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Abstract

AIM. The aim of the study was to validate a patented three-dimensional method for assessing craniovertebro-
mandibular symmetry using cone-beam computed tomography (CBCT) in patients with temporomandibular
joint dysfunction (TMJD).

MATERIALS AND METHODS. Ninety patients (54 females and 36 males), aged 19-60 years, diagnosed with
temporomandibular joint dysfunction (TMJD) and exhibiting extraocclusal disorders, were included in the
study. A standardized CBCT protocol (FOV > 13x 15 cm) including the cranial base and cervical vertebrae
Co—C, was applied. Three-dimensional cephalometric analysis was performed in coronal, axial, and sagittal
planes, measuring angular and linear parameters between cranial, mandibular, and cervical landmarks.
Intra-class correlation coefficients (ICC) were calculated to determine reproducibility. Statistical analysis was
conducted using paired t-tests, with significance set at p < 0.05.

RESULTS. Asymmetry was observed in 100% of subjects, regardless of clinically symmetrical occlusion. The
largest deviations were found in the Zy—Go angular measurement, reflecting predominant cranial-mandibular
imbalance. Significant right-left differences were recorded across all reference lines (Zy-Go, Po-U6, Co-C;,
C:i—Cy) (p < 0.01-0.001). Mean ICC values exceeded 0.90, confirming high methodological reliability.
CONCLUSIONS. It was established that craniovertebromandibular asymmetry occurs in all patients with TMJD
and identified extraocclusal disturbances. The developed CBCT-based protocol allows precise quantification
of cranio-cervico-mandibular relationships, enhancing diagnostic accuracy and supporting individualized in-
terdisciplinary management of occlusal and postural disturbances.
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Pesiome

LLEJIb UCCNEOOBAHU4. Llenbto nccnenoBaHus sBnsinacb Banugauuvs 3anateHToBaHHOro MeToaa Tpexmep-
HOW OLLEHKN CUMMETPUU KpaHnoBepTebpomaHanbynspHoro komnnekca (KBMK) ¢ ncnonb3oBaHMeM KOHyC-
HO-Ny4eBoM komnbtoTepHor Tomorpadum (KJIKT) y naumeHToB ¢ ANCHYHKLMEN BUCOHHO-HMKHEYETIOCTHOMO
cycTtasa (BH4YC).

MATEPUAbI N METOAbI. B nccnepoaHme BkatoyveHbl 90 naumeHToB (54 XeHLWmHbI 1 36 MyX4MH) B BO3pac-
Te o1 19 no 60 net ¢ ABHYC n BbIsBAEHHBIMU 3KCTPAOKKI3NOHHBIMW HapyLUeHUsaIMKW. BeinonHeH cTaHaapT-
HbIh KJTIKT-npoTokon ¢ nonem o63opa He meHee 13 x 15 cMm, oxBaTbIBalOLLMM OCHOBaHUSA Yepena 1 LeliHble
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no3BoHKM Co—C,. AHANN3 NPOBOANIICS B TPEX MOCKOCTAX (PPOHTANBHOW, aKCUANbHOW 1 CarnTTanbHOM) C U3-
MEPEHMEM YINIOBbIX N JIMHENHbIX NAPaMETPOB MEXAY KPpaHUalbHbIMWU, MaHANOYNSPHBIMU U LLENHBIMW OPU-
eHTupamu. 1ng oueHkn BOCAPOM3BOANMOCTU NCNOMb30BaNN KO3DPULMEHT BHYTPUKNACCOBOM KOPPENaLNm
(ICC), cTaTnCcTMHYECKUIN aHaNM3 BbIMONHANM C NOMOLLbIO NapHOro t-tecta npu ypoBHe 3HadymmocTm p < 0,05.
PE3YJIbTATbI. AcummeTpus 6bina BbiseneHa y 100 % o6cnenoBaHHbIX NALVMEHTOB HE3ABUCUMO OT KJIMHMYE-
CKOM CUMMETPUM OKKJII03MN. HanbonbLume OTKJIOHEHUS HaboganmMceb No yrnosomMy napametpy Zy-Go, otpa-
xaioleMy AncbanaHc Mexay Hepenom 1 HUXHEN YeNntoCTbio. Paznuums mexay npasoi 1 1eBO CTOPOHaAMU
rno Bcem nuHuam (Zy-Go, Po-U6, Co—C,, Ci—C,) mocTturanm ctatuctmnyieckon aHadnmoctu (p < 0,01-0,001).
CpeaHue 3HavyeHus ICC npesblwanm 0,90, 4To NnoaTBEPXAAET BbICOKYI BOCNPON3BOAMMOCTL METOAVKN.
BbIBOZbl. YcTaHoBneHo, 4To acummeTtpus KBMK BcTpedaetcs y Bcex nauneHToB ¢ ABHYC v BbiIIBNEHHBIMU
9KCTPAOKKJIIO3NOHHBIMU HapyLLEHNSIMI BO BCeX cny4yasnx. PazpaboTtaHHbiii KJIKT-npoTokon o6ecneynBaeT Ko-
JINYECTBEHHYIO OLEHKY KPAHWOLLEPBUKOMaHANOYNSPHBIX COOTHOLLIEHMIA, YTO NOBbILLAET TOYHOCTb ANArHOCTUKMN
1 NO3BONSET NNAaHMPOBATb MEXANCLUMMANHAPHOE NIeYEeHME C YHETOM NOCTYpPasibHbIX M CYCTaBHbIX PaKkTOPOB.

