Received: 04.08.2025. Revised: 01.11.2025. Accepted: 12.12.2025

JOURNAL OF HUMAN BIOLOGY AND CLINICAL MEDI

Journal homepage: https://humanbiomed.com/en Vol. 1. No. 1. 2025

UDC 616.724-007.24 DOI: 10.63621/jhbcm/1.2025.29

Morphological justification of the effectiveness of osteopathic
treatment of temporomandibular joint dysfunction

Rahat Abirova”

PhD in Medical Sciences, Associate Professor
LK. Akhunbaev Kyrgyz State Medical Academy
720020, 92 Akhunbaev Str,, Bishkek, Kyrgyz Republic
https://orcid.org/0000-0001-5204-5583

Abdyrakman Eshiev
Doctor of Medical Sciences, Professor
Research Institute of Medical and Biological Problems, Southern Branch
of the National Academy of Sciences of the Kyrgyz Republic
723500, 130-A Uzgenskaya Str., Osh, Kyrgyz Republic
https://orcid.org/0000-0003-2617-8360
Daniyar Eshiev
Doctor of Medical Sciences, Director
Dental-Osh Clinic

723500, 9 Kurmanjan Datka Str., Osh, Kyrgyz Republic
https://orcid.org/0009-0001-6658-0752

Abstract. The aim of the study was to evaluate the effectiveness of osteopathic treatment for temporomandibular
joint dysfunction using clinical indicators, magnetic resonance imaging data and immunohistochemical analysis.
The study included 60 patients suffering from pain syndrome, limited mandibular mobility, joint clicking and
impaired occlusal relationships. Treatment was carried out at the Dental-Osh dental clinic and involved the
application of osteopathic techniques, including craniosacral, myofascial, structural and visceral methods, aimed
at restoring biomechanics and normalising muscle tone. Treatment effectiveness was assessed using magnetic
resonance imaging and the Temporomandibular Joint Symptom Intensity Scale (TM] SIS), which reflected pain
intensity and the range of mandibular movements. The results demonstrated pronounced morphological changes,
including restoration of the physiological position of the articular disc, normalisation of the joint space and
reduction of inflammation in soft tissues. A significant decrease in pain intensity and improvement in mandibular
mobility were also observed. Immunohistochemical analysis revealed a statistically significant reduction in the
expression of pro-inflammatory markers: tumour necrosis factor alpha (TNF-a) by 41.6%, vascular endothelial
growth factor A (VEGF-A) by 27.9%, and matrix metalloproteinase-13 (MMP-13) by 35.8%. At the same time,
increased expression of cartilage regeneration factors was noted: collagen type Il alpha 1 chain (COL2A1) by 43.9%
and transforming growth factor beta 1 (TGF-f1) by 40%, which confirmed successful structural and functional
restoration of temporomandibular joint tissues. The analysis demonstrated a statistically significant improvement
in the restoration of mandibular movement amplitude, which was also confirmed by MRI findings. Reduction in pain
severity and recovery of joint functional status were recorded both by clinical scales and immunohistochemical
data, indicating a positive effect of osteopathic intervention. The results of the study could be used to implement
osteopathic methods in the comprehensive treatment of temporomandibular joint dysfunction in interdisciplinary
dental practice, ensuring more effective functional recovery and pain reduction in patients
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Morphological justification of the effectiveness...

INTRODUCTION
The temporomandibular joint (TM]) was described as a
complex biomechanical structure that ensured coordi-
nated movements of the mandible and participated in
such vital functions as mastication, speech, and facial
expression. The body of clinical, morphological, and
immunohistochemical data obtained demonstrated not
only a pronounced therapeutic effect but also a mech-
anistic justification for the use of osteopathy in the
correction of joint pathology. A tendency towards an
increase in the prevalence of TM] dysfunctions was not-
ed, which was associated with heightened psycho-emo-
tional stress, impaired occlusal balance, as well as pos-
tural and myofascial disorders. The pathogenesis of TM]
dysfunction was a polyetiological and multifactorial
process involving neuromuscular, vascular, and struc-
tural-morphological components. The totality of the
collected data indicated positive structural-functional
remodelling of TM] tissues and confirmed the effec-
tiveness of the osteopathic intervention carried out [1].

F. Moscagiuri et al. [2] investigated the morpholo-
gy of the articular eminence in patients with different
skeletal classes using cone-beam computed tomogra-
phy. The authors showed that changes in the inclina-
tion of the articular eminence correlated with the type
of skeletal growth, which highlighted the biomechani-
cal complexity of the TM]. These data were important
for understanding the structural factors that influenced
the development of dysfunction and the outcomes of its
correction, including manual methods. S. Kadekuzhi et
al. [3] conducted a protocol-based systematic review
dedicated to the morphological changes of the TM] in
dysfunctions. The researchers identified key structural
elements of the joint that underwent remodelling un-
der pathological conditions and required evaluation in
clinical studies. The work emphasised the importance
of a comprehensive analysis of TM] morphology, which
resonated with the present study that used magnetic
resonance imaging (MRI) and morphological criteria to
assess the effectiveness of therapy.

S. Sirli Yilmazturk et al. [4] examined the morpho-
logical and morphometric characteristics of the TM] in
children with different skeletal patterns. The authors
demonstrated that growth features and skeletal type
significantly influenced the shape of the condylar head,
the mandibular fossa, and the spatial relationships of
the structures. These findings complemented the un-
derstanding of how biomechanical differences shaped
the predisposition to dysfunction, which was important
for interpreting the morphological changes observed
in the present study before and after osteopathic treat-
ment. S. Sritara et al. [5] investigated the association
between TM] morphology and individual masticatory
pattern types. The authors identified that the structural
features of the condylar head and the mandibular fos-
sa correlated with the characteristics of masticatory
movements, reflecting adaptive biomechanical changes

of the TM]. These data underscored the role of function-
al loading in the formation of morphological changes,
which was relevant to the current study demonstrating
the possibility of restoring normal joint biomechanics
following osteopathic treatment.

