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ABSTRACT

Introduction: Quantification of mandibular movement allows both dynamic and static eval-
uation of temporomandibular joint (TM]J) status, which would provide important informa-
tion in temporomandibular disorders (TMD) diagnosis and treatment. The ultrasonic Jaw
Motion Analyzer (JMA; zebris) system could analyse the 3-dimensional motion of the man-
dible without any radiation. Using the JMA, this study aimed to investigate the differences
in mandibular movements and masticatory muscle activities among patients with differ-
ent diagnoses of anterior disc displacement based on TMJ magnetic resonance imaging
(MRI).
Methods: Seventy-four adult subjects with 148 TMJ were divided into 3 groups based on MRI:
the No Disc Displacement (NDD), the Anterior Disc Displacement with Reduction (ADDWR),
and the Anterior Disc Displacement without Reduction (ADDWOoR). The JMA and surface elec-
tromyography (SEMG) were used to measure several mandibular movements and sEMG.
Comparison and correlation analysis were performed among groups.
Results: Significant differences were found between NDD, ADDWR, and ADDWOoR in the follow-
ing items: the incisal range of motion during right and left laterotrusion, maximum mouth
opening, the surface area of Posselt envelope movement in the frontal plane, condylar range of
motion in opening movement, and sEMG of masseter during maximum voluntary clenching.
Conclusion: Significant differences were found in mandibular movements and muscle activ-
ity between patients with NDD, ADDWR, and ADDWoR.
Clinical Relevance: The JMA and sEMG provide important information on mandibular move-
ment and muscle activities, which may provide additional insights into TMD diagnosis and
treatment.
© 2025 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

and soft tissue." Symptoms of TMD include limited mandibu-
lar range of motion, muscle or joint pain, associated joint

Temporomandibular joint (TMJ) disorders (TMD) refer to a
broad group of clinical problems associated with discomfort
in masticatory musculature, the TMJ and surrounding hard
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noise during function, and functional limitation or deviation
of jaw opening. Among these, TMJ disharmony and intra-
articular diseases could significantly influence the mandibu-
lar range of motion, directly affecting patients’ quality of life.?

Owing to the complexity of TMD multifactorial etiology,
accurate diagnosis of TMD is usually challenging for clini-
cians, which led to the development of the Diagnostic Criteria
for Temporomandibular Disorders (DC/TMD), the current
best available instrument for TMD diagnosis.” As suggested
by DC/TMD, clinical examination is considered insufficient to
determine a joint's condition; therefore, imaging tests
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including magnetic resonance imaging (MRI) and com-
puted tomography (CT) should be considered for better
evaluation of the nonosseous and osseous component of
T™J, respectively.4 Nevertheless, the low availability, risks
of side effects, and high cost of MRI and CT preclude their
routine use.’ Patients with claustrophobia, pacemakers,
and metal prostheses are also contraindicated for MRI.
Furthermore, studies have reported that MRI and CT can
only record 1 transient position and cannot meet the over-
all and dynamic observation of TMJ, making patient bene-
fit limited and uncertain.®’

The Jaw Motion Analyzer (JMA; zebris) system is an ultra-
sonic appliance to analyse the 3-dimensional orthopaedic
motion of the mandible and record the bilateral condylar tra-
jectory during jaw movements.®>® It can provide accurate
measurements of TMJ kinematics in real time and rapid
impression of the patient’s functional stomatognathic sys-
tem, which is critical for clinicians to develop accurate diag-
nosis and treatment plans.’® The surface electromyography
(SEMG), an added function of the JMA, can identify electrical
signals on the skin above superficial muscles and has been
used widely in the diagnosis of neuromuscular disease. It is
increasingly used in TMJ evaluation in recent years because it
can provide detailed information on the active state of bilat-
eral masseters and temporalis. Previous studies reported that
the balanced function of bilateral muscles contributes to the
harmony of the stomatognathic system."*

Unfortunately, to the authors’ knowledge, in the current
literature, most studies related to the JMA were limited to the
field of maxillofacial orthognathic surgeries.'”"® Compari-
sons of mandibular movement figures among different disc
displacement subgroups have not been assessed previously,
and there has been no clinical reference that correlates mas-
ticatory muscle activities with different TMJ diagnoses. Quan-
titative information about mandibular kinematics and
masticatory muscle functions in patients with different disc
displacement statuses will contribute to a deeper under-
standing of the pathophysiology and lead to more personal-
ised management of TMD. Therefore, this study aimed to
assess and compare the mandibular movement and mastica-
tory muscle activities in subjects with anterior disc displace-
ment with reduction (ADDWR) and anterior disc
displacement without reduction (ADDWOoR), as well as in sub-
jects with no disc displacement (NDD).

