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Abstract

The present study is devoted to the study of the features of damage
to the temporomandibular joint (TMJ) in patients with rheumatoid
arthritis (RA) and osteoarthritis (OA). A prospective cohort study
involved 128 patients divided into three groups: 42 patients with
RA, 38 with OA, and 48 healthy controls. The comprehensive
examination included a clinical examination, cone beam computed
tomography (CBCT), magnetic resonance imaging (MRI),
electromyography of the masticatory muscles, and computer
axiography. The results showed a high incidence of TMJ damage:
83.3% in the RA group and 68.4% in the OA group. A strong
correlation was found between the duration of the disease and the
degree of destruction of articular surfaces (r=0.72). The correlation
between the level of antibodies to cyclic citrullinated peptide
(ACCP) and the intensity of pain syndrome (r=0.61) has been
established. Electromyography revealed a significant increase in
the bioelectric activity of the masticatory muscles at rest (8.2+2.1
MV in RA versus 3.1+0.9 MV in the control). Occlusive disorders
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were found in 64.3% of patients with RA and 52.6% with OA.
Molecular genetic analysis showed an association of matrix
metalloproteinase-3 (MMP-3) gene polymorphism with the
progression of destructive changes (OR=2.34). The information
gathered highlights the necessity of early detection and a
comprehensive strategy for treating patients with TMJ lesions who
also have systemic arthritis. The study demonstrates the
importance  of interdisciplinary  collaboration  between
rheumatologists and dentists to improve functional outcomes and
quality of life for patients.

Keywords: Temporomandibular joint, Rheumatoid arthritis,
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Introduction

Osteoarthritis (OA) and rheumatoid arthritis (RA) are chronic
progressive joint diseases that occupy a leading place in the
structure of theumatic pathology (Li et al., 2023; Terashima ef al.,
2024). According to the latest epidemiological data, the prevalence
of these diseases continues to grow steadily, which is associated
both with the aging of the population and with changes in the
lifestyle of modern humans (Almutairi ez al., 2021a, 2021b; Finckh
etal., 2022).

The pathogenetic mechanisms of the development of OA and RA
have fundamental differences. Osteoarthritis is formed due to the
gradual degeneration of articular cartilage against the background
of mechanical overload, age-related changes, or metabolic
disorders (Jiang, 2022; Blinov et al., 2025). In contrast, rheumatoid
arthritis is a classic autoimmune disease in which chronic
inflammation of the synovial membrane develops, followed by
destruction of articular tissues (Schendrigin et al., 2022; Di Matteo
etal., 2023).

Of particular clinical interest is the involvement of the
temporomandibular joint (TMJ) in the pathological process. This
unique paired joint, which provides complex three-dimensional
movements of the lower jaw, is highly sensitive to both mechanical
overloads typical of OA and inflammatory processes typical of RA
(Figure 1). Numerous clinical observations indicate that a
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significant proportion of patients with systemic arthritis develop
pronounced changes in the TMJ, which often remain
underestimated in the overall clinical picture of the disease (Jang
et al.,2022; Onel et al., 2022; Skarmeta et al., 2023).

Damage to the TMJ in arthritis leads to complex disorders of the
maxillary system (Rongo et al., 2023). Degenerative and
inflammatory changes in articular structures cause gradual
displacement of the mandible, which inevitably affects occlusal
relationships (Donelli et al., 2024; Resnick, 2024). The resulting
malocclusion creates circle, exacerbating the
pathological load on the already damaged joint. The clinical
consequences of these changes are manifested not only in the form

a vicious

of pain and limited mobility of the lower jaw but also in the form
of a significant decrease in chewing efficiency, which negatively
affects the nutritional status of patients (Liu et al., 2021; Nguyen
et al., 2024).

Inflammatory diseases of the temporomandibular joint:
osteoarthritis and rheumatoid arthritis

Depending on the etiology of the disease:
traumatic and infectious

Temporomandibular ; o

joint with osteoarthritis (-
”\, X 4

Healthy temporomandibular joint

By the nature of the course:
acute and chronic

Figure 1. Types of inflammatory diseases of the
temporomandibular joint

The quality of life of patients with combined pathology suffers
significantly. Chronic pain syndrome, difficulty eating, and
impaired speech function create a complex of medical and social
problems (Broussard, 2005; Ning et al., 2022). Special attention
should be paid to the psychological state of such patients, who
often develop anxiety and depressive disorders against the
background of constant discomfort (Kroese ef al., 2022).

Diagnosis of TMIJ lesions in systemic arthritis requires an
integrated approach using modern imaging techniques (Covert et
al., 2021). Traditional radiological methods often turn out to be
insufficiently informative in the early stages of the pathological
process, which necessitates the use of more advanced diagnostic
technologies, including magnetic resonance imaging and computer
axiography (Whyte et al., 2021; Calle et al., 2022; Gharavi et al.,
2022).

The characteristics of the underlying disease and the type of
alterations that have occurred should be taken into consideration
while developing therapeutic strategies for TMJ injury in the
context of arthritis. Modern approaches to therapy involve close
cooperation between rheumatologists and dentists, which makes it

possible to achieve optimal treatment results (Wroclawski et al.,
2023). Biological therapy methods that have proven effective in
rheumatoid arthritis, as well as modern orthopedic and orthodontic
technologies for correcting occlusive disorders, are of particular
interest (Matheus et al., 2022; Jiang et al., 2024; Stoustrup et al.,
2025).

The relevance of this study is determined by the need for an in-
depth study of the relationship between systemic arthritis and TMJ
pathology. The data obtained are important for the development of
optimal diagnostic and treatment algorithms aimed at preserving
the function of the chewing apparatus and improving the quality of
life of patients. In addition to improving medical care for patients
with mixed pathology, an integrated approach to this problem
creates new chances for multidisciplinary collaboration amongst
professionals of different profiles.

