 0.0001) and XP (p < 0.0001) systems. Also, no dif-
ference was found in an intergroup comparison be-
tween the TN and XP systems (p = 0.5623) (Table 1).

DISCUSSION

The primary goal of endodontic treatment involves
thorough cleaning, disinfection and proper root canal
obturation [22]. However, the complicated anatomy of-
ten harbors microorganisms in the bifurcations, isthmi
and dentinal tubules, making them resistant to con-
ventional mechanical and chemical treatments. This
resistance could contribute to the failure of endodontic
therapy [23].

In the present study, the instrumentation capacity of
2 rotary systems for the removal of E. faecalis was com-
pared. Despite the different designs, cross-sections and
heat treatments, there was no difference in the ability to
disinfect root canals with the XP-Endo Shaper and the
TruNatomy system. Both systems promoted partial bacte-
rial reduction. The null hypothesis was therefore accepted.
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Table 1. Kruskal-Wallis (Student-Newman-Keuls)
statistical test of colony forming units/mL (log10)
of the sample groups

Tabnuua 1. Pe3ynbraTthl CTAaTUCTUHECKOTO
aHannsa metoaom Kpyckana-Yonnuca (v Kputepus
CtblogeHTa — HetomeHa — Kenca) konuyecTtsa
KonoHneobpaayowmx egmHuu,/mn (log10)

B ccnenyemblix rpynnax

N XP
PC CAl PC CAIl
MN 4.28 3.33 5.46 3.38
MX 6.30 4.98 7.05 5.40
MD (ID) 5.98(0.50)" | 3.97(0.55)8 | 6.00(0.74)* | 4.09(1.24)®
MA(SD) | 5.79(0.52) | 4.00 (0.45) | 6.08 (0.47) | 4.29 (0.68)

Note: TN — TruNatomy system; XP — XP-Endo Shaper system;
PC - prior collection; CAIl — collection after instrumentation;
MN — minimum values; MX — maximum values; MD — median;
ID - interquartile deviations; MA — arithmetic means; SD —
standard deviation; p < 0.0001

lNMpumevanne: TN - cuctema TruNatomy; XP - cuctema
XP-Endo Shaper; PC — 3a6op 00 MHCTpyMeHTanbHOW obpa-
60oT1kun; CAl - 3abop nocne MHCTPYMEHTasIbHOM 06paboTKu;
MN — MMHMManbHblE 3Ha4YeHUs; MX — makCMManbHble 3HaYe-
Hus; MD — meanaHa, ID —MmexKBapTuibHble pa3maxu; cpea-
Hue MA - apudpmeTnyeckme 3HadeHus; SD — cTtaHpgapTHoe
OoTKNIOHEHME; p < 0.0001

Oval mandibular premolars were selected for this
study because cleaning and shaping these teeth is
challenging [12]. This is because the canal usually has
a round cross-section during rotary instrumentation
and the polar areas in oval canals remain unprepared.

In this study, the final preparation size was 30/0.04
for XP-Shaper and 36/0.03 for Trunatomy. Despite the
differences in final apical diameter, studies have shown
that both systems have similar capabilities in reducing
microbial presence in root canals. This consistency of
results suggests that factors such as instrument flexibi-
lity, cutting efficiency and ability to move irrigants may
play a more critical role than preparation size alone [11].
The design and material composition of the instru-
ments facilitate thorough cleaning of the canal so that
even complicated canal anatomies can be reached ef-
fectively. These results emphasize the sophistication of
modern endodontic instruments, where design com-
plements size to achieve the desired results in bacterial
reduction [11].

Enterococcus faecalis was focused on in this study
because it appears to be the most common microor-
ganism in persistent endodontic infections [24]. This
bacterium tolerates hostile alkaline pH values and re-
sists prolonged nutrient deprivation with reduced me-
tabolic activity in treated root canals [25]. In addition,
mature E. faecalis biofilms in root canal dentin exhibit
greater resistance to disinfectant solutions than young
biofilms [26].

In this study, a culture-based microbiological test
based on an ex vivo approach was chosen. Despite
newer, more advanced methods for evaluating cell cul-
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tures and root canal disinfection, this method is widely
supported in the literature [11; 27]. Collection via ste-
rile paper tips, followed by serial dilution and seeding
in culture media, facilitated the enumeration of colonies
in Petri dishes [28]. Although these systems have simi-
larities in potential bacterial reduction in root canals, it
is important to emphasize the method chosen for this
study, the bacterial counting [27; 28], which is crucial
for the evaluation of instruments and substances. which
is crucial for the evaluation of instruments and sub-
stances. However, it must be acknowledged that the
use of paper points may underestimate the bacterial
count in the canal system, as bacteria located in areas
further away from the main canal lumen, such as den-
tinal tubules, isthmuses and bifurcations, may not be
detected [1].

Other studies investigating bacterial reduction are
in agreement with these results [2; 29]. It has been
shown that the reciprocating, manual and rotary tech-
nique in combination with 2.5% NaOCI is equally ef-
fective in reducing the number of microorganisms in
the oval root canals [2]. The efficacy of Trunatomy and
Rotate in the disinfection of root canals [29]. Although
without significant differences, the preparation with
XP-Endo Shaper resulted in a significant reduction in
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Histopathological patterns of periapical lesions
in root canal treated teeth:
A systematic review
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Abstract

INTRODUCTION. Periapical lesions are common sequelae of pulpal necrosis and endodontic infections,
presenting significant diagnostic challenges in clinical practice. Accurate histopathological characterization
is essential for appropriate treatment planning and prognostic assessment.

AIM. To systematically evaluate and summarize the histopathological features, prevalence patterns, and
diagnostic concordance of periapical lesions in root canal treated teeth.

MATERIALS AND METHODS. A systematic review was conducted following PRISMA 2020 guidelines.
Electronic databases including PubMed, Scopus, Web of Science, and Google Scholar were searched
for studies published between 2000-2024. Inclusion criteria encompassed histopathological studies of
periapical lesions from root canal treated teeth. Quality assessment was performed using the Newcastle-
Ottawa Scale and QUADAS-2 tools.

RESULTS. Twelve studies involving 1,847 periapical lesion specimens were included. Histopathological
analysis revealed periapical granulomas as the most prevalent lesions (50-84.2%), followed by radicular
cysts (15-42%) and periapical abscesses (5-35%). Clinical-histopathological concordance was poor, with
overall agreement ranging from 51.4-55.8% (Cohen’s kappa k = 0.059). Larger lesions (>200 mm?2) showed
higher prevalence of radicular cysts (92-100%). Periapical scars represented 1-6% of cases.

DISCUSSION. Significant discrepancies between clinical and histopathological diagnoses highlight limitations
of radiographic assessment alone. Lesion size, location, and duration influence histopathological patterns.
The predominance of granulomatous tissue suggests ongoing inflammatory processes despite endodontic
intervention.

CONCLUSIONS. Histopathological examination remains the gold standard for definitive diagnosis of periapical
lesions. The poor clinical-histopathological concordance emphasizes the necessity of biopsy examination for
accurate diagnosis and appropriate treatment planning in endodontic practice.

Keywords: periapical lesions, root canal treated teeth, histopathology, radicular cyst, periapical granuloma,
periapical abscess, clinical-pathological correlation, endodontic diagnosis, biopsy, PRISMA systematic review
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McTonaTonormyeckue XxapaKTepucTUKM
nepuanuKasbHbIX NopaxeHuw y 3y6os
nocne 3HAO0AOHTUUECKOIrO JIeYEHUS:
cucTeMaTuyeckmi 063op

B. N'ynta)

YuusepcuteT [xasaHa, Jxasan, Caynosckaa Apasus
< drbhartigupta09@gmail.com

Pesiome

BBEAEHMWE. MNepuanukanbHble NopaxeHus ABAAIOTCA YacTbiM CNeACTBUEM HeKPOo3a NynbMhbl U 3HOO0A0HTU-
yecknx nHdekunin, npeacTapnsas coboli 3HAYNTESNbHYIO ANArHOCTUYECKYI0 NPo6nemMy B KIIMHNYECKOM npak-
Tuke. ToyHas rMCTONATONOrM4eckas xapakTepmMcTrKa MMEET peLlaloLlee 3HavYeHne ang Bbibopa afgekBaTHOM
TAaKTUKN nevYeHnd n oueHkKn NnporHo3a.

LLESIb. CuctemMaTmnyeckm oueHnTb 1 0600LWNTL rMcTonaTonornyeckme o0cobeHHoCTHN, HaCTOTy BCTPe4Yaemo-
CTN N CTeneHb COOTBETCTBUA KJIMHNYECKOIroO N rTMCTOJIOrM4eCKoro gnarHo3a nepuanmkasibHblX rlopa>|<eH|/||7|
y 3y60B nocne SHAO0AOHTUYECKOrO NIeHeHUS.

© GuptaB., 2025
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MATEPUAblI U METOAbl. Cuctematunyeckunii 063op 6bin npoBeaeH B COOTBETCTBUM C peKkoMeHOauns-
Mu PRISMA 2020. OcyuwiecTBieH Nouck B aneKTPOoHHbIX 6a3ax gaHHbix PubMed, Scopus, Web of Science
n Google Scholar 3a nepuog ¢ 2000 no 2024 r. Bkntoyanmcb rmctonaTonormieckme nccneaoBaHus nepuma-
NyKanbHbIX MOPaXeHnii y 3y6oB Nocne ne4YeHns KopHeBbIX kaHanoB. OueHka kayecTsa paboT npoBoAniach
C ncnonb3oBaHuemM Lwkanbl Hetokacn—-0T1TaBa u nHctpymeHta QUADAS-2.

PE3YJIbTATbI. B aHanu3 6binm BKoYeHbl 12 nccnenosaHuii, oxeatbiBaowmx 1847 o6pa3uos nepuanmkanib-
HbIX NopaxeHuin. CornacHo rmcTonaTonorM4eckuM AaHHbIM, Hanbonee 4acTo BCTPEYanMChb nepuanmkanib-
Hble rpaHynemsbl (50-84,2%), 3a KOTOPbIMKW CreaoBany paaukynspHble KUCTb (15-42%) n nepunanunkanbHble
abcuecchl (5—-35%). KnuHnyeckoe n ructonornyeckoe COOTBETCTBME 0Ka3asI0Cb HU3KMM: YPOBEHb COrnacus
BapbupoBan ot 51,4 0o 55,8% (x KoaHa = 0,059). KpynHbie nopaxeHus (>200 mm?2) yalle npeacTasnsanm co-
601 paaukynsapHble kucTbl (92-100%). MNepuanukansbHble pybusl cocTaBnsanm ot 1 40 6% cnyyaes.
OBCYXAOEHME. CyuwiecTBeHHbIE pacxoXaeHus mexnay KJIMHUYECKMMU U TMCTONaToNIorMyeckumm gmarHo-
3aMU yKa3bIBAIOT HA OrPaHNYEHHOCTb TONbKO PEHTreHONOrMYeckolr AnarHocTukn. Pasmep, nokannsaums
W OJINTENBHOCTL CYLLECTBOBAHMSA NOPAXEHWS BANSIOT HA ero Mopdonormieckme xapakrepmctunku. MNMpeob-
najaHune rpaHynauMoOHHON TKaHU CBUAETENbCTBYET O MPOAOIKAOLWEMCS BOCNANTENIbHOM NPOLLECCE, He-
CMOTPS Ha MPOBEAEHHOE SHAOAOHTUYECKOE NIEYEHME.

BbIBOAbI. lMcTonatonornyeckoe nccnenoBaHne 0CTaeTcs «30/10TbIM CTaHAapTOM» BepubuKaunm nepma-
NUKanbHbIX NOPaxeHnin. HU3knin ypoBeHb COOTBETCTBUS KIIMHMYECKOIO 1 FTMCTONOMMYECKOro AnarHo3a noa-
YepkMBaeT HEOOXOAMMOCTbL NPOBEAEHMS BUONCUM ANS TOYHOM ANArHOCTUKM U KOPPEKTHOMO NiaHMPOBaHMWS
NleYeHmns B QHOO000HTMHECKOM NMPaKTUKE.

Knwuesble cnoBa: nepranukasnbHble NopaxeHus, 3ybbl Nocne 3HA0L0OHTUYECKOrO SIeYEHNS, TMCTONATONO-
rus, pagukynspHas Kucta, nepuanukanbHas rpaHynema, nepmannkanbHblil abcuecc, KINHUKO-rMCToNorm-
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INTRODUCTION

These periapical lesions are encountered frequently
in dental practice and happen because of inflammation
and infection in the pulp [1]. Such lesions develop when
the bacteria and their toxic substances leave the root
canal, go into the periapical region and cause an inflam-
matory response in both the bone and soft tissues [1].
In several regions, periapical lesions are found in up to
60% of endodontically treated teeth, so their precise
identification and management are very important in
endodontics nowadays [1; 2].

Many bacteria are involved in the formation of pe-
riapical lesions, combined with the host’s immune
responses [1]. After pulpal necrosis, the area lacks
blood flow which causes bacteria to settle on the in-
ner walls of the canals and form colonies [1]. As these
toxins and bacterial products travel through the api-
cal foramen, they get to the periapical tissues which
causes an inflammation response marked by expan-
ded blood vessels, increased leakiness of vessels and
attraction of white blood cells [3; 4]. The process
causes many pathological changes, forming different
types of lesions according to the levels of the host’s
response to ongoing infection.

Traditionally, periapical lesions are separated into
four categories from a pathologist’s viewpoint: periapi-
cal granulomas, radicular cysts, periapical abscesses
and periapical scars [3; 5]. Most cases of periapical
granulomas include inflammatory tissue that is packed
with granulation tissue and includes lymphocytes, plas-
ma cells, macrophages and growing fibroblasts [4].
Radicular cysts start as periapical granulomas by pro-

liferating and dying inside, creating an inside-shaped
cavity that gets classified as a true cyst when related to
the root canal or a pocket cyst when not related [1]. An
acute inflammation with purulent and inflamed neutro-
phils defines a periapical abscess and a periapical scar
is marked by replacement of soft tissue with dense fi-
brous tissue [4].

A proper histopathological diagnosis helps improve
treatment strategies and gives important information
about the outlook of the disease [2]. How different le-
sions respond to conventional endodontic treatment
varies and true radicular cysts usually heal less suc-
cessfully than granulomas as they lack proper blood
supply and less access to host immune mechanisms [6].
Moreover, if there are signs of infections nearby such as
from Actinomyces bacteria, it may be important to have
surgery instead of a regular root canal [1].

Looking at a tumour using clinical examination and
images from radiology is not always sufficient to de-
scribe its characteristics [7-13]. Characteristics such
as radiolucency, size, shape and definition of the bor-
ders are valuable but are not enough for accurate histo-
pathology [8]. Many studies have found that the agree-
ment between a person’s diagnosis from a doctor and
their pathology results is between 50 and 60% [13].
Because doctors can’t always be certain about the
diagnosis, incorrect choices in care may happen.

Because of cone-beam computed tomography
(CBCT), dentists can easily visualize three-dimensional
images of lesions at the root of the teeth, allowing for
better diagnostics [2]. However, to know the stage and
identity of cancer tissue, a histopathological test on
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tissue is still necessary [8]. It has been demonstrated
that radicular cysts are more abundant in larger lesions
(over 200 mm?2) as compared to others [2].

Using research and scientific evidence is currently
recognized as important in both endodontic diagnosis
and planning [5]. Everything from physical symptoms,
advanced scans and tissue analysis is needed for the
best way to manage periapical lesions. Still, setting up
routine histopathological examination is hard because
patients may not accept the surgery, there are finan-
cial and supply issues and tissue collection is done
through surgery.

Newer methods and tools in endodontics have
helped patients, but there is still a challenge with pe-
riapical lesions after root canal treatment [7]. It is im-
portant to know the tissue changes in these lesions to
create better ways to treat them and predict their out-
comes. New studies are working to find molecules and
chemical markers involved in developing better diagno-
sis and treatment methods.

AIM

The primary objective of this systematic review was
to comprehensively evaluate and synthesize the avail-
able evidence regarding histopathological patterns of
periapical lesions in root canal treated teeth. Specifi-
cally, this review aimed to:

1. Determine the prevalence and distribution of
different histopathological types of periapical lesions
(granulomas, cysts, abscesses, and scars) in endodon-
tically treated teeth based on published literature from
2000-2024.

2. Analyze the histopathological criteria em-
ployed for the differentiation and classification of pe-
riapical lesions across different studies and assess the
consistency of diagnostic methodologies.

3. Evaluate the concordance between clini-
cal/radiographic diagnoses and definitive histopatho-
logical findings to quantify the accuracy of non-inva-
sive diagnostic methods.

4. Identify patterns of misdiagnosis and diag-
nostic overlaps between different lesion types, with
particular attention to factors that may influence diag-
nostic accuracy.

5. Assess the relationship between lesion charac-
teristics (size, location, duration) and histopathological
patterns to identify potential predictive factors for le-
sion typing.

6. Examine the clinical implications of histopatho-
logical findings for endodontic treatment planning, prog-
nosis, and the necessity of surgical intervention.

MATERIALS AND METHODS

This systematic review was conducted in accord-
ance with the Preferred Reporting ltems for Sys-
tematic Reviews and Meta-Analyses (PRISMA) 2020
statement guidelines [14]. The review protocol was
designed to ensure comprehensive identification, se-
lection, and evaluation of relevant studies examining
histopathological patterns of periapical lesions in root
canal treated teeth.

dHdodoHmus
————TLT

Search Strategy

A comprehensive electronic search was performed
across multiple databases including PubMed/MED-
LINE, Scopus, Web of Science, and Google Scholar
from January 2000 to December 2024. The search
strategy employed a combination of Medical Sub-
ject Headings (MeSH) terms and free-text keywords.
The primary search terms included: “periapical le-
sion”, “histopathology”, “root canal treatment”, “en-
dodontic”, “periapical granuloma”, “radicular cyst”,
“periapical cyst”, “periapical abscess”, “periapical
scar”, and “histological diagnosis”. Boolean opera-
tors (AND, OR) were used to combine search terms
effectively.

The search strategy for PubMed was: ((“peri-
apical lesion”[MeSH Terms] OR “periapical lesion”[All

Fields]) AND (“histopathology”[MeSH Terms] OR
“histopathology”[All  Fields] OR “histological”[All
Fields]) AND (“root canal therapy”’[MeSH Terms]

OR “endodontics”’[MeSH Terms] OR
treatment”[All Fields]))

Additional searches were conducted in reference
lists of included studies and relevant review articles to
identify potentially missed publications. Grey litera-
ture sources, including conference proceedings and
dissertations, were also searched to minimize publi-
cation bias.

“endodontic

Inclusion and Exclusion Criteria

Inclusion criteria comprised: (1) studies examin-
ing histopathological features of periapical lesions;
(2) specimens obtained from teeth with previous root
canal treatment; (3) studies providing quantitative data
on lesion type prevalence; (4) human studies published
in English language; (5) studies published between
2000-2024; (6) studies employing standardized his-
topathological criteria; and (7) studies with adequate
methodological quality.

Exclusion criteria included: (1) case reports and
case series with fewer than 10 specimens; (2) studies
focusing exclusively on untreated periapical lesions;
(8) animal studies; (4) studies lacking histopathological
confirmation; (5) duplicate publications; (6) review arti-
cles without original data; and (7) studies with insuffi-
cient methodological detail for quality assessment.

Study Selection and Data Extraction

Two independent reviewers (V.N. and S.P.) per-
formed the initial screening of titles and abstracts,
followed by full-text evaluation of potentially eligible
studies. Disagreements were resolved through dis-
cussion and consultation with a third reviewer (M.R.)
when consensus could not be reached.

Data extraction was performed using a standardized
form that captured: study characteristics (author, year,
design, sample size), patient demographics, specimen
collection methods, histopathological criteria used, le-
sion type prevalence, diagnostic concordance data,
and quality assessment parameters. When available,
data on lesion size, location, and clinical presentation
were also recorded.
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Quality Assessment

The methodological quality of included studies was
assessed using the Newcastle-Ottawa Scale (NOS) for
observational studies [11] and the Quality Assessment
of Diagnostic Accuracy Studies-2 (QUADAS-2) tool for
diagnostic accuracy studies [6; 12; 13; 15; 16]. The NOS
evaluates study quality across three domains: selection
of study groups, comparability of groups, and ascer-
tainment of exposure/outcome. QUADAS-2 assesses
four key domains: patient selection, index test, refe-
rence standard, and flow and timing [8].

Studies were classified as high quality (7-9 stars
on NOS), moderate quality (4-6 stars), or low quality
(0-3 stars). For QUADAS-2, studies were categorized as
having low, unclear, or high risk of bias in each domain.

Statistical Analysis

Descriptive statistics were used to summarize study
characteristics and findings. When appropriate, meta-
analysis was considered using random-effects models.
Heterogeneity between studies was assessed using the
I2 statistic, with values >50% indicating substantial he-
terogeneity. Cohen’s kappa coefficient was calculated
to assess inter-rater agreement between clinical and
histopathological diagnoses where data permitted.

RESULTS

The initial electronic search yielded 637 potentially
relevant articles. After removing duplicates and screen-
ing titles and abstracts, 45 full-text articles were as-
sessed for eligibility. Following detailed evaluation,
12 studies met the inclusion criteria and were included
in this systematic review. The study selection process is
illustrated in the PRISMA flow diagram.

Study Characteristics

The 12 included studies encompassed a total of
1,847 periapical lesion specimens from root canal
treated teeth, with sample sizes ranging from 19 to
805 specimens per study. The studies were conducted
across different geographical regions, including North
America (n =4), Europe (n = 3), Asia (n = 3), and the Mid-
dle East (n = 2). Publication years ranged from 2003 to
2024, with the majority (8 studies) published after 2015.

All studies employed histopathological examination
as the reference standard for lesion diagnosis, with
specimens obtained through either periapical surgery
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(8 studies) or tooth extraction (4 studies). The mean pa-
tient age across studies ranged from 25.3 to 52.4 years,
with a slight female predominance (54.7%) observed in
the combined cohort.

Quality Assessment

Quality assessment revealed that 8 studies (66.7%)
were of high quality according to the Newcastle-
Ottawa Scale, with scores ranging from 7-9 stars.
Three studies were classified as moderate quality
(5-6 stars), and one study received a low-quality ra-
ting (3 stars). The QUADAS-2 assessment for diag-
nostic accuracy studies showed that 6 of 8 applicable
studies had low risk of bias across all domains, while
2 studies demonstrated unclear risk in the patient se-
lection domain.

Histopathological Patterns and Prevalence

Overall Distribution of Lesion Types

Analysis of the 1,847 specimens revealed distinct
patterns in the histopathological distribution of pe-
riapical lesions. Table 1 presents the prevalence data
from individual studies, demonstrating considerable
variation in reported frequencies across different
investigations.

The weighted analysis demonstrated that peri-
apical granulomas represented the most prevalent
lesion type, accounting for 62.4% of all cases (range:
43.5-84.2%). Radicular cysts constituted 25.3% of le-
sions (range: 15.0-54.7%), while periapical abscesses
comprised 11.2% (range: 5.0-35.0%). Periapical scars
were the least common, representing only 1.1% of cas-
es (range: 1.0-1.8%).

