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GENERAL DESCRIPTION OF THE RESEARCH

The actuality of the subject. Temporomandibular joint (TMJ)
disorders are a widespread healthcare issue affecting millions of people
worldwide and are usually accompanied by joint dysfunction?.

At the same time, there is often a discrepancy between the pa-
tient’s subjective complaints and the actual changes in the joint,
which significantly complicates diagnosis and treatment?.

Currently, the issues of diagnosing and identifying the causes
of TMJ pathology are urgent. The relevance of the problem is largely
due to the rapidly changing realities of modern dentistry; the use of
high-strength and rigid materials, a large number of total restorations
and orthodontic treatment, and the presence of latent, compensated
TMJ pathology for which optimal full diagnostic algorithms have not
yet been developed. All of this leads to late identification of disor-
ders and an increase in patients with severe, pronounced symptoms?,

Among the various types of TMJ disorders, the most common
is internal derangement*, affecting 41.1% of patients with dysfunc-
tion in this area’. This condition is characterized by an abnormal po-
sition of the articular disc relative to the condyle of the mandible,
which leads to disruptions in the normal biomechanics of the joint®.

1 EIShennawy, E. Diagnostic accuracy of MRI-CBCT fused images in assessment
of clinically diagnosed internal derangement of the temporomandibular joint /
E.EIShennawy, W.Hamed, S.Samir // Oral Radiology, — 2024. v. 17, —p. 1-8

2 Jlpo6bimes, A.FO. CoBpeMeHHble METO/IbI OLEHKH COCTOSIHHS M CTENEHH BbIPa-
JKEHHOCTH CHHApOMa 60ne13017r )IU/IC(byHKHI/IH BHCOYHO-HWKHEYEITIOCTHBIX CYyCTaB
/ A YO [po6smues, M.B.Beixmok, JI.B.1nmuka // — Mocka: Poccuiickast cro-
wmarosiorus, — 2011, Ne5, — ¢. 47-54

3 Bopouuna, E.A. lucnokaunu aucka BHUC kak cieacTsie 60KOBOro CMELICHs
HwkHel yemocrtu / E.A.Boponuna, H.C.Hypuesa, 10.C.Bacunses [u gp.] // —
Mocksa: [Ipo6nemst cromaronornu, — 2018. — 1. 14, Ne 4, — ¢. 98-103

4 Hegab, A. Classification of temporomandibular joint internal derangement based
on magnetic resonance imaging and clinical findings of 435 patients contributing
to a nonsurgical treatment protocol / A.Hegab, H.Hameed, K.Karam // Scientific
Reports, — 2021. v. 11, Ne 1, — p. 1-15

5 de Oliveira, L. Temporomandibular joint: from anatomy to internal derangement / L. de
Oliveira, I.Alves, A.Vieira [et al.] / Radiologia brasileira, — 2023. v. 56, Ne 2, — p.102-109
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Data on the prevalence of TMJ dysfunction are contradictory,
due to a number of reasons: the lack of diagnostic algorithms and
standard schemes of clinical and additional examination methods
used in treatment approaches for patients with dysfunction syndrome
in this area®. The mismatch between clinical symptoms and structural
changes in the TMJ (the so-called low-symptomatic or asymptomatic
variants)® necessitates the identification of early markers of TMJ
dysfunction to prevent severe destructive-degenerative outcomes’.
Another significant factor complicating the modern detection of in-
ternal derangement is that these patients are treated by specialists
from various fields (neurologists, maxillofacial surgeons, otolaryngo-
logists, gnathologists, orthodontists, chiropractors, osteopaths, ortho-
pedic dentists, and physiotherapists). This often leads to inconsisten-
cies in diagnostic algorithms and, consequently, in treatment strate-
gies®. The lack of a universal method to updating data of a particular
diagnostic approach makes it impossible to assess the effectiveness
of treatment. Considering that the cornerstone of every approach to
diagnosis and treatment of internal derangement of the TMJ is cen-
tered around the relative position and condition of the joint struc-
tures, as well as the fact that these data form the basis for developing
the entire treatment plan, it is evident that finding the most informa-
tive examination method is a priority for both diagnosis and treat-

6 Koca, C., Giimriik¢ii Z., Bilgir E. Does clinical findings correlate with magnetic
resonance imaging (MRI) findings in patients with temporomandibular joint
(TMJ) pain? A cross sectional study / Medicina Oral, Patologia Oral y Cirugia
Bucal, - 2020. v. 25, Ne 4, - p. 495-501

" I'yc, JLA. Ocobennoctn MPT-CeMHOTHKH BHCOYHO-HUKHEUETIOCTHOTO CYcTaBa
y NALKEHTOB C JMCTAIBHON OKKIO3Meil 3yOHBIX PSJIOB IPU Pa3sHBIX KIMHHYE-
CKHX BapHaHTaX TeYeHHs AMCQYHKIMH BHCOYHO-HIKHEUESIIOCTHOrO cycTaBa /
JLATyc, O.1.Apcenuna, H.A.Crapuxos [u ap.] / MexunuHcKast BU3yaH3anus,
— Mocksa: —2015. Ned, —¢. 101-108

8 Munytka, 10.A. ®optun, A.E. Bo3MOKHOCTH M OpraHM3alMOHHbIE MPOGIEMbI
JIMArHOCTHKY Y JICYCHNUs! TALEHTOB C CHHAPOMOM 00JIeBOil AUC(YHKIUU BUCOY-
HO-HIDKHEYENIIOCTHOro cycraBa // — Mocksa: Poccuiicknii ocreonaTuyeckui
KypHaai, —2020. Ne 4, —¢. 95-116
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ment®.

