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Relationship between temporomandibular ==

joint space and articular disc displacement

Linyi Zhou'", Kejin Tao?", Jinjin Ma?, Xianglong Pan', Kedie Zhang' and Jianying Feng'

Abstract

Objective Analyse the correlation between the changes in joint space of TMJ and the displacement and degree
of articular disc for clinical diagnosis.

Methods Two hundred sixteen TMJs of 108 temporomandibular disorders (TMD) patients with clinical symptoms
and MRI examination were included in the study. 30 of these patients had undergone CBCT before MRI. According

to the degree of articular disc displacement, the 216 joints are divided into five groups. Group A: no disc displacement
(40 cases); group B: mild anterior disc displacement (44 cases); group C: moderate anterior disc displacement (36
cases); group D: severe anterior disc displacement (52 cases); group E: posterior displacement (44 cases). The 132 sides
of these anteriorly displaced discs (ADD) were further divided into two groups, anterior disc displacement with reduc-
tion (ADDwR) and anterior disc displacement without reduction (ADDwoR). We analysed the concordance of the joint
space measured by MRI'and CBCT, and explored the relationship between joint space, In(P/A) values and joint disc
displacement.

Results There was no statistically significant difference between the joint spaces measured by CBCT and MRI
(P>0.05). The anterior joint space in group B (2.7+0.72 mm) and C (2.82+0.88 mm) was larger than group

A (1.82+0.50 mm) (P<0.05), and In(P/A) value in group B (-0.52+0.34) and C (-0.62 +0.43) was smaller than group
A (0.04+0.15) (P<0.05). The posterior joint space (3.33+1.28 mm) and In(P/A) value (0.74+0.33) in group E

was larger than group A (P<0.05). There was no significant difference in the anterior, superior and posterior joint
space and In(P/A) value between group D and A (P>0.05). The ADDwR group had a larger anterior joint space
(2.72+0.83 mm) than group A (P<0.05), while having a smaller posterior joint space (1.61+0.49 mm) and In(P/A)
value (-0.52+0.39 mm) (P<0.05). Compared with group A, there was no significant difference in the anterior joint
space and In(P/A) value in the ADDwoR group(P > 0.05).

Conclusion There is no significant change in anterior, supra, and posterior joint space in severe anterior disc dis-
placement. The anterior joint space increases in mild to moderate anterior disc displacement, but does not change
in severe anterior disc displacement—the posterior joint space increases when the joint disc is displaced posteriorly.
The position of the joint disc cannot be accurately inferred by observing the joint space through CBCT, and a combi-
nation of MRl and clinical examination is required to make a definitive judgement.
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Introduction

The temporomandibular joint (TM]) consists of the
articular surface of temporal bone, condyle, articular
disc, joint capsule and articular ligament [1]. The articu-
lar disc plays an important role in absorbing shock and
relieving pressure during the realization of various physi-
ological functions such as chewing and speaking [2]. The
condyles are powerfully adaptive, constantly remodelling
their shape and position to accommodate tooth wear and
occlusal changes. Even so, temporomandibular disorders
(TMD) are still one of the most common and frequent
disorders of the maxillofacial region [3], the prevalence
of TMD reported in the different literatures varies widely,
ranging from 7 to 84% [4, 5], occurring in young adults
and more often in women [6]. Joint disc displacement is
the most common type of TMD and belongs to the cat-
egory of joint structure disorders, of which ADD is the
most common [7]. ADD is divided into ADDwR and
ADDwoR according to whether the disc can return to
normal position when opening.

Clinical diagnosis of TMD includes clinical examina-
tion and imaging examination [8, 9]. Imaging exami-
nations mainly include X-ray plain film, arthrography,
CBCT, MRI [10]. MRI can clearly show condylar pro-
cess, articular disc, and periarticular tissues, and is non-
invasive. It is considered the gold standard for assessing
TMD [11]. MRI allows for dynamic imaging to observe
changes in the joints during movement, which can help
assess joint function. However, general dental hospitals
are not equipped with MRI equipment, and MRI exami-
nation requires patient cooperation, so CBCT is still the
preferred auxiliary examination method for TMD in
most cases [10]. Some clinicians observe the change of
the joint space with the help of CBCT and then specu-
late about the joint disc [12]. However, the relationship
between joint gap changes and joint disc displacement
has been controversial [13].