Methods
Study subjects

A retrospective observational study was designed and imple-
mented to achieve the objectives of this study. This retro-
spective study utilised clinical records of patients who
underwent standardised JMA and sEMG assessments as part
of their routine TMD evaluation. Patients admitted to the
Department of General Dentistry, the Second Affiliated Hospi-
tal Zhejiang University School of Medicine, China, from Sep-
tember 2022 to June 2024 were enrolled in this study.
The inclusion criteria were as follows:

1. Patients who were age 18 years or older.

2. Patients in general good health with permanent dentition.

3. Patients with TMD-related symptoms or seeking TMJ
examinations.

4. Patients underwent bilateral TMJ MRI and cone beam com-
puted tomography (CBCT).

5. Clinical records were complete.

The exclusion criteria were as follows:

1. Patients who could not understand the mandibular move-
ment instructions.

2. Patients with autoimmune diseases, rheumatoid arthritis,
metabolic diseases affecting bone, and pregnancy or lactation.

3. Patients who have undergone radiotherapy or chemother-
apy at the head or neck region in the past 60 months.

4. Patients whose TMJ MRI did not allow for successful inter-
pretation of anatomical features.

5. Patients with tumour or maxillofacial deformity that could
affect TMJ.

6. Patients with a history of plastic surgery or other craniofa-
cial surgery.

According to the disc position in relation to the condyle
showed in TMJ MRI, 1 radiologist and 2 TMJ specialists
assigned each TM]J case to 1 of the 3 categories: NDD, ADDWR,
and ADDWoR. The CBCT results were interpreted by 2 TMJ
specialists. The mandibular movement items from the ]MA
were all recorded 6 times, and the average value was taken as
the final result. The sEMG of the masseter and temporalis
muscles were recorded 3 times, and the average value was
taken as the final result.

The study’s design was approved by the Ethics Committee
for Clinical Research of the Second Affiliated Hospital of Zhe-
jlang University School of Medicine, China (grant no.
20220427). All procedures followed and obeyed the Helsinki
Declaration of 1975. All subjects included in the study signed
informed consent.

Imaging examinations and procedures

All subjects underwent TMJ MRI and CBCT in the Department
of Radiology, the Second Affiliated Hospital Zhejiang Univer-
sity School of Medicine. The MRI model was 1.5 T SIGNA Voy-
ager (GE Health Care General Electric), with a dedicated TMJ
surface coil. The T2-weighted images parameters were set to
TR = 3490 ms, TE = 57 ms, and proton density-weighted imag-
ing parameters were set to TR = 2000 ms, TE = 28 ms, slice
thickness 2.5 mm, slice interval 2.75 mm,
FOV = 150 x 150 mm, and pixel size 512 x 512. Patients were
asked to remove all metals and remain motionless during
examination. The CBCT model was Planmeca ProMax (Plan-
meca Oy). The parameters were set to 8 mA, 90 kV, exposure
time 14 s, field of view 16 x 16 cm, and pixel size 0.4 mm. Dur-
ing the CBCT examination, patients sat naturally, with head
and neck naturally relaxed, forehead placed close to the
machine, chin placed in the jaw rest, in the intercuspal posi-
tion (ICP), in kept Frankfort horizontal plane (FH plane) parallel
to the floor, and the facial midline perpendicular to the floor.
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Ultrasonic Jaw Motion Analyzer system and SEMG
evaluations

Mandibular movements were recorded and measured using the
JMA, a device using an ultrasonic technique to capture mandib-
ular and bilateral condylar movements in 6 degrees of freedom.
A face-bow embedded with the ultrasonic pulse receivers (sen-
sor arrays) was placed and secured on the patient’s head. The
para-occlusal attachment, connected to the emitter appliance
to transmit ultrasound pulses, was stably attached to the man-
dibular teeth using temporary material without any occlusal
disturbances. The receiver can detect and record sequential
ultrasonic pulses during the instructed mandibular move-
ments. The supporting software WinJaw+ (zebris) was used for
measurements and analysis (Figure 1).

Mandibular motion analysis

Anatomical points were transferred to the virtual environ-
ment by the face-bow. The upper jaw position or coordinates
were recorded via the para-occlusal attachment. The refer-
ence plane was the FH plane. To obtain measurements for
functional analysis, all subjects were instructed to perform
instruction of the

mandibular movements under the

examiner, including protrusion, lateral excursion, maximum
mouth opening and closing, and the Posselt envelope move-
ment. This was to ensure the standardised execution of the
data acquisition to achieve higher data security and accuracy.
For the protrusion and lateral excursion movements, patients
were instructed to begin with ICP and, while keeping the
tooth in contact, move to the maximum protrusive and lat-
eral position, and return to the ICP, where the measuring pro-
cess terminated. In the opening movement, the patient was
instructed to perform a maximum opening movement with-
out assistance and then slide back to the ICP.

SEMG analysis

Through skin surface electrodes, the JMA registered the
action potentials of the muscles and showed the average
value of the sEMG signal during relaxed position, maximum
voluntary clench and muscle fatigue movement.

All movements were performed 3 times, corresponding
data were recorded, and the average measurement values
were calculated. The measurement items and their defini-
tions are listed in Table 1. The incisal and bilateral condylar
range of motion recorded by the JMA are illustrated in
Figure 2.
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Fig 1-The Jaw Motion Analyzer (JMA) and surface electromyography (sEMG). A, The JMA. B, The sEMG. C, Three-dimensional
model of mandibular movements. D, Applying the JMA. E, Three-dimensional tracks of mandibular movement. F, The sEMG

records of bilateral masseters and temporalis.
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Table 1 - Definitions of mandibular movement measurements.