Before the advent of diagnostic imaging, displacement of the
articular disc relative to the mandibular condyle was diagnosed only
on the basis of clinical signs such as specific clicking sounds and
impaired mouth opening®.

Subsequently, X-rays, computed tomography, and magnetic reso-
nance imaging (MRI1)!! were used for the most accurate and targeted
diagnosis of TMJ dysfunction. Currently, MRI is the “gold standard” for
visualizing the position of the articular disc in relation to the mandibular
condyle®?. Therefore, it is considered appropriate to conduct an MRI
of the TMJ for the final confirmation of the diagnosis®.

Considering that, to date, there is no unified approach to the al-
gorithm and protocol for MRI studies to detect internal disorders of
the TMJ, many researchers are confident that the development of
new algorithms aimed at identifying the most informative morpho-
metric parameters would significantly increase the diagnostic capa-
bilities of imaging methods.

All of the above highlights the relevance of this work and de-

9 FOmun, J1.K., I'erre, C.A. Merton aHanu3a [IapaMeTPOB BHCOYHO-HIDKHEYENIIOCT-
HOTO CyCTaBa IO JAaHHBIM MarHHTHO-PE30HAHCHOil ToMmorpaduu // — Mocksa:
BectHuk peHTreHonoruu 1 paguosnoruu, — 2022, Ne 4, — ¢. 52-57

10 _arheim, T. The Role of Imaging in the Diagnosis of Temporomandibular Joint
Pathology / T.Larheim, C.Hol, M.Ottersen [et al.] // Oral and Maxillofacial Sur-
gery Clinics of North America, —2018. v. 30, Ne 3, — p. 239-249

1 Ozsari, S. Comprehensive Review of Artificial Intelligence Based Algorithms
Regarding Temporomandibular Joint Related Diseases / S.Ozsari, M.Giizel,
D.Yilmaz [et al.] // Diagnostics, — 2023. v. 13(2700), — p. 1-34

12 Li, C. Diagnostic efficacy of quantitative ultrasonography for anterior disc displace-
ment of the temporomandibular joint / C.Li, J.Zhou, Y.Shi [et al.] // Quantitative Im-
aging in Medicine and Surgery, — 2023. v. 13, Ne 10, — p. 6446-6455

3 Spenser, J. Treating Nonreducing Disc Displacement Successful "unlocking” with
injection and orthotic relies on patient education // Inside Dentistry, —2021. v. 17, Ne 1

4 Coiixep, M.I'. Pa3paboTka u 06OCHOBAHME BHIOOPA METONOB THATHOCTHKH M
JieueHus 1Ipu pea6unnTaLlym TIALMCHTOB C Lll/lC(byHKLll’lOHaﬂbelMI/l COCTOSIHUSIMH
YEeNIOCTHO-JIHIEBOH obnacTh: / aBTopedepaT JHUCCEpPTAalMH TOKTOpa MEIHIHH-
ckux Hayk / — Caparos, 2022. - 49 ¢
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fines the objective of the study?®.

Research object. The study involved 222 patients who sought
medical attention for complaints related to the TMJ at the Central
Clinical Hospital in Baku.

Research purpose. Improving the diagnostic capabilities of
MRI in identifying internal derangement of the TMJ based on the
assessment of morpho-functional indicators.

Research objectives

1. Assessment of the frequency of various types of TMJ inter-
nal derangement based on the study of soft tissue and bone struc-
tures using MRI.

2. ldentification of the relationship between structural disorders
of the TMJ and morphometric indicators defined using MRI.

3. Identification of predictors of TMJ disk dislocation consi-
dering the anatomical features of the joint based on MRI data.

4. Establishment of the correlation between degenerative
changes in bony structures and specific types of TMJ internal de-
rangement using MRI.

5. Evaluation of morpho-functional changes in uni/bilateral
TMJ pathology.

Research methods. Clinical, instrumental (MRI), and statisti-
cal methods (variational statistics, correlation analysis, ROC-
analysis) were used during the research.

Main points presented to the defense of the dissertation

Structural - functional disorders of the TMJ are directly correlated
with morphometric indicators determined by MRI, which is important
for using this indicators as highly informative signs for assessing joint
pathology and predictive criteria.

The frequency and nature of degenerative changes in TMJ
bony structures are closely related to the characteristics of internal
joint derangement.

Methodological optimized of MRI of the TMJ provides the

® Bynanosa, T.B. MaruuTHO-pe3oHaHCHas ToMorpadus B IMarHOCTUKE 3a60IeBa-
HUIl ¥ TPaBM BHCOYHO-HWKHEUEIOCTHOTO CyCTaBa: / AMCCEPTAIlHs HOKTOpa Me-
JMIMHCKHX HayK / — Mocksa, 2005. — 165 ¢
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most effective visualization of the joint structures and helps to avoid
false assessments of the structural-functional conditions of this area.

Scientific novelty of the research. A novel set of sequences
optimized for dynamic visualization of the TMJ was developed and
applied to a 3-Tesla MRI scanner.

The morphofunctional features of the TMJ were identified and
described for various types of disc dislocation, along with their corre-
lation to signs of degenerative changes in the joint’s bony structures.

Based on MRI data, morphometric indicators with predictive
value for internal derangement of the TMJ were assessed.

An optimal algorithm for the MRI protocol of the TMJ was devel-
oped, which enhances the effectiveness of radiological diagnostics of
internal derangement in this area by standardizing methodological appro-
aches and evaluating visualized changes (copyright Q-14.03.2024/110-
8e).

Practical significance of the dissertation.