The objective of this study was to analyse the correla-
tion between the changes in joint space of TMJ and the
displacement and degree of articular disc, and to provide
a reference for clinical diagnosis of the displacement and
degree of articular disc.

Materials and Methods

Collection of research subjects

108 patients (216 lateral joints) who attended Zhejiang
Aibo Medical Imaging Diagnostic Centre from Janu-
ary to December 2023 were selected for the study. These
patients underwent bilateral TM] MRI for the presence
of TMD-related clinical symptoms. The age ranged from
11 to 34 years, with a mean of (21.20 +5.92) years, of
which 26 were male (52 joints) and 82 were female (164
joints). Tracing these 108 patients, 30 of them (60 joints)
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underwent bilateral TM]J CBCT at the Stomatological
Hospital of Zhejiang Chinese Medicine University before
MRI, and the interval between the two examinations was
not more than 3 months. There were 12 males and 28
females, aged 13-28 years, with a mean of (23.60 +6.26)
years.

Inclusion and exclusion criteria

The DC/TMD (Diagnostic Criteria for Temporomandib-
ular Disorders) standardized protocol and diagnostic tax-
onomy are indeed highly desirable and widely recognized
as essential tools in TMD clinical studies [14]. Inclusion
criteria: (1) Patients had TMD symptoms (pain, abnormal
jaw movement, joint popping and murmur, and one of
the other symptoms [15]) on at least one side of the TMJ;
(2) The time interval between the TMJ CBCT and MRI
examination was not more than 3 months; (3) No history
of maxillofacial trauma, orthodontic treatment, or TM]J
treatment; (4) No history of rheumatism, rheumatoid and
other systemic diseases. Exclusion criteria: (1)The pres-
ence of clinically detectable facial asymmetries; (2) Poor
quality of MRI images for poor recognition; (3) Contrain-
dications to MRI examination.

CBCT image acquisition
All 30 patients underwent scanning of bilateral TMJs on
the same LARGEV Smart 3D Oral CBCT machine.

Parameter settings: exposure conditions were 100 kV,
4 mA, field of view was 15 cm X9 cm and 12.5 s exposure
time. Scanning position and method: the patient took
a standing position, fixed the head, so that the patient’s
Frankfurt Horizontal (FH) plane was parallel to the hori-
zontal plane, and the median sagittal plane was perpen-
dicular to the horizontal plane. During scanning, the
patient was instructed to maintain the posterior teeth in
maximum intercuspal position (ICP) [16].

Image reconstruction and processing: TM] images
were reconstructed and processed using the software
that came with the CBCT to obtain TM] reconstructed
images in axial, sagittal and coronal sections. Then the
reconstructed images were corrected. On the axial image,
the interface that could show the largest cross-section of
the condyle was selected, and the plumb line of the long
axis of the condyle was made to get the corrected oblique
sagittal position. The parallel line of the long axis of the
condyle was made to get the corrected oblique coronal
position.

MRI image acquisition

All 108 patients underwent scanning of bilateral TMJs on

the same Siemens 3.0 T superconducting MRI machine.
Parameter settings: PDWI sequence: Time reverse (TR)

=2000 ms, Time echo (TE) =28 ms, Field of view (FOV)
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=140 mm X 140 mm, matrix size =192 X 192, number of
layers =18, layer thickness =3 mm, layer spacing =0.1
mm. T2 WI sequence: TR =3470 ms, TE =75 ms, FOV
=160 mm X 160 mm, matrix size =320 X 320, number of
layers =18, layer thickness =3 mm, layer spacing =0.1
mm.

