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Abstract

INTRODUCTION. The study presents the results of a comparative evaluation of the effectiveness of mechanical
and virtual articulators in the functional diagnosis of patients with temporomandibular joint (TMJ) disorders.
AIM. To assess the advantages and limitations of using mechanical and virtual articulators for analyzing dy-
namic occlusion in patients with internal TMJ pathology.

MATERIALS AND METHODS. A total of 52 patients (45 women and 7 men), aged 25 to 42 years, with oc-
clusal disturbances caused by internal TMJ disorders, were examined. All patients underwent cone-beam
computed tomography (CBCT) for TMJ assessment and axiographic recording (optical axiograph Dentograf
Prosystom). The patients were divided into two groups: Group 1 (n =26) was analyzed using a mechanical
articulator, and Group 2 (n = 26) using a virtual articulator. CBCT and axiography data, as well as the results
of dynamic occlusion evaluation (tooth contact in closure and opening, protrusion, and laterotrusion), were
analyzed in both articulator types.

RESULTS. Mechanical articulators enabled the evaluation of dynamic occlusion with an effectiveness of
73.1%. Limitations were associated with their inability to accurately account for individual anatomical charac-
teristics of the TMJs. Virtual articulators demonstrated higher effectiveness (92.3%) due to the integration of
CBCT and axiography data, allowing detailed modeling of individual mandibular movements.
CONCLUSIONS. Virtual articulators show significant advantages over mechanical ones in assessing dynamic
occlusion in patients with TMJ disorders, providing greater accuracy and personalization of the diagnostic
process. Mechanical articulators demonstrated limited effectiveness and a considerable margin of error re-
lated to their non-individualized approach.
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Peslome

BBEAEHUWE. B uccnepoBaHuu npencTasBfieHbl pes3yfbratbl cpaBHEHUA 3PGEKTUBHOCTU MEXaHUYECKUX
1 BUPTYasibHbIX apPTUKYASTOPOB NPy GYHKLMOHANBHOM ANArHOCTUKE NALNEHTOB C HAPYLUEHUSIMU BUCOYHO-
HUXHeYeNntocTHbIX cycTaBoB (BHYC).

LENb NCCNEOOBAHUYA. OueHnTb NperMyLecTsa 1 HeaoCTaTku NPUMEHEHUS MEXAHUYECKMX U BUPTYab-
HbIX aPTUKYNATOPOB AN aHANN3a AVHAMUYECKOW OKKI03MN Y NaLMEHTOB C BHYTPEeHHen natonormneit BHYC.

MATEPUAbI N METObIl. O6¢cnenosaHo 52 nauneHTa (45 XeHLWMH 1 7 My>X41H) B Bo3pacTe oT 25 0o 42 net
C HapyLIEeHNSMUM apTUKynaummn, 06ycnoBneHHbIMY BHYTPEHHUMU HapyweHuamu BHYC. Bcem naumeHTam Bbli-
NOSIHEHO KOHYCHO-NY4€BYI0 KOMNbIOTEPHYI0 ToMorpadwuio (KJIKT) ang oueHkun coctoaHnsa BHYC n akcuorpa-
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duryeckoe uccneposaHme (ontudeckuin akcnorpad Dentograf Prosystom). MaumeHTbl Obinn pasgenexsl Ha
[Be rpynnbl: B NepBoi (n = 26) ncnonb30oBasncst MEXaHNYECKUIA apTUKYNSATOP, BO BTOPOW (n = 26) — BUpTyasb-
HbIN. AHannanposanucb gaHHble KJIKT n akcmorpadun, a Takxe pesdynbtaTbl OLEHKU AMHAMUYECKON OKKIIO-
31K (CMbIKaHne-pas3MblkaHue 3y60B, MPOTPy3us, 1aTepoTpy3ns) B apTUKYNaTOpax.

PE3YJIbTATBI. NprMeHeHne MexaHNYECKMX aPTUKYNSTOPOB NO3BOINIO0 OLEHUTL AMHAMNYECKYIO OKKIIO3UIO
c 3adpPpekTUBHOCTLIO 73,1%. OrpaHnyeHus cBs3aHbl C HECNOCOOHOCTbLIO TOYHO YUYMUTbIBATb MHAVBUAYASIbHbIE
aHaToMMyeckne OoCOBEHHOCTU CYCTaBOB. BupTyanbHble apTukynatopbl obecneunnn 6onee BbICOKYIO 3d-
deKkTMBHOCTL (92,3%), 6narogaps nHterpaunm ganHbix KJIKT n akcmnorpadumn, no3Bonss getanbHO MOAENU-
pOBaTb MHOVBUAYASbHbLIE ABUXEHUS HUXXHEN YENIOCTH.

BbIBOAbl. BupTyanbHble apTUKYyNATOPbl AEMOHCTPUPYIOT CYLLLECTBEHHbIE NMPENMYLLECTBA Nepea MexaHnye-
CKMMWU NpY OLLEHKE AVHAMMYECKON OKKo3mn y naumneHToB ¢ BHYC, o6ecneunBas 60nee BbICOKYIO TOHHOCTb
1 NepCoHanM3aumio AMarHoCTM4ecKkoro npowecca. MexaHmyeckne apTuKynsTopbl MOKasann OrpaHNYyeHHYo
9P PEKTUBHOCTb U 3HAYNTENBHYIO NOrPELUHOCTb USMEPEHUIA, CBA3AHHYIO C HEMHAMBUAYANIbHBIM MNOAXOA0M.

Knwuesble cnoBa: HapyLeHua apTukynaumm, BHHYC, mexaHn4eckunii apTukynaTop, BUPTYasbHbIN apTUKyNa-
TOP, AMHaMmnyYeckas OkK3us, MHONBUAYaTbHOE COOTHOLLEHME HYEeNOCTEN.