The result of this work is the development of a new approach to the
use of MRI in TMJ disorders and the improvement of the diagnosis
of pathology and function in this area. The most important diagnostic
signs of joint damage have been identified, and informative criteria
for the differential diagnosis of various types of TMJ lesions have
been established. A unified system and terminology for visualized
changes have been developed, allowing for the widespread use of the
obtained data in the practical diagnostic work of radiologists.

Approbation of the dissertation. The main materials of the
dissertation were presented and discussed at the APOC training sem-
inar (Baku, 2018), the 1st International Scientific Congress of the
“Azerbaijan Society of Oral and Maxillofacial Surgeons” (Baku,
2019), the 2nd International Scientific and Practical Conference of
Radiologists of Azerbaijan (Baku, 2022), and the scientific-practical
conference dedicated to the 90th anniversary of Professor
B.A.Bakhshiyev (Baku, 2024). The final work was approved at the
interdepartmental conference of the AMU on April 16, 2024 (Proto-
col No. 3), and at the scientific seminar of the Dissertation Council
FD 1.02, operating at the National Oncology Center, on October
25, 2024 (Protocol No. 3).
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The final approval of the work took place at the interdepart-
mental conference of AMU on April 16, 2024 (protocol No. 3), and
at the scientific seminar of the Dissertation Council of the National
Center for Oncology on October 25, 2024 (protocol No. 3).

The key theoretical findings of the dissertation are reflected in
13 scientific works, including 8 articles (3 of which are peer-
reviewed and cited in international journals) and 5 abstracts (1 pub-
lished abroad).

|Application of the obtained results. The practical recommen-
dations, diagnostic algorithm for TMJ, and the developed diagnostic
criteria proposed in the scientific work are applied in the clinical
practice of the Central Clinical Hospital in Baku and have been inte-
grated into the educational process at the Department of Radiology
and Radiation Therapy of AMU.|

Name of the organization where the dissertation was per-
formed. The dissertation work was performed at the base of the Cen-
tral Clinical Hospital of Baku and approved by the AMU.

Total volume and structure of the dissertation. The disserta-
tion was written in Russian, total volume consists of 190 pages of
computer text (201.554 characters): Introduction (13.029 characters),
Chapter | "Literature Review" (42.263 characters), Chapter Il "Mate-
rials and Methods" (32,397 characters), Chapter Il (45,300 charac-
ters), Chapter 1V (25,730 characters), Chapter V dedicated to the
personal research (14,211 characters), "Conclusions and Discussion
of the Obtained Results" (25,902 characters), Conclusions (2,195
characters), Practical recommendations (527 characters), and Bibli-
ography including 274 sources (9 domestic and 265 foreign). The
work is illustrated with 21 tables, 16 graphs and 48 figures.

MATERIALS AND METHODS OF THE RESEARCH

A total of 222 patients were involved in the study, selected
from individuals who presented with complaints related to the TMJ
at the Central Clinical Hospital of Baku. Of the 222 patients, 46
(20.7%) were male, and 176 (79.3%) were female. The average age
of the patients was 33.6 + 0.9 years. A total of 444 joints were exam-
ined.
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The structure of complaints included: local joint pain (28 pa-
tients; 12.6%), restriction or lock during mouth opening (151 pa-
tients; 68%), crepitus and/or specific clicks during mouth opening
(162 patients; 72.9%), deviation of the mandible during mouth open-
ing (44 patients; 19.8%), tenderness upon palpation of the joint area
(16 patients; 7.2%), bite changes (174 patients; 78.3%), and facial
swelling on the affected side (4 patients; 1.8%).

Patients were consulted by specialists, including maxillofacial
surgeons, orthodontists, orthopedists, otolaryngologists, and neurolo-
gists. Based on a carefully collected medical history, examination of
the oral cavity, dental arches and their relationship, the condition of
the jaw and facial muscles, neck muscles, and the biomechanics of
the lower jaw, a preliminary diagnosis was established.

In the absence of contraindications for MRI (such as claustro-
phobia, implanted metallic medical devices, pacemakers, and others),
patients were referred for imaging to verify the diagnosis and identi-
fy pathomorphological changes in the TMJ. Cases where systemic
diseases, trauma, or surgical interventions in the area were the prima-
ry cause of the TMJ pathology were excluded from the study.

The joints were divided into groups based on the position of
the articular disc in the sagittal projection, in which the criterion of
the location of the intermediate zone was taken as a basis. In the
presence of disc dislocation, the presence or absence of reduction of
the articular disc when opening the mouth was also assessed.

Group 1 (n=182) — Control group: This group consisted of
joints without dislocation of the intra-articular disc.

Group 2 (n=148) included joints with anterior disc displace-
ment with reduction during mouth opening.

Group 3 (n=107) included joints with anterior disc displace-
ment without reduction during mouth opening.

Group 4 (n=7) included joints with posterior disc displacement
with reduction during mouth opening.

MRI was performed on a Siemens Magnetom Verio MRI scan-
ner with a magnetic field strength of 3.0 T. A standard 16-element
radiofrequency neurovascular coil for head scanning was used for the
MRI of the TMJ.
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The first stage was conducted with the mouth closed in a habit-
ual occlusion position, without exerting any additional force. The
second stage was performed with the mouth open. Both static and
dynamic MRI were used for the TMJ examination.

Statistical analysis methods of variation for quantitative indica-
tors (t-Student-Bonferroni test, non-parametric-color Mann-Whitney
U-test and median Kruskal-Wallis H-test), Pearson Chi-Square test
for qualitative indicators analysis, analysis of variance (ANOVA
test) F-Fisher test, ROC-analysis (by calculating the area under the
ROC-curve and finding cut-off points), correlation analysis between
quantitative and qualitative indicators was performed with the p-
Spearman test. Calculations were performed in SPSS-26 statistical
package.