Measurements Definition

IRM Incisal range of motion

IRL_R Incisal range of motion in right lateral excursion

IRL_L Incisal range of motion in left lateral excursion

IR_Protrusion Incisal range of motion in mandible protrusion

Max Opening Distance of maximum unassisted mouth opening

Max Opening (°) Angle formed by incisal range of motion and midline in maximum mouth opening movement
Dev (mm) Amount of midline deviation in maximum mouth opening movement

IRP_F Incisal range of motion surface area in Posselt envelope movement, frontal plane

IRP_S Incisal range of motion surface area in Posselt envelope movement, sagittal plane

Protrusion_dRx
Protrusion_dRz
Protrusion_dLx
Protrusion_dLz
HCI_R

HCI_L

CRO_R

CRO_L

BEN_R

BEN_L

SEMG Relax M_R
SEMG Relax M_L
SEMG Relax T_R
SEMG Relax T_L
sEMG Clench M_R
SEMG Clench M _L
sEMG Clench T_R
SEMG Clench T_L
SsEMG Fatigue M_R
SEMG Fatigue M_L
SsEMG Fatigue T_R
SEMG Fatigue T_L

X-axis coordinates, right condyle range of motion in protrusion, frontal plane

Z-axis coordinates, right condyle range of motion in protrusion, frontal plane

X-axis coordinates, left condyle range of motion in protrusion, frontal plane

Z-axis coordinates, left condyle range of motion in protrusion, frontal plane

The angle formed by the FH plane and range of right condyle movement in protrusion, frontal plane
The angle formed by the FH plane and range of left condyle movement in protrusion, frontal plane
Right condylar range of motion in mouth opening

Left condylar range of motion in mouth opening

The angle formed by the FH plane and range of right condylar movement in protrusion, 3-dimensional
The angle formed by the FH plane and range of left condylar movement in protrusion, 3-dimensional
Average surface electromyography parameter of right masseter during relaxed position

Average surface electromyography parameter of left masseter during relaxed position

Average surface electromyography parameter of right temporalis during relaxed position

Average surface electromyography parameter of left temporalis during relaxed position

Average surface electromyography parameter of right masseter during maximum voluntary clench
Average surface electromyography parameter of left masseter during maximum voluntary clench
Average surface electromyography parameter of right temporalis during maximum voluntary clench
Average surface electromyography parameter of left temporalis during maximum voluntary clench
Average surface electromyography parameter of right masseter during muscle fatigue

Average surface electromyography parameter of left masseter during muscle fatigue

Average surface electromyography parameter of right temporalis during muscle fatigue

Average surface electromyography parameter of left temporalis during muscle fatigue

Posselt envelope movement  The border movement of the incisal edge

AsMM Asymmetry index of masseter
AsTA Asymmetry index of temporalis
Astot Asymmetry index of both muscles (masseter and temporalis)

Statistical analysis

The statistical analysis was performed by SPSS 25.0 (IBM SPSS
Statistics). The Shapiro-Wilk test was performed for the nor-
mality test. The clinical characteristics are presented as
means =+ standard deviation or median (P25, P75). For varia-
bles that followed normal distribution, the ANOVA analysis
and Paired-Samples t test were used. For variables that did
not follow normal distribution, the Kruskal-Wallis test was
performed. Bonferroni correction was applied to adjust for
multiple comparisons. When the measurement data obeyed
normal distribution, X (S) description, 95% CI, and Pearson
correlation analysis were employed, and when they did not
comply with normal distribution, M (P25, P75), 95% CI, and
Spearman correlation analysis were employed. P < .05 was
considered statistically significant in this study.

Results

General characteristics and differences of subjects

A total of 148 TMJ in 74 participants (62 women, 12 men) were
included in the study. The mean age was 25.45 + 4.56 years,

ranging from 18 to 47 years. According to the disc position in
relation to condyle shown in TMJ MRI, each patient was
assigned to 1 of the 6 categories: bilateral NDD (n = 18,
24.32%); bilateral ADDWR (n = 11, 14.86%); bilateral ADDWoR
(n = 14, 18.92%); 1 side NDD, 1 side ADDWR (n = 9, 12.16%); 1
side NDD, 1 side ADDWOoR (n = 10, 13.51%); and 1 side ADDWR,
1 side ADDWOR (n = 12, 16.22%). Characteristics of the partici-
pants are shown in Table 2. The presence of TM]J osteoarthri-
tis (TMJOA) (P < .001) and pain attributed to TMJ (P = .014) was
statistically significant among the groups.