UHdopmauumsa o ctatbe: noctynuna — 03.08.2025; ncnpasneHa — 25.09.2025; npuHata — 29.09.2025
KoH}AMKT uHTepecoB: ABTOPbLI cO06LLaI0T 06 OTCYTCTBUMN KOHGMINKTA MHTEPECOB.
BnarogapHocTu: GrHaHcupoBaHWe 1 MHAMBUAOYASbHbIE 6N1aroaapHOCTU AN AeKTapupoBaHUs OTCYTCTBYIOT.

Ana umTuposaHua: YUxmksaase T.B., Bekpees B.B., PowuH E.M., Jomxnkos H.A., AseTtucsH I, ABetucsH A.I.
CpaBHUTENbHBbI aHann3 3 dOEKTUBHOCTM NPUMEHEHNS BUPTYalbHbIX U MEXaHMHYECKNX apTUKYNSTOPOB B PYHK-
umoHaneHom guarHoctuke BHYC. SHaogoHTms Today. 2025;23(4):519-528. https://doi.org/10.36377/ET-0126

INTRODUCTION

The development of modern medical technologies
and their widespread implementation in dental practice
have significantly expanded the possibilities and impor-
tance of functional diagnostics in the early detection of
various diseases of the dentoalveolar system [1; 2]. The
advancement of high-precision instrumental research
methods enables the identification of pathological
changes at the earliest stages of their formation [3; 4].

Currently, the diagnosis of dentoalveolar system
diseases is based on a complex and comprehensive
specialized examination using high-technology equip-
ment [5; 6]. Some diagnostic procedures are performed
with the direct participation of the patient, while others
are carried out on models of the dentoalveolar system
using articulators and specialized computer technolo-
gies [7; 8].

In recent years, there has been a significant increase
in the number of patients with combined dental lesions
and temporomandibular joint (TMJ) disorders, often ac-
companied by mandibular articulation dysfunction and
involvement of the masticatory muscles. This trend high-
lights the increasing role of functional diagnostics in iden-
tifying such pathology [9; 10]. Timely application of func-
tional diagnostic methods not only allows the detection of
the causes and characteristics of the disease at its early
stages, but also facilitates the development of an optimal
treatment plan and the evaluation of its effectiveness.

At present, functional diagnostics of the dentoal-
veolar system employs a wide range of methods, inclu-
ding panoramic radiography, orthopantomography,
and computed tomography [11; 12], which provides
three-dimensional imaging of the jaws; magnetic reso-
nance imaging (MRI), allowing the assessment of soft
tissues and the temporomandibular joint (TMJ) [13; 14];
and optical axiography, which records joint trajecto-
ries and mandibular movements [15]. A crucial role in
the functional diagnostics of dentoalveolar disorders is
played by the creation of dental arch models using ar-
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ticulators [16; 17], as well as by electromyography, which
enables the analysis of the bioelectrical activity of the
masticatory muscles and their functional symmetry [18].
In addition, ultrasound imaging of the TMJ allows for both
anatomical and functional assessment [19].

Within functional diagnostics, the evaluation of occlu-
sion is of particular importance [20]. Occlusion is com-
monly classified into static and dynamic types. Dynamic
occlusion refers to the interaction between the teeth du-
ring mandibular movements [20]. Under optimal, “physio-
logical” conditions of the dentoalveolar system, immedi-
ate disclusion or loss of occlusal contacts occurs during
mandibular movement from habitual occlusion. The pre-
sence of pathological changes or unwanted occlusal
contacts — particularly those located close to the TMJ —
may lead to impaired coordination of the masticatory
muscles, altered joint position and function, pathological
tooth wear, and structural changes [21]. The use of ar-
ticulating foil or paper provides only limited information
regarding occlusion [21]. The most effective method for
evaluating dynamic occlusion is the application of indi-
vidually adjusted articulators [22].

The assessment of dynamic occlusion is especially
relevant in prosthetic dentistry for restoring masticatory
function in full, in orthodontics for normalizing occlusal
relationships, in maxillofacial surgery for evaluating
TMJ function and treatment planning, in implantology
for distributing occlusal loads when planning the num-
ber, localization, size, and form of implants, in periodon-
tology for determining functional tooth loading — since
excessive load contributes to periodontal disease — and
in restorative dentistry, where control of both static and
dynamic occlusal relationships is mandatory [23-25].

AIM

To evaluate the advantages and limitations of using
mechanical and virtual articulators for the analysis of
dynamic occlusion in patients with internal temporo-
mandibular joint (TMJ) pathology.
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MATERIALS AND METHODS

A total of 52 patients with pathological changes
in mandibular articulation caused by internal tempo-
romandibular joint (TMJ) disorders were examined.
The gender distribution of the patients was as follows:
45 women (86.5%) and 7 men (13.5%), with a female-to-
male ratio of 6.4:1. The age of the patients ranged from
25 to 42 years. The main complaints included TMJ pain
(38 out of 52 patients; 73.1%), headaches (20 patients;
38.5%), and difficulty in mouth opening (41 patients;
78.8%). Clinical examination revealed joint sounds on
palpation and during mandibular movements in 46 out
of 52 patients (88.5%), while reduced mouth opening
was observed in 47 out of 52 patients (90.4%).

All patients underwent cone-beam computed to-
mography (CBCT) to identify TMJ pathology. CBCT was
also used to determine the individualized relationship
between jaw models and the temporomandibular joints.
The use of CBCT was of particular importance in the
analysis of dynamic occlusion within the virtual articula-
tor. In this subgroup, CBCT allowed for the acquisition of
patient-specific parameters, which were subsequently
transferred to the virtual articulator using a specialized
CT module. The following parameters were evaluated:
the position of the mandibular condyle in the articular
fossa of the temporal bone, the width of the joint space,
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incisal points (upper and lower), prosthetic planes in the
posterior teeth region (right and left), and condylar re-
ference points (right and left).