RESULTS AND DISCUSSION OF THE RESEARCH

Using MRI, the following were assessed: medial/lateral sub-
luxation of the articular disc, measurement of the size and distance of
the disc dislocation using the two-step method described by Nebbe et
al. and Xie et al.'®, morphological condition of the disc (5 types)®,
area of mandibular condylar head, position of the mandibular head in
the glenoid fossa of the temporal bone in the habitual occlusion posi-
tion in the sagittal plane according to the method of Pullinger and
Hollender, translation of the condylar head (hypomobili-
ty/hypermobility) determined in the sagittal plane with the mouth
fully open®’, width and height of the glenoid fossa using the method
of Muto et al.*8, followed by the shape of the glenoid fossa, inclina-
tion and morphology of the articular eminence, based on the criteria

% Hu, Y., Yang, C., Xie O. Changes in disc status in the reducing and nonreducing
anterior disc displacement of temporomandibular joint: a longitudinal retrospec-
tive study // Scientific Reports, — 2016. v. 27, Ne 6, — p. 1-11

7 D'Ippolito, S. Evaluation of the lateral pterygoid muscle using magnetic reso-
nance imaging / S.D'Ippolito, B.Wolosker, A.D'Ippolito [et al.] // Dentomaxillo-
facial Radiology, — 2010. v. 39, Ne 8, — p. 494-500

8 D'Ippolito, S. Evaluation of the lateral pterygoid muscle using magnetic reso-
nance imaging / S.D'Ippolito, B.Wolosker, A.D'Ippolito [et al.] // Dentomaxillo-
facial Radiology, —2010. v. 39, Ne 8, — p. 494-500
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of Kurita et al. , presence or absence of joint effusion, thickening of
the lateral pterygoid muscle tendon, and the thickness of the afore-
mentioned muscle, identification of bone degenerative changes®.

In this study, 222 patients and 444 joints were examined. In
Group 1, there were 182 joints; in Group 2, 148 joints; in Group 3,
107 joints; and in Group 4, 7 joints. In our study, anterior disc dislo-
cation with reduction was the most common type, occurring in
56.5% of the cases. At the same time, the rarest form observed was
posterior disc displacement with reduction (2.67%).

Out of 444 joints, 104 (23.4%) showed medial/lateral disc sub-
luxation. 340 (76.6%) joints had a normal disc position. Lateral sub-
luxation was found in 8 joints with a normal disc position, and 96
joints had abnormal disc positioning in the sagittal plane. Medial disc
subluxation predominated in Group 3 at 31.8%.

The position of the mandibular condyle in the glenoid fossa
was analyzed in the patients. According to the data obtained, out of
444 joints, 185 (41.7%) had a posterior, 151 (34%) had a central, and
108 (24.3%) joints had an anterior position of the condyle in the gle-
noid fossa.With a normal disc position in the sagittal projection, the
posterior position of the condyle was observed in 41 joints (22.5%),
central - in 76 (41.8%), and anterior - in 65 joints (35.7%). With dis-
located discs (in the sagittal projection), the posterior position of the
condyle head was observed in 144 joints (55.0%), central - in 75
joints (28.6%), and anterior - in 43 joints (16.4%). The greatest num-
ber of joints (71.4%) with a posterior position of the condyle head in
the glenoid fossa was observed in patients with dislocation of the
articular disc.

We also examined the presence of effusion as a reflection of
reactive synovitis. An increase in the amount of synovial fluid was
noted in 95 (21.4%) joints out of 444 joints.

The average area of the condyle in patients of groups 1, 2, 3,
and 4 was found to be 373.8 mm?, 324.3 mm?, 251.3 mm?, and 318.7

19 Matsubara, R. Assessment of MRI findings and clinical symptoms in patients
with temporomandibular joint disorders / R.Matsubara, Y.Yanagi, K.Oki [et al.]
/I Dentomaxillofacial Radiology, — 2018. v. 47, Ne 4, —p. 1-8
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mm?, respectively. The obtained data indicate that the volume of the
condyle (trabecular and cortical components) is significantly associ-
ated with disc dislocation and a decrease in condylar volume occurs
as disc dislocation progresses from displacement with reduction to
without reduction. The parameter “condylar area" demonstrated high
specificity (77.5+3.1%). Graph 1.

The inclination angle for 182 joints with a normal disc position
was 55.0+£0.9°, while for 262 joints with a displaced disc it was
54.3+0.8°. When evaluating the distribution by groups, no statistical-
ly significant difference was found. Therefore, the data suggest that
the inclination of the articular eminence does not have an impact on

the development of disc-related disorders.
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Graph 1. Changes in the Condyle Area Values by Groups

With a normal disc position in the sagittal plane, the “box”
shape was detected in 103, “sigmoid” - in 57, “flattened” - in 20,
“deformed” shape of the articular eminence - in 2 joints. With a dis-
located disc position in the sagittal plane, the “box” shape was de-
tected in 124, “sigmoid” - in 77, “flattened” - in 49, and “deformed” -
in 12 joints. Group 1 had twice as many "box" shapes (56/28.6%) as
Group 4. The majority of "sigmoid"-shaped joints (57.1%) had poste-
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rior disc dislocations in group 4. The “flattened” shape of the articu-
lar eminence was observed with approximately equal frequency in all
groups. An interesting fact is that the “deformed” articular eminence
is much more common (9.3%) in joints with anterior disc dislocation
without reduction. However, in patients with posterior disc dis-
placement, such deformation was not observed in any case.