The study aimed at a comprehensive assessment of the structural
and functional changes of the TMJ in patients with OA and RA
using modern diagnostic techniques. Special attention was paid to
the analysis of the relationship between the degree of joint
degeneration and the nature of occlusive disorders, as well as their
impact on various aspects of the quality of life of patients.

The importance of the work is emphasized not only by its medical
component, but also by important socio-economic aspects. Timely
diagnosis and adequate treatment of TMJ lesions in systemic
arthritis can prevent the development of irreversible changes in the
chewing apparatus, significantly improve the quality of life of
patients and reduce the economic burden of the disease.

Materials and Methods

The present prospective cohort study was conducted between
January 2022 and March 2024 at the Clinical Center for
Rheumatology and Maxillofacial Surgery. The study included 128
patients divided into three clinically significant groups. The first
group consisted of 42 patients with a reliable diagnosis of
rheumatoid arthritis, verified according to the criteria of
ACR/EULAR 2010 (Kay & Upchurch, 2012). The second group
included 38 patients with osteoarthritis of the temporomandibular
joint, diagnosed according to the criteria of the ACR 1995 (Cornec
et al.,2012). The control group consisted of 48 practically healthy
individuals, comparable in basic demographic indicators.

The exclusion criteria were strictly regulated and included a history
of maxillofacial injuries, congenital malocclusion, cancer, as well
as the period of pregnancy and lactation. The average age of the
examined patients was 48.3£12.1 years, with a uniform gender
distribution (54% of women and 46% of men).

All patients underwent a comprehensive clinical examination,
which included a standard rheumatological examination with the
calculation of the DAS28 activity index for patients with
rheumatoid arthritis (van Riel & Renskers, 2016). The dental
assessment included measuring the amplitude of mouth opening,
detecting crepitation and clicks, determining soreness on palpation
of the masticatory muscles, and analyzing occlusal disorders.
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Instrumental diagnostics was performed using modern imaging
technologies. Cone beam computed tomography was performed on
a Planmeca ProMax 3D device with scanning parameters of 90 kV
and 10 mA, with a voxel size of 0.2 mm, which made it possible to
assess in detail the condition of the articular surfaces. Magnetic
resonance imaging on a Siemens Magnetom Spectra 3T device
using T1 and T2 protocols of weighted images with fat suppression
provided visualization of the position of the articular disc and the
state of the synovial membrane.

Functional  diagnostics included an electromyographic
examination of the masticatory muscles using the BioEMG III
system, which allows an objective assessment of bioelectric
activity both at rest and during standard functional tests (Verevkina
et al., 2023). Computer axiography with the Cadiax 4 system
provided the possibility of accurate registration and subsequent

analysis of the trajectory of the joint movement.

As part of the laboratory diagnosis, all patients underwent a
standard set of rheumatological tests, including determination of
the erythrocyte sedimentation rate, C-reactive protein, rheumatoid
factor, and antibodies to cyclic citrullinated peptide. For patients
who underwent diagnostic joint puncture, a study of synovial fluid
was performed to assess its cytological and biochemical
composition.

Special attention was paid to molecular genetic research.
Polymorphisms of matrix metalloproteinase-3 (MMP-3) and
interleukin-1b (IL-1b) genes were analyzed by allele-specific PCR
followed by electrophoretic analysis of amplification products
(World Medical Association, 2025).

Statistical analysis of the obtained results was carried out using
specialized software SPSS version 26.0. Parametric and
nonparametric methods were used to compare quantitative
indicators between groups, depending on the nature of the data
distribution. The normality of the distribution was assessed using
the Shapiro-Wilk criterion.

The comparison of averages in independent groups was performed
using the Student's t-test for parametric data and the Mann-

Whitney test for nonparametric distributions. For the analysis of
qualitative features, the criterion 2 with the Yates correction was
applied. The relationships between quantitative indicators were
assessed using Pearson or Spearman correlation analysis,
depending on the nature of the distribution of variables.

The multifactorial analysis included the construction of logistic
regression models to determine independent predictors of TMJ
lesion development. The statistical significance of the differences
was established at the level of p<0.05. 95% confidence intervals
were determined for all calculations.

The study was authorised by the local ethics committee and carried
out in complete accordance with the Helsinki Declaration's tenets
(Protocol No. 45-12/2021). Following a thorough description of
the study's goals and procedures, each participant signed an
informed consent form.

Strict quality control measures have been implemented to ensure
high reliability of the data obtained. All instrumental studies were
conducted by a single qualified specialist using standardized
protocols. The visualization data was analyzed by two independent
experts, followed by the calculation of the Kappa coefficient to
assess inter-expert reliability. Clinical measurements were
duplicated at 24-hour intervals to assess intra-expert variability.

The presented methodological framework provides an integrated
approach to studying the of damage to the
temporomandibular joint in various forms of arthritis, which

features

guarantees high scientific value and clinical significance of the
results obtained.

Results and Discussion

The main demographic and clinical indicators are presented in
Table 1. The groups were comparable in age and gender (p>0.05).
The average duration of the disease in the RA group was 8.2+4.1
years, in the OA group, 5.7+3.8 years. The DAS28 index in the RA
group corresponded to moderate disease activity (4.1£1.2).