In addition, all patients underwent axiographic ex-
amination using an optical axiograph (ProAxis, SdiMa-
trix, Russia), which enabled the registration and analy-
sis of condylar trajectories of mandibular movements.

Visualization of the main mandibular movement pa-
rametersobtainedthroughopticalaxiographyispresen-
tedin Fig. 1-4.

Table 1. Complaints of patients with internal TMJ
disorders

Ta6nuua 1. Xanobbl NaUNEHTOB C BHYTPEHHUMMU
HapyLweHusmmn BHYC

Complaints n (patients) %
TMJ pain 38 73,1
Headaches 20 38,5
Difficulty in mouth opening 41 78,8
Joint sounds on palpation /motion 46 88,5
Reduced mouth opening 47 90,4

Fig. 1. Axiogram: opening/closing the mouth
Puc. 1. Akcuorpamma: oTKpbiBaHUS / 3aKpbiBaHS pTa
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Sagit Front Transverse

sal point 84.3° 79.9°
Right joint 59.3° 9.8°
Left joint 4.3 me 55.7¢ 6.7°
Fig. 2. Axiogram: deviation of the lower jaw from the midline during opening and closing of the mouth
Puc. 2. AkcrnorpaMmma: OTKJIOHEHME HMXKHEN YENIOCTM OT CPEANHHOM IMHUW NPU OTKPbIBAHUN U 3aKpbiBaHWE pTa

Right joint (right view) Left joint (left view)

Sagit Front Transverse

length
ncisal point : 67.8° | 41.1°
Right joint 53.2°
Left joint - 70.6° 2503
Fig. 3. Axiogram: deviation of the mandible from the midline during protrusion
Puc. 3. Akcrnorpamma: OTK/IOHEHME HUXHEN YeNtioCTW OT CPEAMHHON NINHUN NPV NPOTPY31Kn

9Hdodornmus Volume 23, no. 4 / 2025



In Group I, dynamic occlusion was evaluated in all
26 patients (50.0%) using a mechanical articulator (Fig. 5).

After taking two-layer silicone impressions, gypsum
casts were mounted using a mechanical facebow, and
mandibular movements were reproduced in the me-
chanical articulator through its condylar mechanisms.
The articulator (condylar elements and programmable
table) was adjusted according to the individual parame-
ters obtained during optical axiography. The following

=

Right view

Right joint (right view) Right joint (anterior view)
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factors were considered: the amplitude of mouth ope-
ning, synchronicity or asynchronicity of mandibular
condyle movements, mandibular deviation from the
midline during functional tests (mouth opening/clos-
ing, protrusion, laterotrusion), the nature and amplitude
of condylar and incisal paths, and Bennett angles.

In 26 patients (50.0%) of Group II, dynamic occlusion
was analyzed using a virtual articulator with virtual mo-
dels (Fig. 6).

Left joint (anterior view) Left joint (left view)

Openng along

Trajectory . s Front Transverse

corner

52.8° 75.0°
Right joint 86.2° 7.7°
Left joint 72.1° 20.3 cases

Fig. 4. Axiogram: deviation of the mandible from the midline in lateral intrusion

Puc. 4. Akcruorpamma: OTK/IOHEHME HUXHEN YENIOCTU OT CPEAVHHON JINHUM MPU NaTePOTPY3umn

Fig. 5. Mechanical articulator Artex CR
(Girrbach)

Puc. 5. MexaHnyeckuin apTukynatop
Artex CR (Girrbach)

>
exocad $+

Fig. 6. Virtual articulator Artex Exocad
Puc. 6. BupTyanbHbin aptukynatop Artex B nporpamme Exocad

Tom 23 N2 4/ 2025 ‘ Endodont(cs
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After taking two-layer silicone impressions and
casting gypsum models, the jaw models were optically
scanned using the ZIRKONZAHN software. With the
aid of an electronic facebow and CBCT data, the mo-
dels were positioned within the virtual articulator, which
enabled three-dimensional reproduction of the virtual
dental arch in relation to the hinge axis and the incisal
pin within the software environment.

To account for all individual parameters during vir-
tual articulator mounting, an additional CT module (Sdi-
Matrix) was used. This allowed measurement of the
individualized distance from the upper central incisors
to the TMJ condyles for subsequent transfer into the ar-
ticulator. Three anatomical reference points were used:
the interincisal point at the incisal edge of the maxillary
central incisors, and the condylar reference points on the
right and left TMJs.

Based on the CBCT data obtained, the virtual mo-
dels were exported into the virtual articulator. Subse-
quently, the program was supplemented with individual
mandibular movement trajectories that had previously
been recorded using the axiograph.

The use of specialized computer software made it
possible to integrate virtual jaw models with their move-
ment trajectories, providing visualization within the vir-
tual articulator. In addition, the spatial position of the
mandible was determined.

Statistical criteria were selected based on the analy-
sis of feature distribution and its comparison with the
normal Gaussian distribution using the Kolmogorov—
Smirnov test. The Wilcoxon matched pairs test was ap-
plied for comparison of repeated measurements. To as-
sess the relationships between clinical parameters and
the results of instrumental diagnostic methods, multi-
variate analysis of variance (MANOVA) and correlation
analysis using Pearson’s correlation coefficient were
performed for quantitative indicators. Differences were
considered statistically significant at p < 0.05.

All statistical analyses were performed on a personal
computer running Windows 10 using STATISTICA 12
software.