During the study, the distance of disc dislocation was investi-
gated as one of the possible factors that may influence certain kine-
matic parameters of the joint, as well as the reduction of the disc dur-
ing mouth opening. The greatest distance of disc dislocation was
found in joints with anterior disc dislocation without reduction. The
next most pronounced measurement was observed in the group with
anterior disc displacement with reduction, which highlights the im-
portance of evaluating this parameter.

The morphological state of the disc is one of the indicators that,
in our opinion, provides information about degenerative changes in
the joint. According to the results obtained, out of 444 joints, 159 had
unchanged disc morphology, 258 joints had altered disc morphology.
When analyzing depending on the disc position, it was found that out
of 182 joints with a normal disc position, 135 joints had a biconcave
disc configuration without deformation, and 47 joints had altered
disc shape. Only 24 joints out of 262 joints with pathological disc
position showed a biconcave disc configuration without deformation.
In the remaining cases (238 joints), the disc shape changed. Thus,
Type 2 disc is most often found in patients with posterior disc dislo-
cation with reduction (42.9%). The lowest number of cases with such
deformation was observed in joints with a normal disc position. The
“V” shaped disc (Type 3) was most common in Group 4 (57.1%).
This type was observed in patients with anterior disc dislocation with
and without reduction with almost equal frequency. The shortened
form (Type 4) was dominant in joints with anterior disc dislocation
without reduction (46.7%), while it was absent in the case of normal
disc position and posterior disc dislocation. Type 5 (rounded form)
was also frequently encountered in joints with anterior disc disloca-
tion without reduction and was almost absent in other groups.

Adhesion was detected in 2 (1.4%) joints with anterior disc dis-
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location with reduction and in 7 (6.5%) joints with anterior disc dis-
location without reduction.

Among the 444 joints, MRI signs of disc perforation were ob-
served in 12 joints. Of these, 6 (3.3%) joints had no disc displace-
ment or signs of bone structure degeneration, which contradicts ex-
isting literature. In our opinion, this discrepancy can be explained by
the specifics of image acquisition (such as during the open-mouth
phase, when patient discomfort may lead to artifacts) and the subjec-
tivity of the assessment, particularly when there is minimal disrup-
tion to the integrity of the temporomandibular joint disc. To ensure a
more accurate diagnosis of disc perforation, we would recommend
performing arthroscopy.

We conducted an analysis of the shape of the articular fossa.
Based on the data regarding the width and height of the fossa, we
conditionally classified it into two types, characterized by different
shapes: concave (Type 1) and convex (Type 2). A statistically signif-
icant difference (p=0.003) was found between the groups with nor-
mal disc position and disc displacement based on the fossa shape
criterion. Out of 444 joints, Type 1 was identified in 109 (24.5%)
cases, while Type 2 was found in 335 (75.5%) joints. Type 1 was
most commonly observed in joints with a normal disc position
(31.9%) and least frequently in the group with anterior disc dis-
placement without reduction (14.0%). Conversely, Type 2 fossa
shape was most common in Group 3 (86%) and least frequent in
Group 1 (68.1%). Such classification is not typically used in the lit-
erature. However, our study identified a significant intergroup differ-
ence between joints with a normal disc position and those with disc
displacement, suggesting a certain diagnostic potential for this pa-
rameter.

Thickening of the lateral pterygoid muscle tendon, indicating in-
creased load on the joint, was observed in 154 joints (34.7%) out of 444.
This parameter was analyzed by group to identify more specific MRI
findings. A statistically significant difference was found across the types
of disc displacement based on the thickening of the lateral pterygoid
muscle tendon (this sign was found in 3 out of 7 patients with posterior
disc displacement with reduction during mouth opening). The lowest
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frequency was observed in the group with normal disc position.

Masseter muscle edema was detected in 2.7% of cases (out of
444 joints). No statistically significant difference in the frequency of
this sign was found across the groups. However, the percentage of
cases was lower in the disc displacement groups (2.3%) compared to
those with normal disc position (3.3%). Group distribution showed
no substantial difference based on disc position. The highest percent-
age was observed in the group with anterior disc displacement with-
out reduction during mouth opening (4.7%), but the difference with
the joints having normal disc position was minimal (3.3%).

When assessing the condyle's ability for translation, the results in-
dicated that normal kinematics were present in 183 joints (41.2%),
while kinematic abnormalities were noted in 58.8% of cases. Statistical-
ly significant differences were found in the frequency of this parameter
between groups with normal disc position and those with disc displace-
ment. Hypomobility predominated in joints with anterior disc displace-
ment without reduction during mouth opening (61.7%) and, as ex-
pected, was least frequently found in joints with normal disc position
(12.1%). Hypermobility, on the other hand, was least common in joints
with anterior disc displacement without reduction (10.3%). Notably,
nearly identical levels of hypermobility were found in the groups with
normal disc position and with anterior disc displacement with reduction
during mouth opening (39.6% and 37.8%, respectively).

Osteoarthritis manifests with such signs as the formation of
subcortical cysts, erosions on the surface, osteophytes, subchondral
sclerosis, flattening, and remodeling of the mandibular condyle.