Table 1. Clinical and demographic characteristics of the studied groups

Parameter RA Group (n=42) OA group (n=38) Control (n=48) p-value
Age (years) 49.1£11.8 47.6£12.3 48.4+11.9 0.842
of the Woman (%) 76.2 71.1 72.9 0.874
Duration of the disease (years) 8.2+4.1 5.7£3.8 - 0.003
DAS28 4.1£1.2 - - -
Mouth opening amplitude (mm) 32.145.4 35.2+4.8 42.3£3.1 <0.001

The results of instrumental studies are shown in Table 2. During
cone beam computed tomography (CBCT), signs of destruction of
articular surfaces were detected in 83.3% of patients with RA and
68.4% with OA. MRI showed dislocation of the articular disc in

71.4% of patients with RA and 52.6% with OA. Electromyography
revealed significant violations of the bioelectric activity of the
masticatory muscles in both groups compared with the control
(p<0.001).
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Table 2. Results of instrumental research

The research method Indicator RA Group (n=42) OA group (n=38) Control (n=48)  p-value
CBCT Destruction of articular surfaces (%) 83.3 68.4 4.2 <0.001

MRI scan Disc displacement (%) 71.4 52.6 0 <0.001
Electromyography Resting activity (mcV) 8.2+2.1 6.9+1.8 3.1+0.9 <0.001
Axiography Trajectory deviation (mm) 2.8+0.7 2.1+0.6 0.9+0.3 <0.001

Multivariate analysis revealed significant correlations between
different parameters (Table 3). The greatest correlation was
observed between the duration of the disease and the degree of

Table 3. Correlations of the main indicators

destruction of articular surfaces (r=0.72, p<0.001). The level of
Cyclic Citrullinated Peptide Antibodies ~ (CCPA)  positively
correlated with the severity of pain syndrome (r=0.61, p=0.002).

Parameter 1 Parameter 2 Correlation coefficient p-value

Duration of the disease Degree of destruction 0.72 <0.001
CCPA level Pain intensity 0.61 0.002
The amplitude of the mouth opening Chewing muscle activity 0.54 0.008
Age Degree of osteophytosis 0.48 0.015

The analysis of occlusive disorders revealed that 64.3% of patients
with RA and 52.6% with OA had a change in bite, mainly by the
type of open bite in the lateral sections. 38.1% of RA patients had
a progressively posteriorly displaced mandible, which correlated
with the duration of the disease (r=0.65, p=0.001).

Laboratory parameters showed significant differences between the
groups. The average level of CRP in the RA group was 12.4+8.2
mg/l, in the OA group - 5.1£3.4 mg/l (p=0.003). Genetic analysis
revealed an association of the MMP-3 gene polymorphism with a
faster progression of destructive changes in the TMJ (OR=2.34,
95% CI 1.12-4.89; p=0.023).

The data obtained indicate a significant effect of systemic arthritis
on the condition of the temporomandibular joint and confirm the
need for an integrated approach to the diagnosis and treatment of
this pathology.

The results obtained demonstrate a significant effect of systemic
arthritis on the state of the
temporomandibular joint, which is consistent with the data of
modern research (Stoustrup et al., 2021; Franklin ef al., 2022;
Zhou et al., 2023). The revealed high incidence of TMJ damage in
patients with rheumatoid arthritis (83.3%) significantly exceeds

structural and functional

the indicators described in previous years, where this parameter did
not exceed 70% (Dias Ferraz et al., 2021; Almasan et al., 2023).
This disparity can be explained by our study's use of more sensitive
imaging methods, in particular high-resolution cone beam
computed tomography, which allows detecting minimal changes in
articular surfaces at early stages (Bianchi ef al., 2021; Dhabale &
Bhowate, 2022).

Of particular interest is the revealed correlation between the
duration of the disease and the degree of destruction of articular
surfaces (1=0.72) (Barbin et al., 2020; Hysa et al., 2023). This fact
confirms the hypothesis of the progressive nature of TMJ damage

in systemic arthritis and underlines the importance of early
diagnosis of joint pathology (Cardoneanu et al., 2022). Our work
has demonstrated for the first time a direct relationship between the
level of Cyclic Citrullinated Peptide Antibodies and the intensity
of TMJ pain, which opens up new prospects for the development
of personalized approaches to therapy.

The results of electromyographic examination of the masticatory
muscles revealed significant differences between the patient
groups and the control group (Kroese et al., 2021). Increased
bioelectric activity at rest (8.2+2.1 MV in RA versus 3.1+0.9 MV
in control) indicates the formation of stable muscle hypertension,
which can be considered as a compensatory mechanism in
response to joint destabilization (Kulesa-Mrowiecka et al., 2022;
Park & Auh, 2024; Blaszczyk et al., 2025). These data complement
the understanding of the pathogenesis of myofascial pain
syndrome in patients with arthritis and explain the low
effectiveness of isolated drug therapy without correction of muscle
imbalance (Rzhepakovsky et al., 2021).

The revealed occlusal disorders, in particular, progressive
posteriorly displaced mandible in 38.1% of patients with RA, are
of particular clinical significance (Golanska et al., 2021). This
observation confirms the need for an interdisciplinary approach
with the mandatory participation of orthopedic dentists in the
management of such patients. The results obtained are consistent
with the concept of a "vicious circle", in which TMJ destruction
leads to a change in bite, and the latter exacerbates the pathological
load on the damaged joint (Henry & Mehra, 2022).

Molecular genetic studies have revealed a significant association
of MMP-3 gene polymorphism with the progression of destructive
changes (OR=2.34) (Ornek Akdogan et al., 2023). This fact is
important for predicting the course of the disease and can serve as
a basis for developing preventive strategies in patients with a
genetic predisposition. It is interesting to note that similar patterns
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have previously been described for large joints, but this is the first
time such data have been presented for TMJ (Leyte-Marique et al.,
2022; Lopez-Martinez et al., 2022).

A comparative analysis of instrumental diagnostic methods has
confirmed the high informative value of an integrated approach,
including CBCT and MRI (Hara ef al., 2023). Special attention
should be paid to the good correlation revealed in our study
between axiographic indicators and the degree of joint destruction
(r=0.68), which allows us to consider computer axiography as a
valuable method of functional diagnosis, especially in the early
stages of the disease, when structural changes are still minimal
(Saravanakumar et al., 2022; Spirito et al., 2022; Domatskiy &
Sivkova, 2023; Dongmo & Tamesse, 2023; Garcia & Jaramillo,
2023; Graefen et al., 2023; Grin et al., 2023; Kulkarni et al., 2023;
Malcangi et al., 2023; Mustafa et al., 2023; Savva et al., 2023;
Vogel et al., 2023; AlShammasi et al., 2024; Avramova &
Vasileva, 2024; Li et al., 2024; Ravoori et al., 2024).