Scanning position and method: the patient was placed
in a flat position, the head was fixed, the Frankfurt hori-
zontal plane was made perpendicular to the horizontal
plane, and the centre of the coil was placed 2 mm in front
of the patient’s tragus. In the closed position, the patient
was instructed to occlude to the ICP; in the open posi-
tion, the patient was instructed to hold the cotter, slowly
open, keep the head immobile, and open the cotter to a
comfortable position until it could not be opened (about
3.5 cm or more), and the patient should not be instructed
to force the cotter to open forcefully by forcing the
patient to endure the pain.

After scanning was completed, MRI images were
recorded in DICOM format. Images of MRI opened
and closed mouth oblique sagittal T2 weighted imaging
(T2 WI), and proton density weighted imaging (PDWTI)
sequences of 216 lateral joints of 108 patients were col-
lected respectively.

Experimental grouping

Grouping according to the displacement and degree

of the articular disc

The normal disc position is the boundary between the
low signal of the disc and the high signal of the retro-
discal tissue, located between the 11:30 and 12:30 clock
positions [17]. In clinical practice, the position of the
articular disc is generally expressed by the disc delimita-
tion angle. Referring to the diagnostic criteria of Drace
[18], in the MRI closed oblique sagittal position, there is
a distinct demarcation line between the posterior band of
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the articular disc and Bilaminar Zone called disc-condyle
line, and the angle formed by it and the 12-point plumb
line of the condylar eminence is the disc-condyle angle.
This means disc-condyle angle between 15° anteroposte-
riorly is a normal disc relationship (Fig. 1 A). More than
15° anteriorly is an anterior displacement of the disc
(Fig. 1 B-D), and more than 15° posteriorly is a posterior
displacement of the disc [17, 19, 20] (Fig. 1 E). The 216
lateral joints were classified into 3 major groups accord-
ing to the size of the disc delimitation angle, no articular
disc displacement, ADD, and posterior disc displacement
[21]. And further classified ADD into 3 groups accord-
ing to the degree of anterior disc displacement, mild,
moderate, and severe ADD [21, 22] (Groups B, C, and D)
(Table 1).

Grouping according to the type of articular disc
displacement

There were 132 cases of ADD (Group B+ Group C+
Group D) in the 216 lateral joints. Anterior disc displace-
ment was divided into ADDwR and ADDwoR according
to whether the joint disc returned to its normal position
in opening (Table 2).

Table 1 Grouping of joint disc displacement and degree

Group  Degree of disc displacement  Disc- Number of
condyle joint sides
angle(®)

A normal disc position - 15—15 40

B mild ADD 16—50 44

C moderate ADD 51—80 36

D severe ADD >8] 52

E posterior displacement <-16 44

total 216

posterior

Fig. 1 Schematic diagram of the grouping of disc displacement and degree. A Normal disc position (disc-condyle angle: — 15-15°). B Mild ADD
(disc-condyle angle: 16-50°). C Moderate ADD (disc-condyle angle: 51-80°). D Severe ADD (disc-condyle angle: > 81°). E Posteriorly displaced
articular disc (disc-condyle angle: <— 16°). F Schematic diagram of five groups
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Table 2 Grouping of disc displacement types

Types Number of
joint sides

ADDwR 83

ADDwoR 49

total 132

Measurement method for joint space

The Kamelchuk [23] method was used to measure the
joint space: two horizontal lines L1 and L2 parallel to the
plane of the FH plane, L1 and L2 were tangent to the joint
fossa and the superior edge of condyle, and the perpen-
dicular distance between L1 and L2 was the supra-artic-
ular gap, which was denoted by S. The tangents L3 and
L4 to the anterior and posterior margins of condyle were
made through the tangent point of the superior margin
of articular fossa. A plumb line of L3 and L4 was made
through the tangent point of the anterior and posterior
margin of the condyle. A indicating the anterior joint
space and P indicating the posterior joint space.