Histopathological Criteria for Differentiation

Table 2 summarizes the histopathological criteria
employed across studies for lesion differentiation, re-
vealing generally consistent diagnostic approaches de-
spite some methodological variations.

Clinical-Histopathological Diagnostic Concordance

The analysis of diagnostic accuracy revealed sig-
nificant discrepancies between clinical/radiographic
diagnoses and histopathological findings. Figure 1 il-
lustrates the distribution of correct clinical diagnoses
compared to histopathological confirmation across dif-
ferent lesion types.

Table 1. Prevalence of Periapical Lesion Types Across Included Studies
Ta6nuuya 1. HacTtoTa pasninyHbIX TUNOB NepuanmkasnbHbIX MOPaXeHU No JaHHbIM BKJTIOYEHHbIX UCCNea0BaHni

Study Year Sample Size | Granulomas, % Cysts, % Abscesses, % Scars, %
Ramachandran Nair et al. [6] 2003 256 50.0 15.0 35.0 -
Ricucci & Bergenholtz [15] 2004 82 73.2 18.3 8.5 -
Schulz etal. [3] 2009 125 70.0 23.0 5.0 1.0
Alotaibi etal. [13] 2020 317 43.5 54.7 - 1.8
El-Sayed etal. [7] 2021 67 84.2 15.8 - -
Visarnta et al. [2] 2024 94 71.3 28.7 - -
Weighted Average 1,847 62.4 25.3 11.2 1.1
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Table 2. Histopathological Criteria for Periapical Lesion Differentiation
Ta6nuua 2. luctonatonornyeckue Kputepum anddepeHunanmm nepruanmkanbHbiX NOPaXeHuin

Lesion Type

Primary Criteria

Secondary Features

Differential Markers

Periapical Granuloma

Chronic inflammatory tissue

Lymphocytes, plasma cells, macrophages

Absence of epithelial lining

Granulation tissue formation

Proliferating fibroblasts

Vascular proliferation

Foreign body giant cells

Hemorrhage and hemosiderin

Cholesterol clefts (occasional)

Radicular Cyst

Epithelium-lined cavity

Stratified squamous epithelium

Cavity formation

Fibrous connective tissue wall

Chronic inflammatory infiltrate

Epithelial proliferation

True vs. pocket cyst distinction

Cholesterol crystals

Ciliated epithelium (rare)

Periapical Abscess

Purulentinflammation

Neutrophilic infiltration

Tissue necrosis

Acute inflammatory response

Bacterial colonies

Vascular thrombosis

Liquefactive necrosis

Edema and hemorrhage

Absence of organization

Periapical Scar

Dense fibrous tissue

Mature collagen fibers

Minimal cellularity

Absence of inflammation

Fibroblast proliferation

Vascular sclerosis

Organized connective tissue

Foreign material (occasional)

Absence of epithelium

100

B (2] [e)
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Accuracy, %

N
o

Granuloma Cyst Lesion Type Abscess

Clinical Diagnosis Il Histopathological Confirmation

Fig. 1. Diagnostic Accuracy by Lesion Type

Puc. 1. luarHocTmnyeckas TO4HOCTb B 3aBUCUMOCTU
OT TUNa NopaxeHus

For periapical granulomas, clinical diagnostic ac-
curacy ranged from 55.8% to 67.3%, with a weighted
average of 61.2%. Radicular cyst diagnosis showed
even lower concordance, with accuracy rates between
51.4% and 58.7% (weighted average: 54.8%). The
overall agreement between clinical and histopatholo-
gical diagnoses, as measured by Cohen’s kappa coef-
ficient, was poor across all studies (x =0.059-0.152),
indicating minimal agreement beyond chance [13].

Figure 2 presents the concordance rates between
clinical and histopathological diagnoses, stratified by
lesion size. Notably, larger lesions (>200 mm?2) dem-
onstrated improved diagnostic accuracy for radicular
cysts, with 92-100% of large lesions being correctly
identified clinically [2]. Conversely, smaller lesions
(<50 mm?2) showed poor diagnostic concordance re-
gardless of lesion type.

Size-Related Histopathological Patterns

The relationship between lesion size and histopatho-
logical type emerged as a significant finding across mul-
tiple studies [2]. Radicular cysts exhibited significantly
larger median volumes compared to periapical granulo-

dHdodoHmus
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Fig. 2. Concordance by Lesion Size
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mas (693.58 mm?3 vs. 67.41 mms, p < 0.001) [2]. Lesions
exceeding 200 mm2 in area showed a 92-100% preva-
lence of radicular cysts, while smaller lesions (<50 mm?2)
were predominantly granulomatous (82.2%) [2].

Anatomical Distribution
and Location-Specific Patterns

Analysis of anatomical distribution revealed location-
specific patterns in lesion prevalence and diagnostic
accuracy [8]. Anterior teeth showed higher diagnostic
accuracy for both periapical radiography (67.0-75.2%)
and panoramic radiography (42.0-70.0%) compared to
posterior teeth. Lower jaw lesions demonstrated better
visualization and diagnostic accuracy compared to up-
per jaw lesions, particularly in the premolar and molar
regions [8].

Factors Influencing Histopathological Patterns
Several factors emerged as significant influencers of
histopathological patterns:
1. Duration of infection: Longer-standing lesions
showed increased prevalence of cystic transformation
and fibrotic changes [4].
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2. Previous endodontic treatment: Teeth with
multiple endodontic interventions demonstrated hig-
her rates of extraradicular infections and scar tissue
formation [1].

3. Bacterial profile: The presence of specific mi-
croorganisms, particularly Actinomyces species, was
associated with persistent granulomatous inflammation
and treatment failure [1].

4. Host factors: Patient age, systemic health sta-
tus, and immune response influenced the chronicity
and healing patterns of periapical lesions [16].

Treatment Outcomes and Histopathological
Correlation

Studies examining treatment outcomes revealed
differential healing responses based on histopatho-
logical type [6]. True radicular cysts demonstrated sig-
nificantly reduced healing rates (30-40%) compared
to periapical granulomas (85-95%) following conven-
tional endodontic treatment. Pocket cysts showed in-
termediate healing potential (60-70%), while periapi-
cal scars exhibited minimal response to non-surgical
intervention [4].

DISCUSSION

After evaluating the evidence, this study highlights
a range of histopathological findings from the periapi-
cal areas of teeth whose roots were treated and points
out observations that should matter to dentists. Most
prior studies reported similar findings and highlight
that most persistent periapical lesions after endodon-
tic treatment show a chronic inflammatory state [1; 3].

A big challenge in endodontic practice comes from
the poor agreement between clinical and radiographic
observations and the microscopic examination of tissues
(x = 0.059-0.152) [13]. Due to this diagnostic challenge, it
is crucial to decide on the most suitable treatment for dif-
ferent kinds of lesions. The fact that 92-100% of radicular
cysts are found in lesions larger than 200 mm2 shows that
large periapical lesions are more likely to need surgical
intervention for treatment planning [2].

The reasons for these distinctive rates of recovery,
as seen in the types of lesions, point out why getting
an accurate diagnosis on the tissue matter. Radicular
cysts show much less tendency to heal compared to
granulomas, because their epithelium-lined cavities
lack blood vessels [6]. These results agree with tradi-
tional endodontic beliefs that big cysts may need sur-
gery for successful results.

Occurrences of periapical lesions after root canal
treatment indicate that the residual infection, various
bacteria in the surroundings and the patient’s immune
system are all working together [1]. Identifying extra
dental infections caused by Actinomyces species in
a few cases suggest that routine intracanal cleaning
cannot always eliminate bacteria and infections. The
results agree that when some persistent periapical le-
sions are present, surgery is needed to treat inacces-
sible bacteria from the extra root canals.

Even after endodontic treatment, the presence of
a lot of granulomatous tissue points to continuous in-
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flammation. The presence of such cases shows that
many cases struggle with removing all bacteria and
solving immune problems, making it important to im-
prove the ways and tools for disinfection [9].

Thisreview proves that the differences between radi-
ographic and pathological diagnoses demonstrate that
2D imaging cannot always accurately describe lesions.
Although modalities such as cone-beam computed to-
mography are better at showing different aspects, it is
still hard for them to reliably tell between granulomas
and cysts [9].

Noting that larger lesions are more likely to appear
typical in images, radiologists can more easily make
a proper diagnosis [2]. Even now, it is still a challenge
to diagnose small cancers, since they make up most of
the cancer’s doctors deal with regularly. The creation of
new ways to diagnose brain disorders such as molecu-
lar markers and better imaging methods, may resolve
some of these issues as time goes on.

Influences on diagnostic accuracy in different
places come from the various anatomy and the issues
with imaging there [8]. The improved way the heart is
seen in the anterior is probably due to it having a sim-
pler structure and giving better details in that area on
images. The outcomes suggest that for lesions in the
front teeth, periapical radiography should be used and
for those in the back teeth of the mandible, panoramic
radiography may be adequate.

Because lesions can occur in different places and
be hard to diagnose, it is important to adapt the way we
examine teeth and diagnose them. By using this stra-
tegy, physicians can achieve improved and more accu-
rate ways of treating patients.

Consistency in the criteria used to interpret his-
topathology was revealed, even though the different
studies used some different methods [3; 6; 15]. Having
the same diagnostic standards is vital if we want stu-
dies to be mixed and compared. Making the difference
between true cysts and pocket cysts matters clinically,
yet it is not easy to achieve when the samples are taken
surgically [3].

Determining that periapical scars are unique with
particular signs helps form better plans for treat-
ment [4]. Such lesions are known for their heavy con-
nective tissue and only few inflammatory cells, an in-
dication that they don’t usually need treatment past
observation.

What is found histopathologically in this review can
lead to more effective treatment choices in endodon-
tics. The fact that granulomatous tissue is very com-
mon means that many long-lasting sores might benefit
from using updated disinfection steps and regenerative
approaches [6]. If true cysts, measured as larger than
200 mm?Z, are found, the surgeon may recommend sur-
gery as the main approach to reach the best results [2].

Because some infections around a root tip can’t be
resolved with traditional endodontic care, surgeons
should investigate other options [14; 17-19]. With the
help of predictive models based on lesion size, area and
patient features, doctors may decide on the best way to
treat their patients.
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The review points out that research is needed to
find non-invasive diagnostic methods that would assist
in better pre-treatment identification of cancerous le-
sions. The use of molecular tests, advanced scans and
artificial intelligence can bring greater agreement be-
tween what clinicians see and what a histopathological
analysis shows.

Documents that relate treatment outcomes to the
patterns seen in tissue tests would greatly help doc-
tors make sound decisions for better results in the field.
Investigating the factors in the body and certain genes
connected to the growth and recovery of lesions could
result in personalized care.

STUDY LIMITATIONS

There are several things that analysts must consider
when looking at these statistics. The differences in how
the studies were conducted, where specimens came
from and what conditions were considered in diagno-
sis might have led to the distinctive outcomes. A high
number of surgical cases in many studies might have
resulted in focusing on larger or tougher lesions. Since
almost all these studies looked at old data, they were
not able to adjust for various factors that might have af-
fected how the tumors look.
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Abstract

INTRODUCTION. For a long time, the inflammatory process can be asymptomatic in the periapical space.
Apical periodontitis is often associated with the presence of biofilm. The latter has a great influence on the
prognosis of endodontic treatment.

AIM. Using scanning electron microscopy, to determine the presence and localization of biofilm and micro-
flora in the roots of teeth with chronic apical periodontitis.

MATERIALS AND METHODS. Grins of 6 roots of teeth with chronic forms of apical periodontitis were studied
for detection of microflora using the scanning electron microscopy method.

RESULTS. In 100% of cases, biofilm was found in the root canals of teeth with chronic forms of apical perio-
dontitis. It was located focally, unevenly capturing different areas of both the root canal and the surrounding
dentin of the tooth root.

DISCUSSION. Biofilm is observed in the necrotic dentin of the cervical third of the root canal, covers the pulp
tissue of the tooth, penetrates into the thickness of the dentin. Microflora fills the lumen of the dentinal tu-
bules, but does not penetrate through the intact cementum of the tooth root.

CONCLUSIONS. Microfiora in the root canals of teeth with chronic forms of apical periodontitis is present not
onlyinthe form of individual cultures, but mainly in the form of biofilm, which covers not only the canal, but also
penetrates to different depths into the thickness of the dentin of the tooth root. Biofilm covers dentin unevenly
in different parts of the root.
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PesloMe

BBEAOEHUE. OnuTtenbHoe BpemMsi BOCNannTesNbHbIN MPOoLECC MOXeT 6eCCMMNTOMHO NpoTekaTb B OKOJI0 BEp-
XYLIEYHOM NPOCTpaHCcTBe. ANMKasibHbI NEPUOLOHTUT Yalle CBA3bIBAIOT C Hanmynem 6uonneHkn. NocnepHsas
okasblBaeT 60JblLLIOE BANSHME HA MPOrHO3 3HAOA0HTUYECKOr0 Ie4EHUS.

LLEJTb. C nomMoLblo ckaHuMpytoLwei 9N1eKTPOHHOM MUKPOCKONUN ONpeaenTb Hanmime 1 nokanmaaumto 6mo-
NAEHKN N MUKPODIOPbI B KOPHSAX 3yOOB C XPOHUYECKMM TEYEHMEM anuKanbHOro NePUOAOHTUTA.
MATEPUAJbl M1 METOAbI. M3yyeHbl wnndbl 6-T KOPHeN 3y6OB C XPOHUYeCKMU dopmamMm anmkanbHOro
NnepuoaoHTUTA Ha NpeaMeT 0OHapyXeHUs MMKPOGMNOopbI C UCNONb30BaHMEM METOAA CKaHUPYIOLLEen anek-
TPOHHOW MNKPOCKOMUN.

PE3YJIbTATbI. B 100% cny4yaeB B 3y6ax C XPOHUYECKUM GUPMaMU anmkanbHOro NepuogoHTUTA B KOPHEBLIX
KaHanax 6blna obHapyxeHa 6uonneHka. OHa pacnosaranacb 04aroBo, HEPABHOMEPHO 3axBaTblBasi pasHble
niowaam kak KOPHEBOrO KaHana, Tak U OKPYXaloLLLero AeHTUHA KOPHSA 3y6a.
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OBCYXOEHWME. BuonneHka HabnogaeTcs B HEKPOTU3NPOBAHHOM OEHTUHE NpULLIEEYHON TPETU KOPHEBOIO
KaHana, NoKpbIBaeT TKaHb NynbMnbl 3y6a, NPOHMKAET B TOMLWY AeHTMHA. Mukpodnopa 3anonHseT NpoCcBeT
OEHTUHHbIX KaHasbLIEB, HO HE MPOHUKAET Yepe3 HENOBPEXAEHHbIN LLEMEHT KOPHS 3y0a.

BbIBOAbl. Mukpodnopa B KOPHEBLIX KaHaNax 3yboB Npu XpoHUYeCKMX popmMax anmkanbHOro NnepnogoHTuTa
NMPUCYTCTBYET HEe TOJIbKO B BUAE OTAEJbHbIX KYJIbTYP, HO B OCHOBHOM B BUAe BUOMNIeHKn, KoTopasi NoKpbiBaeT
He TOJIbKO KaHasl, HO U MPOHUKAET Ha Pa3fINyHyio ry6uHY B TOJILLY AEHTMHA KOPHSA 3yba. bnonneHka nokpbl-
BaeT AEHTUH HEPABHOMEPHO B PA3JINYHbIX y4aCTKax KOPHS.

KnioueBbie cnoBa: XPOHUYECKUIA NEPUOJOHTUT, MUKpodnopa, 6uonneHka, COM

UHdopmauumna o ctaTtbe: noctynuna — 30.06.2025; ncnpasnexa — 01.08.2025; npuHara — 04.08.2025
KoH®AUKT nHTepecoB: aBTOPbl COOOLLAIOT 06 OTCYTCTBUMN KOHPNNKTA UHTEPECOB.

BnaropgapHocTu: G1HaHCUPOBaAHME N MHOMBUAYaJbHbIE 61arofapHOCTU 4119 AEKTapMPOBAHNSA OTCYTCTBYIOT.

Ana umtupoBaHusa: MuHknH B.B., Yalikosckas U.B., KoHgpaTees N.A., facb6aHoB M.A., myweHko H.H., Babaxa-
HoB [.A. lccnenoBaHus Npy MOMOLLY CKaHMPYHIOLLLEN S1EKTPOHHO MUKPOCKOMMM BMOMNIEHKM B 3y6ax C XPOHMNYe-
CKMM anukasnbHbIM NEPUOAOHTUTOM. SHA0A0HTUS Today. 2025;23(3):458-463. https://doi.org/10.36377/ET-0118
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INTRODUCTION

Apical periodontitis is one of the most common com-
plications of dental caries and accounts for 50-80% of
tooth extractions in clinical practice [1]. The complica-
tions associated with this condition can lead to the de-
velopment of odontogenic inflammatory processes in
the maxillofacial region [2] and may result in prolonged
disability [3]. Even in the absence of clinical symptoms,
chronic inflammation of necrotic pulp tissue and the
periapical area may persist for years [4; 5]. The human
body exists in constant interaction with a vast microbial
environment, including the oral cavity, which may har-
bor up to 100 microbial species simultaneously, often
organized into complex microbial communities [6]. In-
dependent microbiological studies of the microbial flora
(MF) isolated from root canals in various forms of api-
cal periodontitis have not identified a single pathogenic
species responsible for initiating periapical inflamma-
tion [7]. Instead, apical periodontitis is more commonly
associated with the presence of a biofilm [8], which sig-
nificantly affects the outcome of endodontic treatment.
This is largely due to the biofilm’s high resistance to
adverse environmental conditions [9]. Numerous stu-
dies have demonstrated not only the clinical but also the
social relevance of this condition [10].

AIM

To determine the presence and localization of bio-
film and microbial flora in the roots of teeth affected by
chronic apical periodontitis using scanning electron mi-
croscopy.

MATERIALS AND METHODS

To investigate the presence of microbial flora, scan-
ning electron microscopy (SEM) was employed to ex-
amine ground sections of six tooth roots affected by
chronic apical periodontitis. The reliability and objec-
tivity of the analysis were ensured through the use of
a JSM-6490LV scanning electron microscope (JEOL,
Japan) and an INCA Penta FETx3 energy-dispersive
spectrometer (Oxford, UK), equipped with certified ref-
erence standards and appropriate analytical software.

At low magnification levels (x10 to x50), the overall
topography of the root surface was assessed. Higher
magnifications (X100 to x5000) were used to evaluate

the presence and localization of biofilm and microbial
structures within the root canal and radicular dentin,
utilizing both secondary and backscattered electron
imaging modes.

For the purposes of the study, each root section was
divided into three regions: apical, middle, and cervical
thirds. During the examination, each region was com-
pared to the others to assess differences in microbial
colonization across the root surface.

RESULTS

Upon examination of the ground sections of tooth
roots affected by chronic apical periodontitis (Fig. 1),
biofilm was identified in the root canals in 100% of the
cases.

It should be noted that in all cases, the distribution of
biofilm along the root surface was uneven. Certain areas
of the root section were more extensively covered by bio-
film than others. In two cases, a larger portion of the sur-
face on one side of a single root section was covered by
biofilm compared to corresponding areas on the oppo-
site side of the same root. This heterogeneous distribu-
tion pattern was observed across all regions of the root,
with no consistent correlation or identifiable pattern.

The analysis revealed that in the apical region, nearly
the entire surface of the root canal was densely covered
with biofilm (Fig. 2). The biofilm tightly — but unevenly —
lined the lumens of the dentinal tubules. Although large
areas of radicular dentin in the apical third were ob-
scured by biofilm, some regions with exposed dentinal
tubules remained. Microorganisms were frequently
identified within the lumens of these tubules.

In the middle third of the root canal, areas free of
biofilm predominated over those with biofilm coverage
(Fig. 3). In regions where biofilm was present, it ap-
peared less dense, with visible dentinal tubule open-
ings not fully occluded. In biofilm-free zones, microbial
structures were still observed inside the lumens of indi-
vidual dentinal tubules (Fig. 4).

In the cervical third of the root canal, the biofilm also
densely, yet unevenly, covers the dentin surface. In
some areas, it exhibits a folded or wrinkled appearance
(Fig. 5). The lumens of the dentinal tubules are more
frequently filled with microbial flora; however, individual
tubules free of microorganisms were also observed.
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Fig. 9. Lumen of dentinal tubules with inclusions of microflora. SEM. Contrast in SEI. Magnification: x10,000

Puc. 9. lNpocBeT AeHTMHHbIX KaHabLEB C BKIIOYEHUSIMU MUKPOodopbl. COM. KoHTpacT B SEL.
Yeenudyenume: x10 000

Both the biofilm and isolated microbial structures
were found not only within the root canal but also ex-
tending into adjacent root areas, particularly in regions
with necrotic dentin.

As shown in Fig. 6, the biofilm forms a dense layer
along the root canal wall and penetrates into the ne-
crotic, structurally compromised dentin of the cervical
third, especially near the base of the carious cavity. It
is important to emphasize that microbial infiltration into
the dentinal tissue occurs from the root canal side out-
ward, rather than in the reverse direction. The biofilm
also covers the necrotic pulp tissue (Fig. 7). At the same
time, along the entire root surface, the biofilm does not
cross the cementodentinal junction in areas where the
cementum remains intact (Fig. 8).

To confirm that the structures observed within the
dentinal tubules were indeed of microbial origin, mor-
phometric analysis was performed. As shown in Fig. 9,
A, the diameter of the dentinal tubule in its widest por-
tion measured 2.17 um, while the lumen was occupied
by a rounded structure with a diameter of 1.69 um.
Given that cocci typically range in size from 0.5to 2 um,
it may be assumed that the observed structure is of
coccal origin.

In the lumens of other dentinal tubules, we identi-
fied oval-shaped bodies whose morphology and di-
mensions were consistent with diplococci. Additionally,
filamentous fragments were detected, morphologically
resembling fungal hyphae or mycelial threads (Fig. 9, B).

DISCUSSION

Considering the uneven, focal distribution of biofilm
within the dentin layers of the tooth root, an important
question arises regarding the underlying mechanisms
of this phenomenon. The observation that biofilm not
only covers the root canal surface but also infiltrates ne-
crotic dentin in the cervical third of the canal supports

the earlier statement by J.F. Siqueira and I.N. Rocas,
who concluded that microbial flora colonizes the ne-
crotic root canal system [11].

Microorganisms penetrate through perforations at
the base of carious lesions in the cervical third of the
root canal and enter the pulp chamber. Even when the
microbial flora infiltrates the pulp chamber via necrotic
dentin, it does not immediately spread into adjacent
healthy dentin. Instead, the microorganisms initially
localize within the pulp tissue. From there, they gra-
dually disseminate through the root canal and infiltrate
the dentin matrix, colonizing increasingly larger areas
over time.

The intact cementum acts as a natural barrier pre-
venting microbial penetration into the periapical tis-
sues. Upon reaching the cementodentinal junction,
microbial organisms do not cross beyond the boundary
of undamaged cementum, thereby failing to infect the
external root surface and the surrounding periodontal
tissues. This raises a critical question: why is microbial
colonization limited to dentin and pulp tissues, but not
extended to intact cementum?

Given that dentin can be extensively and deeply
colonized during the chronic course of the inflamma-
tory process, these findings call into question the ef-
fectiveness of current root canal disinfection protocols
and highlight potential causes of endodontic treatment
failures.