The clinical significance of the work is emphasized by the revealed
significant decrease in the quality of life of patients with TMJ
lesions. Our data show that even moderate joint changes are
accompanied by significant restriction of masticatory function and
social maladjustment, which requires the development of
comprehensive rehabilitation programs.

Prospects for further research are seen in the study of the
effectiveness of modern biological drugs in relation to TMJ
lesions, as well as in the development of algorithms for early
orthopedic correction of occlusive disorders. Of particular interest
is the possibility of using artificial intelligence methods to predict
the course of the disease based on a comprehensive analysis of
clinical, instrumental, and genetic data.

Thus, the study expands the understanding of the nature and
mechanisms of TMJ damage in systemic arthritis, emphasizes the
importance of an interdisciplinary approach, and opens up new
prospects for improving diagnostic and therapeutic strategies. The
results obtained are of significant importance for both
rheumatologists and dentists involved in the management of this

category of patients (Uzun & Karatas, 2022; Zhang et al., 2022).
Conclusion

The study made it possible to establish a significant incidence of
damage to the temporomandibular joint in patients with systemic
arthritis, reaching 83.3% in rheumatoid arthritis and 68.4% in
osteoarthritis. The data obtained convincingly demonstrate that the
pathological changes in the TMJ are progressive, as evidenced by
the revealed strong correlation between the duration of the disease
and the degree of destruction of the articular surfaces (r=0.72). Of
particular clinical significance is the established relationship
between the level of Cyclic Citrullinated Peptide Antibodies and
the intensity of pain syndrome (r=0.61), which opens up new
opportunities for a personalized approach to therapy.

The results of the study confirm the need for early diagnosis of
TMIJ lesions using modern imaging techniques. An integrated
approach, including cone beam computed tomography and
magnetic resonance imaging, has demonstrated high information

value in detecting both bone changes and damage to soft tissue
structures of the joint. Special attention should be paid to the
revealed violation of the bioelectric activity of the masticatory
muscles (8.2£2.1 MV in RA versus 3.1+0.9 MV in control),
emphasizing the importance of including muscle relaxation
techniques in the complex of therapeutic measures.

The data obtained are of great practical importance for clinicians.
The revealed occlusive disorders observed in 64.3% of patients
with RA and 52.6% with OA require the mandatory participation
of orthopedic dentists in the management of such patients. The
established association of the MMP-3 gene polymorphism with the
progression of destructive changes (OR=2.34) forms the basis for
the development of preventive strategies in patients with a genetic
predisposition.

The prospects for further research are related to the study of the
effectiveness of modern biological drugs in relation to TMJ
lesions, as well as the development of algorithms for early
orthopedic correction. The introduction of interdisciplinary
approaches to patient management, combining the efforts of
rheumatologists, dentists and rehabilitologists, is of particular
relevance.

The work carried out makes a significant contribution to
understanding the pathogenesis of TMJ lesions in systemic arthritis
and justifies the need to review existing approaches to the
diagnosis and treatment of this pathology. The results obtained
emphasize the importance of early detection of changes in the
temporomandibular joint and the development of comprehensive
rehabilitation programs aimed at preserving the function of the
chewing apparatus and improving the quality of life of patients.

Acknowledgments: None
Conflict of interest: None
Financial support: None

Ethics statement: All studies were conducted in compliance
with the ethical standards and principles of the Helsinki
Declaration. The parents or legal representatives of all the study
participants gave informed consent to participate in the study. The
protocol of the experiment was approved by the local ethics
committee (Protocol No. 45-12/2021)

References

Almasan, O., Hedesiu, M., Baciut, M., Buduru, S., & Dinu, C.
(2023). Psoriatic arthritis of the temporomandibular joint: a
systematic review. Journal of Oral Rehabilitation, 50(3),
243-255. doi:10.1111/joor.13409

Almutairi, K. B., Nossent, J. C., Preen, D. B., Keen, H. 1., &
Inderjeeth, C. A. (2021b). The prevalence of rheumatoid
arthritis: a systematic review of population-based studies.
The Journal of Rheumatology, 48(5), 669-676.
doi:10.3899/jrheum.200367

Almutairi, K., Nossent, J., Preen, D., Keen, H., & Inderjeeth, C.
(2021a). The global prevalence of rheumatoid arthritis: a



15

J Biochem Technol (2025) 16(3): 10-18

meta-analysis based on a systematic review. Rheumatology
International, 41(5), 863-877. doi:10.1007/s00296-020-
04731-0

AlShammasi, H., Alkhaldi, G., Alharbi, L., & Alyami, M. (2024).
Shifts in parental perception of pediatric patients needing
dental rehabilitation under general anesthesia post-
pandemic. Turkish Journal of Public Health Dentistry, 4(1),
29-35. doi:10.51847/jAv4cm0TTn

Avramova, N., & Vasileva, I. M. (2024). The role of continuous
education in career progression and satisfaction among
dentists. Annals of Journal of Dental and Medical
Assistance, 4(2), 28-33. doi:10.51847/aGYwXHsnlf

Barbin, T., Groppo, F. C., Toledo, F. C., Costa, Y. M., Clemente-
Napimoga, J. T., & Figueroba, S. R. (2020). The effect of
omega-3 in temporomandibular joint synovial tissues of rats
with induced arthritis: pilot study. International Journal of
Oral and Maxillofacial Surgery, 49(10), 1319-1325.
doi:10.1016/j.ijom.2020.01.012

Bianchi, J., Roberto Gongalves, J., Carlos de Oliveira Ruellas, A.,
Vieira Pastana Bianchi, J., Ashman, L. M., Yatabe, M.,
Benavides, E., Soki, F. N., & Cevidanes, L. H. S. (2021).
Radiographic interpretation using high-resolution CBCT to
diagnose degenerative temporomandibular joint disease.
PLoS ONE, 16(8), €0255937.
doi:10.1371/journal.pone.0255937