Mandibular movement differences and correlations in
bilateral NDD, ADDWR, and ADDWoR

Participants with identical diagnoses in left and right side
were included for analysis and divided into bilateral NDD,
ADDWR, and ADDWOoR to investigate differences in protru-
sion, right and left lateral excursion, maximum mouth
opening, and the surface area of Posselt envelope move-
ments in the frontal and sagittal plane. The ANOVA analy-
sis showed that there were significant differences (P < .05)
in the IRL_R, IRL_L, Max Opening, and IRP_F. Multiple com-
parisons showed significant differences between the NDD
and ADDWR, and NDD and ADDWOoR in IRL_R and IRP_F.
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Fig. 2-The incisal and bilateral condylar range of motion of the JMA. The blue lines reference the incisal range of motion, the
green lines reference the right condyle range of motion, and the red lines reference the left condyle range of motion. A, The
maximum mouth opening movement. B, The protrusion movement. C, The lateral excursion movement. D, The Posselt
envelope movement (a1, The incisal range of motion in sagittal plane; a2, the incisal range of motion in frontal plane; a3, the
right condyle range of motion in sagittal plane; a4, the left condyle range of motion in sagittal plane; a5, the right condyle
range of motion in frontal plane; a6, the left condyle range of motion in frontal plane.). E, A representative case of patient with
no disc displacement (NDD)—the trajectories are symmetrical, stable, and smooth. F, A representative case of patient with
right disc displacement with reduction (ADDWR)—in the protrusion and maximum mouth opening movement, the trajecto-
ries of the right condyle range of motion are more restricted than the opposite, while the incisal range deviated to the right
side; there is a hop observed in the maximum opening movement, stemming from the disc reduction during the movement.
G, A representative case of patient with right disc displacement without reduction (ADDWOo0R), similar to the ADDWR trajecto-

ries without a hop.

There was a significant difference in IRL_L between the
NDD and ADDWOoR (Table 3; Figure 3). According to the
Spearman correlation analysis, the surface area of Posselt
envelope movement in the frontal plane, the maximum
opening, IRL_R and IRL_L were significantly correlated
with the MRI groups (Table S1).

Mandibular movement differences and correlations in
unilateral NDD, ADDWR, and ADDWoR

The participants’ TMJs were categorised into the NDD,
ADDWR, and ADDWOoR based on unilateral MRI diagnosis.
The Kruskal-Wallis test was used to analyse differences
between 3 groups. There were significant differences in the
CRO and SEMG Clench Masseter. Multiple comparisons
showed that there was significant difference between the
NDD and ADDWOoR in CRO and EMG Clench Masseter (Table 4).
According to the Spearman correlation analysis, the CRO, the
EMG Bite Masseter and Temporalis were significantly corre-
lated with the MRI groups (Table S2).

Symmetry of bilateral TMJ movement items in the NDD,
ADDWR, and ADDWOoR and different MRI results of bilateral
T™J

Participants were divided into 4 groups based on bilateral MRI
diagnoses: bilateral NDD, bilateral ADDWR, bilateral ADD-
WoR and discordant bilateral diagnoses (eg, NDD on 1 side
and ADDWR on the other). Paired t tests revealed no signifi-
cant differences in movement parameters (eg, CRO, IRL)
between left and right TMJs within each group (P > .05), sug-
gesting preserved bilateral symmetry across diagnostic
groups (Table S3).

Discussion

The masticatory system is a complex 3-dimensional unit con-
sisting of bones, muscles, nerves, ligaments and teeth. The
delicate balance between each component is monitored by
the central nervous system (CNS) and allows intricate func-
tions of stomatognathic system, including chewing, speech,
and swallowing.’® Because mandibular movement is
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Table 2 - Characteristics and comparison of clinical information among the NDD, ADDWR, ADDWOoR, and different MRI

results of bilateral TMJ.