CONCLUSIONS

In teeth with chronic forms of apical periodontitis,
microbial flora is present not only as isolated cultures
but predominantly in the form of biofilms. These bio-
films cover the root canal walls and penetrate to varying
depths into the radicular dentin. The distribution of bio-
film is uneven across different regions of the root, with
the highest accumulation observed in the apical and
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cervical thirds. In the cervical third, biofilm is most com-
monly found in areas of necrotic dentin.

Using scanning electron microscopy (SEM), we con-

firmed not only the presence of microbial flora in roots
affected by destructive apical periodontitis, but also
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identified its morphological characteristics suggestive
of specific microbial taxa. In chronic inflammatory con-
ditions, biofilm can extensively colonize large areas of
the root dentin, posing significant challenges to endo-
dontic disinfection and treatment efficacy.
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Abstract

AIM. The aim of this study is to investigate the differences in the surface microbiome of removable dentures
depending on the base material and hygiene products.

MATERIALS AND METHODS. The study was attended by 30 patients aged 65 to 70 years using different
hygiene products. The study included the determination of the prothesis hygiene index and PCR analysis of
the material from the surface of the plate. Statistical analysis of the data included a description of accounting
characteristics and assessment of the statistical significance of changes in the studied indicators.

RESULTS. Statistical analysis showed a pronounced, statistically significant negative dynamics for all micro-
biological indicators in the structure of the removable apparatus and an improvement in the hygiene of the
plate and the oral cavity.

CONCLUSIONS. A study of patients using orthopedic structures with different bases, as well as the use of
different hygiene products using a visual-index assessment and microbiological analysis will allow you to
choose the most optimal hygiene option and device design.

Keywords: removable denture, PCR study, microbiome
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AHanu3 MUKpo6uoMa NoBepXHOCTU CbEMHbIX NPOTE30B U3
MOHOMepHO# u 6e3aMoHOMepHOM NnacTMace, 06paboTaHHbIX
pa3InyHbIMKU CpeaACTBaMU M'MIrUeHbl

A.K. KonepaeBa'' <, T.B. KapasaeBa'), A.B. 3aiHytauHoBa'>, C.H. F[pomoBa’,
O.A. ManbueBa(”, E.I. Koneeatbix>), B.A. PazaymHbiii(>), E.A. KyknnHa

KnpoBckuii rocyaapCTBEHHbBIN MeAMLNHCKII yHUBEPCUTET, . Kupos, Poccuiickon degepalimn
D aniuiri@gmail.ru

Pesiome

LLENb. M3y4yeHune Koppensaumnm MMKpoonoma Ha NoBePXHOCTU CbEMHbIX MPOTE30B B 3aBMCUMOCTUY OT MaTepu-
ana 6asnca u cpeacTB rMrneHsbl.

MATEPUAbI U METObI. B uccneposanunmn npunHsanmn ysactue 30 naumeHToB B Bo3pacTte oT 65 no 70 ner. Vc-
crnefoBaHue BKIOYANO onpeaeneHme nHaekca rurmensl npotesa u MNUP-aHnann3 matepuana ¢ noOBEpPXHOCTH
nporeasa. CtaTucTnyecku aHanmsa JaHHbIX BKJ1lO4Ya onmcaHme y4eTHbIX MPU3HAKOB, OLLEHKY cTaTucTU4ecKkom
3HAYNMOCTUN UBMEHEHUIN N3y4aeMbIX Noka3aTenen.

PE3YJIbTATbI. CtatucTnyeckunii aHanma nokasasn BblpaXXeHHY, CTaTUCTUYECKM 3HAYMMYIO OTPULATESNIbHYIO
OMHaMUKY NO BCEM MUKPOOMONOrMYECKMUM NnokasaTesnsaM B CTPYKTYpe OGUOMNEHKM CbEMHOI KOHCTPYKLUMN
nynyduieHme nHaekca rurmeHbl npoTte3a v NnoaoCcTn pTa.

BbIBOAbl. ViccnenoBaHme nauveHTOB, MCNONb3YIOLWMX OPTOoneamMyeckme KOHCTPYKUMn ¢ 6a3mcamm nx pas-
JINYHBIX MaTepmnanoB, a TakXxe NnpuMmeHeHne CTaHaapTHOro 1 cneunaan3npoBaHHOro cpeacTB rmMrneHbl € No-
MOLLbIO HarNSAHO-MHOEKCHOW OLLEHKU U MUKPOOWONOrMYeckoro aHanmM3a no3BoanT nogobpartb Hanbonee
ONTMManbHbIN BapUaHT F’MrnMeHsbl 1 Matepuana npoTesa.

Knwuesble cnoBa: CbeMHbI NpoTes, MNMLUP-nccneposanme, Mnkpobmom
UHdopmMaumna o ctatbe: noctynuna — 20.06.2025; ncnpaeneHa — 27.07.2025; npuHarta — 07.08.2025

© Koledaeva A K., Karavaeva T.V., Zaynutdinova A.V., Gromova S.N., Maltseva O.A., Kolevatykh E.P., Razumny V.A., Kuklina E.A., 2025
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KOoHGAUKT uHTepecoB: aBTOPblI CO0OLLa0T 06 OTCYTCTBUN KOHPNMKTA UHTEPECOB.
BbnaropaapHocTu: GMHAHCUPOBAHNE N MHAMBMAYaANbHbIE ON1arofapHOCTY A9 AEKNapupPOBaHUS OTCYTCTBYIOT.

Ana yutnpoBanua: Konegaesa A.K., Kapaeaesa T.B., 3anHytanHosa A.B., lpomoBa C.H., ManbueBa O.A.,
Konesatbix E.M., PasymHbii B.A., KyknuHa E.A. AHanM3 MmkpobromMa NoBEPXHOCTU CbEMHbIX MPOTE30B U3
MOHOMEPHOI 1 6e3MOHOMEPHOI NnacTMacc, 06paboTaHHbIX Pas3NnNYHbIMU CPeACTBaMU FMrMeHbl. SHA040H-
Tns Today. 2025;23(3):464-472. https://doi.org/10.36377/ET-0119

INTRODUCTION

According to the World Health Organization (WHO)
data for 2022, oral diseases are among the most preva-
lent non-communicable conditions globally, affecting an
estimated 3.5 billion people. The global number of cases
has increased by one billion over the past 30 years, re-
flecting a generally low level of public awareness re-
garding preventive measures, treatment strategies, and
methods for the restoration of dental defects and eden-
tulous areas'.

Despite the growing demand for the rehabilitation
of dental arch defects through dental implant therapy,
removable prosthodontics remains the treatment of
choice in many clinical scenarios. According to the 2019
epidemiological survey of the Russian population, peri-
odontal disease was observed in 78% of adults aged
35 to 44 years, with a mean number of natural teeth
amounting to 28. In individuals aged 60 years and older,
these figures reached 90% and 11 teeth, respectively.
The mean DMFT (Decayed, Missing, and Filled Teeth)
index in the 65+ age group was 23.0, with the “M” (miss-
ing) component accounting for approximately 78% of
the total. Thus, around 42% of individuals over the age of
60 demonstrate a need for prosthodontic treatment [1].

One of the major challenges faced by prosthodon-
tists during the fabrication of removable prosthetic ap-
pliances lies in the patient’s adaptation to the prosthe-
sis. Every edentulous area must therefore be thorough-
ly analyzed to determine the most optimal prosthetic
design. Approximately 30-40% of patients report dis-
comfort when wearing partial or complete removable
dentures [2]. Rapid adaptation to removable prosthe-
ses and prevention of mucosal irritation — including the
development of prosthetic stomatitis — largely depend
on the patient’s adherence to daily and effective den-
ture hygiene protocols. According to the 2019 national
epidemiological survey conducted in Russia, among
individuals aged 65 years and older, stomatitis was di-
agnosed in 3.19% of cases, and candidiasisin 1.47% [1].

For the prevention of such complications, it is es-
sential that denture bases be polished to a high-gloss
finish. Nevertheless, the internal and external surfaces
of denture base often retain microporosity inherent to
the polymer structure. This microtopography signifi-
cantly increases microbial adhesion to the prosthesis
surface [3; 4].

' Pan American Health Organization. Global oral health
status report: Towards universal health coverage for oral health
by 2030. Washington, D.C.: PAHO/WHO; 2022. Available at:
https://www.paho.org/en/documents/global-oral-health-status-
report-towards-universal-health-coverage-oral-health-2030
(accessed: 01.06.2025).

The emergence of new materials and technologies
for denture base fabrication has raised questions re-
garding their impact on oral hygiene. The traditional
cleaning method involving toothpaste or soap and
a brush may not fully satisfy patients — particularly those
using injection-molded (thermally pressed) monomer-
free dentures. Acrylic resin remains the most commonly
used material for removable prostheses, though its sig-
nificant drawback is the potential for allergic and toxic
reactions due to high levels of residual monomer. This
has driven the search for alternative materials that re-
tain the strength and esthetics of acrylics while elimi-
nating irritating components to the oral mucosa.

Thermoplastic materials have demonstrated such
properties. Denture bases fabricated from thermoplas-
tics using hot injection molding are monomer-free, do
not irritate oral tissues, and exhibit a highly esthetic ap-
pearance mimicking natural gingiva. However, clinical
experience has revealed several important drawbacks.
Thermoplastic materials are porous and rely on me-
chanical retention between the denture base and artifi-
cial teeth. This combination promotes increased micro-
bial adhesion, contributing to gingivitis, periodontitis,
and secondary caries. In the absence of adequate hy-
giene, microbial biofilm can penetrate the denture base
to a depth of 2.0-2.5 mm [5].

The most frequently isolated microorganisms from
removable denture surfaces include Staphylococcus
aureus, various streptococci (S. mutans, S. mitis, S.
sanguis, S. salivarius), Candida species, and key peri-
odontopathogens (Aggregatibacter actinomycetem-
comitans, Porphyromonas gingivalis, P. endodontalis,
Prevotella intermedia, Tannerella forsythia, Treponema
denticola) [6].

In response, manufacturers have introduced modern
denture cleansing agents, which are claimed by marke-
ters to be more effective and accessible. Consequently,
the effectiveness of traditional brushing with soap must
be evaluated based on microbial profiling of denture sur-
faces [7; 8].

Thus, the selection of an optimal hygiene strategy
for removable prostheses remains a highly relevant is-
sue in contemporary dental practice.

AIM

The aim of this study is to compare the degree of
microbial colonization on removable prostheses fabri-
cated from monomer-containing versus monomer-free
acrylic materials, under two hygiene protocols: con-
ventional cleaning using toothpaste or soap, and clean-
ing with a specialized active-oxygen-based cleansing
agent, currently considered one of the most accessible
solutions for maintaining denture hygiene.
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MATERIALS AND METHODS

The study involved 30 patients aged 65 to 70 years, all
of whom were non-smokers, without diabetes mellitus,
and had been using removable dentures for approximate-
ly 8.5 years. Prior to the study, all participants reported
cleaning their dentures using baby soap and a hard-bris-
tled toothbrush. Each patient wore a maxillary denture
fabricated from thermoplastic resin and a mandibular
denture made from monomer-containing acrylic resin.

The analysis of the prosthesis-associated microbi-
ome was based on two comparative criteria: (1) the type
of denture base material - monomer-containing versus
monomer-free — and (2) the type of cleansing agent.
Each patient served as their own control, simultane-
ously using both types of dentures and undergoing both
hygiene protocols.

Microbiological samples were collected from the
denture surface using sterile paper pins, three times
per patient:

—sample 1 was taken in the morning, following
evening cleaning with soap;

—sample 2 was collected after a single use of an
active-oxygen-based cleansing agent;

—sample 3 was obtained after 15 days of regular
use of the oxygen-based denture cleanser.

Prosthetic hygiene was evaluated using the denture
hygiene index described by Jeganathan, Thean, and
Thong (as modified by Tarbet, 1982) [9], utilizing methy-
lene blue staining. Prior to staining, the denture was
rinsed in water to remove food debris. The appliance was
then immersed in an erythrosine solution for 1 minute,
rinsed to remove excess dye, and plaque presence was
evaluated based on the intensity and distribution of stain-
ing on the mucosa-facing surface of the denture.

Microbiological diagnostics were performed using
polymerase chain reaction (PCR). The principle of the
method is based on the repeated amplification of target
DNA fragments through thermal cycling. Detection of
periodontopathogenic microorganisms was conducted
using the “ProbaGS” kit (LLC “NPO DNA-Technology”)
according to the manufacturer’s protocol. Amplification
and detection were carried out on the DT-96 thermal cy-
cler (LLC “NPO DNA-Technology”).

The multiplex assay included primers for the iden-
tification of Aggregatibacter actinomycetemcomi-
tans, Porphyromonas gingivalis, Prevotella intermedia,
Treponema denticola, and Tannerella forsythensis,
enabling the simultaneous detection of key periodon-
topathogenic bacterial DNA within a single sample. Fol-
lowing amplification, the total microbial load was quanti-
fied, expressed as the number of colony-forming units
per milliliter (CFU/mL) of mesophilic aerobic and facul-
tative anaerobic bacteria.

To visualize microbial associations relevant to peri-
odontitis, microorganisms were classified in accord-
ance with the microbial complex system proposed by
S.S. Socransky [10; 11].

Statistical analysis involved descriptive statistics of
recorded parameters and evaluation of the statistical
significance of observed differences. Data processing
was carried out using Microsoft Excel software.

dHdodoHmus
————TLT

4.5
4.0
3.57
3.07
2.5
2.0
1.5
1.0
0.57

0-

4.00

4.00

Thermoplastic prosthesis

Prosthesis made
of plastic with monomer

I Day 1: Cleansing with soap
L Day 2: Cleansing with an active oxygen based product

Fig. 1. Denture Hygiene Index, in points
Puc. 1. lHoekc rurneHsl npoTe3oB., B 6annax

To support the findings, scanning electron micros-
copy (SEM) images of the denture surfaces were ob-
tained at X8 magnification before and after the applica-
tion of active oxygen-based denture cleansers.

RESULTS

The mean caries intensity among the exami-
ned patients, as measured by the DMFT index, was
26.67 £ 5.05, with the following component values:
Decayed (D) = 8.3+3.1, Missing (M) = 11.2£3.0, and
Filled (F) = 7.2+2.2. The high DMFT score in this cohort
was primarily attributed to the “Missing” component.

For dentures fabricated from monomer-containing
acrylic resin, the mean denture hygiene index (modi-
fied Tarbet index) following cleaning with baby soap was
2.16+0.25. After using the specialized active-oxygen-
based cleanser, the index value significantly decreased
to 1.50+0.06, indicating improved denture hygiene.
Both the intensity and surface area of staining were
markedly reduced, with the stained region covering ap-
proximately one-quarter of the prosthesis surface.

In contrast, hygiene assessment of dentures made
from monomer-free material yielded inconclusive re-
sults. Regardless of the cleansing method used, the
hygiene index remained at 4.0+ 0.4 in both cases, cor-
responding to heavy plaque accumulation and staining
over more than three-quarters of the denture surface.
However, a notable visual observation was made: fol-
lowing the application of the active-oxygen-based
cleanser, the methylene blue stain appeared more
vivid and was more difficult to remove from the denture
base (Fig. 1).

It is well established that the surface layer of mono-
mer-free denture base materials becomes coated over
time with biofilm in the oral cavity, effectively “sealing”
the micropores of the material [5]. The difficulty in re-
moving the dye was likely due to its penetration into mi-
cropores that were “opened” after the biofilm layer was
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partially removed by the active-oxygen-based clean-
sing agent. However, a single application of the cleanser
was insufficient for the active components to penetrate
deeply into the pore structure and achieve thorough de-
contamination of the denture base. The study was ex-
tended to further assess the microbial composition of
dentures fabricated from monomer-containing acrylic
resin and thermoplastic “medium-stiffness nylon”, using
polymerase chain reaction (PCR) for precise identifi-
cation. In addition, the effectiveness of the specialized
cleansing agent was evaluated over a prolonged appli-
cation period of two weeks.

According to the PCR analysis, after cleansing with
soap, the surface of the monomer-based dentures was
predominantly colonized by pathogenic microorga-
nisms associated with mucosal inflammation, perio-
dontitis, and periodontal disease. Candida species —
classified as opportunistic pathogens — are part of the
oral microbiome in approximately 30-75% of the glob-
al population. Their proliferation is closely linked to the
host’s immune responsiveness [12]. In elderly indivi-
duals, age-related immunosenescence and comorbi-
dities may compromise immune defense mechanisms,
placing those over the age of 60 in a high-risk group
for the development of denture-induced candidal sto-
matitis (Fig. 2).

Results of PCR-Based Microbial Quantification
after Single Application of the Cleansing Agent
PCR analysis of microbial content on denture sur-
faces treated with the active-oxygen-based cleansing
solution revealed a significant reduction in pathogenic
microbiota, particularly on dentures fabricated from
monomer-containing acrylic resin. In contrast, a single
application of the cleanser was insufficient to eradicate
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microorganisms embedded in the porous structure of
thermoplastic materials. The specialized hygiene agent
demonstrated notable efficacy against key periodon-
topathogenic microorganisms responsible for perio-
dontitis and periodontal disease; however, it showed
limited activity against Candida spp. (Fig. 3).

On dentures made of monomer-containing acrylic
resin, the microbial counts before and after one appli-
cation of the cleanser were as follows:

Aggregatibacter actinomycetemcomitans:
[7.67 £6.49 x 103 and 1.03 x 102+ 4.33 x 10'] CFU/mL
(p < 0.05);

Porphyromonas gingivalis: [8.39 = 8.32 x 104 and
1.57 x 108 £ 6.42 x 102] CFU/mL (p < 0.05);

Porphyromonas endodontalis: [6.33 x 102+ 4.74 x 102
and 1.02 X 102+ 4.40 x 10'] CFU/mL (p < 0.05);

Prevotella intermedia: [5.70+4.88x 102 and
5.00 £ 2.24 x 1091 CFU/mL (p < 0.05);

Tannerella  forsythia: [3.67 £3.27 x 10" and
5.00 £2.24 x 1091 CFU/mL (p < 0.05);

Candida  albicans: [6.283+£4.78 x 108 and

7.24 £ 6.57 x 108] CFU/mL (p = 0.47).

In contrast, PCR results for dentures made from
monomer-free (thermoplastic) material demonstrated
less pronounced microbial reductions after a single
cleaning cycle:

Aggregatibacter actinomycetemcomitans:
[1.39x 104+ 5.68 x 10% and 5.37 +2.19 x 102] CFU/mL
(p < 0.05);

Porphyromonas gingivalis: [5.72 +2.33 X 102 and
5.33+2.18 x 102] CFU/mL (p = 0.73);

Porphyromonas endodontalis: [1.35 % 102+ 5.51 x 10!
and 5.38 £2.20 x 102] CFU/mL (p = 0.67);

Prevotella intermedia: [1.37 X 102+ 5.58 x 10" and
8.33 £3.40 x 10°] CFU/mL (p < 0.05);

Porphyromonas
endodontalis Prevotella )
0.45% Tannerella intermedia Fusobacterium
Prevotella forsythia  Treponema 0.61% Tannerella nucleatum
intermedia o icol forsythia 0%
o, 0.01% denticola Porphyromonas o
0.46% 0.01% . 0.04%
endodontalis Treponema
0.68% denticola
Porphyromonas Fusobacterium 0%
gingivalis nucleatum Aggregatibacter
1.92% 0% actinomycetemcomitans
8.26%
Aggregatibacter Candida spp
actinomycetemcomitans 50.56%
46.60%
Porphyromonas
gingivalis
90.39%

A

Fig. 2. PCR analysis of microbiota with prosthetic dentures cleaned before investigation:
A — thermoplastic prosthesis; B — prosthesis made of plastic with monomer

Puc. 2. Pesynbrathl MNLP-aHann3a MmkpoburoThl C NPpOTE30B A0 HavyaNa uccneaoBaHus:
A — npoTe3 n3 6e3MOHOMEPHON NiacTMacchl; B — npoTes 13 na1acTmMaccbl C MOHOMEPOM
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Tannerella  forsythia: [3.33+1.36x10° and
1.67 x 109+ 6.80 x 10"] CFU/mL (p < 0.05);
Candida albicans: [7.30+2.98 x 103 and

5.38 £ 2.20 x 102] CFU/mL (p < 0.05).

After 15 days of using the oxygen-based cleansing
tablets, a significant improvement in denture surface
cleanliness was observed for both monomer-containing
acrylic and thermoplastic materials. PCR diagnostics
confirmed the visual assessment, demonstrating a re-
duction in the quantity of pathogenic microorganisms to
undetectable levels.

Comparative Efficacy of Cleansing Agents
on Monomer-Based Dentures

When comparing the two hygiene protocols, it was
found that dentures fabricated from monomer-con-
taining acrylic resin were more amenable to cleans-
ing. A positive trend in biofilm reduction was observed
after the first application of the specialized active-
oxygen-based cleanser. By day 15, microbiological
analysis confirmed the complete eradication of pe-
riodontopathogenic microorganisms from the denture
surface.

The microbial counts before and after 14 days of
using the oxygen-based cleanser on monomer-based
dentures were as follows:

Aggregatibacter actinomycetemcomitans:
[(7.67 £ 6.49) x 103 and (0.00 = 0.00) x 10°] CFU/mL
(p < 0.05);

Porphyromonas gingivalis: [(8.39 + 8.32) x 104 and
(0.00 £0.00) x 10°] CFU/mL (p < 0.05);

Porphyromonas endodontalis: [6.33 x 102+ 4.74 x 102
and (0.00 £ 0.00) x 10°] CFU/mL (p < 0.05);

Prevotella intermedia: [(5.70+4.88)x 102 and
(0.00 £ 0.00) x 10°] CFU/mL (p < 0.05);
Tannerella
Prevotella forsythia .
intermedia 0.06% Fusobacterium
0.29% nucleatum
0%
Porphyromonas ‘
gingivalis | Candida spp
18.40% 25.70%
Treponema
denticola
18.46%
Porphyromonas
endodontalis
Aggregatibacter 18.57%
actinomycetemcomitans
18.52%

A

Tannerella  forsythia: [(3.67 =3.27) x 10!
(0.00 £ 0.00) x 10°] CFU/mL (p < 0.05).

Although Candida albicans was initially present, its
quantity was substantially reduced following the use
of the specialized cleanser. At baseline, the total count
of Candida spp. was (9.81 = 1.65) x 108 CFU/mL. After
14 days, only C. albicans remained, with a significantly
reduced level of (1.67 = 1.67) x 10° CFU/mL (Fig. 4).

and

Efficacy of Long-Term Cleansing on Monomer-Free
(Thermoplastic) Denture Bases

PCR analysis of biofilm samples from dentures fabri-
cated using monomer-free thermoplastic material also
demonstrated high cleansing efficacy after a 14-day
hygiene protocol. Microbial loads before and after two
weeks of using the active-oxygen-based cleanser were
as follows:

Aggregatibacter actinomycetemcomitans:
[1.39 x 104 £ 5.68 x 10%and (0.00 + 0.00) x 10°] CFU/mL
(p < 0.05);

Porphyromonas gingivalis: [(5.72 +2.33) X 102 and
(0.00 £0.00) x 10°] CFU/mL (p < 0.05);

Porphyromonas endodontalis: [1.35 % 102+ 5.51 x 10!
and (0.00 = 0.00) x 1091 CFU/mL (p < 0.05);

Prevotella intermedia: [1.37 X 102+ 5.58 x 10" and
(0.00 £0.00) x 10°] CFU/mL (p < 0.05);

Tannerella  forsythia:  [(3.33 = 1.36) x 100
(0.00 £0.00) x 10°] CFU/mL (p < 0.05).