Btlaszczyk, B., Waliszewska-Prosot, M., Smardz, J., Wigckiewicz,
M., Wojakowska, A., & Martynowicz, H. (2025). Exploring
the associations of sleep bruxism and obstructive sleep
apnea  with  migraine  among  patients  with
temporomandibular disorder: a polysomnographic study.
Headache, 65(2),242-257. doi:10.1111/head.14892

Blinov, A., Rekhman, Z., Slyadneva, K., Askerova, A,
Mezentsev, S., Lukyanov, G., Kirichenko, 1., Djangishieva,
S., Gamzatova, A., Suptilnaya, D., et al. (2025). Advanced
strategies for the selection and stabilization of osteotropic
micronutrients using biopolymers. Journal of Chemical
Reviews, 7(1), 83—107. doi:10.48309/jcr2025.492520.1401

Broussard, J. S., Jr. (2005). Derangement, osteoarthritis, and
rheumatoid arthritis of the temporomandibular joint:
implications, diagnosis, and management. Dental Clinics of
North America, 49(2), 327-342.
doi:10.1016/j.cden.2004.10.003

Calle, A. J. M., Ogawa, C. M., Martins, J. S., Santos, F. C., de
Castro Lopes, S. L. P., Nahas-Scocate, A. C. R., Hasseus,
B., Appenzeller, S., & Costa, A. L. F. (2022).
Temporomandibular joint in juvenile idiopathic arthritis:
magnetic resonance imaging measurements and their
correlation with imaging findings. Oral Radiology, 38(4),
459-467. doi:10.1007/s11282-021-00576-w

Cardoneanu, A., Macovei, L. A., Burlui, A. M., Mihai, I. R.,
Bratoiu, I., Rezus, 1. 1., Richter, P., Tamba, B. 1., & Rezus,
E. (2022). Temporomandibular joint osteoarthritis:
pathogenic mechanisms involving the cartilage and
subchondral bone, and potential therapeutic strategies for
joint regeneration. [International Journal of Molecular
Sciences, 24(1), 171. doi:10.3390/ijms24010171

Cornec, D., Varache, S., Morvan, J., Devauchelle-Pensec, V.,
Berthelot, J. M., Le Henaff-Bourhis, C., Hoang, S., Martin,

A., Chalés, G., Jousse-Joulin, S., et al. (2012). Comparison
of ACR 1987 and ACR/EULAR 2010 criteria for predicting
a 10-year diagnosis of rheumatoid arthritis. Joint Bone
Spine, 79(6), 581-585. doi:10.1016/j.jbspin.2012.01.015

Covert, L., Mater, H. V., & Hechler, B. L. (2021). Comprehensive
management of rheumatic diseases affecting the
temporomandibular joint. Diagnostics (Basel), 11(3), 409.
doi:10.3390/diagnostics 11030409

Dhabale, G. S., & Bhowate, R. R. (2022). Cone-beam computed
tomography for temporomandibular joint imaging. Cureus,
14(11), e31515. doi:10.7759/cureus.31515

Di Matteo, A., Bathon, J. M., & Emery, P. (2023). Rheumatoid
arthritis. ~ The  Lancet,  402(10416), 2019-2033.
doi:10.1016/S0140-6736(23)01525-8

Dias Ferraz, A., Spagnol, G., Alves Maciel, F., Monteiro Pinotti,
M., & De Freitas, R. R. (2021). Septic arthritis of the
temporomandibular joint: case series and literature review.
Cranio, 39(6), 541-548.
doi:10.1080/08869634.2019.1661943

Domatskiy, V. N., & Sivkova, E. I. (2023). Patterns of
epidemiology and epizootiology of toxocariasis across the
Russian Federation. International Journal of Veterinary
Research  and  Allied  Sciences,  3(1), 11-18.
doi:10.51847/pQLhSidHBz

Dornelli, M., Lanteri, V., Ugolini, A., Bruni, A., Cressoni, P.,
Abate, A., & Maspero, C. (2024). Cone-beam computed
tomography (CBCT) analysis of mandibular condyles'
diameters in patients with juvenile idiopathic arthritis and
temporomandibular joint affection: a cross-sectional
investigation. Journal of Clinical Medicine, 13(17), 5104.
doi:10.3390/jcm13175104

Dongmo, L. F., & Tamesse, J. L. (2023). Population trends of
Hilda Tamesse & Dongmo
(Tettigometridae), a pest of Vernonia amygdalina Delile in

cameroonensis

Yaoundé, Cameroon. International Journal of Veterinary
Research  and  Allied  Sciences, 3(1), 1-10.
doi:10.51847/CurzkzD60G

Finckh, A., Gilbert, B., Hodkinson, B., Bae, S. C., Thomas, R.,
Deane, K. D., Alpizar-Rodriguez, D., & Lauper, K. (2022).
Global epidemiology of rheumatoid arthritis. Nature
Reviews Rheumatology, 18(10), 591-602.
doi:10.1038/s41584-022-00827-y

Franklin, M., Sperry, M. M., Phillips, E., Granquist, E. J.,
Marcolongo, M., & Winkelstein, B. A. (2022). Painful
temporomandibular joint overloading induces structural
remodeling in the pericellular matrix of that joint’s
chondrocytes. Journal of Orthopaedic Research, 40(2),
348-358. doi:10.1002/jor.25050

Garcia, E., & Jaramillo, S. (2023). Telescopic retention in
prosthodontics: a digital approach for enhanced patient
outcomes. Asian Journal of Periodontics and Orthodontics,
3,25-29. doi:10.51847/zpD7IfE1t

Gharavi, S. M., Qiao, Y., Faghihimehr, A., & Vossen, J. (2022).
Imaging of the temporomandibular joint. Diagnostics
(Basel), 12(4), 1006. doi:10.3390/diagnostics12041006