RESULTS

During the survey, 38 patients (73.1%) reported TMJ
pain, while 20 patients (38.5%) experienced frequent
headaches. Difficulty and discomfort during mouth
opening were noted in 41 patients (78.8%). Among the
52 examined patients, 46 (88.5%) reported joint clicking
or abnormal sounds such as crepitation during mandi-
bular movements. Four patients (7.7%) did not perceive
pathological joint sounds, although these were detected
during clinical examination (palpation and auscultation
of the TMJ area). Reduced mouth opening was observed
in 47 patients (90.4%).

The distribution of patient complaints associated
with internal TMJ disorders is presented in Fig. 7.

A comparative analysis of dynamic occlusion was
carried out in all patients, focusing on mandibular
movements across the dentition (mouth opening and
closing, lateral movements, and protrusion with return
to the initial position). Gypsum models of 26 patients
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(50.0%) were examined using a mechanical articulator,
and 26 patients (50.0%) were analyzed with a virtual
articulator.

In Group |, the Artex FaceBow (Girrbach) and the
Artex CR mechanical articulator (Girrbach) were em-
ployed. Clinical examination of mandibular articulation
was performed using Bausch 20 um articulating paper
and OKKLUSAL INDIKATOR WACHS SAM occlusal wax.
The analysis included habitual occlusion closure as well
as mandibular movements in protrusive and laterotru-
sive directions, and during mouth opening and closing.

Clinical and instrumental examinations with the
mechanical articulator demonstrated an effectiveness
of 73.1% in reproducing mandibular function during
opening-closing, as well as protrusive and latero-
trusive movements. During protrusion, the mandible
advanced anteriorly without occlusal contacts on the
posterior teeth. Under normal conditions, load distri-
bution occurs between the TMJs and anterior teeth,
with the primary load borne by the joint structures and
minimal load applied to the incisors.

During lateral mandibular movements (laterotrusion),
discrepancies were observed between in-mouth mandi-
bular movements and those reproduced on gypsum mo-
dels, due to significant differences in the morphology of
the patient’s condylar mechanisms and the fixed design
of the mechanical articulator. This structural limitation
significantly restricts the individualization of functional
diagnostic data for specific clinical cases.

In Group I, the ProAxis electronic facebow (SdiMatrix)
and the Artex virtual articulator within the Exocad soft-
ware were used. A key feature of the virtual articulator is
the ability to integrate all previously recorded condylar
trajectories from axiographic studies, enabling precise
reproduction of the patient’s TMJ function. In this group,
protrusive and laterotrusive mandibular movements
were simulated within the virtual articulator. Clinical and
instrumental analyses demonstrated an effectiveness of
92.3% for evaluating mouth opening-closing, as well as
protrusive and laterotrusive movements (Fig. 8). In this
case, the virtual mandibular model accurately repro-
duced all individual patient-specific movements.

Headaches
38.5%

Reduced
mouth opening
90.4%

TMJ pain
73,10%
Joint sounds
Difficulty 88.5%
in mouth opening
78.8%

Fig. 7. Distribution of complaints from patients
with internal TMJ disorders

Puc. 7. PacnpepeneHue xanob nauneHToB
C BHYTPEHHUMMW HapyweHuamun BHYC
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Virtual articulator

Mechanical articulator

Fig. 8. The effectiveness of using mechanical and

virtual articulators in diagnosing dynamic occlusion. The
difference in effectiveness between the use of mechanical
and virtual articulators in the diagnosis of dynamic
occlusion was statistically significant (p < 0.05)

Puc. 8. 5pPeKTUBHOCTb NPUMEHEHNA MEXAHUYECKUX
M BUPTYalbHbIX aPTUKYASTOPOB B AMArHOCTUKE
ONHAMUYECKOM OKKNI03nn. Pasnuumna mexay

3O PEKTUBHOCTBLIO MPUMEHEHNS MEXAHUYECKNX

1 BUPTYalbHbIX aPTUKYISTOPOB B AMArHOCTUKE
ONHAMMYECKOWM OKKIO3UM ABNSETCA CTAaTUCTUYECKM
3HaYMMbIM (p < 0,05)

DISCUSSION

The present study is a continuation of our previous
research on the comparative analysis of virtual and
mechanical articulators in functional diagnostics. As is
well known, occlusal analysis can be performed either
directly in the patient’s oral cavity or on jaw models. To
simulate mandibular movements, special devices — ar-
ticulators — are used. The hinge of the articulator func-
tions as a mechanical model of the joint, which approxi-
mately reproduces the spatial movement of the patient’s
TMJ, thereby allowing for the simulation of physiological
joint movements in terms of both amplitude and direc-
tion of displacement [25].

Mechanical articulators are widely applied for re-
producing features of dynamic occlusion, particularly
for tracking mandibular trajectories relative to the oc-
clusal surfaces of the maxillary dentition. However, in
some cases, mandibular movements simulated in the
articulator do not correspond to the patient’s individual
physiological movements. This discrepancy is due to
the fixed (nonadjustable) design of the articulator’s con-
dylar mechanisms, which cannot be adapted to the pa-
tient’s specific anatomical characteristics. As a result,
the accuracy of functional diagnostics of articulation
disorders associated with TMJ dysfunction is compro-
mised. It has been reported that errors in the adjust-
ment of mechanical articulators account for up to 95%
of inaccuracies during their use [26].

The use of mechanical facebows is also associated
with frequent errors in model mounting. Such inaccu-
racies arise because, during mounting, the reference
point is the upper frame of the articulator, whereas the
distance between the condylar mechanisms and the
mounted models may not coincide with the patient’s in-
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dividual anatomical parameters. Any vertical displace-
ment of the models relative to the upper frame signifi-
cantly affects the reliability of functional tests, since
the distance between the condylar mechanism and the
model changes [21]. These errors are particularly criti-
cal in TMJ diagnostics, in the fabrication of therapeutic
occlusal splints for such patients, and in prosthodontic
treatment. It is also important to note that mechanical
facebows are positioned on the patient using extraoral
reference planes, such as the Camper’s or Frankfurt
plane. However, extraoral and skeletal landmarks may
not coincide, which leads to additional inaccuracies.