Out of 444 joints, flattening of the mandibular condyle head
was observed in 80 joints (18.0%). In this case, the sign was more
prevalent in the group with pathological disc position compared to
the normal disc position group (25.2% vs. 7.7%, respectively). Statis-
tically significant intergroup differences were noted: the highest per-
centage was found in joints with anterior disc displacement without
reduction during mouth opening (40.2%), and the lowest was ob-
served in joints with normal disc position (7.7%). Out of 444 joints,
osteophytes on the mandibular condyle head were identified in 163
joints (36.7%), of which 142 joints (54.2%) belonged to the group
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with pathological disc position. This sign was more frequently ob-
served in joints with anterior disc displacement without reduction
during mouth opening (74.8%). Statistically significant intergroup
differences were found (p<0.001). A sign of bone degeneration, such
as erosion, was identified in 48 joints (18.3%) out of 444, and all
these joints had a pathological position of the articular disc. Similar
to the presence of osteophytes on the mandibular condyle head, this
sign was more prevalent in joints with anterior disc displacement
without reduction during mouth opening (31.8%). Out of 444 joints,
subchondral sclerosis of the mandibular condyle head was found in
263 joints (59.2%). Among these joints, 56 joints (30.8%) had a
normal disc position, while 207 joints (79.0%) had a pathological
disc position. Subchondral sclerosis of the mandibular condyle head
was also predominantly observed in joints with anterior disc dis-
placement without reduction during mouth opening (88.8%).

According to our data, such morphological changes in the con-
dylar head were found with almost equal frequency in both anterior
disc displacement with reduction and posterior disc displacement
with reduction during mouth opening. However, this relatively high
prevalence in group 4 may be attributed to the small number of joints
in this group. In cases with normal disc position, unilateral osteoar-
thritis was observed in 2.3% of patients, and bilateral osteoarthritis in
4.1%, along with various types of kinematic dysfunction in 19% of
those examined. Bilateral disc displacement was associated with bi-
lateral osteoarthritis in 26.1% of cases, while unilateral displacement
occurred in 12.2% of cases.

Thus, the study of the morphological features of the temporo-
mandibular joint (TMJ), its individual structures and function, as
well as the presence of pathological changes of an inflammatory and
degenerative nature, has shown that these indicators can vary de-
pending on the position of the TMJ disc. These differences exhibit
varying degrees of statistical significance; however, the obtained data
indicate the significant impact of the disc position on the functional
state of the joint, which will inevitably influence the development of
irreversible degenerative disorders in the future.

In order to establish the relationship between the morphologi-
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cal characteristics of the temporomandibular joint (TMJ) and to more
accurately identify characteristic signs in both normal and pathologi-
cal disc positions, we conducted a correlation analysis between the
studied parameters.

Patient age negatively correlated with such indicators as the ante-
rior and posterior joint space size (p =-0.105; p =0.027 and p = -0.168;
p < 0.001, respectively). A similar strength of negative correlation was
found with the width of the fossa (p = -0.177; p < 0.001). At the same
time, a positive correlation was observed between the posterior area of
the condyle and the size of the condylar head (p =0.157; p=0.001).

The length of the disc positively correlated with the position of
the condyle (p = 0.141; p = 0.003). Similar relationships were found
between disc length and condyle position (p = 0.165; p = 0.001).
According to the ROC analysis, the length of the disc showed a sen-
sitivity of 64.5 + 3.0% with a fairly high specificity of 80.8 +2.9% at
a cut-off point of 8.4. This can likely be explained by certain interac-
tions between the structures of the temporomandibular joint (TMJ),
which mutually influence the changes in the parameters mentioned
above. The length of the disc exhibited a negative correlation with
the width of the fossa (p =-0.093; p = 0.049).

The position of the disc in the sagittal projection correlated with
the joint space parameters. Specifically, there was a positive correlation
with the anterior joint space size (p = 0.212; p < 0.001), while negative
correlations were found with the superior and posterior joint space sizes
(p=-0.326; p<0.001 and p=-0.211; p < 0.001, respectively).

A significant negative correlation was also observed with parame-
ters characterizing the size of the condyle. In all cases, the correlation
was strong: with the anteroposterior dimension (p = -0.363; p < 0.001)
and with the transverse dimension (p = -0.341; p < 0.001). As ex-
pected, a correlation was also found with the condyle surface area (p
=-0.461; p < 0.001).

In the patients we studied, a positive correlation was found be-
tween the position of the disc in the sagittal projection and the pres-
ence of effusion (p = 0.343; p < 0.001), which is consistent with the
literature data.

The altered shape of the condyle was found to have a statisti-
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cally significant positive correlation with the position of the disc in the
sagittal projection (p = 0.402; p < 0.001).

Degenerative changes, both collectively and individually, demon-
strated a positive relationship with the disc position in the sagittal pro-
jection. Various manifestations of osteoarthritis, such as condylar flat-
tening (p =0.247; p < 0.001), osteophytes (p = 0.451; p < 0.001), erosions
(p =0.316; p < 0.001), and sclerosis (p = 0.481; p < 0.001), showed a
strong and statistically significant correlation with the disc position.

Assessment of the correlation between the subluxation of the
disc in the frontal projection revealed several significant relation-
ships. Notably, a correlation with the sagittal disc position (p =
0.345; p < 0.001) was found. There was also a connection with joint
space dimensions: superior (p =-0.113; p = 0.005) and posterior (p =
-0.231; p < 0.001). Subsequently, subluxation of the disc in the
frontal projection negatively correlated with both the transverse size
of the condyle (p = -0.247; p < 0.001) and the total condylar surface
area (p = -0.461; p < 0.001). Similar to the sagittal disc position, sub-
luxation in the frontal projection showed a positive correlation with
the presence of effusion (p =0.152; p=0.001).

Different manifestations of osteoarthritis, such as osteophytes
(p=0.141; p = 0.003), erosions (p = 0.116; p = 0.015), and sclerosis
(p = 0.199; p < 0.001), correlated with varying degrees of signifi-
cance with the position of the disc in the frontal plane.

As expected, a positive correlation was found with degenera-
tive changes in the disc (p = 0.291; p < 0.001) among our patients. A
significant inverse correlation was observed with the length of the
disc (p=-0.192; p <0.001).

