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Abstracts

The aim of this narrative review was to analyze current evidence on the clinical application of the MODJAW digital jaw-
tracking system and related dynamic technologies, with a focus on their diagnostic value, accuracy, limitations, and
perspectives for integration into contemporary dental practice.

Materials and Methods. A narrative review of the literature published between 2013 and 2025 was conducted using
PubMed, MDPI, DOAJ, Ovid, and Google Scholar databases. The search strategy included the following keywords:
MODJAW, jaw tracking system dentistry, mandibular kinematics, digital occlusion movement tracker, virtual articulator
movement, and 4D dentistry. Eligible publications included clinical studies, in vitro accuracy assessments, comparative
analyses with conventional articulators, and review articles addressing dynamic jaw tracking and virtual articulation systems.

Results. The analysis demonstrated that the implementation of dynamic jaw-tracking systems represents a paradigm shift
from static occlusal analysis toward functional evaluation of mandibular kinematics. The MODJAW system showed high
precision and repeatability in recording mandibular movements, with accuracy comparable to industrial-grade three-
dimensional scanning systems when standardized calibration protocols were applied. Multiple studies confirmed reliable
hinge-axis identification and reproducible condylar pathway registration, independent of bite registration materials.

Clinically, dynamic jaw tracking enabled improved assessment of excursive movements, condylar guidance, and occlusal
contact distribution during functional activities such as mastication. Compared with conventional mechanical and static virtual
articulators, MODJAW provided superior visualization of complex mandibular trajectories and facilitated early identification
of functional disturbances, including eccentric bruxism and temporomandibular joint dysfunction. In orthodontics, measurable
differences in mandibular kinematics across skeletal classes supported individualized treatment planning. In prosthodontics,
enhanced accuracy of virtual articulation was associated with a reduced risk of occlusal discrepancies and improved
communication with CAD/CAM workflows through direct data export.

Conclusions. The MODJAW system represents a promising tool for digital functional dental rehabilitation, offering
objective real-time assessment of mandibular kinematics beyond static articulation. Current evidence suggests that dynamic
digital articulators enhance diagnostic accuracy and support personalized treatment planning. However, successful clinical
implementation requires further standardization, validation, and clinician training to ensure consistent and reliable use in daily
practice.

Keywords: digital articulator, mandibular kinematics, functional occlusion, jaw tracking, temporomandibular joint,
bruxism.

MeTo10 1IHOTO OTJISJIOBOTO JTOCHIHKCHHS OYyJIO0 MpOaHai3yBaTH CydyacHI HAyKOBI JaHi IIOAO KIIIHIYHOTO 3aCTOCYBAaHHS
dpoBoi cUCTEMH AMHAMIYHOTO BijcTeXeHHA pyxiB menenn MODJAW Tta cnopijHeHMX IMHAMIYHHX TEXHOJIOTIH i3
(okycoM Ha iX IIarHOCTHUYHY I[IHHICTb, TOYHICTh, OOMEXEHHS Ta IEPCHEKTUBH IHTErpamii B CydacHy CTOMAaTOJIOTi4HY
MPaKTHKY.