The technological limitations of mechanical articu-
lators have a substantial impact on the accuracy of re-
producing mandibular movements in dynamic occlu-
sion [25]. The main sources of error include gaps in the
fixation of registration impressions on plaster models, ex-
pansion of gypsum, and deformation of impressions. Fur-
thermore, anatomical factors must also be considered,
such as individual variations in the structure of the mas-
ticatory muscles, the elasticity and resilience of specific
TMJ structures, periodontal tissue condition, individual
tooth mobility, and mandibular flexion amplitude under
functional load — parameters unique to each patient [21].
Accounting for all these variables is not feasible when us-
ing mechanical articulators for functional diagnostics.

The use of virtual articulators significantly reduces
errors associated with anatomical variations and techni-
cal limitations [25]. In our study, the CT module (SdiMa-
trix) provided the ability to integrate virtual jaw models
with mandibular movement trajectories obtained during
axiographic examination, enabling visualization within
the virtual articulator and thus improving the accuracy
of functional assessment of articulation disorders.

Application of the virtual articulator in the functional
diagnostics of dynamic occlusion allows for the simu-
lation of mandibular movements that closely replicate
actual mandibular function. The virtual articulator offers
two approaches: mandibular movements can either be
generated by condylar mechanisms or reproduced ac-
cording to trajectories previously recorded through op-
tical axiography. In this configuration, the maxilla is fixed
according to cranial anatomical landmarks, while the
mandible can move relative to it. Fixation of the maxilla
within the virtual articulator enables real-time modeling
of mandibular movements.

The use of mechanical articulators in the functional
diagnostics of dynamic occlusion is associated with
considerable limitations. In our study, their effective-
ness was 73.1%, primarily due to design constraints
that prevent acquisition of fully individualized patient-
specific data.

In contrast, the virtual articulator made it possible
to evaluate dynamic occlusion in multiple directions,
including mouth opening and closing, protrusion, and
right and left laterotrusion. The effectiveness of virtual
articulators for dynamic occlusion diagnostics in our
study reached 92.3%. Virtual modeling enabled con-
tinuous reproduction of mandibular movements with
simultaneous registration of all possible occlusal con-
tacts between the maxillary and mandibular arches.
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The present investigation demonstrated clinically
and statistically significant differences in the effective-
ness of mechanical and virtual articulators (73.1% vs.
92.3%, respectively) in the functional diagnostics of dy-
namic occlusion (p < 0.05; 95% CiI).

The potential influence of subjective factors during
mandibular movement registration was minimized by
employing the three-dimensional optical tracking system
of the axiograph, which ensured precise monitoring of all
movements and trajectories. The root-mean-square er-
ror of the optical system was less than 1 um. To ensure
maximum measurement accuracy, the system is capa-
ble of simultaneously tracking the position of more than
400 points.

REFERENCES / CTUCOK JIUTEPATYPbI

1. Astanov O.M., Ruzieva M.I. Prevalence, Risk Factors, and
Pathogenetic Mechanisms of Temporomandibular Joint
Dysfunction. International Journal of Studies in Natural
and Medical Sciences. 2023;2(5):164-171. Available at:
https://scholarsdigest.org/index.php/ijsnms/article/
view/228 (accessed: 15.07.2025).

2. Guluyev AV. Methods of diagnosis of diseases of the
temporomandibular joint. Scientific Review. Medical
Sciences. 2017;(2):14-18. (In Russ.) Available at: https://
science-medicine.ru/ru/article/view?id=965 (accessed:
15.07.2025).
l'ynyeB A.B. MeToapl amnarHoctukm 3aboneanHuii BHYC.
HayyHoe o603perHne. MeavumHckne Haykun. 2017;(2):14-18.
Pexvm poctyna: https://science-medicine.ru/ru/article/
view?id=965 (nata obpawieHus: 15.07.2025).

3. Gazhva S.l.,, Zyzov D.M., Bolotnova TV., Senina-
Volzhskaya |V., Demin Y.D., Astvatsatryan L.E. et al.
Comparison of additional methods of diagnosis dys-
function of the temporomandibular joint. International
Research Journal. 2017;(1-1):98-101. (In Russ.) https://
doi org/10.23670/IRJ.2017.55.130
faxea C.W., 3bizoB .M., bonoTtHoBa T.B., CeHuHa-
Bonxckas W.B., Oemunn A.L., ActBauaTtpsH J1.9. u ap.
CpaBHEHME [OMOJIHUTENbHLIX METOAOB AMArHOCTU-
Kn ,EI,I/ICCDyHKLI,I/II/I BUCOYHO-HMXHEYENIOCTHOIro cycrta-
Ba. MexayHapoaHbIi Hay4YHO-UCCAen0BaTesIbCKUm
xypHasn. 2017;(1-1):98-101. https://doi org/10.23670/
IRJ.2017.55.130

4. Ronsivalle V., Ruiz F., Lo Giudice A., Carli E., Venezia P.,
Isola G. et al. From reverse engineering software to
CAD-CAM systems: How digital environment has influ-
enced the clinical applications in modern dentistry and
orthodontics. Appl Sci. 2023;13(8):4986. https://doi.
org/10.3390/app13084986

5. AvelinoM.E.L.,NevesB.R.,RibeiroA.K.C.,CarreiroA.F.P,,
Costa R.T.F., Moraes S.L.D. Virtual facebow techniques:
A scoping review. J Prosthet Dent. 2025;134(1):85-90.
https://doi.org/10.1016/j.prosdent.2023.08.032

6. JairajA., AgroyaP., TiwariR.V.C., Algahtani N.M., Salkar M.,
Sagar Y.P. Evolution of Articulators — Research and Re-
view. Ann Rom Soc Cell Biol. 2021;25(4):10665-10681.
Available at:  http://www.annalsofrscb.ro/index.php/
journal/article/view/3832 (accessed: 15.07.2025).