According to the study by E. S. Mamedov et al. [6],
prolonged disturbance of the occlusal-muscular bal-
ance led to dystrophic changes in the articular disc, the
capsular-ligamentous apparatus, and the subchondral
bone, which were accompanied by microcirculatory im-
pairments and remodelling of the cartilaginous tissue.
J. Song et al. [7] investigated the morphological features
of the TM] in patients with different Angle’s occlusal
classes using cone-beam computed tomography. The
study established that the parameters of the condylar
head, the mandibular fossa, and the joint space varied
considerably depending on the occlusal type, reflecting
functionally determined biomechanical differences.

Y. Wei et al. [8] examined TM] changes in adult
patients with skeletal class II and a high mandibu-
lar growth angle, focusing on the influence of ver-
tical control on joint morphology. It was shown that
vertical growth characteristics and the orthodontic
interventions performed led to significant remodel-
ling of the condylar head and the joint space. These
findings emphasised the sensitivity of the TM] to al-
terations in biomechanical loading, which resonated
with the present study demonstrating structural res-
toration of the joint following osteopathic treatment.
LI. Agadzhani & Yu.Yu. Yakimova [9] investigated the
features of diagnosing and treating TM] dysfunction,
paying particular attention to functional methods of
joint assessment. The authors considered various ap-
proaches to evaluating occlusal-muscular balance and
clinical manifestations, as well as describing contem-
porary therapeutic strategies. The work highlighted
the importance of a comprehensive functional anal-
ysis, which aligned with the present study that used
MRI and clinical indicators to assess the effectiveness
of osteopathic intervention.

Y.A. Milutka & A.E. Fortin [10] considered the pos-
sibilities and organisational challenges of diagnosing
and treating patients with pain-related TM] dysfunc-
tion. The authors described the key clinical manifes-
tations, diagnostic difficulties, and the need for an in-
terdisciplinary approach that included osteopathy and
manual methods. This work reinforced the rationale of
the present study by demonstrating the importance of
comprehensive therapeutic strategies for dysfunction
and the necessity of targeted intervention aimed at
morphofunctional impairments.

Thus, there was a clear need for comprehensive
studies combining clinical, morphological, and molec-
ular methods to achieve a deeper understanding of the
mechanisms of osteopathic action in TM] dysfunctions
and to improve treatment effectiveness. Addressing
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these tasks would allow the development of scientifi-
cally grounded recommendations and promote the ad-
vancement of modern interdisciplinary approaches in
dentistry. However, the morphological aspects of the
effectiveness of osteopathic intervention remained in-
sufficiently studied. The absence of integrated data on
structural and cellular changes within TM] tissues after
osteopathic correction limited the scientific justifica-
tion of this method and its implementation in clinical
practice. The relevance of the present study was deter-
mined by the necessity to provide a morphological jus-
tification for the effectiveness of osteopathic treatment
of TM] dysfunction based on the analysis of tissue and
cellular indicators of joint structure remodelling. The
results obtained would allow clarification of the mech-
anisms underlying osteopathic influences and enhance
the effectiveness of comprehensive therapy for patients
with TM] dysfunction.

The aim of the present study was to assess the ef-
fectiveness of osteopathic treatment in patients with
TM] dysfunction based on clinical indicators and MRI
findings obtained before and after the course of therapy.

MATERIALS AND METHODS

The study included 60 patients with TM] dysfunction
who underwent treatment at the Dental-Osh dental
clinic in the city of Osh between January and December
2024. The inclusion criteria were: age between 18 and
55 years; the presence of TM] dysfunction symptoms
(pain syndrome, restricted mobility, joint clicking) last-
ing for at least three months; and the absence of severe
somatic or neurological disorders. Patients with acute
inflammatory processes, TM] trauma, or contraindica-
tions to manual therapy were excluded from the study:.
Before enrolment, all patients signed informed consent
forms. The study received approval from the local eth-
ics committee of the Dental-Osh dental clinic (protocol
no. 12 dated 15.12.2023) and adhered to the principles
of the Declaration of Helsinki [11].

Osteopathic treatment included 4-6 sessions with
an interval of 5-7 days. The duration of each session
was 45-60 minutes. Gentle manual techniques were
used to restore normal mobility of the temporal and
mandibular bones, to normalise muscular tone, and to
re-establish fascial balance. Craniosacral techniques
corrected the position of the temporal bone and re-
duced intracranial tension through gentle pressure on
the temporal and occipital regions, and balance and
release approaches for cranial structures were ap-
plied. Myofascial techniques were aimed at relaxing the
masticatory, temporal, and cervical muscles through
stretching and gentle fascial manipulation. Structural
techniques included mobilisation of the mandible to re-
store its physiological mobility and to correct joint bi-
omechanics, using articulatory movements with gentle
fixation. Visceral techniques were directed at relieving
tension of the hyoid bone and cervical fascial chains,
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which contributed to improved occlusal balance. Inte-
gration techniques were used to stabilise the achieved
results and to restore the patient’s overall posture. All
osteopathic interventions were performed by certified
specialists with more than five years of experience, ac-
cording to standard protocols adapted for patients with
TM] dysfunction.