Golanska, P., Saczuk, K., Domarecka, M., Ku¢, J., & Lukomska-
Szymanska, M. (2021). Temporomandibular myofascial
pain  syndrome—Aetiology  and  biopsychosocial


https://doi.org/10.51847/jAv4cm0TTn
https://doi.org/10.51847/aGYwXHsnlf
https://doi.org/10.51847/pQLhSidHBz
https://doi.org/10.51847/CurzkzD60G
https://doi.org/10.51847/zpD7lrfE1t

J Biochem Technol (2025) 16(3): 10-18

16

modulation. A narrative review. International Journal of
Environmental Research and Public Health, 18(15), 7807.
doi:10.3390/ijerph 18157807

Graefen, B., Hasanli, S., & Fazal, N. (2023). Behind the white
coat: the prevalence of burnout among obstetrics and
gynecology residents in Azerbaijan. Bulletin of Pioneer
Research in Medical and Clinical Sciences, 2(2), 1-7.
doi:10.51847/v1IhM1UG21

Grin, N. A,, Platova, E. G., Dukaev, M. V., Magomedovic, A. M.,
Gairbekov, M. K., Sulimanova, K. I., Kheirbekova, K. K.,
& Nashapigova, M. A. (2023). Evaluating the effectiveness
of silver nanoparticle-modified dental fillings on enhancing
hard tissue durability. International Journal of Dental
Research  and  Allied 3(2), 29-35.
doi:10.51847/XdLVg7zuuq

Hara, G. F., de Souza-Pinto, G. N., Brasil, D. M., Poluha, R. L.,
Iwaki, L. C. V., Filho, L. 1., & Neto, F. H. (2023). What is
the image appearance of juvenile idiopathic arthritis in MRI,
CT, and CBCT of TMJ? A systematic review. Clinical Oral
Investigations, 27(5), 2321-2333. doi:10.1007/s00784-022-
04828-9

Henry, A., & Mehra, P. (2022). Reconstruction of the TMJ and
condyle in inflammatory arthritis. Journal of Oral Biology
and  Craniofacial ~ Research, 12(5), 623-632.
doi:10.1016/j.jobcr.2022.07.013  (Epub 2022 Aug 12;
Erratum in: J Oral Biol Craniofac Res, 2024 Jul-Aug;14(4),
355-356. doi:10.1016/j.jobcr.2024.05.012)

Hysa, E., Lercara, A., Cere, A., Gotelli, E., Gerli, V., Paolino, S.,
Pizzorni, C., Sulli, A., Smith, V., & Cutolo, M. (2023).

immune-mediated

Sciences,

Temporomandibular  disorders in
rheumatic diseases of the adult: a systematic review.
Seminars in Arthritis and Rheumatism, 61, 152215.
doi:10.1016/j.semarthrit.2023.152215

Jang, S., Kwon, E. J., & Lee, J. J. (2022). Rheumatoid arthritis:
pathogenic roles of diverse immune cells. International
Journal  of  Molecular 23(2),  90s.
doi:10.3390/ijms23020905

Jiang, Y. (2022). Osteoarthritis year in review 2021: biology.

30(2), 207-215.

Sciences,

Osteoarthritis and  Cartilage,
doi:10.1016/j.joca.2021.11.009
Jiang, Y., Shi, J., Di, W., Teo, K. Y. W., & Toh, W. S. (2024).

Mesenchymal stem cell-based therapies for
temporomandibular joint repair: a systematic review of
preclinical studies. Cells, 13(11), 990.

doi:10.3390/cells13110990

Kay, J.,, & Upchurch, K. S. (2012). ACR/EULAR 2010
rheumatoid arthritis classification criteria. Rheumatology
(Oxford), 51(Suppl 6), vi5—vi9.
doi:10.1093/rheumatology/kes279

Kroese, J. M., Volgenant, C. M. C., Crielaard, W., Loos, B., van
Schaardenburg, D., Visscher, C. M., & Lobbezoo, F. (2021).
Temporomandibular disorders in patients with early
rheumatoid arthritis and at-risk individuals in the Dutch
population: a cross-sectional study. RMD Open, 7(1),
¢001485. doi:10.1136/rmdopen-2020-001485

Kroese, J. M., Volgenant, C. M. C., van Schaardenburg, D., van
Boheemen, L., van Selms, M. K. A., Visscher, C. M.,
Crielaard, W., Loos, B. G., & Lobbezoo, F. (2022). Oral

health-related quality of life in patients with early
rheumatoid arthritis is associated with periodontal
inflammation and painful temporomandibular disorders: a
cross-sectional study. Clinical Oral Investigations, 26(1),
555-563. doi:10.1007/s00784-021-04034-z

Kulesa-Mrowiecka, M., Baranski, R., & Ktaczynski, M. (2022).
SEMG and vibration system monitoring for differential
diagnosis in temporomandibular joint disorders. Sensors,
22(10), 3811. doi:10.3390/s22103811

Kulkarni, S., Zope, S., Suragimath, G., Varma, S., & Kale, A.
(2023). The influence of female sex hormones on
periodontal health: a regional awareness study. Annals of
Orthodontics and  Periodontics  Special, 3, 10-18.
doi:10.51847/v4EFMh6WESf

Leyte-Marique, A., Guzman-Mendoza, R., & Salas-Araiza, M. D.
(2022). Ecological roles and insect assemblages in southern
Guanajuato grain crops. Entomology Letters, 2(2), 37-46.
doi:10.51847/LuXJYmQDEA

Li, Q., Du, Y., & Yang, K. (2024). Patient satisfaction and oral
health-related quality of life in fixed vs. clear aligner
therapy. Annals of Orthodontics and Periodontics Special,
4,26-31. doi:10.51847/NcuofphBQC

Li, W, Yu, L., Li, W, Ge, G., Ma, Y., Xiao, L., Qiao, Y., Huang,
W., Huang, W., Wei, M., et al. (2023). Prevention and
treatment of inflammatory arthritis with traditional Chinese
medicine: underlying mechanisms based on cell and
molecular targets. Ageing Research Reviews, 89, 101981.
doi:10.1016/j.arr.2023.101981

Liu, Q., Yang, H., Zhang, M., Zhang, J., Lu, L., Yu, S, Wu, Y., &
Wang, M. (2021). Initiation and progression of dental-
stimulated

temporomandibular  joints  osteoarthritis.