7. Vinayahalingam S., Berends B., Baan F., Moin D.A.,
Luijn R., Bergé S., Xi T. Deep learning for automated
segmentation of the temporomandibular joint. Journal
of Dentistry. 2023;132:104475. https://doi.org/10.1016/j.
jdent.2023.104475

dHdodoHmus
————TLT

Integration of CBCT head data with virtual jaw mo-
dels in this study allowed highly accurate positioning
of the models within the virtual articulator, in full accor-
dance with individual patient-specific characteristics.

CONCLUSION

Virtual articulators demonstrate significant advan-
tages over mechanical articulators in the assessment of
dynamic occlusion in patients with temporomandibular
joint (TMJ) disorders, providing greater accuracy and
personalization of the diagnostic process. Mechanical
articulators showed limited effectiveness and conside-
rable measurement errors, primarily due to their non-
individualized approach.

8. Yau H.T,, Liao SW., Chang C.H. Modeling of digital
dental articulator and its accuracy verification using
optical measurement. Comput Methods Programs
Biomed. 2020;196:105646. https://doi.org/10.1016/j.
cmpb.2020.105646

9. Chou T.-H., Liao S.-W., Huang J.-X., Huang H.-Y., Vu-
Dinh H., Yau H.-T. Virtual dental articulation using com-
puted tomography data and motion tracking. Bioen-
gineering. 2023;10(11):1248. https://doi.org/10.3390/
bioengineering10111248

10. Saini R.S., Alshoail H.H., Kanji M.A., Vaddamanu S.K.,
Mosaddad S.A., Heboyan A. Virtual articulator software:
Accuracy, usability, and clinical applicability: A syste-
matic review. Int Dent J. 2025;75(3):1691-1704. https://
doi.org/10.1016/j.ident].2025.03.005

11. Fadeev R.A., Ovsiannikov K.A. Radiological methods for
diagnosing temporomandibular joint diseases. Herald
of North-Western State Medical University named after
I.I. Mechnikov. 2024;16(1):13-24. (In Russ.) https://doi.
org/10.17816/mechnikov625521
®dapees P.A., OcsiHHUKoB K.A. JlyyeBble MeToabl Ana-
FHOCTUKN 3a60/IEBAHMA  BUCOYHO-HUXHEYENIOCTHOIO
cyctaBa. BectHuk CeBepo-3anaaHoro rocynapCrBeH-
HOro mMeauumMHCKOro yHusepcutetra um. WU, Meuy-
HukoBa. 2024;16(1):13-24. https://doi.org/10.17816/
mechnikov625521

12. Tekucheva S.V., Bazikyan E.A., Afanasyeva Ya.l,
Postnikov M.A. Copyright Research Protocol for
Comprehensive Assessment of the Dento-Alveolar
Complex in Patients with Temporomandibular Joint
Disorders: Clinical Cases. Kuban Scientific Medical
Bulletin. 2023;30(4):110-136. (In Russ.) https://doi.
org/10.25207/1608-6228-2023-30-4-110-136
TekyuyeBa C.B., basuksan 3.A., AdpaHacbeBa A.U., MocT-
HukoB M.A. KoMnnekcHas ougeHka cocTosiHus 3yboue-
JIOCTHOW CUCTEMbI Y NauneHToB ¢ 3aboneBaHnsIMN BU-
COYHO-HUXHEYENIOCTHOro CycTaBa C UCMNONb30BaHMEM
aBTOPCKOr0 MPOTOKOJSla WUCCNenoBaHus: KJIMHUYeckue
cnyydaun. KybGaHCKui Hay4HbIi MEeANLIMHCKNIA BECTHUK.
2023;30(4):110-136. https://doi.org/10.25207/1608-
6228-2023-30-4-110-136

13. Ogura I., Kaneda T., Mori S., Sakayanagi M., Kato M.
Magnetic resonance characteristics of temporoman-
dibular joint disc displacement in elderly patients. Den-
tomaxillofac Radiol. 2012;41(2):122-125. https://doi.
org/10.1259/dmfr/1286942

14. Kamel Z.S.A.S.A., ElI-Shafey M.H.R., Hassanien O.A.,
Nagy H.A. Can dynamic magnetic resonance imaging

Volume 23, no. 4/ 2025


https://scholarsdigest.org/index.php/ijsnms/article/view/228
https://scholarsdigest.org/index.php/ijsnms/article/view/228
https://science-medicine.ru/ru/article/view?id=965
https://science-medicine.ru/ru/article/view?id=965
https://science-medicine.ru/ru/article/view?id=965
https://science-medicine.ru/ru/article/view?id=965
https://doi
https://doi
https://doi
https://doi.org/10.3390/app13084986
https://doi.org/10.3390/app13084986
https://doi.org/10.1016/j.prosdent.2023.08.032
http://www.annalsofrscb.ro/index.php/journal/article/view/3832
http://www.annalsofrscb.ro/index.php/journal/article/view/3832
https://doi
https://doi
https://doi.org/10.3390/bioengineering10111248
https://doi.org/10.3390/bioengineering10111248
https://doi.org/10.1016/j.identj.2025.03.005
https://doi.org/10.1016/j.identj.2025.03.005
https://doi.org/10.17816/mechnikov625521
https://doi.org/10.17816/mechnikov625521
https://doi.org/10.17816/mechnikov625521
https://doi.org/10.17816/mechnikov625521
https://doi.org/10.25207/1608-6228-2023-30-4-110-136
https://doi.org/10.25207/1608-6228-2023-30-4-110-136
https://doi.org/10.25207/1608-6228-2023-30-4-110-136
https://doi.org/10.25207/1608-6228-2023-30-4-110-136
https://doi.org/10.1259/dmfr/1286942
https://doi.org/10.1259/dmfr/1286942

replace static magnetic resonance sequences in
evaluation of temporomandibular joint dysfunction?
Egypt J Radiol Nucl Med. 2021;52:19. https://doi.
org/10.1186/s43055-020-00396-8