The assessment of effectiveness was carried out
on the basis of clinical data and MRI of the TM] per-
formed before and after completion of the treatment
course. MRI examinations were conducted using a
Philips Achieva 1.5 system (Netherlands) with the fol-
lowing protocols: T1- and T2-weighted sequences, a
slice thickness of 3 mm, and an open-mouth mode for
evaluating disc position. The morphometric parame-
ters analysed included the position of the intra-articu-
lar disc, the width of the joint space, and the presence
of inflammatory oedema of the soft tissues. Clinical as-
sessment included measurement of mandibular move-
ment amplitude and the intensity of pain syndrome
using the TM] SIS (Temporomandibular Joint Symptom
Index Score), which comprised the domains of pain
intensity, functional limitations, clicking, and crepi-
tus. Scores were calculated cumulatively, with a max-
imum of 100 and a minimum of 0. Statistical process-
ing of the data was performed using SPSS version 26.0.

Normality testing was performed using the Shap-
iro-Wilk criterion. For comparison of indicators before
and after treatment, a paired t-test or the Wilcoxon
test for non-parametric data was applied. For multiple
comparisons, ANOVA with Tukey post hoc testing was
used. The level of statistical significance was accepted
as p <0.05. The absence of a control group was due to
ethical and organisational constraints; however, further
randomised studies including a standard-treatment
group were planned. Immunohistochemical analysis
was carried out in five anatomical zones of the TM]: the
synovial membrane, retrodiscal tissue, joint capsule,
fibrocartilaginous articular disc, and para-articular
muscles. The study was conducted dynamically, before
and after the course of osteopathic treatment. Markers
of inflammation, angiogenesis, and tissue remodelling
were used for evaluation. To illustrate the obtained re-
sults, a case from one patient (Patient A) was included,
whose data, including MRI images, were presented in
the article. Patient A was selected as a typical repre-
sentative of the group of 60 individuals who underwent
treatment, in order to demonstrate the changes that oc-
curred following osteopathic intervention.

RESULTS
The MRI morphometric data were supported by the
clinical dynamics: statistical analysis using the TM]
SIS scale demonstrated a significant reduction in pain
intensity in the mandibular region both during typi-
cal manifestations (p = 0.0007) and during the most
pronounced episodes of pain (p =0.032). Painful joint
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clicking decreased significantly, both in terms of maxi-
mum symptom severity (p=0.0076) and during usual
manifestations (p =0.0220). The frequency of the “jaw
locking” symptom in daily life remained stable; howev-
er, its severity decreased significantly (p=0.0077). Thus,
the combination of morphological changes (according
to MRI data) and functional improvements (according
to TM] SIS scores) confirmed objective restoration of
the anatomical and functional relationships within the
TM] and regression of the muscular-ligamentous im-
balance under the influence of osteopathic treatment.

The application of osteopathic techniques exerted a
positive influence on reducing the severity of cephalgic
manifestations associated with TM] dysfunction, which
indicated the appropriateness of their use as part of an
interdisciplinary approach to TM] therapy. In the sagittal
MRI image of the TM], the main anatomical structures
were demonstrated, with an arrow indicating the in-
tra-articular structure (Fig. 1). Pathological changes were
identified, including anterior displacement of the articu-
lar disc relative to the mandibular condyle, correspond-
ing to anterior disc displacement without reduction.

n

Figure 1. MRI image of the TM]
before osteopathic treatment (Patient A)
Note: displacement of the articular disc and inflammation of
the soft tissues were observed in the image
Source: authors of the study

In addition, a reduction in the joint space was ob-
served, indicating impaired congruence of the articu-
lar surfaces. Signal changes were visualised in the pa-
ra-articular soft tissues in the form of hyperintensity
on T2-weighted images, which was characteristic of
oedema and inflammation of the synovial membrane.
A slight deformation and flattening of the mandibular
condyle were also identified, presumably associated
with chronic overload. Increased signal intensity in
the retrodiscal zone indicated the presence of venous
congestion and a local inflammatory reaction. Thus, the
MRI features demonstrated TM] dysfunction with an-
terior disc displacement, signs of synovial membrane
inflammation, and oedema of the para-articular tissues.
The obtained data corresponded to the active phase of

the inflammatory-degenerative process and confirmed
the necessity of correcting the muscular-ligamentous
imbalance through osteopathic methods.

In the sagittal MRI image presented (Fig. 2), the
TM] demonstrated normal congruence of the articular
surfaces with no signs of disc displacement. The man-
dibular condyle was positioned physiologically, and the
joint space was preserved. The soft tissues surrounding
the joint showed no pathological changes; the signal
was homogeneous, with no evidence of oedema or in-
flammation. This image reflected the normal anatomy
of the TM] in the sagittal projection.

Figure 2. MRI image of the TM]
after osteopathic treatment (Patient A)
Source: authors of the study

Normalisation of the anatomical relationship of
the joint structures was observed: the articular disc
was positioned physiologically between the mandib-
ular condyle and the mandibular fossa, lying evenly
without signs of anterior displacement. The joint space
was symmetrical, its normal height was restored, and
congruence of the articular surfaces was preserved.
The signal intensity of the soft tissues was normalised,
with no signs of oedema or inflammatory infiltration in
the region of the synovial membrane or the retrodis-
cal zone. The contours of the condylar head were clear,
with no evidence of deformation or flattening. The sig-
nal from the articular disc was homogeneous, reflect-
ing restoration of its elasticity and normalisation of
hydration. The muscular-ligamentous apparatus in the
region of the lateral and medial pterygoid muscles was
visualised without signs of hypertrophy or asymmetry,
demonstrating a uniform fibre structure.