The CBCT corrected oblique sagittal images were cen-
tred and imported into AutoCAD, and the anterior, supe-
rior and posterior joint spaces were measured (Fig. 2 A).
In the MRI closed oblique sagittal PDWI sequence, the
image showing the maximum transverse diameter of the
condyle was selected (most of them chose the interme-
diate interface), fixed and imported into AutoCAD. The
anterior(A), superior(S), and posterior joint spaces(P)
were measured (Fig. 2 B), and the In(P/A) value means
the logarithmic function of P/A, which means the pro-
portional relationship between posterior and anterior
joint space [24]. A value of In(P/A) <— 0.25 indicates
that the condyle is in a posterior position in the articu-
lar fossa; In(P/A) >0.25 indicates that the condyle is in
an anterior position in the articular fossa; and a value of
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In(P/A) between — 0.25 and + 0.25 indicates that the con-
dyle is in an essentially neutral position.

Statistical analysis

The fixation and measurement of all CBCT and MRI
images in this study were carried out by two imaging-
trained dentists, and the measurements were repeated
three times and averaged. All CBCT and MRI images
were numbered before measurement to ensure that other
information about the images was unknown to the sur-
veyors and subjective interfering factors were removed
as much as possible. The data were analyzed and plotted
by Graphpad Prism 8.0. One-way analysis of variance and
Student ¢-test were used to identify significant differences
of the groups. Data were expressed as mean *standard
deviation (SD). If P< 0.05, it was considered statistically
significant.

Results

Comparison of joint space measured by CBCT and MRI

The joint space measured by CBCT and MRI were
shown in Table 3. The results showed that the difference
between the right and left joint space on both CBCT and
MRI was not statistically significant (P> 0.05).

Table 3 Comparison of joint space measured by CBCT and MRI

Measurement location CBCT MRI tvalue Pvalue
right
anterior joint space (mm) 224+1.11 214+071 -0678 0508
supra joint space (mm) 262+092 275+£087 1.049 0311
posterior joint space 1.78+0.77 1.83+061 0.340 0.739
(mm)
left
anterior joint space (mm) 259+1.08 252+091 —-0.520 0611
supra joint space (mm) 269+085 276+082 039  0.698
posterior joint space 1.86+0.77 211080 1.860 0.083

(mm)

Fig. 2 Kamelchuk’s method for measuring CBCT (A) and MRI (B) articular clearance
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Relationship between joint space and articular disc
displacement and its extent

Measurements of joint space and In(P/A) values in
the five groups were shown in Table 4 and Fig. 3. The
results showed that the anterior joint space of Groups
B and C were larger than Group A, and the In(P/A)
values were smaller than Group A (P< 0.05). The supra
and posterior joint space were not significant com-
pared to those in Group A (P> 0.05). The joint space
and the In(P/A) values of Group D were not significant
compared with Group A (P> 0.05). The posterior joint
space and In(P/A) values of Group E were larger than
Group A (P< 0.05), and the difference between ante-
rior and superior joint space was not statistically sig-
nificant (P> 0.05).
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The relationship between changes in joint space and types
of disc displacement

The measurements of joint space and In(P/A) values in
Group A, ADDwR and ADDwoR were shown in Table 5
and Fig. 4. The anterior joint space in ADDwR was larger
than Group A, and the posterior joint space and In(P/A)
values were smaller than Group A (P< 0.05). The supra
joint space was statistically insignificant (P> 0.05). In
ADDwoR, the joint space and In(P/A) values were statis-
tically insignificant compared with Group A (P> 0.05).

Discussion

Joint space changes are one of the important imag-
ing manifestations of TMD. However, the relationship
between joint space changes and joint disc displace-
ment has been controversial. In our study, the mean
anterior space, superior space, and posterior space val-
ues in normal disc position were 1.82 +0.5 mm, 2.75