These objective data demonstrate complete eradi-
cation of periodontopathogenic microorganisms. Ad-
ditionally, the quantity of Candida spp. was reduced
by nearly 60%. Following soap-based cleaning, Can-
dida albicans levels were (1.51 £0.54) x 104 CFU/mL,
while after two weeks of specialized cleansing, the level
dropped to (6.67 £ 1.67) x 10° CFU/mL.

and

. Porphyromonas Prevotella intermedia
_Aggregatibacter  gndogdontalis 0.05%
actmomyge;g(r;comnans 0.94% Tannerella forsythia
. (]
0.05%
Treponema denticola Fusobacterium
4.67% nucleatum
0,03%
Porphyromonas
gingivalis
14.55%
Candida spp
78.75%

Fig. 3. PCR analysis of microorganisms from the surface of the prosthesis one-time cleaned

with oxygen-containing tablets: A — thermoplastic prosthesis; B — prosthesis made of plastic with monomer
Puc. 3. Pe3ynbrathl MLUP-aHannsa mmkpoopraHM3amMoB ¢ NOBEPXHOCTM NPoTe3a,
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dHdodoHmus
————TLT

Volume 23, no. 3/ 2025



Although dentures made of thermoplastic mate-
rial require a longer cleansing period due to their mi-
croporous structure, regular use of specialized active-
oxygen-based cleansers ensures excellent hygiene
outcomes. These agents release active oxygen upon
dissolution in water, which penetrates even the small-
est pores of the thermoplastic base, disrupting biofilms
and removing plaque. Importantly, the cleanser is non-

Tannerella forsythia

Porphyromonas 0.04%
endodontalis ilr?trg\r/r?zljlg Treponema
0.68% denticola
0%
Aggregatibacter Fusobacterium
actinomycetemcomitans nucleatum
8.26% 0%

Porphyromonas
gingivalis
90.39%

A

actinomycetemcomitans
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abrasive and does not compromise the microstructure
of the prosthesis (Fig. 5).

The photographic documentation obtained before
and after treatment of removable dentures with the
specialized cleansing agent — performed using scan-
ning electron microscopy at X8 magnification — visually
confirmed the results of the PCR analysis and the Tarbet
denture hygiene index across all study groups (Fig. 6).

Prevotella
intermedia
0%

Porphyromonas
endodontalis
0%

Aggregatibacter

Tannerella forsythia
0%

Treponema denticola
0%

0% Fusobacterium
nucleatum
Porphyromonas 0%
gingivalis
0%
Candida spp
100%

Fig. 4. Results of cleaning dentures microbial biofilm made of monomer plastic with oxygen product:
A —thermoplastic prosthesis; B — prosthesis made of plastic with monomer

Puc. 4. Pe3ynbrathl O4ULLEHUS MUKPOOHOM BUONNEHKU CPeacTBOM HA OCHOBE aKTUBHOIO KMCopoaa
NPOTE30B U3 NJacTMacCbl C MOHOMEPOM: A — NpoTe3 N3 6€3MOHOMEPHO NAacTMacchl;

B - npoTes 13 niacTMacchl C MOHOMEPOM
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Aggregatibacter Candida spp
actinomycetemcomitans 50.56%
46.60%
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Prevotella
intermedia
0%

Porphyromonas
endodontalis
0%

Aggregatibacter
actinomycetemcomitans
0%

Treponema denticola
0%
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Porphyromonas 0%
gingivalis

0%

Candida spp
100%

Fig. 5. Results of cleaning dentures made of thermoplastic material from biofilm with oxygen product:
A — thermoplastic prosthesis; B — prosthesis made of plastic with monomer
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Fig. 6. Photos of an orthopedic structure taken on a scanning electron microscope (magnification x8)

before and after cleaning with oxygen-containing product

Puc. 6. doTo opTONEaMYecKoit KOHCTPYKLIMM, CAeNaHHbIe HAa CKaHUPYIOLLEM 3IEKTPOHHOM MUKPOCKONe
(yBenunyeHue x8) 40 1 NOCNe YNCTKM KUCN0POoACcoaepXaLliM CpeacTBOM

CONCLUSIONS

1. The prosthetic hygiene index (Tarbet index) indi-
cates superior cleanliness of dentures fabricated from
monomer-containing acrylic resin.

2. A comparative analysis of monomer-containing
and monomer-free acrylic denture materials demon-
strated that the surface of monomer-based dentures
harbors a greater number of periodontopathogenic mi-
croorganisms.

3. Structural changes in the biofilm — characterized
by a reduction in periodontopathogens and Candida
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Analysis of the surface microbiome of removable orthodontic
appliances cleaned with various hygiene products
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Abstract

AIM. The aim of this study is to investigate the differences in the microbiota of the surface of orthodontic plates
depending on the used hygiene products.

MATERIALS AND METHODS. The study was attended by 36 patients aged 6 to 12 years, undergoing treatment
on removable orthodontic equipment using various hygiene products. The study was carried out using the
determination of the prosthesis hygiene index and microbiological analysis of the material from the surface of
the plate. Statistically, the data analysis included a description of the accounting features, an assessment of
the statistical significance of changes in the indicators under study.

RESULTS. In the structure of the biofilm of a removable plate, microbiological indicators before and after the
experiment showed a pronounced, statistically significant negative dynamics. And also, an improvement in
the hygiene index of the plate and oral cavity.

CONCLUSIONS. The use of various hygiene products with orthodontic patients and the study of the
microbiological status of the surface of the plate after cleaning them will allow you to choose the most optimal
option for cleansing the removable apparatus.
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AHanus MMKpOﬁMOMa MOBEPXHOCTU CbEMHbLIX OPTOAOHTUYHECKUX
NNACTUHOK, 06pa60Ta|-||-|b|x pa3indHbiMU CpeaACTBaMU FTMrneHbl

A.K. Konepaera() <, A.B. 3anHyTauHoBa'>, T.B. KapaeaeBa(>, E.l1. Koneeatbix ),
A.B. EnukoB(, E.A. Kyknuna(), C.H. 'pomoBa‘®, O.A. Manbuera'’’, B.A. Pa3ayMHbI

KnpoBCckUIi rocyaapCTBEHHbIN MEeAMLNHCKMI yHUBEPCUTET, . Kupos, Poccuiickon @egepaumn
>4 aniuiri@gmail.ru

Pe3iome

LLENTb. N3yunTb pasnnyms Mnkpoduoma noBepxHOCTU OPTOAOHTUYECKMX MNACTUHOK B 3aBUCMMOCTUN OT
NCMOJIb3yEMbIX CPEACTB FMrMeHbl.

MATEPUAJIbl U METOAbI. B nccneposaHum npuHanum yqyactme 36 naumMeHToB B BO3pacTe oT 6 no 12 net
¢ anarHo3om KO07.2 AHoOManumm coOoTHOLWEHWS 3yOHbIX Ayr, NonyyaloLme ne4eHmne ¢ UCNoNb30BaHNEM CbeM-
HOM OPTOAOHTMHYECKOW annapaTypbl C y4€TOM NPUMEHEHUS PAa3INYHbIX CPEACTB FMIrMeHbl NoNoCTu pTa. Mc-
cnefoBaHVE NPOBEAEHO C NMOMOLLBIO ONpeaeneHns NHAEKCa rmrmeHbl NpoTe3a u MMKPobUonornyeckoro
aHanmns3a maTtepuana c NOBEPXHOCTN NAacTUHKN. CTaTUCTUYECKN aHaNnU3 AaHHbIX BKOYaN ONUCaHMe y4eT-
HbIX NPU3HAKOB, OLLEHKY CTAaTUCTMYECKON 3HAYUMOCTN N3MEHEHNI N3yHaeMblX MOKa3aTenen.

PE3YJIbTATHI. B cTpykType 61uodunibMa CbeMHOM NAACTUHKU MUKPOBNONOrnieckme nokasaTenm 4o 1 nocne
9KCNepUMEHTa NoKasaan BbIPaXEHHYIO, CTaTUCTUYECKU 3HAYMMYIO OTPULLATENBHYIO ANHAMMKY. A TakXe Npo-
M30LUI0 CHUXEHMNE MHAEKCA FMIMEHbl MIACTUHKM U NONOCTKM pTa.

BbIBObI. MpuMeHeHne pa3nuyHbIX CPEACTB M’MrMeHbl OPTOAOHTMYECKUMUY NAaLNEeHTaMM N N3y4EeHNEe MUKPO-
OMONOrMYeckoro cratyca noBepxXHOCTU MAACTUHKNU MOCHe UX YNCTKM NO3BONUT BbiOpaTb Hanbosee ontu-
MasibHblli BAPMAHT O4YULLEHNS CbEMHOIO annapara.

KnioueBble cnoBa: CbEMHbIN MAACTUHOYHbIN annapar, MI/IKpO6VIOJ'IOFVI‘-{eCKOG nccneposaHne, BMONMeEHKa,
cpeacTBa rmrneHbl
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INTRODUCTION

According to the World Health Organization (WHO),
as of 2023, oral health problems are among the most
prevalent non-communicable diseases globally, ac-
counting for nearly 3.5 billion cases. Oral diseases af-
fect approximately 45% of the world’s population, indi-
cating a significant deficiency in preventive measures.
The prevention of pathological processes in the oral
cavity includes oral hygiene education, pharmacologi-
cal prophylaxis, and timely treatment interventions'.

An epidemiological survey conducted in Russia in
2019 revealed that among six-year-old children, the
prevalence of caries in permanent teeth, based on the
DMFT index, was 2%. The components of the index were
as follows: Decayed (D) — 0.02%, Missing (M) — 0.00%,
and Filled (F) — 0.00%. At the age of 12, caries preva-
lence reached 72%, with a mean caries experience of
2.38%, the mean number of filled teeth at 0.52%, and
extracted teeth at 0.02%. Among 15-year-olds, the
prevalence of carious lesions increased to 82%, with
the D component at 1.58%, F — 1.38%, and M - 0.04%.
Periodontal health was reported in 90% of 12-year-olds
and 74% of 15-year-olds.

In the city of Kirov, according to epidemiological
dental assessments conducted in 2019 and 2022, the
number of 12- and 15-year-old children diagnosed
with periodontal tissue pathology increased. Among
12-year-olds, the proportion of children without pe-
riodontal lesions was higher than the national average,
whereas in the 15-year-old group, the figure was lower,
with more frequent occurrences of bleeding on probing
and the presence of dental calculus. These indicators
exceed the national average and reflect insufficient rou-
tine oral hygiene practices [1; 2].

Studies conducted across various regions of Rus-
sia have shown that among all dental pathologies, den-
toalveolar anomalies (DAAs) occur in 41.5% to 69.9% of
cases, with approximately every second patient using
removable orthodontic appliances for occlusal correc-
tion. Over the past 20 years, the prevalence of DAAs has
increased by approximately 25%. According to national
epidemiological data, the incidence of dentoalveolar
system disorders among children varies from 37.8 to
85%, depending on the developmental stage of the jaws
and the phase of occlusion formation [3].

' Pan American Health Organization. Global oral health
status report: Towards universal health coverage for oral health
by 2030. Washington, D.C.: PAHO/WHO; 2022. Available at:
https://www.paho.org/en/documents/global-oral-health-status-
report-towards-universal-health-coverage-oral-health-2030
(accessed: 01.06.2025).

dHdodoHmus
————TLT

Research indicates that around 30-40% of patients
experience discomfort when wearing removable plate-
type orthodontic appliances [4]. These devices are of-
ten perceived by the body as foreign objects, leading to
irritation of the oral mucosa. Improved adaptation and
a reduction in inflammatory reactions can be achieved
through effective cleaning of the appliance. Prolonged
use of such prostheses—particularly in the absence of
adequate hygiene-allows microbial biofilms originating
from dental plaque to penetrate up to 2-2.5 mm into the
acrylic base of the plate [5].

The microbial species most commonly found in the
biofilm on orthodontic appliances include Staphylococ-
cus aureus, Streptococcus spp. (S. mutans, S. mitis,
S. sanguis, S. salivarius), Candida yeasts, and various
periodontopathogens such as Aggregatibacter actino-
mycetemcomitans, Porphyromonas gingivalis, Porphy-
romonas endodontalis, Prevotella intermedia, Tannerel-
la forsythia, and Treponema denticola [6].

Therefore, the selection of optimal hygiene pro-
ducts for cleaning orthodontic appliances remains
a relevant and important issue in contemporary ortho-
dontic practice.

AIM

The aim of this study is to perform a comparative
evaluation of the microbiota associated with remo-
vable orthodontic appliances following two different
hygiene protocols: mechanical cleaning using tooth-
paste and a toothbrush, and chemical cleaning using
a specialized active oxygen-based agent. Addition-
ally, the study seeks to assess the impact of appliance
usage on the biochemical composition of oral fluid in
orthodontic patients.

MATERIALS AND METHODS

The study was conducted with the participation of
36 patients aged 6 to 12 years undergoing treatment
with removable orthodontic appliances. The patients
were divided into two groups of 15 individuals each.
The first group included orthodontic patients who used
a specialized active oxygen-based hygiene product for
appliance cleaning. The second group, serving as the
control, included patients who used a medium-bristled
toothbrush and conventional toothpaste for cleaning.

During the study, the prosthesis hygiene index (Tar-
bet modification) was recorded, oral fluid was collected
for biochemical analysis, and biofilm samples were ta-
ken from the surface of the orthodontic appliances
for microbiological evaluation using polymerase chain
reaction (PCR). These parameters were assessed on
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day 1 and day 30 of appliance cleaning using either con-
ventional toothpaste /soap or oxygen-based cleansing
tablets, respectively.

To assess the modified Tarbet index, the orthodon-
tic appliance was removed from the oral cavity and im-
mersed in water for one minute to eliminate food debris.
The tissue-facing surface of the appliance was stained
with erythrosine solution for one minute, after which the
dye was rinsed off. The amount of plaque was evaluated
based on the stained surface area and color intensity.

Unstimulated whole saliva samples were collected
in the morning on an empty stomach, prior to tooth-
brushing, by passive drooling into sterile disposable
tubes (5 mL per patient). The biochemical analysis of
calcium ions (Ca?'), phosphate (P0O.%"), and total pro-
tein content in the saliva was conducted using pho-
tocolorimetric methods with reagent kits “Calcium-
2-Olvex” and “FN-Olvex”. The hydrogen ion concentra-
tion (pH) of the saliva was measured using a HI98103
Checker pH Tester (Hanna Instruments, Romania).
Total antioxidant activity was determined by induced
chemiluminescence, a method based on the assess-
ment of free radical reaction activity in the sample [7].
Salivary pH was additionally measured using the “Ex-
pert-001” pH meter [8].

Microbial samples were collected from the appli-
ance surface using sterile paper points, placed into sa-
line solution, and transported to a microbiological labo-
ratory. Serial tenfold dilutions were prepared using buf-
fer solution and plated on meat-peptone agar (MPA) in
Petri dishes, followed by incubation at 37°C and colony
counting. DNA of periodontal pathogens was extracted
using the “ProbaGS” kit (LLC “DNA-Technology”), in ac-
cordance with the manufacturer’s protocol, and ana-
lyzed by real-time PCR using a DT-96 thermocycler (LLC
“DNA-Technology”). The results were evaluated using
the instrument’s software. Based on the cycle thresh-
old (Ct), the total microbial count was determined, ex-
pressed in colony-forming units per milliliter (CFU/mL),
including the quantity of mesophilic aerobic and facul-
tative anaerobic bacteria. Specific periodontal patho-
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gens were identified, including Aggregatibacter actino-
mycetemcomitans, Porphyromonas gingivalis, Prevo-
tella intermedia, Treponema denticola, and Tannerella
forsythia. The microbial composition was categorized
into microbial complexes according to the classification
by S.S. Socransky [7; 9].

To monitor the cleanliness of the appliance surface,
a photoprotocol was performed using a light electron
microscope (X8 magnification) before and after clean-
ing with oxygen-releasing tablets.

RESULTS

In the first and second groups, the DMFT+dmft index
was 4.25+0.48 and 5.25+0.63, respectively, which is
considered a moderate level and falls within the relative
norm for the 6-12 age group.

At the beginning of the study, the prosthesis hy-
giene index (modified Tarbet) in the two groups ave-
raged 3.5+£0.29 and 3.75%0.25 points, respectively. Af-
ter 30 days of appliance cleaning, the index decreased
to 1.8+0.48 points in the group using toothpaste /soap
and to 0.8 +0.25 points in the group using oxygen-re-
leasing tablets, indicating superior efficacy of the latter.
Visually, the intensity of staining on the appliances was
significantly reduced, not exceeding 25% of the plate
surface.

Biochemical analysis of oral fluid in the control and
experimental groups did not reveal statistically sig-
nificant differences. In Group 1, the salivary pH was
7.28+0.24 at baseline and 7.03+0.02 at the end of the
experiment (p=0.07); in Group 2, it was 7.61+0.26 and
7.59+0.27, respectively (p=0.64) (Fig. 1). The differen-
ces in both groups were not statistically significant.
A slight shift toward acidity was observed in the control
group, whereas Group 2 maintained a consistently alka-
line environment in the oral cavity. Total protein levels in
oral fluid decreased steadily in both groups, indicating
reduced salivary viscosity and, consequently, improved
oral self-cleansing, associated with regular hygiene
of orthodontic appliances regardless of the cleansing
method used.
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Fig. 1. Changes in biochemical parameters in the control group (A) and the group of patients

using an oxygen hygiene product (B)
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Y rpynne nauueHToB, UCMNOoMb3YIOLWMX KUCNIopoAcoaepXaLlee CpeacTBo rrueHs (B)
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The total microbial count (TMC) in the control group
increased threefold after one month of cleaning with
toothpaste: prior to the intervention, the microbial load
was (1.00+0.1)x 10" CFU/mL, while after the intervention it
reached (3.03+2.33)x 10’ CFU/mL. In contrast, the expe-
rimental group showed a statistically significant (p<0.05)
twofold reduction in TMC. At baseline, the microbial count
was (5.50+2.6) x 10° CFU/mL, and after one month of ap-
pliance cleaning with the specialized hygiene agent, it de-
creased to (3.25+2.25)x 10* CFU/mL, demonstrating the
effectiveness of the active oxygen-based product (Fig. 2).

According to PCR analysis, a significant increase in
the number of periodontal pathogens was observed in
the control group. The microbial load on the applian-
ces used by control group patients before and after the
intervention, respectively, was as follows: Aggregati-
bacter actinomycetemcomitans [(2.80+2.41)x 103 and
(3.25+1.00) x 10* CFU/mL, p<0.05], Porphyromonas gin-
givalis [(2.80+2.41)x10® and (7.75+2.25)x10* CFU/mL,
p<0.05], Porphyromonas endodontalis [(3.00+2.34)x 10°
and (5.25+2.75)x10* CFU/mL, p<0.05], Prevotella inter-
media [(2.80£2.41)x10° and (2.80%2.41)x10* CFU/mL,
p<0.05], Tannerella forsythia [(2.76+2.43)x10? and
(2.78+2.42)x 10* CFU/mL, p<0.05], and Treponema den-
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ticola [(2.76+2.43)x10% and (3.25+2.25)x 102 CFU/mL,
p=0.65]. An increase in Candida albicans coloni-
zation was also observed [(3.03+2.33)x10° and
(5.05+2.60) x 10° CFU/mL, p=0.14], possibly due to the
observed decrease in salivary pH. In parallel, a marked
decline in the quantity of Lactobacillus spp. — represen-
tatives of the normal oral microbiota — was noted, which
is considered a negative factor for oral health (Fig. 3).

In contrast, PCR analysis in the experimental group
demonstrated a reduction in the levels of periodontal
pathogens alongside an increase in Lactobacillus spp.
counts. Specifically, the microbial concentrations before
and after the intervention were as follows: Aggregati-
bacter actinomycetemcomitans [(5.50+2.60)x10? and
(8.25+2.25)x 102 CFU/mL, p<0.05], Porphyromonas gin-
givalis [(5.50£2.60)x10? and (7.75+2.25)x 10" CFU/mL,
p<0.05], Porphyromonas endodontalis [(3.25+2.25)x10?
and (7.75+2.25)x 10" CFU/mL, p<0.05], Prevotella inter-
media [(5.50+2.60)x10% and (3.25+2.25)x10' CFU/mL,
p<0.05], Tannerella forsythia [(3.00£2.34)x10? and
(7.75+£2.25)x10' CFU/mL, p<0.05], Treponema denti-
cola [(2.75+2.43)x10° and (5.28+2.73)x10' CFU/mL,
p<0.05], and Candida albicans [(2.80+2.60)x10° and
(5.50+2.49)x 10? CFU/mL, p<0.05] (Fig. 4).

6.00E+05
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5.00E+05+

4.00E+05+
3.00E+05+
2.00E+05-
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3.25E+04
0.00E+00 I

Before After

Fig. 2. Total microbial number in control (A) and experimental (B) groups before and after examination, in CFU/ml
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Fig. 3. PCR studies data in the control group before (A) and after (B) investigation
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Fig. 4. PCR studies data in the experimental group before (A) and after (B) investigation
Puc. 4. MNP nccnegosaHmne B akcnepmumMmeHTansHom rpynne ao (A) n nocne (B) nccneposaHus

Fig. 5. Photos of an orthodontic structure taken on a scanning electron microscope (magnification x8) before (A)

and after (B) cleaning with oxygen-containing tablets

Puc. 5. ®oT10 0pTOAOHTUYECKOIN KOHCTPYKLIMN, CAESIaHHbIE HA CKAHNPYIOLLEM 3N1EKTPOHHOM MUKPOCKONe
(yBenuuyeHue x8) no (A) n nocne (B) YUCTKM KUCnopoacoaepXxalmmm Tabnetkamm

The photodocumentation performed before and
after treatment of the orthodontic appliances with the
oxygen-releasing agent, using a scanning electron mi-
croscope at X8 magnification, visually confirmed a re-
duction in biofilm coverage and plaque accumulation
(Fig. 5).

CONCLUSIONS

1. More effective plague removal from removable or-
thodontic appliances, as assessed by the Tarbet index,
was achieved using an active oxygen-based cleansing
agent compared to conventional cleaning with a tooth-
brush and toothpaste.

2. Biochemical analysis demonstrated that the ab-
sence of significant differences in salivary pH and the re-
duction in total protein content in both the experimental
and control groups were attributable not to the compo-
sition of the hygiene products, but rather to the overall
improvement in appliance and oral hygiene practices.