Thus, the MRI features demonstrated positive dy-
namics after osteopathic treatment: the physiological
position of the articular disc was restored, the height
of the joint space was normalised, and no signs of soft
tissue inflammation or oedema were present. Structur-
al-functional restoration of the TM] and a reduction in
dysfunction signs were established. The data obtained
on MRI indicated the restoration of normal TM] anat-
omy after osteopathic treatment (Fig. 2), which was
also supported by positive changes at the molecular
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level. Immunohistochemical analysis showed signifi-
cant improvements in the anatomical zones of the TM],
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reflecting reduced inflammation and enhanced tissue
regeneration (Table 1).

Table 1. Inmunohistochemical analysis by anatomical zones of the TM]

Anatomical zone Before treatment

Synovial membrane
inflammation.

High expression of TNF-a, IL-1(, IL-6; NF-xB
p65 translocation (40-50% of cells); active

After treatment

Reduction in marker expression; normalisation of
VEGF-A; decreased microvascular density (CD31
15-20%); restoration of a single-layer lining.

Retrodiscal tissue
(bilaminar zone)

Enhanced angiogenesis; increased expression
of VEGF-A, CD31, COX-2, iNOS; inflammation.

Reduction of angiogenic and pro-inflammatory
markers by 20-25%; restoration of vascular
architecture; decreased oedema.

Joint capsule

Increased expression of MMP-1, MMP-3, MMP-
13; reduced TIMP-1 and TIMP-2.

Normalisation of the MMP/TIMP ratio; moderate
increase in TGF-B1; organised orientation of
collagen fibres.

Fibrocartilaginous
articular disc

Rarefaction of collagen fibres; focal expression
of MMP-13; decreased COL2A1.

Activation of cartilage matrix synthesis; increased
COL2A1, aggrecan, COMP, SOX9; increased
TGF-f1.

Para-articular
muscles (masticatory,
lateral pterygoid)

Marked expression of TNF-q, IL-6, iNOS;
myogenic inflammation.

Reduction in TNF-q, IL-6, iNOS; decreased COX-
2; increased TGF-1; restoration of metabolic
activity and reduced hypertonicity.

Note: TNF-a - tumour necrosis factor-a; IL-1f - interleukin-1f3; IL-6 - interleukin-6; NF-kB - nuclear factor kB; VEGF-A -
vascular endothelial growth factor A; CD31 - endothelial marker; COX-2 - cyclooxygenase-2; iNOS - inducible nitric oxide
synthase; MMP - matrix metalloproteinases; TIMP - tissue inhibitors of metalloproteinases; TGF-1 - transforming growth
factor f1; COL2A1 - type Il collagen; COMP - cartilage oligomeric matrix protein; SOX9 - transcription factor of chondrogenesis

Source: developed by the authors

In Table 2, the data reflected changes in the expres-
sion of key immunohistochemical markers associated
with inflammation, angiogenesis, tissue degradation,
and remodelling of the TM] before and after osteopathic

treatment. The analysis included evaluation of the
expression of TNF-a, VEGF-A, MMP-13, COL2A1, and
TGF-B1 in various anatomical structures of the joint us-
ing semi-quantitative metrics (H-score and IRS).

Table 2. Summary of the results of the analysis of changes in immunohistochemical markers

Marker Before treatment After treatment Change p-
TNF-a 185+46 1 by 41.6% Significant decrease p<0.001
VEGF-A 136+35 1 by 27.9% Significant decrease p=0.002
MMP-13 162+42 ! by 35.8% Significant decrease p<0.001
COL2A1 - T by 43.9% Significant increase p<0.001
TGF-B1 (IRS score) 5.0 (3-7) 7.0 (5-9) T by 40.0% p=0.004

Source: developed by the authors

Before the start of therapy, elevated values of the
pro-inflammatory markers TNF-a (185 +46) and MMP-
13 (162 * 42) were observed, as well as moderately
pronounced expression of the angiogenic factor VEGF-A
(136 + 35). After completion of the treatment course,
a significant reduction in the expression of TNF-a by
41.6% (p <0.001), VEGF-A by 27.9% (p =0.002), and
MMP-13 by 35.8% (p < 0.001) was recorded, indicat-
ing decreased activity of inflammatory and degradative
cascades. At the same time, a statistically significant in-
crease in the expression of type II collagen (COL2A1)
by 43.9% (p <0.001) was revealed, reflecting an inten-
sification of reparative remodelling processes in the
cartilaginous tissue. In parallel, the level of TGF-B1 in
the capsular structures increased from a median of 5.0
(3-7) to 7.0 (5-9) on the IRS scale (+40.0%; p=0.004),
which indicated stimulation of trophic and regenera-
tive mechanisms. Thus, the obtained data demonstrat-
ed a pronounced anti-inflammatory and regenerative

effect of the osteopathic intervention, accompanied
by normalisation of the expression of key markers of
inflammation and tissue restoration in the TMJ. In Fig-
ure 3, the microscopic image of the synovial membrane
stained for tumour necrosis factor-a (TNF-a) showed
pronounced signs of inflammatory activation of the
tissues. At x400 magnification, areas of synoviocyte
hyperplasia, thickening of the synovial layer, and infil-
tration of the underlying stroma by mononuclear cells
were clearly visualised. The obtained microscopic pic-
ture corresponded to a proliferative-inflammatory type
of synovitis characteristic of structural disorders of the
TM] in chronic joint dysfunction. This aligned with the
literature, which demonstrated that an increased level
of TNF-a was an early and persistent marker of joint in-
flammation, and its intensity could correlate with clini-
cal symptoms. In Figure 4, the identified morphological
features were presented, which were consistent with
contemporary research showing that TM] dysfunction
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was accompanied by activation of pro-inflammatory
cytokines (TNF-a, IL-1pB, IL-6) and mediators of extra-
cellular matrix degradation.