Table 4 Measurements of joint space and In(P/A) values in each group

Measurement location Group A Group B Group C Group D Group E F value P value

anterior joint space (mm) 1.82 +0.50 278+0.72" 2.82+088 2.05+0.66 1.55+0.50 31.213 <0.001
supra joint space (mm) 2.75+0.85 263 +£0.381 246 £0.79 2.55+094 3.04+£1.19 1.971 0.104
posterior joint space (mm) 1.89+0.56 1.67 +049 152+042 1.88 £0.57 333+1.28" 20.523 < 0.001
In(P/A) 0.04 £0.15 —0.52+034a —062+0432 -008+0.18 0.74 £0.332 100.026 < 0.001

(* indicates comparison with the anterior joint space of group A, P < 0.05; # indicates comparison with the posterior joint space of group A, P< 0.05; 4 indicates

comparison with the In(P/A) of group A, P< 0.05)
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Fig. 3 Comparison of joint space and In(P/A) values in groups A, B, C, D and E. * P< 0.05, ** P< 0.01, *** P< 0.001
Table 5 Measurements of joint space and In(P/A) in group A, ADDwR and ADDwoR groups
Measurement location Group A ADDwR ADDwoR F value P value
anterior joint space (mm) 1.82 £0.50 2724083 207 £0.57 27.254 < 0.001
supra joint space (mm) 2.75+0.85 258 +0.84 251 +0.88 0.950 0.389
posterior joint space (mm) 1.89 £0.56 161+049* 1.90 £0.54 6.231 0.002
IN(P/A) 0.04+£0.15 —052+0.392 —-0.09+0.20 58.114 < 0.001

(* indicates comparison with the anterior clearance of group A, P< 0.05; # indicates comparison with the posterior joint space of group A, P< 0.05; 2 indicates

comparison with the In(P/A) of group A, P< 0.05)
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Fig. 4 Comparison of joint space and In(P/A) values in groups A, ADDwWR and ADDwoR. * P< 0.05, ** P< 0.01, *** P< 0.001

+0.85 mm, and 1.89 +0.56 mm, and the ratio was 1.00
to 1.51 to 1.03. Wang [1] measured the joint spaces
of 40 healthy adults by CBCT, and the measurements
showed that the anterior joint space: 2.08 +0.47 ~2.12
+0.51 mm, the supra joint space: 2.63 +£0.39 ~2.71
+0.42 mm, and the posterior joint space: 2.09 +0.40
~2.16 £0.44 mm. Our results are similar to Wang’s.
Interestingly, Ikeda [25] proposed the ratio of ante-
rior to superior to posterior joint space was 1.0 to 1.9
to 1.6. Alghtani [26] believed that there were signifi-
cant individual differences in joint space, which was
influenced by factors such as age and gender. Even so,
in most cases the anterior and posterior joint spaces
are approximately equal in healthy people, with the
condyles located in the so-called central position [27].
Therefore, we believe the observation of the joint space
or condylar position is still clinically relevant [28].

The degree of anterior disc displacement can lead to
changes in the joint space. In our study, mild and mod-
erate anterior disc displacement resulted in an increase
in joint anterior space and In(P/A) value decreased,
whereas there was no change in the anterior space and
In(P/A) value in severe anterior disc displacement. This
result suggests that when the joint disc is mildly to mod-
erately anteriorly displaced, the condyle is posteriorly
displaced. When the anterior displacement of the joint
disc exceeded a certain degree, the joint space and con-
dylar position gradually returned to normal [29]. Zhu
[30] found the condyle was displaced superiorly and
posteriorly in the ADD by MRI. Xiang [31] obtained
the same conclusion through CBCT. Ozawa [32] found
the anterior joint space was increased and the posterior
joint space was decreased in mild and moderate ADDwR
group, whereas there was no change in the posterior joint
space in the severe ADDwR group compared to the con-
trol group. This is consistent with our conclusions.