Marepiaan Ta meroau. IIpoBesieHO HapaTUBHUI OIS HAyKOBOI JiTepaTypH, omyOmikoBaHoi B mepiof 3 2013 mo 2025
poku, 3 BHKOpUCTaHHsAM 0a3 manmx PubMed, MDPI, DOAJ, Ovid Ta Google Scholar. ITomyk 3mificHIOBaIHM 32 TaKUMH
wiouoBumH cioBamu: MODJAW, jaw tracking system dentistry, mandibular kinematics, digital occlusion movement tracker,
virtual articulator movement, 4D dentistry. /o aHami3y OyJsio BKJIFOUEHO KIIIHIYHI JOCIHIKEHHs, Ja0OpaTOPHi in Vitro OIiHKH
TOYHOCTI, IMOPIBHSIBHI JOCHIIKEHHS 3 TPAaIUIIMHAMH apTHKYJITOpaMH, a TaKOX OTIJLINOBI ITyOJiKarii, MpHCBSYEHI
JUHAMIYHOMY BiZICTEKEHHIO PyXiB IIEJIENH Ta CHCTEMaM BipTyalbHOI apTHKYJIALII.
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Pe3yabTaTn. AHani3 1oka3as, L0 BIPOBAPKEHHS AMHAMIYHUX CHUCTEM BIJIICTEXKEHHs PYXIB IIEJICNH € NapaJurMaibHUM
3CYBOM BiJl CTaTUYHOI'O aHANII3y OKMIO3ii 10 (YHKIIOHAIBLHOI OIIHKM KiHeMaTHKH HIkHbBoOI menenu. Cucrema MODJAW
MPOJEMOHCTPYBaJla BUCOKY TOUHICTH 1 BIITBOPIOBAHICTh peecTpallii pyxiB HWKHBOI ILEJIENH, 3 TOKa3HUKaMH, NOPIBHIHHUMM 3
NPOMUCIOBUMHM TPUBUMIDHHMH CHCTEMaMHM CKaHYBaHHS 3a YMOBH 3aCTOCYBaHHS CTaHJapTH30BaHUX IPOTOKOJIB
KaxiOpyBaHHs. Y HH3II AOCHTIMHKEHb MiATBEPPKEHO HAMIWHY iNeHTH(OIKAIiI0 IApHIPHOI OCi Ta BiATBOPIOBAHY PEECTPAILi0
TpaeKTOPiil pyXy BUPOCTKOBHUX BiIPOCTKIB, HE3aJICIKHO BiJl BUKOPUCTAHHUX MaTEpiajliB s peecTparlii mpuxkycy. Y KIiHITHOMY
aCTeKTi JAWHAMIYHE BIICTE)KEHHS pPYyXiB IIenend 3abe3redyBasio OUTBII TOYHY OIHKY EKCKYpCIfHHX pPyXiB, HampsMKy
BHUPOCTKOBOTO BEJCHHS Ta PO3MOLUTY OKJIIO31HHIX KOHTAKTIiB MiJ 9ac (yHKIIIOHATBFHIX aKTiB, 30KpeMa xKyBaHHs. [lopiBHAHO 3
TPaIUIIHHUMI MEXaHIYHAMHU Ta CTaTHYHHMHU BipTyallbHUMH apTHUKyIsTopamu, cuctema MODJAW 3abesmedyBana kparry
BizyaJi3alilo CKIaJHUX TPAEKTOPii pPyXiB HWKHBOI LIEJENU Ta CHpHsIa PaHHHOMY BHUSIBJICHHIO (DYHKIIOHAJIBHUX MOPYIICHb,
BKITIOYAIOYM CKCIICHTPUYHUN OpyKCcHM3M 1 JUCQHYHKII0 CKPOHEBO-HU)KHBOIICIEIHOTO cyrioba. B opTOmOHTIT BUsBICHI
BUMIPIOBaHI Bi]MIHHOCTI KIHEMaTUKH HIDKHBOI IIENENH MK PI3HUMHU CKEJIETHUMH KJIACaMu, IO IMiATBEP/IKY€E IOIIIbHICTH
IHIMBI/TyaIi30BaHOTO TUIAHYBaHHS JIiKyBaHHsS. B opromeanyHiii cromarosorii miBHIEHa TOYHICTh BIPTyaJbHOI apTHKYJISLIT
acoIlifoBaiacs 3i 3HWKEHHSM PHU3UKY OKIIO31MHMX HETOYHOCTEH 1 mokpameHHsM komyHikauii 3 CAD/CAM-naboparopisiMu
3aBJISIKH IPSIMOMY €KCIIOPTY JaHHX.

BucnoBkn. Cucrema MODJAW € mnepcneKTHBHHM iHCTPYMEHTOM IH(POBOI (QYHKIIOHATEHOI CTOMATOJOTIYHOT
pealbimitarnii, mo 3abe3mnedye 00 €KTHBHY OIIIHKY KiHEMaTHKH HIDKHBOI HICTIENH B PEXHMi PEajbHOTO 4Yacy 3a MeXaMu
CTaTUYHOI apTUKyJAnil. HasgBHi HayKoBi JaHI CBig4aTh, IO AWHAMIYHI OU(QPOBI apTUKYIATOPH MiJABHUIIYIOTH TOYHICTh
(hyHKIIOHATBHOI MIarHOCTUKK Ta MIATPUMYIOTh IEPCOHANI30BaHE IUIaHyBaHHS JiKyBaHHA. BogHowac ycmimiHe KiTiHIYHE
BIIPOBA/DKCHHS TaKWX CHCTEM IOTpeOye IOmanbIIol CTaHmApTH3allii, Balifamii Ta HaJle)KHOI IiJrOTOBKH JIKapiB Ui
3a0e3meueHHs CTabiIbHAX 1 BIITBOPIOBAHHUX PE3yNBTATIB y MOBCAKACHHIHN MPaKTHIIL.