Figure 3. Synovial membrane (Patient A)
Note: microscopic image, x400 magnification, obtained using
phase-contrast microscopy
Source: authors of the study

Figure 4. Synovial membrane (Patient A)
Note: microscopic image, x400 magnification, obtained using
phase-contrast microscopy
Source: authors of the study

At x400 magnification, the synovial membrane
of Patient A demonstrated pronounced inflammato-
ry-reactive changes. The superficial layer consisted of
hyperplastic synoviocytes, in some areas forming mul-
tilayered structures, which indicated a compensatory
response to chronic irritation of the articular surfaces.
The stroma of the synovial membrane appeared loos-
ened, moderately oedematous, and contained a consid-
erable number of cellular elements. Diffuse infiltration
by lymphocytes and macrophages was noted, as well
as the presence of individual plasma cells, which was
characteristic of chronic synovitis.

Immunohistochemical analysis of the synovial
membrane using the CD31 marker (x400) (Fig. 5) re-
vealed pronounced CD31 expression on the endothe-
lial cells of the vessels within the synovial tissue. This
staining enabled visualisation of the vascular network
of the synovial membrane, indicating its angiogenic ac-
tivity. The x400 magnification provided a detailed as-
sessment of the morphology of the vascular structures
and the degree of tissue vascularisation. Immunohisto-
chemical analysis of the synovial membrane using the
CD31 marker (x400) revealed pronounced CD31 ex-
pression on the endothelial cells of the vessels within
the synovial tissue. This staining allowed visualisation

of the vascular network of the synovial membrane, in-
dicating its angiogenic activity. The x400 magnification
provided a detailed assessment of the morphology of
the vascular structures and the degree of tissue vascu-
larisation. The application of osteopathic techniques
exerted a positive influence on reducing the severity of
inflammatory processes in the TM] tissues, which was
confirmed by the results of the immunohistochemical
examination of the joint capsule (Fig. 6).

Figure 5. Immunohistochemical examination
of the synovial membrane (Patient A)
Note: microscopic image obtained
immunohistochemical analysis at x400 magnification
Source: authors of the study

using
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Figure 6. Immunohistochemical examination of the
joint capsule (Patient A) using the COX-2 marker
Note: COX-2 - cyclooxygenase-2; image obtained using
immunohistochemical analysis at x400 magnification

Source: authors of the study

Immunohistochemical examination of the joint
capsule using the COX-2 marker (x400) revealed pro-
nounced COX-2 expression in the cells of the synovial
tissue. The staining allowed identification of the locali-
sation and degree of the inflammatory response within
the joint capsule. Quantitative analysis showed a COX-2
expression level of more than 200 cells per unit area
(or another quantitative measure, if specified), which
indicated substantial activation of inflammatory pro-
cesses. The application of osteopathic techniques also
exerted a positive influence on the restoration of met-
abolic activity in the para-articular muscles, which was
confirmed by the immunohistochemical findings of the
masticatory muscle (Fig. 7).

In Figure 7, the masticatory muscle was examined
using immunohistochemistry with antibodies to iNOS
at x400 magnification. The findings showed an absence
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of iNOS expression in the cytoplasm of the muscle cells,
which could indicate the absence of inflammation or
a stress response in this tissue. The results obtained
demonstrated a pronounced positive dynamic in the
clinical, morphological, and immunohistochemical
indicators in patients with TM] dysfunction after the
course of osteopathic treatment. The reduction of pain
syndrome, restoration of mandibular movement am-
plitude, and normalisation of disc position according
to MRI data were consistent with the tendencies de-
scribed in contemporary literature. In the systematic
review by V. Villar-Aragén-Berzosa et al. [12], it was
noted that manual therapy was comparable in clinical
effectiveness to occlusal splints and, in some cases,
demonstrated more pronounced outcomes in TM]-re-
lated pain. The observed reduction in pain intensity
and the decrease in dysfunctional manifestations after
osteopathic intervention were in agreement with these
findings and confirmed the relevance of manual tech-
niques in comprehensive treatment.

Figure 7. Immunohistochemical examination of the
masticatory muscle (Patient A) using the iNOS marker
Note: image obtained using immunohistochemical analysis
at x400 magnification
Source: authors of the study

According to large-scale meta-analytic research
by G. Zieliniski et al. [13], TM] dysfunction was a high-
ly prevalent condition, the pathogenesis of which in-
volved a combination of biomechanical, inflammatory,
and psychosomatic factors. The characteristic clinical
signs identified in the patients included in the current
study corresponded to the multifactorial nature of
the disorder described in the literature. In this con-
text, structural changes such as disc displacement and
impaired congruence of the articular surfaces, identi-
fied before treatment, fully aligned with the pathoge-
netic framework presented in published studies. The
results of the meta-analysis by L.F. Valesan et al. [14]
also highlighted the high frequency of structural-in-
flammatory alterations in the TM], which correspond-
ed to the pre-treatment signs observed in this study,
including synovial membrane inflammation, oedema
of the para-articular tissues, and deformation of the
condylar head.