In our study, some of the intra-articular discs exhibited signs of
reduction during mouth opening. It was found that reduction posi-
tively correlated with the size and area of the condyle: with the an-
teroposterior dimension (p = 0.190; p = 0.002), with the transverse
dimension (p = 0.409; p < 0.001), and with the condyle area (p =
0.371; p < 0.001). Furthermore, reduction showed a negative correla-
tion with the shape of the condyle (p =-0.272; p < 0.001).

In this case, as with the previously described signs (disc posi-
tion in the sagittal and frontal projections), we assessed correlations
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with manifestations of osteoarthritis. However, unlike the previous
indicators, for reduction, the relationship was negative. For condyle
flattening, the values were p = -0.287; p < 0.001, for osteophytes p =
-0.343; p < 0.001, for erosion p =-0.289; p < 0.001, and for sclerosis p
=-0.199; p = 0.001.

The degenerated disc, as a manifestation of its morphology,
was characterized by a negative correlation with reduction (p = -
0.237; p < 0.001). The length of the disc positively correlated with
the presence of reduction with high statistical significance (p =
0.515; p < 0.001). Disc morphology demonstrated high sensitivity
(90.8+1.8%) as well as high specificity (74.2+3.2%).

The shape of the disc exhibited high sensitivity (88.9£1.9%)
and very high specificity (95.6£1.5%).

In our patients, when analyzing the relationships between disc
reduction during mouth opening and the angle of inclination, a posi-
tive correlation was found (p = 0.127; p = 0.040). A strong negative
correlation with significant statistical reliability was noted between
reduction and the distance of disc displacement (p = -0.587; p <
0.001).

Thickening of the lateral pterygoid tendon showed correlation-
al relationships with both the anteroposterior size of the condyle and
its area (p = -0.150; p = 0.002 and p = -0.149; p = 0.002, respective-
ly). This same sign positively correlated with all the osteoarthritis
manifestations we examined: condyle flattening (p = 0.102; p =
0.032),  osteophytes on the condyle surface (p = 0.132; p = 0.005),
erosions (p = 0.097; p = 0.042), and sclerosis (p = 0.104; p =
0.029). Thickening of the lateral pterygoid tendon demonstrated a
positive correlation with the position of the disc in the sagittal projec-
tion with a high level of statistical significance (p = 0.146; p =
0.002).

The angle of inclination of the condylar eminence was found
to correlate with certain morphological parameters of the tem-
poromandibular joint (TMJ) described above. Positive and statisti-
cally significant correlations were observed for the anteroposterior
and superior dimensions of the joint space (p = 0.180; p < 0.001
and p =0.191; p < 0.001, respectively). The angle of inclina-
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tion also positively correlated with the height of the fossa (p = 0.243;
p < 0.001), whereas the correlation with the width of the fossa was
negative (p = -0.203; p < 0.001). The angle of inclination
showed a negative correlation with the distance of disc displace-
ment in the sagittal projection (p = -0.158; p = 0.010).

In addition to the above parameters, the distance of disc dis-
placement demonstrated a correlation with osteoarthrosis manifesta-
tions: condyle flattening (p = 0.259; p < 0.001), osteophytes on the
condyle surface (p = 0.275; p < 0.001), erosions (p = 0.255; p <
0.001), and sclerosis (p = 0.228; p < 0.001). The results showed that,
in all cases, the correlation was positive and statistically significant.
The distance of disc displacement also showed positive correlations
with kinematics (p = 0.133; p = 0.032), although with a lesser degree
of statistical significance.

The condylar eminence correlated with osteoarthrosis signs,
and a statistically significant relationship was found only with
condylar flattening (p = 0.116; p < 0.014) and osteophytes on the
condylar surface (p = 0.171; p < 0.001). No significant correla-
tions were found with other manifestations of osteoarthrosis (ero-
sions and sclerosis).

On their own, some signs of degeneration also demonstrated
mutual correlation, which was expected and confirmed the interde-
pendence of these processes. For example, condylar flattening corre-
lated both with osteophytes on the condylar surface (p = 0.555; p <
0.001), and with erosions (p = 0.535; p < 0.001) and sclerosis (p =
0.294; p < 0.001). The high degree of significance of these correla-
tions reflects different stages of osteoarthrosis in the temporoman-
dibular joint. One obvious manifestation of the above is the correla-
tion between erosions and sclerosis (p = 0.289; p <0.001).

An interesting observation is that sclerotic changes correlated
reliably with kinematics (p=0.097; p=0.041), which can be attributed
to serious movement disorders in the joint in the late stages of de-
generative processes.

Thus, the assessment of correlations between the parameters
characterizing various changes in the structure and functions of
the temporomandibular joint in case of disk dislocation revealed
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close mutually determining processes. These changes in some cas-
es are obvious and follow from the functional characteristics of
the temporomandibular joint. In other situations, they can be con-
sidered as a sign of disorders having different degrees of severity,
characterize the gradually but steadily increasing anti-
physiological nature of the joint.

We conducted ROC analysis to assess the informativeness of
the morphological parameters of the temporomandibular joint that
we studied.

An interesting observation is that sclerotic changes showed sta-
tistically significant correlations with kinematics (p = 0.097; p = 0.041),
which can be explained by severe movement disturbances in the joint
during the later stages of degenerative processes.

Thus, the evaluation of the correlation links between indicators
characterizing various changes in the structure and functions of the
temporomandibular joint (TMJ) in disc displacement revealed close-
ly interrelated processes. These changes, in some cases, are evident
and arise from the functional peculiarities of the temporomandibular
joint, while in other cases, they can be seen as signs of disorders that
have varying degrees of severity, reflecting a subtle but steadily in-
creasing dysfunction of the joint.