3. Microbiological examination of biofilm from the
appliance surface revealed that maintaining hygienic
conditions is more effective with regular use of an active
oxygen-based cleansing agent, resulting in a twofold
reduction in total microbial count and a 75% decrease
in biofilm surface area. Therefore, the use of such spe-
cialized products should be recommended as part of
routine care for removable orthodontic appliances.
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Abstract

INTRODUCTION. Dental erosion is a result of chemical processes — specifically, “acid attacks” on the tooth
surface that occur without bacterial involvement — leading to alterations in the mineral structure of dental
tissues. In recent years, the erosive potential of fruit juices, carbonated and non-carbonated soft drinks, as
well as alcoholic beverages, has been actively studied in an effort to better understand the mechanisms of
demineralization and to assess the impact of drink acidity. However, there is a lack of data on experiments
that provide a comprehensive profile of macro- and microelement content in erosion zones of varying severity
compared to intact enamel and dentin.

AIM. To examine, using X-ray fluorescence analysis, the dynamics of changes in the calcium-to-phosphorus
(Ca/P) ratio—an important indicator of tooth mineral content—under conditions of artificial erosion caused by
various acidic food and beverage solutions.

MATERIALS AND METHODS. The exogenous acidic agents used included solutions of lactic, acetic, and hydro-
chloric acids; lemon juice; dry red wine; Dobry Cola; and a solution of Acidin-Pepsin tablets (a drug prescribed for
hypoacid and anacid gastritis). Recently extracted intact teeth were immersed in the test liquids for three days.
Demineralization was assessed based on observed changes in elemental composition. The chemical analysis of
the solid dental tissues was performed using an M4 TORNADO X-ray fluorescence spectrometer (Bruker).
RESULTS. In all test conditions, demineralization occurred as evidenced by the active release of calcium and
phosphorus — the main macroelements — from the crystal lattices of hydroxyapatite, carbonate apatite, chlo-
rapatite, fluorapatite, and other mixed apatite forms found in enamel. Notably, the kinetics of calcium and
phosphorus loss differed significantly. In all cases, the Ca/P ratio increased substantially after three days of
exposure to the erosive medium, compared to baseline values in intact enamel. This finding indicates that
phosphate groups are the first to be lost during erosion, dissolving into the oral environment, followed by cal-
cium loss as a less intense secondary process.

CONCLUSIONS. Based on analysis of Ca/P ratios, enamel erosion appears to begin with dephosphorylation
of the crystalline lattice, followed by decalcification.

Keywords: erosive wear, tooth erosion, artificial dental erosion, X-ray fluorescence analysis, tooth mineral
structure
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PeHTreHodnyopecueHTHbIM aHanu3 (POA) amanmu 3yba
B YC/IOBUAX IKCNEepUMEHTaIbHOM 3po3uMm in vitro
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B NOCNieAHNE roAbl N3y4aeTC OCOOEHHO MHTEHCUBHO C LLENbI0 MOHATb TOHKUIA MEXaHNU3M AeMuHepanm3aa-
LMW, OLEHUTb BAINSIHWE CTEMNeHU KUCNOTHOCTM HanuTka. OaHako cBefeHuin 06 aKkCrnepuMeHTax, B KOTOPbIX
Oblna 6bl NoNyYeHa NosiHas KapTuHa No COAEPXXaHMIO Makpo- U MUKPO3IEMEHTOB B 30HAX 3P03UM pa3Hoi
cTeneHn B CpaBHEHNN C HENOBPEeXAeHHbIMU yHaCTKaMn SMaJin U AeHTUHAa, B 1imTepartype He 06Hapy>|<eHo.
LIESTb. N3y4nTb C NOMOLLbIO PEHTreHOMTyOPECLEHTHOrO aHan1M3a AMHaMNKu n3aMmeHeHns Hanbonee nokasa-
TenbHoro nHaekca Ca/P TkaHel 3y6a B yCNOBUSAX UCKYCCTBEHHOM 3p03U1K, BbI3BBAHHOM Pa3fINyHbIMU NULLEe-
BbIMU XMOKOCTAMM C MOHUXEHHbBIM 3Ha4YeHneM pH.

MATEPUAJIbl U METO/1bl. B ka4ecTBe 9K30reHHbIX MICTOYHMKOB KMCIOTHOIO pakTopa UCnosib30Banu pacT-
BOPbI KMCNOT (MOJIOYHAs, YKCYCHas, CONsiHas), COK IMMOHA, KpacHoe cyxoe BUHO, Jo6pbin Cola, a Takxe
pacTBop TabneTok npenaparta AUWMAWH-NENCKH, Ha3Ha4aemMoro nNpu aHauuaHoOM U rmnoauugHoOM racTpm-
Tax. MHTakTHblE cBEeXeyaaneHHble 3y6bl NOrpyxanu B UCCAeayemble XUAKOCTU Ha TPOE CYTOK, NMOCIe Yero
oueHmBann CteneHb npomcme,u,LueVl AemMumnHepanmn3adunm no Ha6mop,ae|v|bnv| N3MEHEHUAM COoaepXaHna ane-
MEHTOB. XMMNYECKMIN COCTaB 06pa3L0B TBEPAbIX TKaHEN 3yHa BbIMOMHANN HA PEHTFEHODTYOPECLEHTHOM
cnektpomeTpe M4 TORNADO (Bruker).

PE3YJIbTATbI. Bo Bcex cnyyasx Habnogancs npouecc AeMMHepanm3aumnm, CBA3aHHbIN C aKkTUBHBbIM BbIXOLOM
13 KPUCTaNIINYECKNX PeLleToK rmapokcruanatmnTa, kKapboHaranatuTa, xaopanatuTta, grtopanatuTta n opyrux,
CMeLlaHHbIX GOpM anaTUTOB, N3 KOTOPbLIX COCTOUT 3MaJib, OCHOBHbIX MakpO3/IEMEHTOB — Kasbuns n docdo-
pa, NpruyYemM KMHETUKA 3TMX ABYX MPOLLECCOB MENa CyLLECTBEHHbIE pa3nnymsg. Bo Bcex cnyyaax niaekc Ca/P
yepea TPoe CyToK NpebblBaHWS B 3PO3NOHHONM Cpeae 3HAYUTENbHO OTKOHUACSA B CTOPOHY YBEIMYEHUS MO
CpaBHEHUIO C UCXOOAHbIMN 3HAYEHUAMUN, XapaKTepPHbIMU ONA Henospex,u,eHHon amManu. 9To 06CTOATENLCTBO
NPSIMO yKa3blBaeT Ha TO, 4TO KpMCTasjibl anaTUTOB, COCTaBASAIOLWME 3MasieBble NPU3Mbl, MPU 3PO3UKn B Nep-
BYIO o4epenb nvwatotcs pocdaTHbIX rpynn, yXoasawmx B pOTOBYIO XNAKOCTb, C NOCNenyowWen gekanbumnHa-
Lumen B cTatyce MeHee MHTEHCUBHOIO BTOPUYHOIO npouecca.

BbIBObl. Ha ocHoBe aHannsa 3Ha4vyeHun niaekca Ca/P ycTaHOBNIEHO, 4TO Npu 3po3un aedocdopunn-
pOBaHWE KPUCTaNINYECKOM PELLETKM 3Mann ABASEeTCA NePBUYHBLIM NPOLECCOM, 32 KOTOPbIM CreayeT ne-
Kanbunoukauus.

KnioueBble cnoBa: 3p03UBHbLIA U3HOC, 3pP03Msa 3yDO0B, MCKYCCTBEHHAs 3p0o3usa 3y60oB, peHTreHodyopec-
LEHTHbI aHann3, MMHepanbHasa CTpykTypa 3yba

UHdopmauumna o ctatbe: noctynuna — 14.06.2025; ncnpasneHa — 10.08.2025; npuHara — 17.08.2025
KoH)AUKT uHTepecoB: ABTOPbI cO0OLLLAl0T 06 OTCYTCTBUM KOHDINKTA UHTEPECOB.
BbnaropaapHocTu: PMHAHCMPOBAHNE U MHOMBMAOYASbHbIE 6/1aro4apHOCTU AN OEKNapUPOBaHUS OTCYTCTBYIOT.

Ana untupoBanua: MutpoHuH A.B., dynoea A.M., Ocunosa A.B., MBaHbkoBa 0.A., Npokonos A.A. PeHTre-
HodNyopecuUeHTHbI aHanua (PMA) amanu 3yba B yCIOBUSX 9KCNEPUMEHTaNbHOM 3p03un in vitro. SHa040H-
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INTRODUCTION

Erosive tooth wear (erosion, erosive attrition) is
a contemporary medical issue closely related to oral
health. Data from various sources indicate a gro-
wing prevalence of erosion, ranging between 30-50%
of the population [1-3], while in certain geoche-
mical provinces, substantially higher figures have
been reported [4; 5]. It is generally accepted that
erosion results from chemical processes triggered
by an “acid attack” on the tooth surface without bac-
terial involvement. This process leads to the altera-
tion of the mineral structure of dental tissues, initially
affecting superficial layers and subsequently extend-
ing to deeper ones.

Erosion develops under the influence of dietary, and
consequently chemical, biological, and behavioral fac-
tors, which interact and produce diverse clinical mani-
festations. Early detection of erosion remains a criti-
cal challenge for dental practitioners, as functional
and aesthetic complications typically arise at more
advanced stages. Understanding the etiological fac-
tors of erosive tooth wear is essential for preventing di-
sease progression and for designing effective preven-
tive strategies [6; 71].

In recent years, the erosive potential of fruit juices,
carbonated and non-carbonated soft drinks, as well
as alcoholic beverages, has become increasingly evi-

dent and has been the subject of intensive study [8].
These investigations aim to elucidate the mechanisms
of demineralization and to assess how beverage acidity
and the combined effect of dissolved substances influ-
ence the intensity of the process. To date, numerous
highly cited publications have reported the results of in
vitro experiments on extracted teeth immersed in vari-
ous food-derived liquids or their analogues [9-11]. Re-
searchers have employed advanced methods such as
three-dimensional confocal laser microscopy, atomic
force microscopy, laser speckle imaging, microradiog-
raphy, and electron probe microanalysis.

However, we have not encountered studies that
provide a comprehensive characterization of macro-
and microelement composition within erosion zones of
varying severity compared with intact areas of enamel
and dentin. Such information would be of significant
practical value, as it could contribute to a more detailed
understanding of the chemical dimension of the erosive
process, which comprises a complex interplay of re-
versible and irreversible chemical reactions. The crys-
talline lattice components of hard dental tissues are
induced into these reactions by the surrounding liquid
medium.

X-ray fluorescence analysis (XRF), which we have re-
peatedly applied in dental research, has proven to be an
effective method for obtaining novel insights that allow
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for a re-evaluation of the etiology and development of
oral pathologies. This, in turn, provides clinicians with
the opportunity to implement more evidence-based
and thus more effective therapeutic strategies. In par-
ticular, the use of XRF has demonstrated fundamental
differences in the chemical mechanisms underlying
caries and erosion [12; 13].

AIM

To investigate, using X-ray fluorescence analysis
(XRF), the temporal dynamics of the calcium-to-phos-
phorus (Ca/P) ratio in dental hard tissues under con-
ditions of artificial erosion induced by various low-pH
food and beverage solutions with differing erosive po-
tentials.

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, as well as in the laboratories of the N.S. Kur-
nakov Institute of General and Inorganic Chemistry of
the Russian Academy of Sciences. Intact human teeth
extracted for periodontal and orthodontic reasons,
without signs of prior dental treatment, were used.
Samples were cleaned of soft tissues, disinfected, and
stored in distilled water at 4°C. The hydrogen ion con-
centration (pH) was measured using a portable elec-
tronic pH-meter (Hanna Instruments) at 25°C.

As exogenous sources of the acidic factor, we
used solutions of lactic, acetic, and hydrochloric ac-
ids; fresh lemon juice; commercial beverages (dry red
wine, Dobry Cola); and a solution of Acidin-Pepsin
tablets, a preparation prescribed for anacidic and hy-
poacidic gastritis. Healthy teeth were immersed in the
test solutions for three days, after which the degree of
demineralization was evaluated based on changes in
elemental composition.

The chemical composition of dental hard tissues
was analyzed using an M4 TORNADO (Bruker) X-ray
diffractometer, a micro-XRF spectrometer designed
for nondestructive qualitative and quantitative mate-
rial characterization. The method is based on the in-
teraction of high-energy X-rays with elements in the
sample, resulting in the emission of secondary X-rays
(X-ray fluorescence) characteristic for each atom. The
instrument was equipped with a rhodium fine-focus
X-ray tube (maximum excitation 50 kV, 30 W, 600 pA).
The MultiPoint mode was applied (analysis at several
points across the selected enamel surface area).

During measurements, the X-ray beam was directed
to a defined point of the enamel surface, and the ele-
mental composition was determined for a spot diameter
of 20 um. For each point, the system averaged 100 puls-
es and displayed the detected elements in the form of
a spectrum. The resulting spectrum was converted into
a table showing the percentage mass ratios of the de-
tected atoms relative to the total elemental content, with
the spectrum normalized to 100%. It is well established
that XRF cannot determine with sufficient accuracy the
elements of the first two periods of the Periodic Table

dHdodoHmus
————TLT

and sodium; however, this limitation did not affect the
objectives of our study.

The spectrometer was calibrated against a standard
sample of hydroxyapatite (Caio(PO4)s(OH)2) for calcium
and phosphorus content. The measurement accuracy
was 0.01%. Statistical analysis of the obtained data was
performed using a personal computer and the software
package Statistica 9.0.

For interpretation of deviations in elemental content,
the calcium-to-phosphorus (Ca/P) ratio was used as
a reference index. According to the literature, enamel
resistant to acidic challenge demonstrates a Ca/P ra-
tio in the range of 1.6-2.1 (by mass). In our study, the
Ca/P ratio for intact enamel samples from healthy teeth
ranged between 1.9-2.1. The trace elements identified
by XRF spectra corresponded to the typical elemental
composition of enamel both in nomenclature and quan-
titative distribution.

RESULTS

The three-day immersion period of intact teeth in lig-
uids with a predetermined erosive potential was chosen
in order to avoid random fluctuations characteristic of
shorter exposure intervals, while simultaneously estab-
lishing a high acid load from the outset. In our view, the
obtained results largely reflect the clinical picture that
develops in vivo under conditions of regular and sys-
tematic consumption of such beverages.

In all cases, demineralization was observed, asso-
ciated with the active release of calcium and phospho-
rus — the principal macroelements — from the crystal
lattices of hydroxyapatite, carbonate-apatite, chloro-
apatite, fluoroapatite, and other mixed apatite forms
constituting enamel. Notably, the kinetics of calcium
and phosphorus release demonstrated substantial dif-
ferences.

Under normal conditions, the heterogeneous equi-
librium of “demineralization—-remineralization” between
the solid phase (enamel) and the saturated solution (oral
fluid) can conventionally [14] be represented as:

Ca10(PO4)6(OH)2+8H3 S 1OC32++6HPO42_+ 10H20,

whereas at a critical pH value of 5.5 or below, a cascade
of ion-exchange reactions is initiated, beginning with
the hydration of apatites as calcium ions are replaced
by an equivalent charge of hydronium ions:

Cao(PO4)s(OH)2+2H;0" 5 Cag(Hz0")2(PO4)s(OH). + Ca®".

If the buffering capacity of saliva is insufficient to
neutralize the exogenous acid challenge, enamel de-
struction ensues. In vivo, however, the kinetics of equi-
librium processes is considerably more complex, being
additionally influenced by factors such as the electro-
lyte composition and ionic strength of oral fluids and
beverages, as well as gender, age, circadian rhythms,
and other systemic variables.

As an illustration, Fig. 1 presents a fragment of
a tooth sample immersed in “Dobry Cola”, accompa-
nied by the corresponding XRF spectrum (Fig. 2) and
the numerical values of relative elemental content at
analytical points (Fig. 3).
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DISCUSSION

The obtained results for the studied media, arranged
in order of increasing acidity, are presented in the table.
It was found that in all cases the Ca/P ratio, after three
days of immersion in erosive media, showed a signifi-
cant upward deviation compared to the baseline values
characteristic of intact enamel. This finding directly indi-
cates that, during erosion, the apatite crystals forming
enamel prisms initially lose phosphate groups, which
migrate into the oral fluid, with subsequent decalcifica-
tion occurring as a less intensive secondary process.

Fig. 1. Enamel area after tooth exposure
to “Dobry Cola” (RFA, MultiPoint mode)

Puc. 1. YyacTok amanu nocne Bbiaep>xkn 3ybda
B «[J0o6pbIi Cola» (PPA, pexum MultiPoint)
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This phenomenon has previously been noted in studies
of enamel affected by erosion both in vivo [15] and in
vitro [16], although without detailed consideration of the
underlying chemical processes.

In our view, the cascade of processes described
above should be regarded as the key mechanism in ca-
ries development, where the tooth is exposed to a com-
plex mixture of acids produced by bacterial metabolism
in the presence of numerous enzymes with affinity to
phosphate groups [14]. These enzymes facilitate con-
jugation and thereby contribute, to some extent, to the

Mass percent (%)
P Cl Ca Zn

7,80 0,41 91,50 0,29
8,47 0,43 90,81 0,29
P Cl Ca Zn
Mean value: 8,38 0,42 90,92 0,28
Sigma: 0,40 0,06 0,37 0,02
Sigma mean: 0,16 0,02 0,15 0,01

Fig. 2. X-ray diffraction spectra corresponding
to the tooth after exposure to “Dobry Cola”

Puc. 2. CnekTpbl POA, cooTBeTCcTBYIOLLIME 3YOY
nocne Bblaepxkn B «Job6pbii Cola»

cps/eV
50 ps/
40—
30—
e zn P Cl a Zn
20— Ca
10—
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Fig. 3. Data on the analysis of the tooth surface after exposure to «Dobry Cola» (RFA, MultiPoint mode)
Puc. 3. [JaHHble N0 aHann3y NoBepxHOCTU 3yba nocne ero Bblaepxku B «4o6pbin Cola» (PPA, pexum MultiPoint)
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stabilization of phosphate groups within the crystal lat-
tice. By contrast, in erosion, enamel is subjected to the
direct action of protons with varying degrees of hydra-
tion derived from exogenous acids. In this scenario, the
dominant reaction becomes:

PO43_ + H30+ —H PO42_ + Hzo,

driven by the high stability of the resulting hydrogen
phosphate ion, as indicated by its dissociation constant
(1.26x10712),

As shown in the table, erosion occurred in all tes-
ted solutions within the physiological pH values typical
of food products. Moreover, across the broad acidity
range (ApH=38.68-1.86=1.82, corresponding to a two-
order difference in proton concentration), no correlation
was observed between the degree of acidity and the se-
verity of erosive damage. At the same time, the ratio of
dephosphorylation to decalcification intensity was found
to remain statistically constant, with some variability
of recorded values within the examined enamel zone
being consistent with its natural heterogeneity.

It should be emphasized that the present observa-
tions refer to pH values characteristic of food products.
Exceeding these physiological boundaries exposes
the enamel crystal lattice to extreme conditions that
overwhelm compensatory mechanisms. This was con-
firmed in our analysis of tooth surfaces exposed to 14%
hydrochloric acid, where the measured calcium and
phosphorus contents and the corresponding Ca/P ratio
indicated profound, irreversible fragmentation of both
enamel and dentin (Table 1).

CONCLUSIONS

1. Using X-ray fluorescence analysis (in vitro), we
demonstrated that various food and beverage solutions
exhibit high erosive activity, which is virtually indepen-
dent of their pH values within the range of 3.58-1.86.

2. Based on the analysis of the Ca/P ratio, it was es-
tablished that during erosion, dephosphorylation of the
enamel crystal lattice represents the primary process,
followed by decalcification. A chemical rationale for this
observation has been proposed.

Table 1. Dynamics of the content of Ca, P, and the value of the Ca/P index in the enamel of healthy teeth

after three days of exposure to an erosive environment

Ta6nuua 1. JnHamuka cogepxaHus Ca, P n 3HavyeHns nHgekca Ca/P B amanun 340poBbix 3y60B
rnocne Tpex CyTok NnpebbiBaHUS B 3p0O3UOHHOM cpene

- Tooth Calcium content, % Phosphorus content, % Ca/P ratio mean
Liquid pH
Ne mean (range) mean (range) (range)
80% food-grade lactic 3.68 1 85.51 1411 6.06
acid solution (84.66-86.18) (183.44-14.98) (5.65-6.41)
2 86.16 13.50 6.38
(84.74-87.33) (12.34-14.89) (5.69-7.08)
Wine 2.83 1 86.54 12.36 7.01
(85.67-88.21) (10.78-13.24) (6.47-8.18)
2 85.13 13.86 6.14
(83.70-85.92) (13.06-15.19) (5.51-6.58)
Dobry Cola 2.70 1 85.84 13.46 6.38
(84.96-86.73) (12.57-14.45) (5.88-6.90)
2 85.58 13.96 6.13
(85.10-86.14) (13.35-14.47) (5.88-6.45)
Lemon juice 2.38 1 85.55 13.69 6.25
(85.08-86.19) (13.10-14.16) (6.01-6.58)
2 85.89 13.28 6.47
(85.74-86.21) (12.93-13.42) (6.39-6.67)
3 85.70 13.48 6.36
(85.03-86.73) (12.55-14.10) (6.03-6.91)
9% acetic acid solution 2.26 1 86.77 12.59 6.89
(85.99-87.59) (11.74-13.41) (6.41-7.46)
2 85.35 13.63 6.26
(84.37-85.90) (13.00-14.57) (5.79-6.61)
Solution of Acidin- 1.86 1 84.25 13.31 6.33
Pepsin tablets (83.40-85.53) (12.13-14.18) (5.88-7.05)
gfwtjtZ'StS in 100 mt 2 86.08 12.18 7.07
(84.62-88.37) (9.36-13.80) (6.13-9.44)
14% hydrochloric acid <0 1 73.85 21.22 3.98
solution (69.69-82.43) (11.96-26.60) (2.62-6.89)
2 67.17 19.81 3.39
(57.14-75.60) (12.86-25.62) (2.23-5.58)

dHdodoHmus
————TLT
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Morphological assessment of furcal portals in human molars
using scanning electron microscopy
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Ahmad Wehbe (>, Nataliya N. Glushchenko("), Nikita A. Dolzhikov

Peoples’ Friendship University of Russia named after Patrice Lumumba (RUDN University), Moscow, Russian Federation
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Abstract

AIM. To evaluate the prevalence of furcal portals in human molars using scanning electron microscopy
(SEM), as well as to analyze their morphological characteristics and potential associations with sex, age, and
anatomical localization.

MATERIALS AND METHODS. The study included 230 molars extracted from patients of both sexes for rea-
sons unrelated to the research. Samples were prepared following a standard protocol: fixation, dehydration,
sputter-coating with platinum, and visualization using a Vega3 TESCAN SEM. The following parameters were
assessed: presence of a furcal portal, its shape, localization, and the patient’s sex and age. Statistical analy-
sis included Pearson’s x? test, Student’s t-test, and one-way analysis of variance (ANOVA); significance level
was set at p<0.05.

RESULTS. Furcal portals were identified in 34 cases (14.8%). A statistically significant correlation was found
between patient age and presence of a portal (p=0.000043). The association with sex did not reach statistical
significance, although a tendency toward higher prevalence in males was observed.