Characteristics NDD, ADDWR, ADDWOoR, NDDand NDD and ADDWR and P
n (%) n (%) n (%) ADDWR, ADDWOoR, ADDWOR,
(18 [24.32]) (11[14.86]) (14[18.92]) n (%) n (%) n (%)
(9, [12.16]) (10, [13.51]) (12[16.22])
Chief complaint NS
Joint clicking, popping and/or snapping 7 (38.9) 3(27.3) 2(14.3) 3(33.3) 4 (40.0) 2(16.7)
Pain 6 (33.3) 4(36.4) 8(57.1) 3(33.3) 4(40.0) 4(33.3)
Functional limitation 0(0) 2(18.2) 2(14.3) 1(11.1) 2(20.0) 4(33.3)
Others 5(27.8) 2(18.2) 2(14.3) 2(22.2) 0(0) 2(16.7)
Course of disease NS
<1y 10 (55.6) 7 (63.6) 5(35.7) 2(22.2) 3(30.0) 5 (41.7)
1-5y 5(27.8) 4(36.4) 6(42.9) 4 (44.4) 7 (70.0) 6 (50.0
>5y 3(16.7) 0(0) 3(21.4) 3(33.3) 0(0) 1(8.3)
Presence of TMJOA <.001*
No 13 (72.2) 10 (90.9) 5(35.7 7(77.8 5 (50.0) 9 (75.0)
Yes 5(27.8) 1(9.1) 9 (64.3) 2(22.2) 5 (50.0) 3(25.0)
Functional limitation measured by calliper NS
No 15 (83.3) 4(36.4) 6 (42.9 7(77.8) 7 (70.0) 9 (75.0)
Yes 3(16.7) 7 (63.6) 8(57.1 2(22.2) 3(30.0 3(25.0
Opening pattern NS
Normal 9 (50.0) 7 (63.6) 6 (42.9) 2(22.2) 3(30.0) 4(33.3)
Right deviation 1(5.6) 0(0) 4(28.6) 2(22.2) 2(20.0) 2(16.7)
Left deviation 2(11.1) 2(18.2) 2(14.3) 2(22.2) 4(40.0) 3(25.0)
Slight deviation in opening, but <2 mm 6(33.3) 2(18.2) 2(14.3) 3(33.3) 1(10.0) 3(25.0)
from the midline
Pain related to TMJ .014*
No 13 (72.2) 5 (45.5) 2(14.3) 5(55.6 2(20.0) 4(33.3)
Yes 5(27.8) 6 (54.5 12 (85.7) 4 (44.4) 8 (80.0) 8(66.7)
TM]J noises by patient’s complaint NS
No 2(11.1) 1(9.1) 6 (42.9 2(22.2 2(20.0) 2(16.7)
Yes 16 (88.9) 10 (90.9) 8(57.1 7(77.8) 8(80.0) 10 (83.3)
Malocclusion in posterior teeth NS
No 13 (72.2) 11 (100.0) 10 (71.4) 5(55.6 9(90.0 7 (58.3)
Yes 5(27.8) 0(0.0) 4(28.6) 4(44.4) 1(10.0) 5(41.7)
Presence of anxiety NS
No 14 (77.8) 6 (54.5) 7 (50.0) 5(55.6 9(90.0) 10 (83.3)
Yes 4(22.2) 5 (45.5) 7 (50.0) 4(44.4) 1(10.0) 2(16.7)

ADDWR, anterior disc displacement with reduction; ADDWOR, anterior disc displacement without reduction; NDD, no disc displacement; NS, not
significant; TMJ, temporomandibular joint; TMJOA, temporomandibular osteoarthritis.

* P<.05.

determined by the simultaneous activities of TMJ, quantifica-
tion of mandibular movement allows both dynamic and static
evaluation of TMD status, which would help not only in TMD
diagnosis but also in treatment decision making in prostho-
dontics, orthodontics, and gnathology.™”

Over the years, several methods have been employed in
measuring mandibular movement, from simple measure-
ment tools such as milimetre rulers to sophisticated devices
such as mandibular kinesiographs, stereographs and com-
puter-monitored radionuclide tracking systems.’®'® Among
them, the JMA, composed of ultrasonic sensors to record
mandibular movement in real time through computerised
calculation of the pulse travel time between emitters and
sensors, has been used increasingly in recent years.”*** In
the previous studies, the reliability and precision of the ultra-
sonic system have been tested and reported that for move-
ment paths up to 20 mm, a mean error of 0.1 mm, 0.13 mm,
and 0.17 mm was found in transversal, sagittal, and vertical
direction, respectively, confirming its potentials and benefits
in clinical application.?®

The SEMG, on the other hand, is a noninvasive tool to mea-
sure muscle activities through analysis of electrical signals
produced by muscular contractions and fatigue.”* In recent
years, SEMG has been widely studied and used in TMD evalua-
tion. The theoretical concept behind this is that higher electri-
cal potential could be detected by sEMG in painful muscles,
and the observed alteration in muscle activity is both task-
and muscle-specific.”” Even though its efficacy in TMD diagno-
sis remains unclear because of significant variability reported
in literature, its usage could enhance our knowledge on mus-
cle activities in TMD population and facilitate deeper under-
standing and better treatment planning. Therefore, in the
current study, we used the JMA system to measure mandibular
movement, and the sEMG contained in the JMA system to
assess activities of masticatory muscles, including the mass-
eters and temporalis.

The current gold standard for diagnosing disc displace-
ment is MRI, and for diagnosing degenerative joint diseases
(DJD) is CBCT.***” Considering that, the participants of this
study took both the MRI and CBCT examinations to analyse
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Table 3 - Mandibular movement differences in bilateral NDD, ADDWR, and ADDWOoR.

Variables Mean (SD) 95% CI F P
NDD, n (%) (18 ADDWR, n (%) (11 ADDWOR, n (%) (14 NDD ADDWR  ADDWOR
[41.86]) [25.58]) [32.56])
IRL_R 9.31(2.47) 6.76 (1.42)® 7.10 (2.80)* 8.08-10.54 5.81-7.71 5.49-8.72 5.208 .010"
IRL-L 9.08 (2.42) 8.37 (2.43) 6.19 (3.16)* 7.88-10.28 6.75-10.01 4.36-8.01 4.755 .014"
IR_Protrusion  9.59 (2.59) 7.52 (1.35) 9.07 (2.25) 8.31-10.88 6.61-8.42 7.77-10.36 3.039 NS
Max Opening 39.64 (7.67) 33.29 (8.13) 34.33(5.94) 35.83-43.46 27.83-38.75 30.89-37.76 3.352 .045"
Max Opening () 4.60 (2.44) 4.45 (2.73) 3.76 (2.63) 3.39-5.82 2.61-6.29 2.24-5.28 0451 NS
Dev 1.30(0.99) 1.31(1.46) 1.50 (1.049) 0.81-1.79 0.33-2.29 0.89-2.10 0.135 NS
IRP_F 357.56 (131.894) 241.18 (88.61)* 196.29 (83.42)" 291.97-423.15 181.65-300.71 148.12-244.45 9.554 <.001"
IRP_S 182.50 (79.34) 139.91 (67.35) 149.43 (80.37) 143.05-221.95 94.66-185.15 103.02-195.83 1.277 NS

