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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.
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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.
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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

60

50+

40+

30+

20+

il n 1 1

0+ T T T T T
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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