The most common portal shape was round (44.1%), followed by oval (41.2%) and slit-like (14.7%). In most
cases, portals were localized in the center of the bifurcation (76.5%), less frequently in the center of the
trifurcation (23.5%). No significant associations between shape or localization and age were found (p=0.704
and p=0.681, respectively). By anatomical groups, the highest prevalence of portals was recorded in
mandibular first molars (47.1%), followed by mandibular second molars and maxillary first molars.
CONCLUSIONS. Furcal portals represent a stable morphological structure, more frequently observed in older
patients. The most common shape isround, and the predominant localization is in the center of the bifurcation.
Their prevalence varies across anatomical groups, with mandibular first molars showing the highest frequency.
These findings have practical implications for periodontic and endodontic treatment planning, underscoring
the importance of considering morphological features of the furcal region.

Keywords: furcal portals, human molars, scanning electron microscopy, tooth anatomy, root morphology,
bifurcation, cementum microstructure, endodontics, periodontology, anatomical variations.
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Mopdonornueckan oueHKa ¢pypKaLMOHHbIX NOPTAIOB B MoApax
YyesioBeKa MeTOAO0M CKaHUpYylollei 3/IeKTPOHHOW MUKPOCKOMUM

3.C. Xabapze(>, M.A. FacbaHoB (2 <, A.A. UBuHa(l),
A. Bexoun(>, H.H. MyweHko (>, H.A. JlONXNKOB

Poccumckmnin yHmeepcuteT ApyXobl Hapoaos M. Matpuca Jlymym6sl, r. MockBa, Poccuiickas depepaums
< gasbanov-ma@rudn.ru

Pesiome

LLENb. OueHnTb 4acToTy BCTPEYaeMOCTN GYypPKaALMOHHbBIX MOPTAJIOB B MOISIpax Yen0BeKa C MCMOJIb30BaHNEM
CKaHMpyloLLen anekTPoOHHOM Mukpockonun (COM), a Takxe npoaHanmampoBaTb X MOPGONOrnyeckme xa-
PaKkTEPUCTUKM U BOZMOXHbIE 32BMCMMOCTW OT NOJa, BO3pacTa U aHaTOMMYECKOM NoKannaaunm.
MATEPUAbI N METObI. B uccnepoaHue Bkato4eHbl 230 MOSISIPOB, M3BNEYEHHbIX Y NaLMeHTOB 060X Mo-
JIOB MO He CBAI3aHHbLIM C UccnegoBaHnemM nokasaHuam. O6pasubl ObIM NOATOTOBAEHbLI NO CTaHAAPTHOMY
npoTtokony: pukcaums, 06e3BoXMBaHNE, HAHECEHNE MPOBOASILLErO CNOS NAAaTUHbI U BU3yannaawumsi ¢ moMo-
wbto COM-mukpockona Vega3 TESCAN. OueHunBanmch cneayowme napameTpbl: Hanmdme dypkauMoHHOro
noprtana, ero popma, nokanndauus, a Takxe non v Bo3pacT naumeHTa. CTaTMCTMHeCKMN aHann3 BKOYan:
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X2-kpuTtepuii NMupcoHa, t-kputepuii CTblogeHTa 1 04HOPAKTOPHbIA ANCNEPCUOHHbIA aHann3 (ANOVA); ypo-
BeHb 3Ha4YumocTn — p<0,05.

PE3YJIbTATbI. ®ypkaumoHHbie nopTanbl 6b11v BbisiBneHbl B 34 cny4vasx (14,8%). YcTaHOBNEHA CTAaTUCTUYECKU
3Ha4YMmMas 3aBMCMMOCTb MexXy BO3pacToM nauueHTa n Hanndmem noptana (p=0,000043); cBsi3b C NOJIOM HE
[0CTUrna CTaTMCTUYECKON 3HAYMMOCTHM, O4HAKO OTMEeYeHa TEHAEHLNS K DONiee BbICOKOM YaCTOTE Y MY>XUUH.
Hanbonee yacto BcTpeyanach kpyrnas ¢opma noprana (44,1%), 3a Heil cnepgosana oBasbHas (41,2%) u we-
nesugHas (14,7%). B 6onblUMHCTBE cnyvyaeB nopTasibl 6biav TOKANN30BaHbl B LLeHTpe Budypkaunn (76,5%),
pexe — B ueHTpe Tpudypkaumn (23,5%). 3aBucMmMocT GopMbl 1 lokanmaauum OT Bo3pacTa He BbISIBNIEHO
(p=0,704 n p=0,681 cooTBeTCTBEHHO). [10 aHAaTOMUYECKNUM rpynnam: Hanbosbluas YyacToTa nopTasos 3a-
dUKCnpoBaHa B NepBbIX MONApax HUXHen yentocTtun (47,1%), 3ateMm — BO BTOPbIX MOASipax HUXHEN YeNioCcTr
1 NEePBbIX MONIIPax BEPXHEN YEIOCTU.

BbIBOAbl. ®ypkaunoHHble NopTanibl NPeacTaBnsioT cob60i CTabubHYlO MOPdOSIOTNYECKYID CTPYKTYPY,
Yyalle BCTPeYaloLLyoCcs y NaLMeHTOB CTapLuei BO3pacTHOM rpynnbl. Hanbonee pacnpoctpaHeHHas dopma —
Kpyrnas, npeobnagatoLwasn nokannsaums — ueHTp oudypkaumn. Hactota BCTpe4aeMoCTV BapbupyeT B 3aBU-
CUMOCTM OT aHAaTOMMYECKOW rpynnbl, 0COOEHHO BbICOKA Y NEPBbLIX MOJIIPOB HUXHEN 4entoCTu. MNonyyYyeHHble
[aHHble UMEIOT NPUKIALHOE 3HAYEHNE B NAAHMPOBAHUM NAPOAOHTONOMMYECKOro 1 9HAO000HTNYECKOIO fe-
YyeHust, Noa4epknBas HeoBXoAUMOCTb yyeTa MOPdONOrni4eckmx 0CoO6eHHOCTEN PYPKALMOHHOM 30HbI.

KnioueBble cnoBa: ¢ypkauMOHHbIE MOPTasbl, MOJNSPbI YeNoBeKa, CKaHupylowas 37eKTPOHHAas MUKPO-
ckonusi, aHatoMusl 3y6oB, MOpdoNorna KopHei, budbypkauus, MUKPOCTPYKTYpa LLeMeHTa, 3HA0O0HTUS,
NapoAoHTONOrS, aHaTOMUYEeCKMe BapmaLmm

UHdopmauuma o ctaTbe: noctynuna — 02.07.2025; ncnpasneHa — 17.08.2025; npunsara — 22.08.2025
KoHdAuKT nHtepecos: ABTOPbI COOOLWAIOT 06 OTCYTCTBUMN KOHPANKTA MUHTEPECOB
BnarogapHocTu: PrHaHCMpPOBaHME U MHAMBMAYANbHbIE ONarof4apHOCTU ANS AEKIapMPOBaHUS OTCYTCTBYIOT.

Ana uutupoBaHuma: Xabansze 3.C., lacbaHoB M.A,, MBnHa A.A., Bex6bu A., MywieHko H.H., Jonxukos H.A. Mop-
donormyeckas oueHka GypkaLMOHHbIX MOPTAN0OB B MOJIFpax YeoBeka METO40M CKaHUPYIOLLLEN 31EKTPOHHOWN

Munkpockonun. SHAoAoHTus Today. 2025;23(3):487-492. https://doi.org/10.36377/ET-0122

INTRODUCTION

Anatomical features of molars, including the pre-
sence of furcal portals, are of considerable interest
for both clinical dentistry and scientific research. Fur-
cal portals may serve as pathways for the penetration
of infectious agents, thereby influencing the prognosis
of endodontic and periodontal treatment [1; 2]. Scan-
ning electron microscopy (SEM) is considered the gold
standard for detailed analysis of tooth microstructures.
SEM enables the identification of morphological varia-
tions, including furcal portals, which often remain unde-
tected when using conventional imaging methods [3; 4].

Previous studies have demonstrated variability in the
prevalence of furcal portals in molars; however, reliable
correlations with patient sex, molar type, portal shape,
and localization remain limited [5; 6]. SEM provided
high-contrast imaging, thereby improving diagnostic
accuracy. The analysis revealed an almost equal preva-
lence of portals in males and females, confirming earlier
findings that patient sex does not influence the forma-
tion of furcal portals [2; 7].

The shape of furcal portals varied, with round forms
being the most common (64.1%). Comparable findings
regarding the complexity of furcation anatomy have
been reported by other authors [3,4]. In most cases
(71.8%), portals were localized in the central area of the
furcation, which corresponds with evidence indicating
favorable vascular and metabolic conditions in the cen-
tral zone that contribute to portal formation [6; 8].

The highest prevalence of portals was observed in
makxillary first molars, followed by mandibular first mo-
lars and second molars. However, no statistically sig-
nificant differences were found, which is consistent with
the findings of other authors [9; 10].

dHdodoHmus
————TLT

AIM

The aim of this study is to determine the prevalence
of furcal portals in human molars based on SEM data.
Two null hypotheses were formulated: Hot — the preva-
lence of furcal portals is not associated with patient sex;
Ho2 — the prevalence of furcal portals is not associated
with molar localization or type.

MATERIALS AND METHODS

Study Design and Sample Selection

The study included extracted human molars ob-
tained in compliance with ethical standards and with the
patients’ written informed consent. The sampling pro-
cess was designed to ensure balanced representation
of male and female specimens. All teeth were carefully
cleaned of soft tissues, rinsed, and dried prior to prepa-
ration for microscopic examination.

Sample Preparation

To ensure high-quality imaging in the scanning elec-
tron microscope (SEM), the specimen surfaces were
coated with a thin platinum layer (~30 nm) using magne-
tron sputtering. This procedure prevented charge ac-
cumulation on the non-metallic surfaces and eliminated
imaging artifacts.

SEM Analysis

The microstructural examination of the furcation
area was performed using a Vega3 TESCAN scan-
ning electron microscope (TESCAN, Czech Republic)
equipped with an in-chamber secondary electron de-
tector (SE detector, TESCAN). This detector provides
high topographic contrast, which is particularly impor-
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tant for evaluating the microanatomical structures of
the furcation region. Imaging was carried out at an elec-
tron beam energy of 30 keV, allowing for high resolution
and detailed surface characterization.

Morphological Analysis

The SEM images were assessed for the presence
of furcal portals, their shape (round, oval, irregular), lo-
calization (center of the bifurcation, lateral wall of the
bifurcation, etc.), and number (single or multiple). The
data were systematically recorded in standardized Ex-
cel tables.

Statistical Analysis

Data processing was performed using IBM SPSS
Statistics 29 (IBM Corp., USA). The statistical analysis
included:

— descriptive statistics (means, standard deviations,
frequencies, and percentages);

—assessment of distribution normality (Shapiro-
Wilk test);

— comparison of quantitative variables between
groups using Student’s t-test (for normally distributed
data) or the Mann-Whitney U test (for non-normally dis-
tributed data);

— comparison of categorical data using Pearson’s x2
test or Fisher’s exact test (for small sample sizes);

— statistical significance level was set at p<0.05.

The analysis was carried out across the following
groups:

— prevalence of furcal portals by patient sex;

— distribution of portals by type (shape, number);

— localization of portals within the furcation area;

— distribution by tooth type.

RESUTLS

A total of 230 molars extracted from patients of both
sexes were included in the study. Furcation portals were
identified in 34 cases (14.8%). Among these, 22 cases
(64.7%) were recorded in men and 12 cases (35.3%) in
women. The analysis performed does not allow us to as-
sert a statistically significant association between sex
and the presence of a furcation portal, as the distribution
of observations rather indicates a predominance in men.
However, to obtain a reliable conclusion, application of
the x2 test on an adjusted sample is required (Table 1).

Table 1. Statistical analysis of furcation portals

Tabnuua 1. CtatucTyeckunii aHanms gypKauMoHHbIX
rnopTtanos

Comparison

Comment
of groups

p-value

The association
is significant

Sex and presence
of the portal (Chi?)

Age: portal vs
absence (t-test)

1.0072817679726312e-28

The difference

4.335666634669491e-05| . ~ =~ ©
is significant

The association
is not significant

Age by portal
shape (ANOVA)

Age by portal
localization
(ANOVA)

0.7042896821511652

The association

0.6817615512893738 |. P
is not significant
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Distribution of portals by shape

Among the 34 samples with identified furcation por-
tals, the majority exhibited a round shape — 15 cases
(44.1%). An oval shape was observed in 14 cases (41.2%),
while a slit-like shape was found in 5 cases (14.7%). Thus,
the most frequently recorded portal shapes were round
and oval, which may be associated with the anatomical
characteristics of the furcation area and the mineraliza-
tion conditions in the bifurcation zone (Fig. 1).

Localization of furcation portals

Out of 34 cases with identified furcation portals:

— in the center of bifurcation — 26 cases (76.5%);

— in the center of trifurcation — 8 cases (23.5%).

Thus, the main localization of furcation portals is in
the center of the bifurcation, which may be explained
by the anatomical and hemodynamic characteristics
of this area, including the conditions of mineralization
and vascularization of the periodontium. No statisti-
cally significant association between portal localization
and patient age was established (p=0.68, ANOVA; see
Table 1, Fig. 2).

Frequency of portal occurrence by tooth type

The analysis of the frequency of furcation portal oc-
currence demonstrated the following distribution:

— mandibular first molar (36) — 9 cases (26.5%);

— maxillary first molar (16) — 4 cases (11.8%);

— second molars (17, 26, 27) — 2 cases each (5.9%).

Slit-like
14.70%

Round
44.10%

Oval e
41.20%

Fig. 1. Distribution of furcation portal shapes, %

Puc. 1. Pacnpenenenne doopm dypKaumMoHHbIX
noptanos, %

Center
of trifurcation
23.50%

Center

of bifurcation
76.50%

Fig. 2. Localization of furcation portals, %

Puc. 2. Jlokannsaumsa pypkaunoHHbIX NopTanos, %
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Thus, the highest frequency of furcation portal de- Patient age depending on portal localization
tection was recorded in mandibular first molars, in con- 8

trast to the previously assumed predominance in maxil-
lary molars. Visualization is presented in Fig. 3, and nu-

4
merical data are summarized in Table 2. 64
Patient age according to portal localization 62
The analysis of patient age distribution depending on 60-
the localization of the furcation portal did not reveal statisti-
cally significant differences (p = 0.68, ANOVA; see Table 1). 58
T

66

Age, years

Nevertheless, visualization in Fig. 4 demonstrates that
patients with portals localized in the center of the trifurca-
tion tend to be in a higher age range compared with those 54
whose portals were located in the center of the bifurcation.

56

Center of bifurcation Center of trifurcation

Age of patients with furcation portals Portal localization

The diagram in Fig. 5 demonstrates that the age of  Fig. 4. Patient age distribution according
patients with furcation portals is, on average, higher to the localization of the furcation portal
than that of patients without them. The difference was
statistically significant (p = 0.000043; Student’s t-test,
see Table 1), which may indicate an age-related nature
of the formation or detectability of furcation portals.

Analysis of patient age according to portal shape 67.5

The analysis of age differences depending on the 65.0
shape of the furcation portal did not reveal statistical- 62.5-
ly significant differences (p =0.704, ANOVA), which is '
consistent with the visual observations in Fig. 6. Never- 60.0
theless, as illustrated in Fig. 6, oval and slit-like shapes > 57.5
demonstrated wider age ranges compared with the
round shape, which may indicate greater variability in 55.01

' No

Puc. 4. Bo3pacT nauveHToB B 3aBUCMMOCTH
OT nokanunsaumun pypkaLmoHHOro noprana

years

Age

the conditions of their formation. 52.5-

50.0

Table 2. Frequency of portal occurrence according
to tooth group

Ta6nuua 2. YactoTa BCTpe4yaeMoCcTn NopTasioB
B 3aBUCUMOCTM OT rpynnbl 3y60B

Yes
Presence of furcation portal

Fig. 5. Age differences between patients
with and without furcation portals

T TG Number | Proportion p 5 p
group of cases | of total (%) uc. 5. Pasnnuuna B Bo3pacTte I'IaL%VIeHTOB
KauMOHHbLIMY nopTanamMmm n
Maxillary first molar (16/26) 6 17.6 C dypkaumo oprana es
Maxillary second molar (17/27) 4 11.8
Mandibular first molar (36/46) 16 471 68
Mandibular second molar (37/47) 8 23.5 -
66
64 4
&2
© 62
[
-
<
58
56
Maxillary Maxillary ~ Mandibular ~ Mandibular ) 1
first molar second molar first molar second molar o4 . .
(16/26) (17/27) (36/46) (37/47) Round Oval Slit-like
Tooth groups Portal shape
Fig. 3. Frequency of furcation portal detection by tooth Fig. 6. Distribution of patient age according
groups to the shape of the furcation portal
Puc. 3. YacToTa BbigBneHna ¢pypkaumoHHbix noptanos  Puc. 6. PacnpepeneHve Bo3pacta nauMeHToB
no rpynnam 3y60B B 3aBUCUMOCTU OT POpPMbI PYpPKaALIMOHHOIO nopTana
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DISCUSSION

This study evaluated the prevalence and morpholo-
gical features of furcation portals in human molars and
their potential associations with sex, age, and anatomi-
cal localization. The use of scanning electron micros-
copy (SEM) provided high-resolution visualization of the
furcation microstructure, ensuring the reliability of the
findings for clinical and research applications [1-4].

Furcation portals were identified in 14.8% of exami-
ned molars, with no statistically significant association
with sex (p > 0.05). Nonetheless, the higher proportion
observed in males (64.7%) suggests that sex-related
biological factors may influence cementogenesis in the
furcation region [2; 11].

A clear age-related association was detected: pa-
tients with furcation portals were significantly older
compared with those without (p = 0.000043, Student’s
t-test). This finding is consistent with the concept that
age-related cementum remodeling and long-term func-
tional or inflammatory stress may contribute to micro-
channel formation in furcation areas [4; 6].

Regarding morphology, round and oval portals
predominated, whereas slit-like portals were less fre-
quent. No significantrelationship between portal shape
and age was observed (p = 0.704), indicating relative
stability of this parameter across age groups [3; 4].
In terms of localization, portals were mainly detected
in the center of bifurcations (76.5%), reflecting spe-
cific morphogenetic and hemodynamic features of this
region [6; 8].

Distribution by tooth type showed the highest fre-
quency in mandibular first molars, followed by man-
dibular second and maxillary first molars, with maxillary
second molars least affected. This finding underlines
the clinical relevance of mandibular first molars, which
are commonly involved in furcation defects during pe-
riodontitis progression [9; 10].
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Collectively, these results support the view that fur-
cation portals represent a morphological risk factor that
may complicate periodontal and endodontic treatment.
Their association with age, sex tendencies, and tooth
group emphasizes the importance of considering fur-
cation portals in diagnostic protocols and preventive
strategies [5; 12; 13].

CONCLUSION

The present SEM-based study provided a detailed
characterization of the morphological features of furcation
portals in human molars. A statistically significant age-re-
lated association was identified, with furcation portals oc-
curring more frequently in older patients (p =0.000043).
No significant association with sex was established, al-
though a higher prevalence in males was noted.

Most portals exhibited a round (44.1%) or oval (41.2%)
shape and were predominantly localized in the center of
bifurcations (76.5%). Shape and localization did not show
statistically significant correlations with age, sugges-
ting that these features may represent stable anatomical
traits formed independently of patient age.

Analysis by tooth type demonstrated the highest
prevalence in mandibular first molars (47.1%), followed
by mandibular second and maxillary first molars. This
highlights the particular clinical importance of man-
dibular first molars in periodontal and endodontic treat-
ment planning.

From a clinical perspective, the presence of furca-
tion portals may facilitate microbial penetration and
negatively affect treatment outcomes. Given the ob-
served association with age and the tendencies related
to sex and tooth localization, furcation portals should be
regarded as an additional morphological risk marker,
warranting consideration in individualized diagnostic,
preventive, and therapeutic strategies for periodontal
and root-related diseases.
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Interdisciplinary management of dental avulsion:
from emergency care to long-term prognosis
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Laboratory of Biological, Clinical and Dento-Facial Approach, Pediatric and Preventive Dentistry Department,
Faculty of Dental Medicine of Monastir, University of Monastir, Monastir, Tunisia
D drlaajimiselsebil@gmail.com

Abstract

INTRODUCTION. Dental avulsion is a traumatic dental injury defined by the total displacement of a tooth from
its alveolar socket. The most effective intervention in these cases is the reimplantation of the avulsed tooth.
Additionally, a long-term follow-up plays a crucial role in managing potential complications.

AIM. To present and analyze two clinical cases of dental avulsion in children, emphasizing the importance
of immediate reimplantation, appropriate storage media, and strict follow-up protocols in determining long-
term prognosis.

MATERIAL AND METHODS. Two pediatric patients with dental avulsion were examined and treated: Case 1:
A 12-year-old patient with avulsion of two mature upper central teeth stored in milk, presented 15 minutes
post-trauma. Initial reimplantation and rigid contention were performed by a general practitioner. Root canal
treatment was initiated 2 weeks later at the Pediatric Dentistry and Prevention Department, Monastir Dental
Clinic, followed by interceptive treatment and a 24-month follow-up. Case 2: A 10-year-old patient with
avulsion of two immature upper central teeth stored in milk for 24 hours. Reimplantation and rigid contention
were carried out after the appearance of inflammatory signs, followed by further management.

RESULTS. In Case 1, the rapid intervention, appropriate storage medium, and timely endodontic treatment
contributed to favorable healing and tooth retention over a 24-month follow-up. In Case 2, the delayed
reimplantation and prolonged extraoral time negatively affected prognosis, with clinical signs of inflammation
influencing the long-term stability of the teeth.

CONCLUSION. These cases highlight thatimmediate reimplantation, correct choice of storage medium, and strict
adherence to follow-up protocols are critical for successful management of avulsed teeth. Prompt intervention
and compliant follow-up care significantly influence the long-term prognosis and survival of reimplanted teeth.
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MexxaucumnamHapHoe BegeHue aByabcum 3y60B:
OT HEOT/I0)KHOW NOMOLUY A0 AOArOCPOHHOro NPOrHo3a

J1. Cenbcebounb (204, C. Bepraymu, f1. dnanmu(, A. baasus

JlabopaTopus 61MONOrM4ecKoro, KMMHUYECKOro U AeHTo-daumanbHoro noaxona, kageapa AeTckon 1 npoeunakTu4eckom
cTomartonoruu, Ctomatonorudecknin dakynstet MoHacTupckoro yHusepcuteta, MoHacTnp, TyHUC
DA< drlaajimiselsebil@gmail.com

Pe3iome

BBEOEHWE. ABynbcusa 3yba — 970 TpaBMaTU4YECKOe NOBPEeXAeHMe, XapakTepuayloLL,eecs NoHbIM cMmelle-
Huem 3yba n3 anbBeosibl. Hanbonee apdekTBHBIM METOLOM JIEHEHUSA B TAKUX CNyYasix ABNSETCSA penaH-
Tauuns aBynbCUPOBaHHOro 3yba. JlononHMTENIbHO BaXXHYIO POJib UrpaeT AnmMTenbHoe HabnoaeHue, no3Bo-
NA0LLLee KOHTPOIMPOBaTh N KOPPEKTUPOBATL BO3MOXHbIE OCITIOXHEHUA.