ADDWR, anterior disc displacement with reduction; ADDWOR, anterior disc displacement without reduction; Dev, amount of midline deviation in
maximum mouth opening movement; F, frontal plane; IRL, incisal range of motion in lateral excursion; IR_Protrusion, incisal range of motion in
mandible protrusion; IRP, incisal range of motion surface area in Posselt envelope movement; L, left; Max Opening, distance of maximum unas-
sisted mouth opening; Max Opening (°), angle formed by incisal range of motion and midline in maximum mouth opening movement; NDD, no
disc displacement; NS, not significant; R, right; S, sagittal plane.

Multiple comparisons were used to analyse the intergroup difference; after applying the Bonferroni correction, the accepted significance level was
P <.017.$ means the NDD and the ADDWR have a significant difference, P < .017; % means the NDD and the ADDWoR have a significant difference,
P <.017.

* P<.05.

TM]J structure in detail radiographically to ensure data com-
pleteness. Evidence from literature showed that the most
prevalent age of TMD is between 18 and 44 years, and that
female patients are about 2.24 to 5 times more likely to
acquire TMD than are male patients.?® In this study, our pop-
ulation are patients aged from 18 to 47 years, with 5 times
more female than male participants; therefore, our sample
could be a representative of the general TMD population.

A number of researchers suggested that TMJ disc displace-
ment is closely linked to the TMJOA onset and progression,
but the pathogenic mechanism remains unclear.”® One pro-
posed mechanism is that TMJ joint overloading may trigger
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catabolic cytokine expression, leading to matrix degradation,
and impair the synthesis of proteoglycan and glycosamino-
glycan, leading to both TMJOA and disc displacement.® A
recent study by Feng et al. also found the regulation of
RANTES-CCRs-Akt2 axis on subchondral bone remodelling,
providing further evidence of how disc displacement may
lead to TMJOA.?! Our study findings showed a significant dif-
ference in the presence of TMJOA among different disc dis-
placement groups, with the ADDWOoR group being the most
prevalent. This finding is consistent with the findings of
Takaoka et al. that complete anterior disc displacement is
strongly associated with the occurrence of osteoarthritis.?
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Mandibular movement differences in the bilateral NDD, ADDWR, and ADDWoR

Fig. 3—-Mandibular movement differences in the bilateral NDD, ADDWR, and ADDWOoR. *P < .05; *** P < .001; Multiple compari-
sons were used to analyse the intergroup differences at the adjusted level of « = 0.05. ADDWR, anterior disc displacement
with reduction; ADDWOoR, anterior disc displacement without reduction; IRL, incisal range of motion in lateral excursion; L,
left; Max Opening, distance of maximum unassisted mouth opening; IRP_F, incisal range of motion surface area in Posselt
envelope movement, frontal plane; NDD, no disc displacement; R, right.
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Table 4 - Mandibular movements differences in unilateral NDD, ADDWR, and ADDWOoR groups.

Variables Median (P25, P75) H P
NDD, n (%) (55 [37.16]) ADDWR, n (%) (43 [29.05]) ADDWOR, n (%) (50 [34.97])

Protrusion_dx 0.60 (0.10, 0.80) 0.50 (0.30, 0.90) 0.70 (0.30, 1.13) 2.573 NS
Protrusion_dz 5.20 (4.50, 6.50) 4.90 (3.90, 6.20) 5.65 (4.58, 6.93) 3.379 NS
HCI 89.70 (83.60, 94.60) 87.80 (84.40, 97.00) 90.00 (84.58, 98.45) 0.640 NS
CRO 15.92 (12.95, 19.10) 14.40 (8.70, 17.40) 12.80 (9.02, 15.39) 9.980 .007*
BEN 49.00 (41.00, 56.00) 48.50 (40.50, 53.50) 48.25 (41.25, 55.00) 0.220 NS
EMG Relax M 4.57 (2.90, 11.75) 4.43(2.93, 8.20) 4.78 (3.28,7.28) 0.200 NS
EMGRelax T 9.55 (6.40, 13.70) 7.90 (6.73, 13.00) 8.20 (6.00, 10.99) 1.819 NS
EMG Clench M 24.93 (12.63, 43.07) 21.50 (8.40, 34.95) 14.37 (7.29, 26.07)% 8.710 013°
EMG Clench T 43.30 (25.70, 77.65) 31.80 (17.20, 48.00) 29.20 (17.64, 44.92) 5.052 NS
EMG Fatigue M 11.17 (6.87, 16.33) 10.83 (7.83, 15.60) 9.05 (6.98, 15.50) 0.925 NS
EMG Fatigue T 18.83 (12.37, 29.10) 16.35 (11.93, 25.90) 17.43 (11.50, 27.61) 0.597 NS