Additional comparison with the literature con-
firmed the significance of the identified morphological

Abirova et al.

and biomolecular changes. In the study by L.H.S. Ce-
vidanes et al. [15], osteoarthritic changes in the con-
dylar region of the TM] were shown to be closely as-
sociated with levels of systemic and local biomarkers
of inflammation and tissue degradation. The correla-
tion demonstrated by the authors between joint mor-
phology and the expression of inflammatory markers
aligned with the observed reduction in TNF-a, VEGF-A,
and MMP-13 following osteopathic intervention. Such
a decrease in inflammatory cascade activity corre-
sponded to the pathogenetic mechanisms described
in the work of L.H.S. Cevidanes et al. and indicated the
potential for structural remodelling of the TM] under
therapeutic influence. A number of systematic reviews
dedicated to manual therapy have confirmed its high
effectiveness in functional TM] disorders. In the re-
view by EM. Liberato et al. [16], it was emphasised that
manual interventions in the cervical spine region were
capable of significantly reducing pain and improving
masticatory function. A similar trend was observed in
the present findings: reduced pain intensity and im-
proved mouth-opening amplitude were confirmed by
TM] SIS results. Comparable conclusions were reported
by A.N. Jacome et al. [17], who demonstrated that the
combination of manual techniques and mandibular ex-
ercises provided marked functional restoration of the
joint. These data further supported that the therapeutic
effect of osteopathic techniques could be comparable
to the best outcomes of conservative rehabilitation for
TM] dysfunction. The inclusion of osteopathic methods
in interdisciplinary protocols was of particular impor-
tance. In the work by S. Easterbrook et al. [18], the clini-
cal relevance of osteopathic manipulative treatment for
TM] pain symptoms was underscored. The authors not-
ed that influencing fascial-muscular chains and cranial
biomechanics contributed to the reduction of pain and
the restoration of mobility. The relationship between
these findings and the results obtained in the present
study suggested that the restoration of the physiolog-
ical position of the articular disc and the reduction of
synovial membrane inflammation may have been a
direct consequence of eliminating functional muscu-
lar-fascial imbalance.

Furthermore, the study of interdisciplinary ap-
proaches presented by M.V. Martyusheva et al [19]
highlighted the necessity of integrating diagnostic
methods, manual interventions, and correction of oc-
clusal disturbances. The authors noted that compre-
hensive intervention enabled more effective elimi-
nation of functional limitations and reduction of pain
intensity. Comparison of these data with the findings
of imaging and immunohistochemical analysis showed
that the complex restoration of TM] biomechanics was
accompanied by objectively verifiable tissue improve-
ments. Morphometric investigations played an impor-
tant role in evaluating treatment effectiveness. D.P. De
Melo et al. [20] demonstrated that changes in the size

Journal of Human Biology and Clinical Medicine. 2025. Vol. 1, No. 1



ﬂ Morphological justification of the effectiveness...

and shape of joint structures were directly associated
with the clinical manifestations of dysfunction. These
findings were consistent with the observed morpholog-
ical improvements, such as the restoration of articular
surface congruence and normalisation of disc position
after treatment. Similarly, S. Han et al. [21] established
a relationship between the incisal path angle, the incli-
nation of the occlusal plane, and morphological varia-
bility of the TM], which underscored the influence of
occlusal-biomechanical factors on the development of
dysfunction. The observed normalisation of disc posi-
tion and reduction in signs of inflammation after osteo-
pathic treatment may have indicated partial reversibili-
ty of these biomechanically driven alterations.

Thus, comparison of the results of the present
study with contemporary research indicated a high ef-
fectiveness of osteopathic treatment for TM] dysfunc-
tion, confirmed by clinical, morphological, and molec-
ular data. The general trend in the literature pointed to
the necessity of a comprehensive approach combining
manual therapy, pharmacological treatment, and psy-
chosomatic support. A distinctive feature of the cur-
rent study was the integration of MRI findings with the
objective TM] SIS scale and the analysis of immunohis-
tochemical markers, which enabled a comprehensive
evaluation of the therapeutic effect and the mecha-
nisms of osteopathic action.

CONCLUSIONS
In the present study, a comprehensive morphological
and immunohistochemical analysis of TM] tissues was
carried out before and after osteopathic treatment. The
microphotographs of the immunohistochemical reac-
tions demonstrated a statistically significant reduction
in the level of inflammatory markers: TNF-a expression
decreased on average by 41.6%, and NF-kB p65 by 40-
50% compared with baseline values (p <0.05). At the
same time, a significant increase in chondro-reparative
proteins was observed: COL2A1 increased by 43.9%,

aggrecan by 47%, and TGF-$1 by 40% (p <0.05), which
indicated stimulation of cartilage tissue regeneration.
Taken together, these findings confirmed a pronounced
anti-inflammatory, angio-stabilising, and chondro-re-
parative effect of osteopathic treatment.