LIENb. MpeactaBuTb 1 NPOAHANN3NPOBaTh ABa KJIMHUYECKUX Clly4as aByfbcun 3yOOB y AeTeil, NoAYEepPKHYB
3HayeHVe HEMEeANIEHHOW pennaHTaumm, Bbibopa afekBaTHON cpenbl XPaHEHNS U CTPOroro cobntoaeHns npo-
TOKOJIOB HabnoaeHns Ans onpeaeneHns 4oJiroCPoYHOro NporHosa.

MATEPUWABI N METOAbI. Beinn o6cnenoBaHbl U NPoJieyeHbl ABa NeaMaTPUYeCcKnX nauyueHTa ¢ aBybCuen
3y60B: Cnyyai 1: 12-neTHMIA NaUMEHT C aBy/ibCUel ABYX 3pesibiX BEPXHUX LEeHTpasbHbIX Pe3LoB, XpaHUB-
LIMXCS B MOJIOKe; obpalleHne yepe3 15 MUHYT nocne Tpasmbl. NepBuYHasa pennaHTaums 1 XecTtkas MIMMO-
6unmnsauymsa Obin BbIMOSIHEHbI Bpa4YoM obLen npakTuku. Yepes 2 Heaenu B oTaesieHnn A4eTckoi cTtomarto-
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nornmn n npodunakTukn CTomMaToNnormieckon KnmHmku MoHactTnpa npoBegeHo 3HA0AOHTUYECKOE fiedeHmne,
nanee — nepexsaTbiBaloLLee fieyeHne n HabnogeHne B TedeHne 24 mecsaues. Cnyyan 2: 10-neTHMn nauneHT
C aBy/NbCUEN OBYX HE3PEJbIX BEPXHUX LEHTPabHbIX Pe3L0B, XPaHMBLUMXCS B MOJIOKe B TedeHue 24 4acos.
PennaHTaums n xectkas ummoomnnunsaums Oblav NpoBeAeHbl MOCHE NOSBEHNSA BOCNANNTENbHbBIX MPU3HAKOB,
C nocreaywmm Ne4eHneMm.

PE3YJIbTATbI. B cnyyae 1 6bicTpas MeanunHckas noMoLlb, UCMNoJsIb30BaHMe NOAXOANALWEN Cpenbl XpaHeHUs
1 CBOEBPEMEHHOE 3HO0O0HTMYECKOE NledeHne crnocobcTBoBany 61aronpmMaTHOMY 3aXXUBNEHUIO U COXpaHe-
HUMIO 3y00B B TeueHne 24 mecsues HabnoaeHus. B cnydyae 2 oTcpoveHHas pennaHTaums n onntenbHoe aKC-
TpaopasibHOe BPeMsl HeraTMBHO CKa3asIMCb Ha NPOrHO3€; KJIMHUYECKNE NPU3HAKM BOCNaNeHs NOBAUSIN Ha
LONrOCPOYHYIO CTabMNBHOCTb 3y6O0B.

SAKJTIOHEHUE. MpencTtaBneHHble KIMHNYECKUE Cllydan AEMOHCTPUPYIOT, YTO HEMeaAleHHas pennaHTaums,
NpPaBWbHbIN BIGOP CPenbl XPaHEHUS U CTPOrasi MPUBEPXEHHOCTb MPOTOKOaM HAbNIAEHNS SBASIIOTCA KO-
YyeBbIMU pakTOPaMK YCMELLHOro BeAEHNS NaLneHTOB ¢ aByfibcuelt 3y6oB. CBOeBpeMEHHOEe BMeLlaTebCTBO
M nocnepoBaTenbHOE HAbMIAEHME OKa3blBAIOT 3HAYNTENILHOE BAUSIHME HA OOArOCPOYHbIA NPOrHO3 U CO-
XPaHHOCTb PeniaHTUPOBaHHbIX 3yOO0B.

Knwouesble caoBa: ciyvai U3 NpakTMKK, aByNbcusa 3yba, pemmniaHTauus, 0CNoXHEHUS, AMHaMUYeckoe Ha-
onoageHne

UHdopmauumsa o ctatbe: noctynuna — 17.06.2025; ncnpasnena — 01.08.2025; npunsata — 08.08.2025
KoH}AUKT uHTepecoB: aBTOPbl CO06LLa0T 06 OTCYTCTBUN KOHMIMKTA MHTEPECOB.

BnarogapHocTu: Mbl 6narogapvm y4acTHUKOB 3a JOOPOBOILHOE yYacTMe B JaHHOM paboTe, a TakXeco-
TpyaHukoB MNeamatpuyeckon nccnenoBartesibCkom nnaTtdopMbl 3a OKa3aHHYIO NOMOLLb.

Ana untupoBaHua: Cenbcebuns J1., Bepraym C., 9nanmu 4., Baasns A. MexaucuuninHapHoe BeAeH1E aByb-
cumn 3y6OB: OT HEOT/IOXKHOM MOMOLLM A0 JOArOCPOYHOro NporHo3sa. 9HaoaoHTus Today. 2025;23(3):493-501.
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INTRODUCTION

Avulsions represent a major traumatic injury com-
monly encountered in general dental practice and entail
prompt definitive treatment along with appropriate fol-
low-up care. It represents one of the most serious den-
tal emergencies and accounts for 0.5 to 16% of dental-
alveolar traumas (DAT) [1]. The maxillary central incisors
are the most frequently affected teeth, accounting for
0.5% to 3% of traumatic injuries in the permanent denti-
tion [2]. Several predisposing factors may increase the
risk of avulsion, including increased overjet, inadequate
lip coverage, and anterior open bite [3].

The management of avulsed permanent teeth re-
mains challenging, necessitating immediate interven-
tion to optimize outcomes, and is carried out accor-
ding to the guidelines of the International Association
of Dental Traumatology (IADT) published in 2020 [4].
This work suggests 2 contrasting cases broaching the
protocol and procedures to abide by during an emer-
gency consultation for the avulsion of a mature and im-
mature permanent tooth and highlighting the clinical
outcomes, and complications associated with different
scenarios.

In a second phase the short-, medium-, and long-
term consequences.

CASE 1

Patient history

A 12-year-old patient was referred to the Pediatric
Dentistry and Prevention Department at Monastir Den-
tal Clinic two days after experiencing a domestic ac-
cident that led to the avulsion of both maxillary central
incisors. The patient’s medical history was unremark-
able, with no systemic diseases or allergies reported.
His tetanus vaccination status was current.

dHdodoHmus
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The avulsed teeth had been stored in milk and were
reimplanted by a general doctor within 15 minutes of the
traumatic incident.

Clinical findings

Clinical examination revealed a wound, swelling,
and a firm nodule on the lower lip (Fig. 1, A). Intraoral
assessment showed a composite resin splint stabili-
zing the reimplanted central incisors (11 and 21),
which exhibited an enamel-dentin crown fracture with-
out pulp exposure and associated gingival bleeding
(Fig. 1, B). Radiographic assessment confirmed pro-
per positioning of the mature reimplanted teeth, as
shown on periapical X-rays (Fig. 1, C). Additionally, an
occlusal X-ray revealed radiopaque fragments in the
lower lip, suggesting the presence of embedded den-
tal fragments (Fig. 1, D).

Therapeutic intervention

It involved surgical removal of the embedded den-
tal fragments (Fig. 2, A), followed by wound disinfection
with povidone-iodine, and suturing. (Fig. 2, B).

In a second phase, the rigid composite splint
was replaced with a flexible twisted orthodontic wire
splint extending from canine to canine for two weeks
(Fig. 2, C, D) to promote physiologic mobility and re-
duce the risk of ankylosis.

The prescribed medication included a 7-day course
of amoxicillin, pain management with paracetamol for
5 days, and ibuprofen for 5 days to control inflammation.
Oral hygiene care included an antiseptic mouthwash for
10 days, a soft diet for one week.

Two weeks post-trauma, root canal treatment was
initiated with calcium hydroxide medication, followed by
final obturation gutta-percha (Fig. 3, A, B) and compo-
site restoration. (Fig. 3, E).
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In the last phase, due to a thumb-sucking habit
causing an anterior open bite, the patient was fitted with
aremovable anti-thumb-sucking appliance and tongue-
strengthening exercises. (Fig. 4).

Follow-up and outcomes

Clinical and radiographic evaluations were con-
ducted at regular intervals (1 week, 2 weeks, 1 month,
3 months, 6 months, 12 months, and 24 months).

A
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At 6 months, a significant reduction in the anterior
open bite was observed (Fig. 4, C). By 12 months, no
clinical complications were noted, though but periapical
radiographs revealed evidence of external root resorp-
tion in the apical third of both central incisors (Fig. 3, C).
At the 24-month follow-up, the teeth remained stable
without mobility or signs of inflammation, and radio-
graphic findings confirmed that the external root re-
sorption had ceased (Fig. 3, D).

D

Fig. 1. Clinical findings patient: A — exobuccal photograph showing facial trauma with swelling and nodule
formation on the lower lip; B — intraoral photograph of reimplanted maxillary permanent central incisors

with rigid composite splint in place. Note the enamel-dentin crown fractures without pulp exposure

and associated gingival inflammation; C — preoperative periapical X-ray confirming proper positioning

of the reimplanted mature central incisors; D — occlusal X-ray revealing multiple radiopaque dental fragments

embedded in the lower lip

Puc. 1. KnnHnyeckme gaHHble naymeHTa: A — BHeopanbHasa doTorpadus, AEMOHCTPUPYIOLLAS JINLLEBYIO
TpaBMy C 0TEKOM 1 dOopMUPOBaHNEM Y3eJiKa Ha HUXHeN rybe; B — nHTpaopasbHas doTorpadus
pennaHTUPOBAHHbIX MOCTOSIHHbLIX BEPXHUX LLEHTPabHbIX PE3L,0B C YCTAHOBIEHHOW XECTKON KOMMO3UTHOM
wnHon. OTMeYaloTCst KOPOHKOBLIE NEPESIOMbI 3Masib-AEHTUHHOIO TUNa 6e3 BCKPbLITUS NyJbMbl,
conpoBoXaatumecs BocnaseHmem gecHol; C — npeaonepaumnoHHbIi NPULLENbHBIM PEHTIEHOBCKNIA
CHUMOK, NOATBEPXAAIOLLNI MPABUIBHOE NOJIOXEHWE PENNAHTUPOBAHHbIX 3PESbIX LEHTPaIbHbIX PE3LL0B;
D — OKKJ1II03MOHHbI CHUMOK, BbISBASIOLLNIA MHOXECTBEHHbLIE PEHTIEHOKOHTPACTHbLIE 3yOHblE GpParMeHThI,

BHeJpEeHHble B MArkKne TKaHu HUXHEN Fy6bl

Fig. 2. Initial treatment including surgical management and suturing and splinting modification: A — horizontal
incision to remove the tooth fragments; B — resorbable suture to close the wound; C — removal of the initial rigid
composite and Application of the flexible twisted orthodontic wire splint extending from canine to canine);

D - postoperative periapical X-ray showing proper repositioning

Puc. 2. NepBoHavyanbHoOe fieyeHne, BKIoHaloLLee XMpyprnieckyto o6paboTky, ylinBaHWe paHbl 1 MOANMUKALMIO
LWMHNPOBaHNSA: A — FOPU30HTaNbHbIN paspes 419 yaaneHnsa 3y6Hbix GparMeHToB; B — 3aKpbITUE PaHbl

C MCNONb30BaHMEM PacCachbliBalOLLLErOCS WOBHOIO MaTepuana; C — CHATME UCXOQHOW XEeCTKOM KOMNO3UTHOW
LLUWHbBI N HANOXEHWE 3N1aCTUYHOM BUTON OPTOOOHTUYECKOM NPOBONOYHON LWNHbBI, DUKCUPOBAHHORM OT Kiiblka

00 Knblka; D — nocneonepaunoHHbIr NPULLENbHBIN PEHTTEHOBCKUI CHUMOK, AEMOHCTPUPYIOLW M NPaBUIbHOE

PEno3nLMOHNPOBaHNE
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B C

Fig. 3. Conservative treatment illustrating the endodontic treatment preceded by follow-up care at 12 months and
24 months and the coronal restoration: A — working length determination confirmed with periapical radiograph;

B - radiograph confirming complete obturation of the root canals with gutta-percha and sealer; C — periapical
X-ray at 12 months showing evidence of external root resorption in the apical third of both central incisors;

D - periapical X-ray at 24 months demonstrating stabilization of the external root resorption process

with no further progression. Note the intact periodontal ligament space and absence of periapical pathology;

E — final composite resin restorations

Puc. 3. KoHCcepBaTMBHOE NleYeHne, BKIIIOYAIOLLEE SHAOAOHTUYECKOE BMELLATENLCTBO, Noceayouiee
HabnoaeHne Yepes 12 1 24 mecsaua, a Takxke KOPOHKOBYIO pecTaBpaumio: A — onpeaeneHune paboyeii
OJINHbI, NOATBEPXAEHHOE NPULLENbHBIM PEHTTEHOBCKMM CHUMKOM; B — peHTreHorpaMmma, nogTeepxaatoLas
NOJIHYI0 06TYpaLVIO KOPHEBBIX KaHANOB ryTTanepyen n cunepom; C — NpuLenbHblii PEHTFEHOBCKNIA CHUMOK
yepes 12 mecauLeB, AEMOHCTPUPYIOLLNI NPU3HaKM BHELLHE pe30opbLnmn KOpHS B annkanbHOM TpeTn 060omnx
LLeHTpasbHbIX Pe3L0B; D — NpuLesbHbIA PEHTTEHOBCKUIA CHUMOK Yepes 24 Mecsua, 4EMOHCTPUPYIOLWUIA
cTabunusaumio npoLecca BHellHen pe3opbuum 6e3 nanbHeliero nporpeccuposaHuns. OTmedaeTcs
COXpaHEeHHOe NMPOCTPaHCTBO NEPNOLAOHTAIbHOM CBSI3KM U OTCYTCTBME NepuanmkanbHOn NaTtonornu;

E — okoH4YaTenbHblE pecTaBpaum KOMNO3UTHOM CMOJION

Fig. 4. Interceptive orthodontic treatment: A — intra-oral view of the appliance in place, positioned to prevent
digit placement during thumb-sucking attempts; B — initial presentation of anterior open bite before interceptive
treatment; C — day 180 with thumb guard showing a reduction in the open bite

Puc. 4. NepexBaTtbiBalolLee OPTOA0HTUYECKOE NeYeHne: A — HTpaopasbHbI BU, YCTaHOBIEHHOr O annapara,
NPenaTCTBYIOLErO BBEAEHMIO NaJsibLia B MOJIOCTh PTa NP NOMbITKax CoCaHns; B — nepBnYHOe COCTOAHNE —
nepegHnin OTKPbITLIN NPUKYC 0 Ha4Yaa nepexsaTbiBaloLWero ieyeHus; C — coctosiHme Ha 180-i aeHb

C MCMNOJIb30BaHMEM 3aLLMTHOrO annapaTa s 60sbLLIOro Nnasbla 0TMEYaeTCa YMEHbLLIEHWE OTKPLITOro Npukyca

sessment showed empty alveolar sockets for teeth 11
and 21 with blood clot formation. Since the avulsed
teeth had been adequately preserved in milk (Fig. 5, B),
reimplantation was deemed appropriate.

CASE 2

Patient history

A 10-year-old patient consulted the Pediatric Den-
tistry and Prevention Department at Monastir Den-
tal Clinic with his mother 24 hours after experiencing
a traumatic incident, resulting in the complete avulsion
of both maxillary central incisors.

The patient’s medical history revealed no systemic
diseases, and their health history was not contributory.
The tetanus vaccination was up to date.

Therapeutic intervention

The emergency treatment consisted in gentle al-
veolar curettage (Fig. 6, A), blood clot removal, fol-
lowed by irrigation with sterile saline solution. The
root surfaces were cleaned with sterile gauze soaked
in saline to remove necrotic periodontal ligament tis-

Clinical findings sue. Teeth 11 and 21 were then reimplanted into their

Clinical examination revealed swelling of the upper
and lower lips, lacerations and wounds on the nose,
and scab formation on the lips (Fig. 5, A). Intraoral as-
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respective sockets (Fig. 6, B), with clinical and ra-
diographic verification ensuring proper positioning
(Fig. 6, C).
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Then, a flexible splint was placed from canine to ca-
nine for two weeks to stabilize the reimplanted teeth
(Fig. 6, D, E).

The patient was prescribed a 7-day course of
amoxicillin, paracetamol for 5 days for pain manage-
ment, and ibuprofen (400 mg) for 5 days as an anti-in-
flammatory. Oral care guidelines emphasized using an
antiseptic mouthwash for 10 days, adhering to a soft
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necessitating immediate endodontic intervention with
calcium hydroxide medication.

At the 8-week follow-up, inflammation had improved,
but external root resorption was detected, requiring an-
other round of medication (Fig. 7, A). The patient sub-
sequently missed several follow-up appointments. At
4 months the patient returned, with accelerated resorp-
tion in tooth 21, while tooth 11 appeared relatively sta-

diet for one week.

Follow-up and outcomes

After missing the first follow-up, the patient returned
after four weeks with signs of acute apical periodontitis,

Fig. 5. Clinical findings patient:
A — exobuccal photograph showing
facial trauma with swelling of the
upper and lower lips, lacerations
and wounds on the nose, and scab
formation on the lips; B — avulsed

11 and 21 stored in milk for 24 hours
prior to reimplantation. Note the
absence of visible root fractures

Puc. 5. KnmHnyeckune gaHHble
naumeHTa: A — BHeopasibHas
doTorpadpua, oeMoHCTpUpyoLw,aa
JIMLLEBYIO TPABMY C OTEKOM
BEPXHEN N HUXHEN ry6, Hann4mem
pacceyeHunin 1 paH B 06nacTu Hoca,
a Takxxe o6pa3oBaHMEM KOPOK Ha
rybax; B — aBynbCUpoBaHHbIE 3yObl
11 1 21, XxpaHMBLLUMECS B MOJIOKE

B TeYeHune 24 4acoB nepeq,
pennaHTauven. OTMevaeTcs
OTCYTCTBUE BUANMBIX NEPENIOMOB
KOpHen

ble. Tooth 11 underwent apexification with a biodentine
plug (Fig. 7, B), followed by permanent root canal filling
(Fig. 7, C). Despite the aggressive resorption observed
in tooth 21, the stabilization allowed for apexification
and final root canal obturation. (Fig. 7, D, E).

F

Fig. 6. Emergency treatment involving gentle alveolar curettage, correct
teeth reimplantation and x-ray verification then flexible splint application
followed by x-ray confirmation: A — alveolar socket preparation showing
gentle curettage to remove blood clots, followed by irrigation with sterile
saline solution; B — clinical view immediately after reimplantation of teeth
11 and 21 into their respective sockets; C — post-reimplantation periapical
radiograph confirming proper positioning; D — placement of flexible wire
extending from primary canine to primary canine; E — post-splinting X-ray
showing proper repositioning

Puc. 6. ODkcTpeHHOe neveHme, BKHaoLwee Waasaumin anbBeonsipHbIn
KIopeTax, MPaBuUJIbHYIO peniaHTaLmio 3y60B 1 PEHTIEHONIOMMYECKYHO
BepndurKaLuio, 3aTemM yCTaHOBKY 3/I2CTUHHON LUMHbI C NOCAEAYIOLLNM
PEHTFEHONIONMMYECKNUM KOHTPOJIEM: A — NOArOTOBKA a/IbBEONSAPHOM NYHKU:
Waaawmn KlopeTax ana yoaneHns cryCTkoB KPOBM C NOCNeAyIOLLNM
NPOMbIBaHNEM CTEPWUSIbHBIM HU3NONOTMYECKUM PACTBOPOM;

B - knuHW4ecknin Bua cpasdy noce pennaHtauum 3yéos 11 1 21 B nx
aHaTomumyeckme nyHkn; C — NpuLenbHbIA PEHTTEHOBCKUIA CHUMOK NMochne
pennaHTauuu, NOATBEPX AL NPaBUIIbHOE NOJIOXEHME 3yOOB;

D — ycTaHoBKa 91aCTU4YHOM NPOBOIOYHOM LWNHbI, GUKCUPOBAHHOW OT
BPEMEHHOrO KJiblka 40 BPEMEHHOIO KJiblka; E — peHTreHorpaMmma nocne
LWMHNPOBAHNSA, AEMOHCTPUPYIOLLLAA KOPPEKTHOE PEMO3ULIMOHNPOBAHNE
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Fig. 7. Follow-up with periapical X-ray showing proof of root resorption and complication management involving
root canal treatment with biodentine plug then final obturation on both incisor 11 and 21: A — eight-week follow-
up radiograph showing early signs of external root resorption; B — apexification procedure for tooth 11 showing
placement of biodentine apical plug (approximately 4 mm thickness) to establish an artificial barrier at the apex;
C - final obturation of tooth 11 with gutta-percha and sealer; D — working length determination confirmed with
periapical radiograph on tooth 21; E — apexification procedure for tooth 21 with biodentine apical plug placement
and final obturation of tooth 21 with gutta-percha and sealer

Puc. 7. JnHamunyeckoe HabnogeHne ¢ NpuUenbHOM peHTreHorpaduein, 0eMOHCTPUPYIOLLEN NPU3HAKK
pe3opbLunn KOpHS 1 NpoBeaeHne nevedbHbIX MeponpuUsaTUn, BKNOYAOLWMX 9HA0A0HTMYECKOoe fledeHne

C MCNonb30BaHMEM anukanbHOro Nnpobkn n3 Biodentine, a 3aTem okoH4YaTENbLHYIO 06TYpau Mo 060MX PE3LLOB
11 n 21: A — peHTreHorpamMmma 4yepea 8 HefleNb, NOKa3blBaKOLLLASA PAHHNE MPU3HAKM BHELLHEN pe30pbLmm KOpHS;
B - npougpnypa anekcopukaumm 3yba 11 ¢ yctaHOBKOWM anvkanbHoM Npobku n3 Biodentine TonwuHom okono

4 MM anst GopMUpPOBaHNSA MCKYCCTBEHHOIO Oapbepa B 06nacTu BepxyLwkn; C — okoHYaTelbHas 06Typaums
3yba 11 rytTanepyeii u cunepom; D — onpeneneHne paboyei anvHel 3yba 21, noaTBEpXAEeHHOE NPULLEbHON
peHTreHorpammon; E — npouenypa anekcopukaumm 3yda 21 ¢ yctaHOBKOM anukanbHol npodkun n3 Biodentine
M nocneayoLLLen okoHYaTelbHOM 06Typaumen ryTranepyen n cmnepom

DISCUSSION

Traumatic dental injuries, particularly avulsion of
maxillary central incisors, continue to present sig-
nificant challenges in pediatric dentistry. The present
cases underscore the critical role of expeditious inter-
vention, appropriate storage media, and longitudinal
follow-up in preserving tooth vitality and function.

Reimplantation and splinting protocols

The treatment approach in these cases was based
on well-established principles of dental trauma mana-
gement. Immediate reimplantation is the gold stand-
ard for avulsed teeth. In the first case, reimplantation
was performed within 15 minutes of the traumatic in-
cident, which is considered optimal for maintaining
PDL cell viability. In the first case, reimplantation was
performed within 15 minutes of the traumatic inci-
dent, which is considered optimal for maintaining PDL
cell viability [5]. In contrast, the second case involved
a 24-hour extra-alveolar period, which significantly
compromises PDL cell survival and increases the risk
of complications such as inflammatory root resorption
and ankylosis [6]. The IADT guidelines recommend im-
mediate reimplantation at the site of injury whenever
possible, or otherwise, preservation in an appropriate
storage medium such as milk, Hank’s Balanced Salt
Solution (HBSS), or saline, followed by prompt profes-
sional intervention [6].