KnwoueBble cnoBa: KpaHMoOBeEPTEOPOMaHANBYNAPHLIN KoMMnekc, acummeTpus, KJIKT, uedanomeTtpus, no-
CTypasibHbI AncHGanaHc, BUCOYHO-HUXHEYEIOCTHOW CyCcTaB, 9KCTPAOKK/TIO3MOHHbIE HAPYLLIEHUS

UHdopmauumsa o ctatbe: noctynuna — 31.08.2025; ucnpasneHa — 23.11.2025; npunara — 30.11.2025
KoH}AMKT uHTepecoB: aBTopbl cO0OLLAI0T 06 OTCYTCTBUN KOHDIMKTA MHTEPECOB.
BnaropgapHocTu: GUHAHCUPOBAHME U MHANBMAYASIbHBIE 6N1arofapHOCTY A0S AEKNAPUPOBAHUSA OTCYTCTBYIOT.

Ana untuposaHua: MaknusaH T.I., Xabanse 3.C., MopgaHoB O.C., ®ponos B.A., AsetucsH I, Pacyno-
Ba [.@., LWaposH T.I0. OueHka cumMmmMmeTpun KpaHnosepTedbpoMaHaAnbyIapHOro KoMMiekca ¢ UCnosib3oBa-
HMEM KOHYCHO-/Ty4eBOW KOMMbOTEPHOW ToMorpaduun. SHgoaoHTus Today. 2025;23(4):657-661. https://doi.

org/10.36377/ET-0143

INTRODUCTION
The craniovertebromandibular complex (CVMC)
represents an integrated anatomical and functional
unit that links the cranial base, mandible, and cervical
spine. Its balanced spatial relationship is fundamental
for proper occlusion, temporomandibular joint (TMJ)
biomechanics, postural alignment, and neuromuscular
coordination. Even minor disturbances within this sys-
tem can manifest as mandibular deviation, TMJ pain,
occlusal instability, and secondary musculoskeletal
disorders affecting the cervical and thoracic regions [1].
Previous experimental work has demonstrated that
both occlusal and extraocclusal disturbances alter man-
dibular biomechanics and induce compensatory postu-
ral adaptations, highlighting their systemic influence on
the stomatognathic and musculoskeletal systems. [2].
Traditional diagnostic methods for assessing cranio-
facial symmetry — such as two-dimensional cephalo-
metry or photographic analysis — provide limited accu-
racy due to projection distortions and superimposition of
anatomical structures. These shortcomings reduce di-
agnostic reliability and hinder the identification of subtle
skeletal asymmetries that influence treatment outcomes
in orthodontics, prosthodontics, and osteopathy [3].
Recent advances in cone-beam computed tomogra-
phy (CBCT) have expanded the possibilities for three-di-
mensional assessment of craniofacial morphology. Ho-
wever, standardized protocols for quantifying symmetry
between cranial, mandibular, and vertebral landmarks
remain insufficiently developed. Most existing studies
focus primarily on the maxillofacial area, neglecting the
interrelation between cranial and cervical structures that
play a key role in postural and occlusal balance [4].
Particular attention in the present study was given
to the upper cervical spine (C,—C,) as a structural and
functional component of the craniovertebromandibular
complex, directly influencing mandibular biomechanics
and postural alignment.