15. Talmaceanu D., Bolog N., Leucuta D., Tig I.A., Buduru S.
Diagnostic use of computerized axiography in TMJ disc
displacements. Exp Ther Med. 2022;23(3):213. https://
doi.org/10.3892/etm.2022.11137

16. Lepidi L., Galli M., Mastrangelo F., Venezia P., Joda T.,
Wang H.L., Li J. Virtual Articulators and virtual moun-
ting procedures: Where do we stand? J Prosthodont.
2021;30(1):24-35. https://doi.org/10.1111/jopr.13240

17. Hong S.J., Noh K. Setting the sagittal condylar inclina-
tion on avirtual articulator by using a facial and intraoral
scan of the protrusive interocclusal position: A den-
tal technique. J Prosthet Dent. 2021;125(3):392-395.
https://doi.org/10.1016/j.prosdent.2020.01.031

18. Szyszka-Sommerfeld L., Machoy M., Lipski M.,
Wozniak K. Electromyography as a means of as-
sessing masticatory muscle activity in patients with
pain-related temporomandibular disorders. Pain Re-
search and Management. 2020:9750915. https://doi.
org/10.1155/2020/9750915

19. Erturk A.F., Kendirci M., Ozcan I., Rohlig B.G. Use of
ultrasonography in the diagnosis of temporomandibu-
lar disorders: a prospective clinical study. Oral Radiol.

527

20.Park J.H., Lee G.-H., Moon D.-N., Kim J.-C., Park M.,
Lee K.-M. A A digital approach to the evaluation of
mandibular position by using a virtual articulator.
J Prosthet Dent. 2021;125(6):849-853. https://doi.
org/10.1016/j.prosdent.2020.04.002

21. Goldstein G., Goodacre C. Selecting a virtual articula-
tor: An analysis of the factors available with mechanical
articulators and their potential need for inclusion with
virtual articulators. J Prosthodont. 2023;32(1):10-17.
https://doi.org/10.1111/jopr.13517

22.Padmaja B.l., Madan B., Himabindu G., Manasa C. Vir-
tual articulators in dentistry: a review. Int J Med Appl Sci.
2015;4(2):109-114.

23. Shetty S. Virtual articulators and virtual facebow trans-
fers: Digital prosthodontics!!! J Indian Prosthodont
Soc. 2015;15(4):291.  https://doi.org/10.4103/0972-
4052.171825

24. Solaberrieta E., Etxaniz O., Minguez R., Gorozika J., Bar-
renetxea L., Sierra E. Virtual production of dental pros-
theses using a dental virtual articulator. Int J Interact
Des Manuf. 2015;9(1):19-30. https://doi.org/10.1007/
s12008-013-0203-2

25. Maltauro M., Vargiu E., Tozzi F., Ciocca L., Meneghe-
llo R. A semi-automated tool for digital and mechanical
articulators comparative analysis of condylar path ele-
ments. Comput Biol Med. 2025;186:109724. https://doi.

2023;39(2):282-291.  https://doi.org/10.1007/s11282-
022-00635-w

org/10.1016/j.compbiomed.2025.109724

INFORMATION ABOUT THE AUTHORS

Tina V. Chkhikvadze - Applicant, Department of Surgical Dentistry and Maxillofacial Surgery, Medical Institute, Peoples’
Friendship University of Russia named after Patrice Lumumba (RUDN University), 6 Miklukho-Maklaya Str., Moscow 117198,
Russian Federation; https://orcid.org/0000-0003-4642-1989

Valery V. Bekreev - Dr. Sci. (Med.), Associate Professor, Department of Surgical Dentistry and Maxillofacial Surgery,
Medical Institute, Peoples’ Friendship University of Russia named after Patrice Lumumba (RUDN University), 6 Miklukho-
Maklaya Str., Moscow 117198, Russian Federation

Evgeny M. Roshchin — Cand. Sci. (Med.), Dentist-Orthopedist, Dental Clinic SDI Dent, 14 Flotskaya Str., Moscow, 125493,
Russian Federation

Nikita A. Dolzhikov - Laboratory Assistant, Department of Therapeutic Dentistry, Medical Institute, Peoples’ Friendship
University of Russia named after Patrice Lumumba (RUDN University), 6 Miklukho-Maklaya Str., Moscow 117198, Russian
Federation; https://orcid.org/0009-0006-3781-363X

Gor G. Avetisian — Laboratory Assistant, Department of Therapeutic Dentistry, Medical Institute, Peoples’ Friendship
University of Russia named after Patrice Lumumba (RUDN University), 6 Miklukho-Maklaya Str., Moscow 117198, Russian
Federation; https://orcid.org/0009-0003-7647-4958

Yana G. Avetisian - Laboratory Assistant, Department of Therapeutic Dentistry, Medical Institute, Peoples’ Friendship
University of Russia named after Patrice Lumumba (RUDN University), 6 Miklukho-Maklaya Str., Moscow 117198, Russian
Federation; https://orcid.org/0009-0006-9037-1287