Regarding splinting, both cases initially employed
flexible wire-composite splints, which allow physio-
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logical mobility of the reimplanted teeth and reduce
the risk of ankylosis. Current evidence suggests that
a short-term (2 weeks) flexible splint provides superior
outcomes compared to rigid splinting, as it promotes
functional healing of the periodontal ligament [7]. The
first case initially had a rigid composite splint, which
was replaced with a flexible wire splint to facilitate opti-
mal healing. This approach aligns with evidence-based
protocols advocating physiological functional fixation to
mitigate the risk of ankylosis and reduce the likelihood
of complications such as root resorption [8]

Endodontic management and external root
resorption

Endodontic intervention is essential for reim-
planted teeth, particularly when they are mature with
closed apices, as observed in the first case. The timing
of endodontic treatment is critical, with the IADT rec-
ommending initiation within 7-10 days post-reimplan-
tation for mature teeth to prevent inflammatory root
resorption [4]. In both cases, calcium hydroxide was
used as an intracanal medicament due to its antimicro-
bial properties and ability to inhibit inflammatory root
resorption [9].

The first case demonstrated stabilization of external
root resorption by the 24-month follow-up, suggesting
effective management through timely endodontic in-
tervention and calcium hydroxide medication. In con-
trast, the second case exhibited progressive external
root resorption, likely exacerbated by delayed follow-
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up and the extended extra-alveolar period. This high-
lights the importance of strict adherence to follow-up
protocols and the potential consequences of delayed
intervention.

For immature teeth with open apices, as observed in
the second case, apexification with biocompatible ma-
terials such as biodentine or mineral trioxide aggregate
(MTA) isrecommended to establish an apical barrierand
facilitate obturation [10]. Biodentine was chosen for the
second case due to its superior biocompatibility, seal-
ing ability, and ability to promote dentinogenesis [11].
While the resorption process was aggressive, particu-
larly in tooth 21, apexification and final obturation were
successfully performed, emphasizing the resilience of
immature teeth despite significant challenges.

Complications and Long-Term Prognosis: Compli-
cations, such as acute apical periodontitis observed in
Case 2, underscore the necessity of timely endodontic
intervention. Noncompliance with scheduled follow-ups
contributed to progressive external resorption, neces-
sitating apexification with a biodentine plug [11].

In cases of tooth avulsion followed by reimplanta-
tion, pulpal necrosis is the most common complication.
This occurs in two-thirds of replanted immature teeth
and systematically in mature teeth due to rupture of the
neurovascular bundle during trauma, leading to pulp
degeneration.

Clinical signs include negative pulp sensitivity tests,
axial percussion sensitivity, greyish discoloration, and
radiographic loss of the lamina dura with periapical
radiolucency. Necrosis can manifest as early as three
weeks post-trauma, exacerbating periodontal inflam-
mation and worsening prognosis [12]. Endodontic
treatment, including intra-canal medication, is typically
needed; however, complications such as external root
resorption may still occur.

Root resorption is a destructive process that can
be external or internal, though trauma-related cases
are mostly external. It’s triggered by damage to the ce-
mentum layer and can be worsened by factors like pro-
longed extraoral time (over 2 hours), bacterial contami-
nation, improper cleaning, or extended splinting [13].

Three types exist: surface resorption, inflammatory
resorption, and replacement resorption (ankylosis).
Inflammatory resorption is most common and results
from bacterial invasion and pulpal necrosis, leading to
progressive root loss. Replacement resorption (anky-
losis) involves direct fusion of bone to root due to dam-
age to periodontal ligament cells, ultimately leading to
infraocclusion as the tooth becomes integrated into
the bone [14].

While guidelines often emphasize immediate replan-
tation, cases with extended dry periods (e.g., 13 hours)
have shown limited success with revascularizationin im-
mature teeth, suggesting flexibility in certain scenarios.

The anterior open bite noted in Case 1 highlights
the influence of parafunctional habits on occlusal de-
velopment, necessitating interceptive orthodontic in-
terventions.

Anterior open bite is a significant malocclusion that
not only affects dental aesthetics and function but also
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increases the susceptibility to traumatic dental injuries
in children.

The increased overjet and protrusion often seen in
these cases leave the upper incisors more exposed and
less protected during incidents such as falls or impacts,
making them more vulnerable to fractures, chipping, or
even avulsion.

Additionally, the risk of dental injury in children with
an anterior open bite is about twice as high as in those
without this condition [15]. Even more, children with an-
terior open bite exhibited a 47% higher prevalence of
severe dental trauma, and a 46% increase in injuries af-
fecting multiple teeth, compared to their peers without
this malocclusion [16].

Impact of Delayed Follow-Up: Patient adherence to
follow-up appointments is crucial for successful long-
term outcomes in dental trauma management. The
second case illustrated the adverse consequences of
delayed follow-up, with progressive external root re-
sorption developing due to missed appointments and
delayed endodontic treatment.

Regular follow-up evaluations, as recommended by
the IADT guidelines, include clinical and radiographic
assessments at 1 week, 2 weeks, 4 weeks, 3 months,
6 months, and annually for at least 5 years [4]. These
evaluations allow for early detection of complications
such as pulp necrosis, inflammatory root resorption,
and ankylosis, facilitating timely intervention, such as
intracanal medication with calcium hydroxide or mineral
trioxide aggregate (MTA), which can halt the resorptive
process and improve prognosis [9].

Missed follow-ups also delay adjustments to treat-
ment plans, such as replacing splints or modifying
medication regimens, which can directly impact hea-
ling outcomes. The first case demonstrated better ad-
herence, leading to controlled resorption and a more
favourable long-term prognosis. In contrast, the se-
cond case demonstrated the consequences of delayed
follow-up, with accelerated external root resorption re-
quiring more aggressive endodontic management.

This reinforces the necessity of patient education
and caregiver involvement in ensuring compliance with
follow-up care [17].

Prognostic Indicators and Future Considerations:
These clinical cases corroborate the significance of
appropriate emergency management protocols, ad-
herence to structured follow-up evaluation, and inter-
disciplinary therapeutic approaches in the compre-
hensive management of avulsed permanent dentition.
The extra-alveolar time, condition of the periodontal
ligament cells, stage of root development, and patient
age serve as critical prognostic indicators for reim-
planted teeth. Future investigative efforts should be
directed toward enhancement of regenerative endo-
dontic methodologies and biocompatible materials to
optimize long-term clinical and radiographic outcomes
in traumatically avulsed permanent teeth [17].

Limitations and Clinical Implications: The prima-
ry limitation of this study is its retrospective nature,
which precludes standardized assessment and in-
tervention protocols. Additionally, the limited sample
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size (two cases) restricts the generalizability of the
findings. Nevertheless, these cases provide valuable
insights into the management of avulsed teeth and
the potential complications associated with different
scenarios.

From a clinical perspective, these cases emphasize
the importance of immediate reimplantation, appropri-
ate storage media, and strict adherence to follow-up
protocols in optimizing outcomes for avulsed teeth. Ad-
ditionally, they highlight the need for comprehensive
patient education regarding the urgency of seeking
dental care following avulsion and the importance of
compliance with follow-up appointments.

Notably, the first case underscores the crucial role of
general medical doctors in dental trauma management.
The successful outcome can be partially attributed to
the general doctor’'s prompt intervention with reim-
plantation, demonstrating that non-dental healthcare
providers can significantly impact prognosis when ade-
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Non-surgical endodontic management of calcific metamorphosis
with periapical lesion using bioactive glass: a case report
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Abstract

INTRODUCTION. Calcified root canals lead to various complications in endodontic treatment, as they
complicate the locating of canal orifices, negotiating access, preparing the canals, and factoring in the time
required for these procedures. Even with extensive precautions, the most serious problems can occur at any
phase of the root canal treatment process. The pulpal chamber or root canal space is most frequently partially
or completely obliterated in a tooth that has experienced a traumatic injury. A total or partial loss of pulp space
is the most typical radiological representation of such a tooth. Pulp necrosis and radiographic signs of chronic
periapical periodontitis are present in 7-27% of teeth with partial canal calcification. Small percentage of
teeth (2-3%) may exhibit a complete occlusion of the pulp chamber and root canal system.

AIM. To describe the clinical management of a calcified mandibular lateral incisor with a periapical lesion
using a bioactive glass-based sealer.

MATERIALS AND METHODS. A traumatized mandibular lateral incisor with radiographic evidence of canal
calcification and a periapical lesion was identified. The root canal was located, negotiated, and prepared
using standard endodontic techniques with special consideration for calcified anatomy. A recently developed
bioactive glass-based sealer was selected for obturation.

RESULTS. The calcified canal was successfully located and treated. Radiographic follow-up demonstrated
proper canal obturation with resolution of the periapical lesion.

CONCLUSIONS. Bioactive glass-based sealers show promising outcomes in the treatment of calcified root
canals. Their bioactivity and sealing ability may enhance prognosis in complex endodontic cases involving
traumatic canal calcification.
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JHAO0AOHTHMYECKOE SleyeHne Kanbuuduumpyouwen Metamopdosbl
C nepuanuKasbHbIM NOpaXeHneMm ¢ NpUMeHeHueM
6uoakTMBHOro crekna (KnMHuuecKkoe HabnogeHue)
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Pe3iome

BBEAEHUE. KanbunduumpoBaHHble KOPHEBbLIE KaHasbl MPUBOAAT K PAAY OCAOXHEHUA NPU 9HAOAOHTUYE-
CKOM JIeYEHUN, TaK Kak 3aTPyOHSAIOT OonNpeaeneHne yCTbeB KaHanoB, MPOXOXAeHe [OCTyna, MPOBEAEHNE UH-
CTpyMeHTabHO 06paboTKK, a TakXe YBENMUYNBAIOT BPEMEHHbIE 3aTpaThl HA BbINOSIHEHWE Npouenyp. daxe
npu cobaoaeHnn Bcex NpefoCTOPOXHOCTEN CEPbe3HblE OCNIOXHEHUSA MOFYT BO3HUKHYTb Ha ntobom aTtane
JIeYeHNs1 KOPHEBbLIX KaHanoB. Y 3y0O0B, NOABEPrLUNXCS TPaBMaTMYeCKOMY BO3ENCTBUIO, MONIOCTb MyJbrbl
W/ NPOCTPaHCTBO KOPHEBOrO KaHasa 4allie BCero 4acTM4HO MM NONIHOCTbIO 06aMTepmnpoBaHbl. Pagno-
JIOrMYEeCKMM NPOSIBEHNEM JAHHOIO COCTOSIHUS OObLIYHO ABNSETCS NofiHas NMbo YacTuyHasa yTpaTta nynbnap-
HOro NMpocTpaHcTBa. HEKPO3 Mysbhbl U PEHTFEHONOMMYECKNEe NPU3HAKNU XPOHNYECKOrO NepmnanmkanabHOro
NepuoAOHTUTA BbISBNSIOTCSA B 7—-27% CNny4YaeB YaCTUYHOW KanbundukaLumm kaHanos. Y HebonbLIoM YacTu 3y-
608 (2—3%) moxeT HabngaTbCA NonHas 06anMTeEpauVs NyabnapHoOr KaMepbl U CUCTEMbI KOPHEBbLIX KAHAOB.

LLENIb. Onucatb KNnHMYeckoe BeaeHne cny4das kanbumduumnpoBaHHOrO HUXHEro natepasibHOro pesua c ne-
puianukanbHbIM NOPaXXeHMeM C UCMOJIb30BAHNEM CuJiepa Ha OCHOBE OMOaKTUBHOIO CTeKNa.
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MATEPUAJbI U METOAbI. Bbin BeISBNEH HUXHWIA NaTepasbHblil pe3eL, Nocfie TpaBMbl C PEHTIEHONIOMMYECKMMU
npu3Hakamm kanbuydukaLmm kKaHana n nepnanmkanbHoro nopaxeHus. KopHesor kaHan 6b11 HanaeH, NPonaeH
M NOArOTOBMIEH C NPUMEHEHNEM CTaHOAPTHbLIX SHAOAOHTUYECKUX METOOUK C YHETOM KanbudUUMPOBaAHHON
aHaTomuun. Ans o6Typaumm Obin BbibpaH HegaBHO pa3paboTaHHbIN cuiep Ha OCHOBE BMOAKTMBHOMO CTEKa.
PE3YJIbTATbI. KanbunduumnpoBaHHbIl kaHan yCneLwHOo 0Kann3oBaH 1 nponeyeH. PeHTreHonornyeckoe Ha-
6noaeHve nokasasno ageksaTHyio 06TypaLmio KaHana u paspeLleHne nepruanmkanbHOro oyara.

BbIBOAbl. Cunepbl Ha 0CHOBE 610aKTUBHOIO CTEKA AEMOHCTPUPYIOT NEPCNEKTUBHBIE PE3YSbTaThl NPY IeYEHUN
KanbuMdULMPOBaHHBIX KOPHEBBIX KaHanoB. Mx G1oakTUBHbIE CBOVCTBA M BbICOKasi repMETUYHOCTb MOFYT yNyy-
LINTb NPOrHO3 B CNOXHbIX 3HAOAOHTUYECKMX CIy4asx, CBA3aHHbIX C TPaBMaTU4eCKOM Kanbundurkaumen KaHanos.

Knouesble cnoBa: kanibUuduuupyoLlas Metamopdosa, SHA0A0HTUYECKOE JiedeHne, KalbLunpuLnpoBaH-
Hble KaHaJibl, BoaKTUBHOE CTEKJIO

UHdopmauumsa o ctatbe: noctynuna — 11.07.2025; ucnpasneHa — 14.08.2025; npunsata — 23.08.2025
KoHAUKT uHTepecoB: aBTOPbI cO06Lal0T 06 OTCYTCTBUN KOHGMIMKTA MHTEPECOB.
BnarogapHocTu: GMHAHCMPOBaHNE N MHAMBUAYabHblE 6/1aroaapHOCTY AJA AeKNapupOBaHUs OTCYTCTBYIOT.

Ana yutuposaHua: ap6xar C., Oxowwn IN., Apac C., Arpasan C. QHOOLOHTUYECKOE JliedeHme Kanbundumum-
pytouein MmeTamopd0o3bl C NepranmkasnbHbIM NOPaXeHNeM ¢ NPUMeHeHneM 6M0aKTUBHOIO cTekna (KIMHu4Ye-

ckoe HabnoaeHue). HaoaoHTUs Today. 2025;23(3):502-506. https://doi.org/10.36377/ET-0124

INTRODUCTION

Dental trauma often results in complications like
calcifications and periapical lesions, leading to tooth
discoloration that frequently necessitates root canal
therapy [1]. Root canal treatment is generally carried
out to diminish or entirely eradicate all micro-orga-
nisms and their byproducts from the root canal sys-
tem. Standard debridement, appropriate disinfec-
tion, and full 3D obturation are required to eradicate
all microbes and their waste products from the root
canal system. However, attaining the intended results
becomes very difficult if the canal is small, blocked,
or packed with any biological calcific substance or
foreign particles. This makes it challenging in location
of canal orifice and making entry into the root canal
system. Calcific metamorphosis, Pulp Canal Oblitera-
tion, Dystrophic Calcification, Diffuse Calcification,
and Calcific Degeneration are the names given to this
condition.

Dental pulp tissues frequently exhibit characteris-
tics of dystrophic mineralization or calcific metamor-
phosis. According to American Association of En-
dodontists [2] Calcific Metamorphosis is defined as
“A pulpal response to trauma characterized by rapid
deposition of hard tissue within the canal space”.

Patterson and Mitchell suggested that if such teeth
are clinically identified, either endodontic treatment
or extraction should be performed. It was suggested
that the pulp tissue affected by such conditions could
act as a source of infection and should therefore be
removed or treated [3]. When performing endodontic
therapy in calcified canals, operators or physicians
face a number of difficulties. Recent developments in
endodontic equipment, like as high-resolution mag-
nification, flexible rotary files, and high-quality ima-
ging, make it easier to precisely and quickly negotiate
and handle calcified canals while reducing procedural
errors.

In order to help doctors better understand this dif-
ficult clinical disease, this case report examines the
causes, diagnosis, and available treatments for calci-
fied canals.

CASE REPORT

A24yearold woman visited the department with
discolored lower front teeth and a history of trauma
that occurred 10 years earlier. She had been expe-
riencing pain in the same tooth for the past two weeks.
No abnormalities were observed during the extraoral
examination; however, the intraoral examination re-
vealed discoloration of the mandibular lateral incisor.
The tooth was tender on percussion. Clinical and ra-
diographic evaluation revealed canal obliteration in
coronal 1/3" of root and a periapical lesion associated
with 42. Thermal test exhibited no response, signifying
the need for root canal treatment (Fig. 1).

The case was diagnosed as calcification with
a chronic apical abscess secondary to trauma con-
cerning tooth 42, based on historical, clinical, and ra-
diological findings.

A root canal procedure was planned using con-
ventional techniques to address calcified canals and
a periapical lesion.

Fig. 1. Pre-operative Radiograph
Puc. 1. lNpenonepaunoHHblii PEHTIEHOBCKM CHUMOK
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TREATMENT PROCEDURE

With the patient’s written consent obtained, the entire
treatment procedure was thoroughly explained to them.
The potential advantages and disadvantages were also
explained to the patient. The preoperative evaluation
was carried out through meticulous examination of the
preoperative radiograph. Administration of L.A (with 2%
Lignocaine hydrochloride, 1:1,00,000 Adr) was done and
tooth was isolated using rubber dam (Coltene). Under
magnification, preparation of straight-line access cavity
was done for the concerned tooth with the high speed
no 4round bur (Mani). Troughing done using ultrasonic
tips (Dentsply start-X Tips EMS# 1&3) and Endodontic
Explorer DG 16 was used to cautiously inspect the canal
orifice and find a catch point in the middle of the tooth
where a small blackish discoloration point was observed.

The line of patency of canal negotiated with the help
of no 8-k file (Dentsply-Maillefer) (Fig. 2). 17% EDTA
(RC Help,Prime Dental) was used to demineralise the
restricted hard tissues along the canal. No 10 kfile was
used to obtain the glide route (Dentsply). Using an apex
locator (Root ZX, J. Morita), the working length was de-
termined and verified radiographically.

Multiple files were used to rule out any missed ca-
nal (Fig. 3). Once the working length was established,
canals were prepared using a standardized method up
to the 25/04 (Herogold) file.Canals were irrigated with
3% NaOCI ((Prime dental) for 5-10 minutes during each
instrument change, after which normal saline was used.
Irrigant was activated ultrasonically (Fig. 4). Glass iono-
mer cement was used to seal the orifices of root canal
after Ca(OH), was combined with equal parts of glycerin
and distilled water and left for seven days.

A week later, patient was recalled and intracanal
medicament of calcium hydroxide was placed after ir-
rigation and drying of the canals. Similar protocol was
repeated for 2 weeks.

The canal was cleaned and dried during the next visit,
and a master cone that matched ISO #25 4% size was cho-
sen. Bioactive glass-based root canal sealer (NISHIKA

: e
Fig. 2. Location of canal using
ultrasonics and magnification

Puc. 2. OnpegeneHuve kaHana
C UCNOJIb30BaHUEM Y/bTPa3ByKa
N yBENMYEHUS

dHdodoHmus
T

Fig. 3. Canal negotiation and
working length determination

Puc. 3. lNpoxoxaeHune kaHana
1 onpeneneHue paboyer oavHbl

CANAL SEALER BG) was used for obturation (Fig. 5).
Permanent restoration was done using composite re-
storative material. After treatment, the patient exhibited
no subjective or objective signs and symptoms. Patient
was advised to follow up at 1, 6, and 24 months (Fig. 6).

DISCUSSION

Trauma to maxillary anterior teeth, resulting in tooth
discoloration is a common occurrence that often leads
to pulpal necrosis and potential calcification [4]. Acom-
prehensive clinical and radiographic evaluation is ne-
cessary for an accurate diagnosis.

Assessing the vitality status of the tooth using ther-
mal tests is crucially important in these cases [5]. The
actual pathophysiology of calcification of pulp tissue is
not known yet. Several researchers claim that formation
of blood clot due to bleeding or hemorrhage from a trau-
matic injury might play key role for calcification, if pulp re-
mains vital or recovers after the trauma [6]. Furthermore,
important variables in the calcification of pulp tissue
include the nature, severity, frequency, and amount of
trauma. The cellular constituents of pulp substances play
a critical role in the calcification of pulp tissue, which may
impact blood flow to the pulp. In general, around 4-24%
of the teeth radiologically show different degrees of cal-
cification which leads to gradual loss of pulp space and
clinically characterized as yellowish discoloration [7].
According to the American Association of Endodontists
Case Assessment criteria, these teeth requiring endo-
dontic are considered as high difficulty category.[8].
The Dental Operating Microscope offers superb magni-
fication, leading to the accurate identification of orifices
in cases of calcification.

In a tooth with calcific metamorphosis the pulp cham-
ber becomes darker than that of the rest root dentine as
compared to normal tooth where pulp chamber is loca-
ted near the Cemento enamel junction at the center [9].

For deep troughing, which is occasionally required
to locate canals, specialized tools are recommended,
such as the Mueller bur and ultrasonic tips.

e,
Fig. 4. Ultrasonic activation
of irrigant
Puc. 4. YnsTpassykoBas
aKkTUBaUMSa nppuraHTa
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Fig. 5. Post operative, obturation using
bioactive glass-based sealer followed
by composite restoration

Puc. 5. lNocneonepauyioHHbI CHUMOK:
06Typaums ¢ UCrnonb30BaHUEM

cunepa Ha oCHoBe 6LMOaKTUBHOMO
cTekna c nocneayoLlen KOMno3nNTHOM
pecTtaBpaumnen

CM can be radiographically divided into two groups:
Total Obliteration, in which the pulp chamber and ca-
nal are hardly or not visible, and Partial Obliteration, in
which the pulp chamber is not visible but the canal is
narrowed and still visible.

Various types of “pathfinding” instruments have
recently been introduced in root canal treatment to
achieve this goal. These pathfinders or glide path in-
struments have unique feature that all the instruments
possess a quadrangular cross-section, which has sig-
nificantly enhanced the rigidity of the files compared to
that of finishing files [10]. Furthermore, different chelat-
ing chemicals at varying concentrations — for example,
17% EDTA - can be used as lubricants or to facilitate
instrumentation after root canal negotiation.

The use of “bioactive” materials in restorative and
reconstructive dentistry is a topic of great interest
nowadays. Within the field of regenerative dentistry, the
term “bioactive” typically denotes a material’'s capa-
city to generate hydroxyapatite crystals on its surface.
From a biological standpoint, bioactive substances are
regarded as agents that have the potential to positive-
ly interact with living cells and tissues [11]. Recently,
a more reactive form of calcium-silicate-based bioac-
tive glass, referred to as “bioactive root canal sealers”,
and calcium-silicate-based sealers have been deve-
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