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Abstract

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

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

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

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

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

BBEOEHMWE. BUCOYHO-HUXHEYENIOCTHOW CYCTaB UrpaeT KJII0YEBYIO POSb B 06ecnedeHnn GyHKLUUI XeBaHUs,
peun n nopaepxaHus obuiero noctypanbHoro 6anaHca. HapyweHus ero 6MoMexaHukm MoryT BAUSITb He
TOJNIbKO Ha NIOKaNbHYIO 60/b U PYHKUNOHANbHbIE OFPAHNYEHUS, HO 1 Ha obLLee COCTOSSHME OCaHKU U Noa-
BUXXHOCTM BCEr0 OMOPHO-ABUraTeNbHOro annapara. 3a nociefHne rogbl B CBA3M C aKTUBHbIM PA3BUTUEM
LUMDPOBBLIX TEXHONOT NI U MHTErpaLmm 0CTEONATMM B CTOMATONIONMYECKYIO NPaKTUKY CTann co34aBaTbCs Obl-
CTpble, MaJIONHBa3NBHbIE METOAbl OLLEHKN BbISIBIIEHUS HAPYLUEHNA BUOMEXaHMKN BUCOYHO-HUXHEYENOCT-
HOro cycTtaB. TeM He MeHee, NMoKa HeT JOCTYMHbIX, 00LWEeAOCTYMNHbIX U BaINAN3UPOBAHHbBIX PELUEeHUIi Ans
OMNHaMNY4ECKOrO MOHUTOPUHra.

© Makichyan T.G., Gusakova E.V., Khabadze Z.S., Sulimov A.S., 2025
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LLENTb NCCNTIEOOBAHUSA. PaspaboTatb cnocob oueHKM B1oOMExXaHNKM HUXKHEN YeNtioCTM Ha OCHOBE KPaHWO-
METPUYECKMX UBMEPEHNI C NCNOb30BAHNEM LMPPOBLIX TEXHONOIMMNA.

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

PE3VYJIbTATbBI. ¥ nauyeHToB 06enx rpynn OTMEYeHO CTaTUCTUYECKU 3HAYMMOE YMEHbLUEHNE OTKJIOHEeHUS
HUXHEN YentocTm nocne neveHuns (p < 0,05), npyn 3ToM OCHOBHas rpynna nokasasna 60nee BbipaXeHHbIE yyy-
weHus. [laHHble noaTBepannn adPeKTUBHOCTb NPUMEHEHNSA OCTEONATUYECKO KOPPEKLIMM B COYETAHUM CO
CTOMATONIOrMYECKMM JIEHEHMEM AJ11 BOCCTAHOBIEHNS BUOMEXAHMKN HUXKHEN YENoCTN.

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

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

BnaropgapHocTu: GHAHCUPOBAHWE U HANBMOYaANbHbIE 611arofapHOCTY AN OEKNAPUPOBAHNSA OTCYTCTBYIOT.

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

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

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

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

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

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

dHdodoHmus
————TLT

AIM

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

MATERIALS AND METHODS

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

Nasion

Subnasale ()

Gnathion

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

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

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

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

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

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

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

and after treatment within each group.

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

main and control groups after treatment.

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

0,0 1 Noche NeYeHnst BHYTPY Kaxaoi rpynnbl.

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

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

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

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

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

RESULTS

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

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

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

DISCUSSION

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

This observation supports the existing osteopathic
literature, which suggests that somatic dysfunction
tends to localize where mobility is restricted — specifi-
cally, in the hypomobile temporomandibular joint. Pre-

Tom 23 N2 3/ 2025 ‘ Endodontl.cs
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viously, objective instrumental data confirming this hy-
pothesis had not been presented [7].

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

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

CLINICAL CASES

Case 1l

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

Fig. 3. The right TMJ is hypomobile,

and the left TMJ is hypermobile

Source: [7]

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

dHdodoHmus
————TLT

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

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

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

Case 2

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

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

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

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

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

CONCLUSION

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

Volume 23, no. 3/ 2025
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OpeHunsa BapnaHTa CTaTbl A9 onyO6/IMKOBaHUS.
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