WHOOPMALIUA OB ABTOPAX

YxukBapse TuHa BnapumupoBHa — comnckatenb, kadenpa 4entoCTHO-NNLEBOW XUPYPrun N XMpPypruyeckom ctoma-
Tonorun MeanumHckoro nHetutyta, @rAQY BO «Poccuiickuii yHuBepcuTeT Apyx6bl HaponoB uM. MNMaTtpuca JlymyMObl»,
117198, Poccuiickaa depepauvs, r. Mockea, yn. Muknyxo-Maknas, g. 6; https://orcid.org/0000-0003-4642-1989

Bekpees Banepuiit BaneHTUHOBUY — O.M.H., JOLEHT, kKadeapa 4entoCTHO-TMLEBON XNPYPIrnun 1 XMPYypPruyeckom ctoma-
Tonorum MeaumuunHckoro nHetutyTa, PrAQY BO «Poccuiicknini yHnBepcuteT apyx0bl Hapoaos uMm. MNatpuca Jlymymobi»,
117198, Poccuiickas depepaums, r. Mocksa, yn. Muknyxo-Maknas, a. 6

PowuH EBreHnii MuxamnoBud — K.M.H., Bpay-ctomatosnior-optonen, knvHuka «SDI Dent», 125493, Pocculiickaa Penepa-
uusa, r. Mocksa, yn. dnotckasq, a. 14

AonxukoB Huknta AnekcaHpapoBu4 — nabopaHT, kadeapa TepaneBTUY4ECKON cToOMaToNnornm MegmumMHCKOro MHCTUTY-
Ta, PrAQY BO «Poccuiicknin yHuBepcuteT opy>0bl HApoaoB uM. MaTtpuca Jlymymo6sl», 117198, Poccuiickas depepauus,
r. Mockga, yn. Muknyxo-Maknas, g. 6; https://orcid.org/0009-0006-3781-363X

Tom 23 N2 4/ 2025 ‘ Endodont(cs


https://doi.org/10.1186/s43055-020-00396-8
https://doi.org/10.1186/s43055-020-00396-8
https://doi.org/10.3892/etm.2022.11137
https://doi.org/10.3892/etm.2022.11137
https://doi.org/10.1111/jopr.13240
https://doi.org/10.1016/j.prosdent.2020.01.031
https://doi.org/10.1016/j.prosdent.2020.04.002
https://doi.org/10.1016/j.prosdent.2020.04.002
https://doi.org/10.1111/jopr.13517
https://doi.org/10.4103/0972-4052.171825
https://doi.org/10.4103/0972-4052.171825
https://doi.org/10.1007/s12008-013-0203-2
https://doi.org/10.1007/s12008-013-0203-2
https://doi.org/10.1016/j.compbiomed.2025.109724
https://doi.org/10.1016/j.compbiomed.2025.109724
https://orcid.org/0000-0003-4642-1989
https://orcid.org/0009-0006-3781-363X
https://orcid.org/0009-0003-7647-4958
https://orcid.org/0009-0006-9037-1287
https://orcid.org/0000-0003-4642-1989
https://orcid.org/0009-0006-3781-363X

528

ABeTucsH lNop NeoprueBuy — nabopaHT, kKadeapa TepaneBTU4eckon ctoMmaTonornm MeanmumHckoro nHetutyta, Praoy
BO «Poccuiickuii yHuBepcuteT apyx6bl Hapogos um. MNatpuca Jlymym6ol», 117198, Poccuiickas depepaums, r. Mockea,
yn. Muknyxo-Maknas, a. 6; https://orcid.org/0009-0003-7647-4958

ABeTucsaH flHa NeoprueBHa — nabopaHT, kKadeapa TepaneBTMHeckolt ctomaTonormm MeanunmHckoro nHetTutyta, Praoy
BO «Poccuiicknin yHnBepcuTeT gpyx06sl Hapoaos uM. Matpuca Jlymym6bl», 117198, Poccuiickas ®epepauus, r. Mockea,
yn. Muknyxo-Maknas, a. 6; https://orcid.org/0009-0006-9037-1287

AUTHOR’S CONTRIBUTION

Tina V. Chkhikvadze — conceptualization, study design, data analysis and interpretation, writing — original draft.
Valery V. Bekreev — conceptualization, study design, approval of the final version of the manuscript for submission.
Evgeny M. Roshchin — conceptualization, study design, data analysis and interpretation.

Nikita A. Dolzhikov — data analysis and interpretation, writing — original draft.

Gor G. Avetisian — data analysis and interpretation, writing — original draft.

Yana G. Avetisian — data analysis and interpretation, writing — original draft.

BKJIAQ ABTOPOB

T.B. YUxnkBaa3se — yyacTve B pa3paboTke KOHLENUUN U CTPYKTYPbI UCCNEA0BaHUS, aHann3 n MHTepnpeTauns AaHHbIX, Ha-
nnucaHue TekcTa ctTaTbiy.

B.B. BekpeeB — pa3paboTka KOHLEMNUUM U CTPYKTYPbI UCCeaoBaHms, 0g00peHe OKOHYaTeNbHO BEPCUN CTaTbu, coaBa-
€MOI B nevaTb.

E.M. PoumH — paspaboTka KOHLENUUN 1 CTPYKTYPbl UCCNeN0BaHNs, aHaNnU3 U MHTepnpeTaLns AaHHbIX.
H.A. JONXnKOB — aHann3 n HTepnpeTauns AaHHbIX, HaNnMcaHne TeKCcTa cTaTby.
[[. ABETUCSH — aHaNn3 N MHTEPMNPETaLVS AAaHHbIX, HAMMCaHWE TeKCTa CTaTbu.

A.I. ABETUCSAH — aHanM3 1 nHTepnpeTauma AaHHbIX, HANMCaHne TekcTa CTaTby.

9Hdodornmus Volume 23, no. 4 / 2025


https://orcid.org/0009-0003-7647-4958
https://orcid.org/0009-0006-9037-1287