dHdodoHmus
————TLT

To address this diagnostic gap, a novel CBCT-based
method for the assessment of craniovertebromandib-
ular symmetry was developed and patented. The ap-
proach involves three-dimensional cephalometric ana-
lysis across coronal, axial, and sagittal planes, enabling
accurate evaluation of skeletal relationships from the
cranial base to the cervical vertebrae. This technique
eliminates the influence of two-dimensional artifacts
and allows clinicians to identify compensatory or struc-
tural asymmetries that may affect treatment planning.

The present study aims to validate this patented di-
agnostic protocol by analyzing CBCT data of patients
with clinical signs of postural and occlusal imbalance,
quantifying the prevalence and degree of craniover-
tebromandibular asymmetry, and demonstrating its
relevance for interdisciplinary dental and osteopathic
management.

MATERIALS AND METHODS

Study Design and Population

A cross-sectional observational study was con-
ducted to evaluate craniovertebromandibular sym-
metry using a newly patented CBCT-based diagnostic
protocol. Ninety patients (54 females and 36 males)
aged 19 to 60 years were enrolled. All participants
were diagnosed with TMJD and exhibited extraocclus-
al disturbances, such as mandibular deviation, TMJ
clicking, and postural imbalance with cervical rotation
patterns.

Inclusion criteria comprised: (1) age between 18 and
65 years, (2) absence of acute inflammatory processes
in the orofacial region, and (3) availability of high-quality
CBCT data with full visualization of the cranial base and
cervical vertebrae Co—C2. Exclusion criteria included
previous orthognathic surgery, severe trauma, or con-
genital craniofacial anomalies.

All participants underwent standardized clinical ex-
amination, including visual assessment of posture and
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mandibular trajectory during mouth opening, followed
by cone-beam computed tomography (CBCT) for three-
dimensional morphometric analysis.

Imaging Protocol

CBCT examinations were performed with a minimum
field of view (FOV) of 13x15 cm, ensuring coverage
from the upper orbital rim to the hyoid bone horns. The
scanning field also encompassed the craniovertebral
junction (Co—C,) to assess cervical alignment and its re-
lationship with cranial and mandibular structures. The
scans were acquired in natural head position with the
Frankfurt horizontal plane parallel to the floor.

Reformats were generated in coronal, axial, and
sagittal planes to visualize bilateral landmarks and cal-
culate angular and linear symmetry indices.

Landmark Ildentification and Measurement Protocol

The following bilateral anatomical landmarks were
identified:

— 2Zy,, Zy» — intersection points of the zygomatic arch
and the greater wing of the sphenoid bone;

- Poy, Po, — superior margins of the external auditory
meatus;

— Goy, Goz — gonial angles of the mandible;

- U6, U6, (or U7, U72) — mesiobuccal cusps of the
first or second upper molars;

- U3, U3, — cusp tips of the upper canines;

- Cy, C4, C, — basion of the occipital bone, atlas, and
axis vertebrae.

Coronal Plane Analysis

Lines connecting the paired points Zy—Go and Po-U6
were constructed. The angular deviation between the
right and left lines was measured relative to the facial
midsagittal plane. Additional analysis included measu-
ring the intersection point of the sphenoid wings and it's
offset from the midline.

Linear distances Co—C; and C,-C, were measured
bilaterally to assess cervical symmetry. The difference
between right and left measurements (AC,-C,, AC,-Cy)
reflected vertebral misalignment.

Axial Plane Analysis

Symmetry of the mandible and cranial base was as-
sessed by comparing the angular relationship of lines
Zy-Go and Po-U3 relative to the midsagittal plane.
Deviations exceeding 2° were considered clinically
significant.

Sagittal Plane Analysis

The craniovertebral angle (CVA) was determined as
the angle formed between MacGregor’s line (passing
along the occipital base) and the odontoid process of
C,. Additional measurements included:

— distance from the hyoid bone to a line drawn from
the lower border of C; to point B;

— distance between the occipital bone and spinous
process of Cy;

— presence of Ponticulus Posticus (Kimmerle ano-
maly) at C,, recorded as a morphological feature.
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Measurement Accuracy and Reliability

All measurements were performed twice by two in-
dependent operators with a 2-week interval. The intra-
class correlation coefficient (ICC) was calculated to as-
sess reproducibility. Mean ICC values above 0.90 were
considered acceptable for methodological validation.