Karwu4osi cioBa: nudpoBuil apTUKYISITOP, KIHEMAaTHKAa HUXKHBOT IIENIeNH, (PYHKIIOHAIbHA OKJIFO3is, BIACTEKECHHS PYXiB
IIENEeIH, CKPOHEBO-HWKHBOIIEICTHUH Cyriio0, OpyKcH3M.

Introduction. In contemporary dental practice, the rapid  records, often present limitations in terms of objectivity and
development of digital technologies — such as intraoral  reproducibility. Dynamic digital jaw-tracking systems,
scanning, CAD/CAM modeling, digital occlusal analysis, represented by the MODJAW system, address these
and dynamic recording of mandibular movements — has  challenges by enabling real-time visualization and
significantly improved prosthetic outcomes and the overall quantitative assessment of mandibular kinematics and
accuracy of functional diagnostics. Particular attention in  occlusal contacts during functional activity.
clinical research is directed toward the identification of Aim of the study. The aim of this review is to analyze
occlusal interferences, which are defined as undesirable or  current evidence on the clinical application of the MODJAW
premature contacts between occlusal surfaces during  digital jaw-tracking system and related technologies,

functional mandibular movements. focusing on their diagnostic value, limitations, and
It has been established that a significant majority of  perspectives for implementation in dental practice.
patients exhibit at least one type of occlusal interference Materials and methods. This narrative review is based

during laterotrusive or protrusive movements [7, 12]. Such ~ on a comprehensive narrative review of publications
interferences are considered multifaceted clinical factors, retrieved from PubMed, MDPI, DOAJ, Ovid, and Google
acting both as a primary cause and a potential consequence  Scholar using the following keywords: MODJAW, jaw
of functional disturbances, particularly in individuals with  tracking system dentistry, mandibular kinematics, digital

parafunctional habits [13]. occlusion movement tracker, virtual articulator movement,
Recent evidence further supports the strong association 4D dentistry. Studies published between 2013 and 2025 were
between occlusal interferences, bruxism, and  considered. Inclusion criteria comprised investigations

temporomandibular joint (TMJ) dysfunction. Clinical data  involving MODJAW or comparable dynamic systems,
indicate a significantly higher prevalence of occlusal clinical applications, laboratory assessments of accuracy, and
interferences in patients with bruxism (reaching 46%)  review articles addressing digital articulators and mandibular
compared to asymptomatic controls (14%), often correlating  kinematics.
with increased reports of TMJ pain and masticatory muscle Results. The integration of dynamic jaw-tracking
fatigue [10]. Consequently, occlusion remains a critical  systems into the dental workflow has shifted the focus from
factor in the multifactorial pathogenesis of functional dental  static occlusion to functional kinematics. The analysis of
disorders. current literature (2013-2025) reveals several key domains
Given the clinical relevance of these conditions, the  regarding the clinical performance and diagnostic value of
demand for precise diagnostic tools is increasing. the MODJAW system.
Conventional methods, such as articulating paper and wax
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Figure 1. Representative visualization of mandibular kinematics recorded with the Modjaw system, including 3D jaw
models, incisal point trajectory, and sagittal condylar movement graphs during opening and closing movements
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Figure 2. Representative visualization of masticatory function recorded with the Modjaw digital system. The image
demonstrates synchronized three-dimensional maxillary and mandibular models with occlusal contact mapping, incisal point
trajectory, and bilateral sagittal condylar movement curves during a chewing cycle
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1. Reproducibility and Accuracy of Digital Jaw-
Tracking

The MODJAW system demonstrates high precision and
reliability in recording mandibular kinematics, providing a
digital alternative to traditional methods [3]. To ensure
clinical relevance, the implementation of standardized digital
protocols is essential for consistency in data interpretation
[15]. Laboratory in vitro studies confirm that the accuracy of
these recordings is comparable to industrial 3D scanning
systems, with precision values reaching the micrometer range
[17]. While digital systems offer high repeatability, absolute
functional parameters may occasionally differ from those
obtained using traditional mechanical devices, necessitating
precise calibration [9]. Furthermore, the reproducibility of
digital articulators remains high regardless of the bite-
registration materials used [1].

2. Clinical Applications
Prosthodontics

The integration of dynamic tracking enables the
differentiation of kinematic parameters across various
skeletal classes, supporting individualized orthodontic
planning. Recent studies using optical jaw-tracking systems
have demonstrated measurable differences in mandibular
kinematics across orthodontic patient groups, supporting the

in Orthodontics and

eecccccssccccscce
VK2a0c

@ Twim R

BEPXHS WENENA

¢

O ¥
—90 &

ADVANCED -

* HINGE AXIS

AESTHETIC s

00:30:349
00:00:000

XKyeanHs 19h42

clinical relevance of dynamic functional analysis beyond
static occlusal assessment [16]. In prosthetic dentistry, the
increased accuracy of digital articulators is associated with a
reduced risk of occlusal errors [5]. Furthermore, the ability to
export kinematic data facilitates seamless collaboration
between clinicians and CAD/CAM laboratories [6].
Functional analysis of TMJ movements is also significantly
improved compared to conventional approaches [14].