Osteoarthritis  and  Cartilage, — 29(5),  633-642.
doi:10.1016/j.joca.2020.12.016

Lépez-Martinez, V., O NBPL, Aguirre-Cadena, J. F., Brindis-
Santos, A. 1., & Osorio-Espinoza, H. (2022). Tomicus
species (Coleoptera: Curculionidae: Scolytinae) as an
invasive threat to Mexico’s forests using ecological niche
modeling. Entomology  Letters, 2(2), 27-36.
doi:10.51847/vQd7sHNrcA

Malcangi, G., Patano, A., Trilli, 1., Piras, F., Ciocia, A. M.,
Inchingolo, A. D., Mancini, A., Hazballa, D., Di Venere, D.,
Inchingolo, F., et al. (2023). A systematic review of the role
of soft tissue lasers in enhancing esthetic dental procedures.
International Journal of Dental Research and Allied
Sciences, 3(2), 1-8. doi:10.51847/DWXItUS9Lp

Matheus, H. R., Ozdemir, S. D., & Guastaldi, F. P. S. (2022). Stem
cell-based therapies for temporomandibular joint
osteoarthritis and regeneration of cartilage/osteochondral
defects: a systematic review of preclinical experiments.
Osteoarthritis  and  Cartilage, 30(9), 1174-1185.
doi:10.1016/j.joca.2022.05.006

Mustafa, R. M., Alshali, R. Z., & Bukhary, D. M. (2023).
Evaluating Saudi dentists’ compliance with safety protocols
during COVID-19. Annals of Journal of Dental and Medical
Assistance, 3(1), 1-10. doi:10.51847/9vx0wNOiuZ

Nguyen, V. S., Kofod, T., Nisja, E., Hosseini, M., & Worsaae, N.
(2024). Interpositional arthroplasty using cartilage
allografts for treating temporomandibular joint arthrosis: a


https://doi.org/10.51847/vIIhM1UG2l
https://doi.org/10.51847/XdLVg7zuuq
https://doi.org/10.51847/v4EFMh6WEf
https://doi.org/10.51847/LuXJYmQDEA
https://doi.org/10.51847/NcuofphBQC
https://doi.org/10.51847/vQd7sHNrcA
https://doi.org/10.51847/DWXltUS9Lp
https://doi.org/10.51847/9vx0wN0iuZ

17

J Biochem Technol (2025) 16(3): 10-18

3- and 5-year retrospective clinical follow-up study. Oral
Surgery, Oral Medicine, Oral Pathology and Oral
Radiology, 137(6), 573-579.
d0i:10.1016/j.0000.2024.02.002

Ning, W., Schmalz, G., Li, P., & Huang, S. (2022). Oral health-
related quality of life in patients with osteoarthritis of the
temporomandibular joint—Results of a systematic review.
Journal of Oral Rehabilitation, 49(11), 1106-1114.
doi:10.1111/joor.13363

Onel, K. B., Horton, D. B., Lovell, D. J., Shenoi, S., Cuello, C. A.,
Angeles-Han, S. T., Becker, M. L., Cron, R. Q., Feldman,
B. M,, Ferguson, P. J., et al. (2022). 2021 American college
of rheumatology guideline for the treatment of juvenile
idiopathic  arthritis:  therapeutic =~ approaches  for
oligoarthritis, temporomandibular joint arthritis, and
systemic juvenile idiopathic arthritis. Arthritis &
Rheumatology, 74(4), 553-569. doi:10.1002/art.42037

Ornek Akdogan, E., Omezli, M. M., & Torul, D. (2023).
Comparative evaluation of the trabecular structure of the
mandibular condyle, the levels of salivary cortisol, MMP-3,
TNF-a, IL-1B in individuals with and without
temporomandibular joint disorder. Journal of Stomatology,
Oral and Maxillofacial ~ Surgery, 124(4), 101417.
doi:10.1016/j.jormas.2023.101417

Park, H. J., & Auh, Q. S. (2024). Age and sex differences in
comorbidities in adult temporomandibular disorders: a
cross-sectional study using Korea National Health and
Nutrition Examination Survey (KNHANES). PLoS ONE,
19(1), €0296378. doi:10.1371/journal.pone.0296378

Ravoori, S., Sekhar, P. R., Pachava, S., Pavani, N. P. M., Shaik, P.
S., & Ramanarayana, B. (2024). Perceived stress and
depression among oral cancer patients - A hospital based
cross-sectional study. Turkish Journal of Public Health
Dentistry, 4(1), 1-5. doi:10.51847/FoK9xAl1JW

Resnick, C. M. (2024). Pediatric temporomandibular joint
pathology. Oral and Maxillofacial Surgery Clinics of North
America, 36(3), 303-315. doi:10.1016/j.coms.2024.01.008

Rongo, R., Michelotti, A., Pedersen, T. K., Resnick, C. M., &
Stoustrup, P. (2023). Management of temporomandibular
joint arthritis in children and adolescents: an introduction
for orthodontists. Orthodontics & Craniofacial Research,
26(Suppl. 1), 151-163. doi:10.1111/0cr.12676

Rzhepakovsky, 1., Siddiqui, S. A., Avanesyan, S., Benlidayi, M.,
Dhingra, K., Dolgalev, A., Enukashvily, N., Fritsch, T.,
Heinz, V., Kochergin, S., et al. (2021). Anti-arthritic effect
of chicken embryo tissue hydrolyzate against adjuvant
arthritis  in  rats (X-ray microtomographic  and
histopathological analysis). Food Science & Nutrition,
9(10), 5648-5669. doi:10.1002/fsn3.2529

Saravanakumar, V., Masi, C., Neme, [, Agun, K., &
Dinakarkumar, Y. (2022). Geographical comparison of
phytoconstituents in Euphorbia hirta: a pilot study in
Ethiopia and India. Bulletin of Pioneer Research in Medical
and Clinical Sciences, 1(2), 34-41.
doi:10.51847/ErNYBrhrFF

Savva, G., Papastavrou, E., Charalambous, A., Vryonides, S., &
Merkouris, A. (2023). Studying the nurses' and nursing
students' attitudes towards the phenomenon of elderly.