To assess the informativeness of the morphological indicators
we studied in the temporomandibular joint, we performed a ROC
(Receiver Operating Characteristic) analysis.

According to the ROC analysis, the position of the condyle,
with an average area under the curve (AUC) of S = 0.303 + 0.0258;
95% CI (0.254-0.353), demonstrated high statistical significance (p <
0.01). This parameter showed high sensitivity (68.3%), but relatively
low specificity (47.3%) and overall diagnostic value (59.7%). The
cut-off point for this indicator was 13.7, with a positive predictive
value (pPV) of 65.1 + 2.9 and a negative predictive value (nPV) of 50.9
+ 3.8. The likelihood ratios (LR+ = 1.30, LR— = 0.67) suggest that
this parameter cannot be used as a reliable predictor.

It was hypothesized that one of the parameters with high diag-
nostic informativeness, allowing for a high probability of predicting
the presence of dislocation, should be the width of the fossa.
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When constructing the ROC curve and assessing the area un-
der the ROC curve (AUROC), it was found that the average value
of this parameter was 0.558 + 0.028, which showed statistical sig-
nificance (95% CI: 0.504-0.613; p = 0.037) with a cut-off point of
12.8. The "width of the fossa" parameter demonstrated relatively
low specificity (43.4%), but its sensitivity was significant (68.3%).
The overall diagnostic value of this parameter was fairly high (62.6
+ 2.3%), with a positive predictive value (pPV) of 81.6 + 3.1% and
a negative predictive value (nPV) of 52.7 £+ 2.9%. These data allow
the predictive value of fossa width to be considered as "moderate,"
based on an LR+ of 3.08.

According to the ROC analysis, the fossa height, with an aver-
age area under the curve (AUC) of 0.478 + 0.028; 95% CI (0.423—
0.532; p = 0.426), showed high statistical significance (p < 0.01).
This parameter demonstrated high sensitivity (85.1 + 2.2%), but very
low specificity (19.2 + 2.9%). The cut-off point was 7.1. Subsequent
analysis revealed that the overall diagnostic value was also not suffi-
ciently high (58.1 + 2.3%), and the positive and negative predictive
values (60.3 + 2.5 and 47.3 + 5.8, respectively) did not allow the fos-
sa height to be recommended as a highly informative criterion.

Thus, the study of the morphological features of the temporo-
mandibular joint (TMJ), its individual structures, functions, and
pathological changes of a degenerative nature, showed that these
parameters can vary depending on the position of the TMJ disc.
These differences exhibit varying degrees of significance, but the
obtained data indicate a considerable impact of the disc's position on
the functional state of the joint, which is likely to influence the de-
velopment of irreversible degenerative disorders in the future.

RESULTS

1. Anterior disc displacement with reduction during mouth open-
ing is the most common type of disc displacement (56.5%), while poste-
rior disc displacement with reduction during mouth opening was the
rarest form (2.7%). Medial subluxation of the disc predominated in the
group with anterior disc displacement without reduction during mouth
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opening (31.8%). In cases of disc displacement, more than half of the
cases showed a posterior position of the mandibular condyle (55.0%)
[11].

2. There is a positive correlation between the position of the ar-
ticular disc in the sagittal projection and degenerative changes (con-
dyle flattening (r=0.247; p<0.001), osteophytes (r=0.451; p<0.001),
erosions (r=0.316; p<0.001), sclerosis (r=0.481; p<0.001)), as well as
with effusion (r=0.343; p<0.001) and the anterior joint space size
(r=0.212; p<0.001). Additionally, disc reduction during mouth open-
ing showed a positive correlation with condylar area (r=0.371;
p<0.001), disc length (r=0.515; p<0.001), and angle of inclination
(r=0.127; p=0.040), and a negative correlation with disc displace-
ment distance (r=-0.587; p<0.001) [11].

3. There is a significant difference (p=0.003) between groups
with normal disc position and dislocation based on the criterion of
fossa shape (Type 1 - concave and Type 2 - convex).

Among the morphometric parameters determined by MRI, the
following showed predictive value regarding internal disorders of the
temporomandibular joint: condylar area (specificity 77.5+3.1%),
anterior joint space (specificity 83.0+2.8%), disc length (specificity
80.8+2.9%), disc morphology (sensitivity 90.8+1.8% and specificity
74.243.2%), and disc shape (sensitivity 88.9+1.9% and specificity
95.6+1.5%) [13, 10].

4. Signs of osteodegeneration predominated in cases of anterior
disc displacement without reduction during mouth opening: osteophytes
on the condylar head of the mandible (74.8%), flattening of the condylar
head (40.2%), erosions (31.8%), and subchondral sclerosis (88.8%). As
the degree of disc displacement progressed, there was a decrease in the
volume of the condyle, from 373.8 mm? with a normal disc position to
251.3 mm? with anterior disc displacement without reduction [14].

5. In the case of a normal disc position, unilateral osteoarthritis
was found in 2.3% of patients, and bilateral osteoarthritis in 4.1% of
patients, along with kinematic disorders of various types in 19% of
the subjects examined. Bilateral disc displacement was associated
with bilateral osteoarthritis in 26.1% of cases, while unilateral disc
displacement occurred in 12.2% of cases [12].
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PRACTICAL RECOMMENDATIONS
In conducting MRI of the TMJ, it is recommended to focus on

morphometric parameters such as the size of the anterior joint space,
the condyle area, the fossa height, the disk length, and the morpholo-
gy of the disk, which have predictive value for detecting internal
joint abnormalities.

MRI studies aimed at detecting temporomandibular joint patholo-

gy should be performed using an optimal, refined technique to ensure
the most accurate assessment of morphometric parameters and joint
function.
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