Articular disc displacement is the most common type
of TMD, which is divided into anteroposterior, lateral,
and rotational disc displacement according to the direc-
tion of disc displacement [33]. Anterior disc displacement
is of great concern, while posterior disc displacement is
often overlooked. Interestingly, posterior displacement
of the articular disc was found in 44 out of 216 joints
included in this study. It was found that in the group with
posterior disc displacement, the posterior joint space
increased and the In(P/A) value became larger compared
to the control group. This suggests that when the disc is
displaced posteriorly, the posterior joint space increases
and the condyle is displaced forward. In clinical, patients
with posterior displacement of the articular disc do not
have obvious clinical symptoms, and therefore there is
less literature on it [34—36]. Pullinger [24] suggested
that the condyle in a neutral or anteriorly displaced posi-
tion in the articular fossa facilitated the articular disc to
remain in a relatively more stable position and reduced
the incidence of TMD-related symptom:s.

Based on the type of articular disc displacement,
the 132 lateral ADD were divided into ADDwR and
ADDwoR. In ADDwR, the anterior joint space increased,
the posterior joint space and the In(P/A) values decreased
compared with the control group. No visible changes in
joint space and In(P/A) values were seen in the ADDwoR.
This suggests that the anterior joint space increases and
the condylar process is displaced posteriorly in ADDwR.
The joint space and condylar position gradually returned
to normal when the joint disc shifted from ADDwR to
ADDwoR. This is consistent with Alghtani’s findings
[37]. Some studies found that joint space changes were
related to the morphology of the joint disc. In the early
stages of TMD, the joint disc was mainly dominated by
the widening shape of the posterior band, which led to
the enlargement of the anterior joint space [38]. With
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further progression of the disease, the morphology of
the articular disc changed into convex or even folded.
This will gradually progress to ADDwoR, resulting in a
reduction of anterior joint space, approaching the normal
joint space [39]. It has also been found that condylar bony
encumbrance and intra-articular effusion were associ-
ated with joint space changes. [40, 41].

Many research has explored the value of CBCT and
MRI in the diagnosis of TMD. CBCT can display images
of bony structures in the joints, but cannot show the
morphology and location of the articular discs [42, 43].
As a noninvasive imaging method, MRI can provide
high-resolution TM] bone and soft tissue morphological
information [44]. In the open and closed position of the
TMyJ, it is possible to directly observe whether the artic-
ular disc is displaced and its extent. Some scholars have
fused CBCT and MRI images [45, 46]. The MRI-CBCT
fusion images can clearly show the hard and soft tissues
such as articular disc and condyle, as well as their inter-
relationships. Both CBCT and MRI can observe changes
in joint space and can be used to measure the joint space
to determine the position of condyle in the joint fossa. In
this study, we compared the joint space measured by MRI
and CBCT, verified the consistency of the joint space
measured by CBCT and MRI. This is consistent with the
conclusion of Yu and Schnabl [47, 48].

With the popularity of artificial intelligence(Al) tech-
nology, some academics have used deep learning to diag-
nose TMD. Mackie T [49] developed a method using
machine learning to extract articular fossa radiomics and
joint space distances to improve joint health and predict
patient specific temporomandibular joint OA status. Kim
JY [50] developed a deep learning method called Random
forest and multilayer perceptron (MLP) to predict TMJ
disc perforation based on joint space in MRI. Lee YH [51]
developed a deep learning algorithm with a convolutional
neural network to detect disc displacement of the TM]
in MR, and the prediction rate of this model has higher
specificity compared to human experts. Our study mainly
observed displacement of the articular disc in the sagit-
tal position, and the coronal position needs to be further
investigated.

Inevitably, there are certain flaws in this experiment. As
our data material was collected from hospitals and imag-
ing centres, this dictated that clinical symptoms became
the primary inclusion criteria, without a specific clini-
cal diagnosis. This may have biased the statistical data
somewhat when compared to a large sample of normal
population.

In conclusion, there is a certain correlation between
changes in the anterior and posterior joint space and
joint disc displacement. However, even if the ratio of
anterior to posterior joint space is normal, there is still
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a possibility of anterior disc displacement. An increase
in posterior joint space may indicate posterior disc dis-
placement. Therefore, the joint disc displacement can-
not be speculated clinically by simply observing the
joint gap through CBCT, and a combination of MRI
and clinical examination is needed to make a definitive
diagnosis.
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