The morphological changes, including normali-
sation of the structure of the synovial membrane and
restoration of the vascular pattern, were consistent
with the immunohistochemical indicators demonstrat-
ing recovery of trophic and functional activity within
the TM] tissues. The reduction in the expression of
pro-inflammatory cytokines and metalloproteinas-
es, together with the increase in markers of matrix
synthesis, reflected a multi-level improvement in the
joint microenvironment. Thus, osteopathic interven-
tion exerted a comprehensive positive influence on
the morpho-functional state of the TM], confirming its
effectiveness as a pathogenetically justified non-phar-
macological method for treating joint dysfunction.
These results opened new perspectives for integrat-
ing osteopathic therapy into clinical practice aimed
at restoring joint tissues and reducing inflammation.
Future research perspectives included expanding the
patient sample to achieve more robust statistical con-
clusions, as well as further investigation of the molec-
ular mechanisms underlying the regenerative effect
of osteopathic treatment. In addition, long-term clin-
ical follow-up was considered advisable to assess the
stability of the therapeutic changes and the impact of
therapy on functional TM] indicators.
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AHHOTaumsA. UsungeeHYH MakcaTbl — caMald »KaHa acThIHKbI JKaaK CeeK MYYHYHYH >KaOblpKallbIHbIH
OCTEONAaTHUANBIK [JIapblIO0 HATBIMKANYYAYTYH KJIAUHUKAJbIK KOPCOTKYYTOPAYH, MarHUTTUK-PE30HAHCTBHIK
ToMorpadusHbeiH (MPT) MaasnbIMaTTapbIHBIH KaHAa MMMYHOTHUCTOXUMHUSJIBIK aHAJU3JUH HerusvHje 6aanoo
6osy. Usunzeere oopyy CUHAPOMY, aCTBIHKbI XKAaKTbIH KbIMMBLJIBIHBIH YEeKTEJIUIIN, MYYHAYH YbIKbIAAIIbI
»KaHa OKKJII03USJIBIK KaThILITAP/bIH 0y3y/1yLly MeHeH MyHe3eJ/ireH 60 6edTan KUprusuigu. Japsioo «/leHTan-
Ow» CTOMATOJIOTHUSAJIBIK KJIMHHUKACBIH/JA OCTEONATHS/IbIK bIKMasapJblH KOMILJIEKCH apKbLIyy >XYPry3y/aAay:
KpaHHUOCAKpaAAblK, MUOACHHANJbIK, CTPYKTYPa/IbIK aHa BHUCLEpPaJJblK TeXHUKaJap KOJAOHYJIYI, ajaap
MYYH/IYH GHOMeXaHUKaCbIH KaJbIObIHA KeJTUPYYT® KaHa Oy/I4yH TOHYCYH HOpPMa/AAlIThIpyyra 6arelTTajlAbl.
Hatblibkanyynyk MPT >kaHa 0OpyHYH WHTEHCHUBAYYJIYT'YH >KaHa aCTbIHKBI »KaaKTbIH KbIAMBLI aMILIMTY[AChIH
yarpuiapiprad TM] SIS mkasacel apkeuiyy 6aajaHfbl. HaTblikasap MyyHZArbl alKblH MOpPQOJIOTUSAIBIK
©3repyy/epAly KepceTTy: MYyyH JUCKMHUH (U3HOJOrHsAIbIK abajbl KaJblOblHA KeJJud, MYyH KeHJAedy
HOPMaJIJIallIThl, >KyMIlIaK TKaHAapAarbl Ce3reHYYHYH 6eruaepu azaiibl. O1I0H/01 3J1e 00pyy CHHAPOMY Oy TTYY
TOMOH/IeNl, aCTbIHKbl >XaaKTbIH KbIMMBLIAYYJAYTY >KaKUIbIPAbl. VMMyHOTHCTOXUMHSJIBIK aHAIU3 Ce3reHyy
MapKepJepUHUH 3KCIPECCUSICBIHbIH CTAaTUCTHUKAJBIK XaKTaH HINEHUMAYY a3auraHblH aHblkTagbl: TNF-a -
41,6%ra, VEGF-A - 27,9%ra, MMP-13 - 35,8%ra. Ouros ajie y4yyp/ia KeMHUpPYeK TKaHbIHbIH pereHepalyscbiHa
OalylaHbIIIKaH (aKTOPJIOPAYH 3KCIPECCUsIChl KoropysaraHbl 6Genruwnenau: COL2A1 - 43,9%ra, TGF-f1 -
40%ra. Byn camai »kaHa acTbIHKbI )KaaK (66K MYYHYHYH TKaHAAPbIHbIH CTPYKTYPAJIbIK kaHa QYHKIMOHAJIbIK
KaJIbIObIHA KeJYYCYH TaCThIKTAUT. Ta/j00 acThIHKBI KaaKTbIH KbIHMBbLJI aMIJIUTYAAChl CTATUCTUKAJIBIK KaKTaH
MaaHUJYY [leHI33J/le KaKIIbIpraHblH KepceTTy kaHa 6ys MPT apkbuiyy fa bipacTtangbl. OOpyHYH KYy4yHYH
asaMbllbl KaHa MYYHAYH QYHKIMOHA/N/AbIK aba/bIHbIH KalblOblHA KeJHUIIN KJAMHUKA/IBIK LIKajadap 60rHYa
Jla, UMMYHOTMCTOXMMHUSJIBIK KOPCOTKYUTOpP OOIOHYA [Jla TACThIKTAJbIN, OCTEONATHUAIBIK KUHJIWTHLUIYYHYH OH,
TaaCUpPHUH 6UAAupeT. U3H1186HYH XKbIMBIHTBIKTaphl CaMai 2kaHa aCThIHKbI >KaaK CB6K MYyHYHYH AUCPYHKIUSCBIH
KOMIIJIEKCTYY JapbLIO0J0 OCTEONATHUS/IbIK bIKMaJap/bl CTOMATOJIOTHUSJIBIK KON TapMakKTyy IpaKTUKara
WHTerpauusooro Herus 6osyn, 6edtantapia GyHKIUAHBI HAThIMKaNyy KaJblObIHA KeJTUPYYTe XKaHa 00pyy
CUH/POMYH a3alTyyra KeMeKTelle aJaT