NCRO, condylar range of motion in mouth opening; HCI, the angle formed by the FH plane and range of condyle movement in protrusion, frontal
plane; M, masseter; NS, not significant; Protrusion d, condyle range of motion in protrusion, frontal plane; sSEMG Clench, average surface electro-
myography parameter during maximum voluntary clench; sEMG Fatigue, average surface electromyography parameter during muscle fatigue;
SsEMG Relax, average surface electromyography parameter during relaxed position; T, temporalis. ADDWR, anterior disc displacement with reduc-
tion; ADDWOR, anterior disc displacement without reduction; NDD, no disc displacement.
Multiple comparisons were used to analyse the intergroup difference; after applying the Bonferroni correction, the accepted significance level was

P <.017. % means the NDD and the ADDWOoR have a significant difference, P < .017.

* P<.05

Nevertheless, further longitudinal study is needed to verify
the order of onset of the 2 diseases.

Although it is generally accepted that clicking is the stron-
gest predictor for ADDWOR, it is striking to find out that in
our study, joint clicking is the most frequent chief complaint
for NDD participants. This finding is in agreement with the
previous study that joint clicking was observed in a very large
percentage of NDD patients (45.9% on the right side and
43.5% on the left side).*®* One possible explanation was that
clicking may occur due to the frictional incompatibility
between the disc and eminence during mouth opening. In
these joints, the convex form of the posterior band was usu-
ally observed on MRI during maximum mouth opening.**
Although an incorrectly positioned disc and the severity of
structure alteration on imaging examination are not neces-
sarily indicative of the severity of clinical findings, our result
showed that level of TMJ pain, presence of TMJOA, and level
of anxiety generally increased from NDD to ADDWR to ADD-
WoR.

To record the trajectory of condylar movement, the JMA
used the centre of the condylar head as the centre of rotation
(CoR). This provided added benefits, because many research-
ers believed that the axis of mandibular rotation remained
fixed at the centre of the condylar head, and therefore the
said reference was more reliable and easier to trace. The con-
dylar range of motion recorded in this study followed the CoR.
In our study, CRO significantly decreased from NDD to
ADDWR to ADDWoR. These findings were in agreement with
previous studies.’>*® The possible explanation was that
because of disc displacement, bilateral condyles did not
exceed the articular eminence during maximal opening
movement resulting in shortened CRO. Furthermore, to mini-
mise injury to retrodiscal tissues from being strongly pressed
between condyle and mandibular fossa, the sensory receptor
of TMJ continuously sends noxious feedback to restrict condy-
lar movement.>” From ADDWR to ADDWOR, it is believed that
there was more advanced internal derangement and more

deteriorated disc configuration, which also may have played a
role in the restricted change of CRO.

Dinsdale et al. in their recent meta-analysis found that,
compared to healthy participants, the active maximum
mouth opening was reduced by 3.28 mm in myogenic TMD
participants and the protrusion movement was reduced by
0.76 mm in TMD participants.’® Turp et al. in their observa-
tional study also reported that TMD patients have more lim-
ited lateral mandibular movement than healthy individuals.
Interestingly, laterotrusion to the left had a greater value
than to the right, with the difference of 2.62 mm and 2.83 mm
for TMD female and male patients, respectively.’® Some
researchers proposed that measurement of maximum mouth
opening is a reliable indicator for condylar movement dys-
function while others showed contradictory findings. They
found no correlation between maximum incisor opening and
condylar translation and thus proposed that maximum later-
otrusion and protrusion may provide better estimation.***°

In our study, the average distance for IRL_R was 6.76 +
1.42 mm and 7.10 + 2.80 mm for ADDWR and ADDWOR,
respectively, which was significantly lower than for partici-
pants with NDD 9.31 + 2.47 mm (P = .010). The average dis-
tance for IRL_L was 8.37 + 2.43 mm and 6.19 + 3.16 mm for
ADDWR and ADDWoOR, respectively, which was significantly
lower than participants with NDD 9.09 + 2.42 mm (P = .014).
This is because anteriorly displaced discs restrict the rotation
and translation of condylar movement, resulting in the limi-
tation of lateral and opening movements. No significant dif-
ference was found in incisal protrusive movement, which is
in agreement with the findings by Gomez et al.*!