Journal of Integrative Nursing and Palliative Care, 4, 6-10.
doi:10.51847/DkBR8F3IGx

Schendrigin, I. N., Timchenko, L. D., Rzhepakovsky, 1. V.,
Avanesyan, S. S., Sizonenko, M. N., Grimm, W. D., &
Povetkin, S. N. (2022). Clinical and pathogenetic
significance of amylase level and microtomographic index
of synovial fluid in various joint lesions. Sovremennye
Tekhnologii % Medicine, 14(6), 42-49.
doi:10.17691/stm2022.14.6.05

Skarmeta, N. P., Espinoza-Mellado, P. A., Elissalt, N., Diez, F. J.,
& Fumeaux, J. E. (2023). Infectious arthritis and the
temporomandibular joint: a review. Cranio, 41(3), 190-198.
doi:10.1080/08869634.2020.1819687

Spirito, F. D., Iacono, V. J., Alfredo, 1., Alessandra, A., Sbordone,
L., & Lanza, A. (2022). Impact of COVID-19 awareness on
periodontal disease prevention and management. Asian
Journal of Periodontics and Orthodontics, 2, 16-26.
doi:10.5184748DITIGOCU

Stoustrup, P., Kellenberger, C. J., Host, C., Kiiseler, A., Pedersen,
T. K., Herlin, T., & Glerup, M. (2025). Effects of biologics
on temporomandibular joint inflammation in juvenile
idiopathic arthritis. The Journal of Rheumatology, 52(2),
173-180. doi:10.3899/jrheum2024-0538

Stoustrup, P., Lerman, M. A., & Twilt, M. (2021). The
temporomandibular joint in juvenile idiopathic arthritis.
Rheumatic Disease Clinics of North America, 47(4), 607—
617. doi:10.1016/j.rdc.2021.06.004

Terashima, A., Ono, K., Omata, Y., Tanaka, S., & Saito, T. (2024).
Inflammatory diseases causing joint and bone destruction:
rheumatoid arthritis and hemophilic arthropathy. Journal of
Bone and Mineral Metabolism, 42(4), 455-462.
doi:10.1007/s00774-024-01520-8

Uzun, K., & Karatas, Z. (2022). Investigating the role of
metacognitive beliefs, ambiguity tolerance, and emotion
processing in predicting nurses' generalized anxiety
disorder. Journal of Integrative Nursing and Palliative
Care, 3,36-42. doi:10.51847/mXbCbDAVpU

van Riel, P. L., & Renskers, L. (2016). The disease activity score
(DAS) and the disease activity score using 28 joint counts
(DAS28) in the management of rheumatoid arthritis.
Clinical and Experimental Rheumatology, 34(5 Suppl 101),

S40-S44.
Verevkina, M., Goncharov, V., Nesmeyanov, E., Kamalova, O.,
Baklanov, 1., Pokhilko, A., Nagapetova, A., &

Miroshnichenko, P. (2023). Application of the Se NPs-
Chitosan molecular complex for the correction of selenium
deficiency in a rat model. Potravinarstvo Slovak Journal of
Food Sciences, 17,455-466. doi:10.5219/1871

Vogel, J. P., Nguyen, P. Y., Ramson, J., De Silva, M. S., Pham, M.
D., Sultana, S., McDonald, S., Adu-Bonsaffoh, K., &
McDougall, A. R. (2023). Studying the effectiveness of
various treatment methods effective on postpartum
hemorrhage. Bulletin of Pioneer Research in Medical and
Clinical Sciences, 2(2),20-26. doi:10.51847/PAKETj5Mik

Whyte, A., Boeddinghaus, R., Bartley, A., & Vijeyaendra, R.
(2021). Imaging of the temporomandibular joint. Clinical
Radiology, 76(1), 76.€21-76.¢35.
doi:10.1016/j.crad.2020.06.020


https://doi.org/10.51847/FoK9xAl1JW
https://doi.org/10.51847/ErNYBrhrFF
https://doi.org/10.51847/DkBR8F3IGx
https://doi.org/10.51847/t8D9TJGOCU
https://doi.org/10.51847/mXbCbDAVpU
https://doi.org/10.51847/P4KETj5Mik

J Biochem Technol (2025) 16(3): 10-18 18

World Medical Association. (2025). World Medical Association length of patients' stay in hospitals. Journal of Integrative
Declaration of Helsinki: ethical principles for medical Nursing and Palliative Care, 3, 26-30.
research involving human participants. JAMA, 333(1), 71— doi:10.51847/FLasQgumnS
74. doi:10.1001/jama.2024.21972 Zhou, J.,, Ren, R., Li, Z., Zhu, S., & Jiang, N. (2023).

Wroclawski, C., Mediratta, J. K., & Fillmore, W. J. (2023). Recent Temporomandibular joint osteoarthritis: a review of animal
advances in temporomandibular joint surgery. Medicina models induced by surgical interventions. Oral Diseases,
(Kaunas), 59(8), 1409. doi:10.3390/medicina59081409 29(7), 2521-2528. doi:10.1111/0di.14266

Zhang, X. M., Wu, X. ], Cao, J., Guo, N., Bo, H. X., Ma, Y. F,,
Jiao, J., & Zhu, C. (2022). Investigating factors affecting the


https://doi.org/10.51847/FLasQgumnS