3. Diagnostic Value and Functional Evaluation

The potential for early identification of functional
disorders, including eccentric bruxism, underscores the
diagnostic value of dynamic jaw-tracking [4]. Compared to
static CBCT-based assessments, dynamic systems provide a
more accurate reproduction of condylar pathways [8].
Additionally, digital occlusal records offer superior accuracy
over conventional mechanical methods, particularly in cases
with restricted mandibular mobility [2]. Systematic
evaluations also indicate that dynamic digital systems
outperform static virtual models in recording complex
excursive movements [11]. Representative examples of
occlusal contact visualization during mastication before and
after occlusal adjustment are shown in Figures 3, 4 and 5.
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Figure 3. Representative visualization of occlusal contact distribution during mastication in the initial clinical situation
recorded with the Modjaw digital system. The image shows synchronized three-dimensional maxillary and mandibular models
with color-coded occlusal contact mapping on the occlusal surfaces, illustrating baseline functional occlusal conditions prior to

occlusal adjustment
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Figure 4. Representative visualization of occlusal contact distribution during mastication after occlusal adjustment
recorded with the Modjaw digital system. The image demonstrates synchronized three-dimensional maxillary and mandibular
models with color-coded occlusal contact mapping, illustrating changes in contact distribution following occlusal correction
during functional mandibular movements
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Figure 5. Representative visualization of mandibular opening and closing movements after occlusal adjustment recorded
with the Modjaw digital system. The image demonstrates synchronized three-dimensional maxillary and mandibular models,
incisal point trajectory, and bilateral sagittal movement curves of the condylar processes during a functional opening-closing
cycle following occlusal correction
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Discussion. The findings of this review demonstrate that
the transition from mechanical to digital dynamic articulation
significantly enhances the precision of functional dental
diagnostics. As emphasized by the analysis of current
protocols, the shift toward standardized digital workflows is
essential for maintaining clinical reliability and ensuring the
comparability of kinematic data [15]. Our results confirm
that dynamic systems provide superior accuracy in recording
complex excursive movements compared to static virtual
models, which often fail to capture the full range of
mandibular trajectories [11].

The primary advantage of the MODJAW system lies in
its ability to create a "virtual twin" by integrating real-time
kinematic registration with high-resolution 3D intraoral
scans. This integration allows for a level of diagnostic depth
that was previously unattainable with conventional methods.
However, it is important to acknowledge that while
MODJAW is a prominent representative of 4D dentistry, it
exists within a broader landscape of dynamic tracking
technologies. Other established systems, such as Zebris
(optoelectronic) and ARCUSdigma (ultrasonic), have long
been utilized for recording mandibular kinematics. While
these systems provide high-resolution data for electronic
axiography, the MODJAW system simplifies the workflow
by offering seamless data export to CAD/CAM platforms
without the need for manual transfer protocols [6].

Furthermore, the clinical relevance of dynamic tracking
extends beyond simple occlusal adjustments. The ability to
differentiate condylar pathways and identify functional
disturbances, such as eccentric bruxism, provides a
foundation for preventive dentistry and complex prosthetic
rehabilitation [4, 8]. Despite the high repeatability of digital
articulators, clinicians must remain aware that absolute
functional values may differ slightly from traditional
mechanical recordings, necessitating careful calibration and a
thorough understanding of digital parameters [1, 9].

It is important to note that while this review focuses on
the MODJAW system as a prominent example of 4D
dentistry, it belongs to a broader category of dynamic jaw-
tracking technologies. Nevertheless, each technology has
specific calibration requirements and learning curves, and the
choice of system should be guided by the clinical task,
ranging from routine functional assessment to complex full-
mouth rehabilitation.

Conclusions. The MODJAW system is a promising tool
in digital functional rehabilitation of dental patients, as it
enables objective assessment of mandibular kinematics and
supports individualized treatment planning. The system
demonstrates reliable hinge-axis identification and good to
excellent repeatability, which are essential for virtual
articulation and individualized restorative procedures.
Current evidence suggests that MODJAW and similar
dynamic digital articulators may enhance the accuracy of
functional analysis and support personalized dental care.
However, successful clinical implementation requires further
standardization, validation, and development of interoperable
digital solutions.
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