Statistical Analysis

Quantitative variables were tested for normal distri-
bution using the Shapiro-Wilk test. Descriptive statis-
tics were expressed as mean * standard deviation (SD).
Paired t-tests were applied to compare right and left
sides. The prevalence of asymmetry (deviation >2° or dif-
ference >1 mm) was recorded as a categorical variable.

RESULTS

A total of 90 patients were examined according to
the patented CBCT-based protocol. Asymmetry was
detected in 100% of cases across all evaluated para-
meters and planes of measurement.

Quantitative analysis revealed deviations between
the right and left sides in every examined line — both an-
gular (Zy-Go, Po-U6, Po—-U3) and linear (Cy—C;, Co—Cy).
Even in patients with clinically symmetrical occlusion,
three-dimensional reconstruction demonstrated meas-
urable discrepancies of skeletal alignment.

Table 1 summarizes the mean asymmetry values with
standard deviation. The highest magnitude of deviation
was observed in the angular measurement between the
zygomatic and mandibular landmarks (Zy-Go), con-
firming the predominance of cranial-mandibular im-
balance within the craniovertebromandibular complex.
Significant differences were also observed in the linear
parameters Co—C; and C,—C;, confirming measurable
asymmetry within the upper cervical region. These de-
viations correlated with the clinical type of mandibular
displacement and osteopathic dysfunction patterns
identified during examination, linking skeletal asymme-
try with functional disturbances characteristic of TMJD.

Table 1. Mean asymmetry values
with standard deviation

Ta6nuua 1. CpegHue 3Ha4eHNs aCUMMETPUN
CO CTaHAapPTHLIM OTKJIOHEHMEM

Parameter REEIEIED p-value
of Asymmetry, %
Angular deviation Zy-Go (°) 100 <0.001
Po-U6 angular difference (°) 100 <0.001
ACo—Cy (mm) 100 <0.01
AC:—C, (mm) 100 <0.01

DISCUSSION AND CONCLUSIONS

The results of this study demonstrate that craniover-
tebromandibular asymmetry is consistently observed
in patients with temporomandibular joint dysfunction
(TMJD) and identified extraocclusal disturbances. This
observation confirms that structural imbalance be-
tween the cranial base, mandible, and cervical spine
represents a characteristic component of dentofacial
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and postural disorders in TMJD patients. Even patients
with visually symmetrical occlusion exhibited measura-
ble deviations in all lines of analysis. Such findings high-
light the limitations of two-dimensional clinical assess-
ment and reinforce the diagnostic necessity of three-
dimensional visualization. The developed CBCT-based
protocol effectively eliminates projectional artifacts and
allows for precise evaluation of angular and linear de-
viations. These advantages make it particularly valuable
in interdisciplinary diagnosis involving orthodontists,
osteopaths, and maxillofacial specialists [5; 6].

The consistent presence of craniovertebromandibu-
lar asymmetry in this cohort suggests a biomechanical
link between mandibular deviation and compensatory
cervical adaptations, which may underlie the persis-
tence of TMJD symptoms.

From a biomechanical perspective, the detected
asymmetries likely represent a combination of adaptive
and structural changes within the craniovertebroman-
dibular system. Previous research has shown that man-
dibular deviations often correlate with compensatory
cervical rotations and alterations in postural balance.
Our data confirm this relationship, as deviations in Co—C;4
and C,—C; distances were consistently associated with
angular disbalance at the cranial and mandibular levels.
This finding supports the hypothesis that the cranial base
and cervical spine form a single functional continuum in-
fluencing mandibular position. Consequently, correction
of occlusal or orthopedic conditions without considera-
tion of cervical alignment may lead to treatment relapse.
The present study therefore substantiates the necessity
of integrated diagnostic protocols in managing temporo-
mandibular and postural dysfunctions [7; 8].

Comparison of our results with previous works con-
firms the broader clinical relevance of craniovertebral
asymmetry. Studies by Makichyan et al. demonstrated
that mandibular deviation is closely related to postural
and osteopathic dysfunctions, and that targeted cor-
rection improves symmetry of mandibular biomecha-
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