The pattern of the Posselt envelope movement was closely
related to masticatory muscle contraction and internal
derangement of TM]J. Previous studies on mandibular move-
ment observed that the range of mandibular opening/closing
movement is highly positively correlated with Posselt opening
movements (r = 0.75, P < .05) and with Posselt closing move-
ments (r = 0.77; P < .05).*? In our study, surface area in the
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Posselt envelope at the frontal plane significantly decreased
from NDD to ADDWR to ADDWOoR (P < .001). This is explained
by the compensation mechanism of TMJ as the disease pro-
gresses. Restricted range of motion suggests that the maxillo-
facial muscles may be experiencing fatigue or dysfunction of
the maxillofacial muscles, which are unable to smooth the
opening and closing of the jaw, which may also indicate the
presence of bony structural changes in the TMJ.** The condyle
and the articular disc form the condylar-articular disc com-
plex, whose mandibular movement trajectory reflects the
functional potential of the two components to constrain and
coordinate with each other under CNS guidance.** By record-
ing the trajectory of the complex, the functional status of the
TMJ can be reflected, providing complete dynamic information
of TMJ movements.** Therefore, recording condylar trajecto-
ries can reflect the coherence of the condylar-disk complex
movements and improve the early diagnosis of TMD.

It is noteworthy that, in addition to disc displacement,
other factors, either alone or in combination, could also have
an impact on mandibular motion restriction. TMD pain may
result in limitation in jaw motor performance with decreased
speed and amplitude of movements, which might be related
to its protective mechanism against further damage (protec-
tive reflex spasm).*® It is also reported that the higher the
level of muscle tenderness, especially upper trapezius and
temporalis muscles, the higher the level of jaw and neck dis-
function.*” In addition, for the patients who have undergone
alloplastic TMJ replacement because of end-stage intra-artic-
ular TMJ disorders, it is suggested to reconstruct and replace
the lateral pterygoid muscle’s inferior head to the prosthetic
TMJ to support the limited lateral excursive and protrusive
function.*® For the relationship between mandibular move-
ment and DJD, Yildizer et al. found that restricted mouth
opening was significantly more common in bilateral DJD
cases compared to unilateral cases.*” Some further analyses
with a larger number of participants, including painful TMD,
intra-articular disorders, DJD and hypermobility patients,
should be performed to understand better the mandibular
movement characteristics of TMD populations.

Some meta-analyses reported that, compared to healthy
controls, sSEMG activity of masseter and temporalis in TMD
patients was higher at rest but lower during maximum volun-
tary clenching.***° Similar findings were reported by Lauriti
et al.,, who reported more evident discontinuous bursts of
sEMG signals in individuals with more severe degrees of
TMD. This observation suggested that in TMD populations,
there is the presence of masticatory muscle hypertonia dur-
ing resting and the presence of a protective mechanism to
restrict muscle activity during mandibular movement.” In
our study, significantly higher sEMG signals of masseter mus-
cle during clenching were detected in NDD compared to
patients with disc displacement (P = .013). The difference was
more prominent in masseter muscle, probably because it is
directly involved in daily clenching and grinding activities. In
addition, although it is statistically nonsignificant, for both
temporalis and masseter muscles in clenching, higher sEMG
signals were observed in ADDwWR compared to ADDwOR.

Several studies found a high level of asymmetry and
reduced coordination between masseter and temporalis mus-
cle pairs in TMD patients compared to controls,”? while

others found no differences.”® The asymmetry was triggered
by the mechanical disturbances due to the internal derange-
ments of the disc-condyle complex, interfering with the
smooth functional action of TMJ. Nevertheless, our study did
not show significant difference between left and right muscle
pairs during relaxed, fatigue, and clenching status (P > .05), as
well as the asymmetry index of total (masseter and tempora-
lis). For TMJ with different diagnoses on 2 sides, a slightly
higher difference was found between left and right on masse-
ter muscles during clenching.

There were some limitations in this study. First, sub-
group analyses should be interpreted with caution due to
small sample sizes; future multicentre studies with larger
cohorts should be conducted to obtain a more convincing
outcome stratified by more detailed TMD subtypes. Second,
the pain origin of TMJ patients (whether muscle, joint or
headache) was not considered when designing the study.
Failure to stratify TMD patients according to level and ori-
gin of pain might miss their significant correlation with
mandibular movement and muscle activities. Third, our
study only included patients visiting our department with
TMJ dysfunction-related concerns. Other populations
should be included in the future study. Lastly, we were
unable to put osteoarthritis and pain as confounding fac-
tors when analysing mandibular movement restriction; fur-
ther analyses with a larger number of confounders should
be performed to understand better the association between
TMD and mandibular motion.

All in all, the condylar movements of patients with dif-
ferent types of disc displacement have their characteristic
trajectories, reflecting the influence of disc displacement
on condylar movements and providing a certain basis for
the clinical diagnosis and treatment of temporomandibular
joint disc displacement. Therefore, at the time of the visit,
the patient can be evaluated using the JMA to determine
the mandibular stability and its relationship to the TMJ and
muscles, thus guiding the patient from a functional har-
mony state to the subsequent treatments. The JMA and
sEMG will play an increasingly important role in clinical,
training, and multidisciplinary treatments.

Conclusion

This study is the first clinical investigation to explore the
mandibular range of motion and masticatory muscle activity
across different disc displacement subgroups using the JMA.
Significant differences were found in mandibular movements
and muscle activity between patients with NDD, ADDWR,
and ADDWOoR.
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