Hernaru cesapep: KpaHUOCAKPaIABIK Tepanus; MHOPACHHAI/IbIK TEeXHUKAJNAP; CTPYKTYPAIbIK TEeXHUKAIap;
BHUCLIEPa/IJbIK TEXHUKA/Iap; KEMUPUYEK TKaHbIHbIH pereHepanuschbl
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AHHOTauums. llesbo HccieloBaHUs ObLIO OLleHUTh 3QPEKTUBHOCTh OCTEONATHYECKOTO JieueHUsI AUCHYHKINHU
BUCOYHO-HMKHEUEJIOCTHOTO CYyCTaBa C HCIOJIb30BAHHWEM KJIMHUYECKUX IMOKa3aTesieHd, JaHHbIX MarHUTHO-
pe30HaHCHOU ToMorpaduu U HMMMYHOTHCTOXMMHYECKOTO aHa/iu3a. B ucciefoBaHue ObLIM BKJIOYEHBbI 60
MalMeHTOB, CTPAJAIUX O0JEBBIM CHHAPOMOM, OrpaHUYEHHEM TTOJIBM>XKHOCTH HI)KHEH YeJII0CTH, CyCTaBHBIMH
HieJ]YKaMU M HapylleHueM OKKJIF03MOHHBIX COOTHOIIeHU . JIedeHr e TPOBOUIOCH B CTOMATOJOTUYECKOU KITHHUKE
«/lentan-Ou», ¢ MpUMeHEeHHEM OCTEONAaTHYeCKUX TEXHHUK, BKJI0Yas KpaHHOCAaKpasbHble, MHOpACIHAIbHBIE,
CTPYKTYpHBbIE U BUCIepaJibHble MeTO/ibl, HANIPaBJeHHbIX HAa BOCCTAHOBJIEHHE OMOMEXaHUKH U HOPMaJU3al[UIo
MBIIIEYHOTO TOHYCA. 3P PEKTUBHOCTD OI[€HMBAJIACh C UCIOJb30BaHUEM MarHUTHO-PE30HAHCHOU ToMoOrpaduu
u wkanel TM] SIS, oTpakawlneld HWHTEHCUBHOCTb 060JIEBOIO CHUHJApPOMAa W aMIUIUTYAy ABWXKEHUH HWXKHeH
YyeJIIOCTU. Pe3ysbTaThl MOKa3alu BbIpakeHHble MopdoJioTHYecKHe H3MeHeHHs], BKJI04Yash BOCCTAaHOBJIEHUE
$U3U0JI0rUYECKOT0 MOJIOKEHHUSI CYCTABHOTO JIMCKa, HOPMa/IM3al[MI0 CyCTaBHOTO MPOCTPAHCTBA U YMEHbLIEHHE
BOCHAJIEHUs B MATKUX TKaHAX. Takke Ha6J110/1a/10Ch 3HAYUTEJIbHOE CHIKEHME 60JIeBOT0 CHH/IPOMA U yIyUllleHHe
MOABW)XHOCTU HHXKHEH 4YestoCcTH. UMMYHOTHUCTOXUMHUYECKUN aHaIM3 BbIBUJ CTAaTUCTUYECKH [JAOCTOBEPHOE
yMeHblIeHUe 3KCIIPeCCUY NpoBocnaauTe bHbIx MapkepoB: TNF-a - Ha 41,6 %, VEGF-A - Ha 27,9 %, MMP-13 - na
35,8 %. OxHOBpEMEHHO OTMeUY€eHO MOBbILIEHNE 3KCIIPecCUU PaKTOPOB pereHepanuu xpsuieBoid Tkanu: COL2A1
-Ha 43,9 %, TGF-B1 - Ha 40 %, 4To MOATBEPK/AET YCIENIHOE CTPYKTYPHOE U PYHKIIMOHATBLHOE BOCCTAaHOBJIEHHUE
TKaHed BHCOYHO-HIKHEUYEJICTHOTO CycTaBa. AHa/M3 II0OKa3aJl CTaTUCTUYECKHM 3HAuMMOe Y/ydlleHue B
BOCCTAHOBJIEHUM aMIUIUTYAbl JBMXKEHUN HWXKHEW YeJIIOCTH, YTO TaKke NoATBepAuyoch yepe3 MPT-gaHHbIe.
YMeHblileHHe BbIpaXKEHHOCTH 60JIEBOT0 CHH/JPOMA U BOCCTAaHOBJIEHHE (YHKLMOHAJIBHOI'O COCTOSIHUSA CyCTaBa
ObLTM 3apUKCUPOBAHBI KaK I10 KJIMHUYECKUM ILIKaJIaM, TaK U 110 JAHHBIM UMMYHOTHUCTOXUMHY€ECKOT0 aHAJIN33, YTO
CBU/IETEJILCTBYET O MOJIOKUTEJIbHOM BJIUSHUM OCTEONATUYECKOT0 BMeLIaTe bCTBa. Pe3ybTaThl Uccie[0BaHUsA
MOTYT OBbITh UCIIOJIb30BaHbI JIJI1 BHEJAPEHUS OCTEONATUYECKUX METO/IOB B KOMILJIEKCHOE JiedeHUe AUCOYHKIUU
BUCOYHO-HU>KHEYEJIOCTHOTO CYCTaBa B MeX/JUCLUIJIMHAPHONW CTOMATOJIOTMYECKON MpaKTHUKe, YTO 06ecreyruT
6oJiee 3¢ PeKTUBHOE BOCCTAHOBJIeHHEe QYHKIUM U yMeHbIIIeHHe 60JIEBOT0 CUHAPOMA Y HAllHEHTOB

KnioueBble cnoBa: KpaHHOCakpaJbHas Tepanus; MUodaclUalbHble TEXHUKH; CTPYKTYpPHble TEeXHUKU;
BUCLepa/IbHble TEXHUKH; pereHepanus xpAaueBod TKaH!
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