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Abstract 
In this manuscript, the authors have studied the Disc Displacement (DD) status 
of patients with acute Closed Lock (CL) to determine differences between DD 
with Reduction (DDwR) and DD without Reduction (DDwoR). Among the 
acute CL patients who visited our hospital within 2 weeks of the onset of CL, 
we studied 10 patients whose CL was released (DDwR) and 13 patients whose CL 
was not released (DDwoR). The DDwoR group was significantly older than the 
DDwR group. Although the mouth opening distance was significantly greater in 
the DDwoR group than in the DDwR group, the two groups were identical in 
the duration of CL. Sagittal MRI images showed no significant differences be-
tween the two groups in disc length and disc thickness (anterior band, inter-
mediate zone, and posterior band). Multisection sagittal and coronal images 
identified lateral DD in 7 of the 10 patients in the DDwR group, although no 
specific direction of the DD was observed in the DDwoR group. Furthermore, 
deformation of the medial disc was common in the DDwoR group but un-
common in the DDwR group. 
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1. Introduction 

Closed Lock (CL) caused by Disc Displacement without Reduction (DDwoR) of 
the Temporomandibular Joint (TMJ) is characterized by various clinical symp-
toms, including painful TMJ and limited mouth opening. Mandibular Manipu-
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lation (MM), the simplest, fastest, and least costly non-invasive approach, is the 
accepted course of early treatment for CL [1] because it is readily applied to symp-
tomatic patients. MM is especially useful in treating patients with early DDwoR 
(short duration CL) [2]. CL duration is the most important factor in determin-
ing successful outcomes for MM [3]. Shorter CL duration is often associated 
with higher rates of MM success [1]. However, favorable MM outcomes were 
not achieved in certain patients despite the early implementation of MM, and 
the relationship between CL and MM outcomes remains unclear. 

Some reports suggest that the findings of imaging studies are not always con-
sistent with clinical symptoms in real-world settings [4]. Diagnoses based on 
Magnetic Resonance Imaging (MRI) in patients with Temporomandibular Joint 
Disorder (TMD) tend to more closely correlate with clinical symptoms [5]; thus, 
accurately ascertaining the complete condition of disc position is crucial for the 
prognosis and evaluation of therapeutic outcomes [6]. In particular, previous studies 
have often focused on the analysis of disc deviation on MRI sagittal planes [7] [8] 
[9]. Few studies have investigated Disc Displacement (DD) in other directions. 
Because not just anterior but lateral and posterior DD can occur, the findings on 
multisection images (combined sagittal and coronal planes) need to be analyzed 
to accurately ascertain the DD direction [10]. 

Our study investigated differences in the direction of DD based on the 
multisection MRI analysis of the sagittal and coronal planes. The goal was to de-
termine differences in treatment outcomes, including MM, for unlocking in pa-
tients with early (acute) Closed Lock (CL). 

2. Subjects and Method 
2.1. Patient Sample (Table 1) 

We extracted 245 patients who had visited the Orofacial and Head Pain Clinic, 
Nihon University Hospital at Matsudo with the chief complaint of temporoman- 
dibular dysfunction from January 2016 to December 2020 and who were subse-
quently diagnosed with TMD based on MRI findings after excluding patients 
with a TMJ fracture, cyst, tumor, or odontogenic inflammation such as osteomye-
litis that could affect the TMJ. Twenty-three patients (3 men, 20 women; median 
age of 26 years [32.6 ± 16.5 years]) who visited our hospital within 2 weeks after 
the occurrence of clinical symptoms for CL associated with TMD and were ex-
amined by MRI within 1 month after the onset of CL were defined as suffering 

 
Table 1. Subjects occupation. 

 
Female (n = 20) Male (n = 3) 

High school student 3 1 

Univercity student 5 1 

Society 7 1 

Housewife 5 
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from acute CL and included in the study. The occupations of the subjects are 
shown in Table 1. 

We applied the following exclusion criteria: 1) the patient did not undergo 
MRI within 4 weeks following the occurrence of symptoms, despite a diagno-
sis of CL associated with TMD; 2) those with a history of trauma involving the 
TMJ; 3) those with a history of psychiatric disease, visiting a psychiatric phy-
sician, or taking psychotropic drugs; 4) the patient did not provide informed 
consent after the study was explained. 

Patients were treated by specialists qualified by the Japanese Society for 
Temporomandibular Joint. MM was administered without local anesthesia on 
first presentation to release CL. A rapid increase in painless mouth opening 
range without the presence of clear TMJ clicking on the symptomatic side or 
mandibular deviation at the time of mouth opening was defined as a clinical 
release of CL [11]. If CL release could not be achieved on the first presenta-
tion, patients were instructed to wear a pivoting appliance made of cold-cured 
resin [12] at night and perform passive exercises [13]; on a later date, the 
presence/absence of CL release was confirmed. The patients were divided into 
two group: a group of 13 patients in whom CL was not achieved (DDwoR) 
and a group of 10 patients in whom CL was achieved (DDwR). In 6 of 10 pa-
tients in the DDwR group, CL release was achieved with MM on the first 
presentation, after which MRI was performed. In the other 4 patients, no re-
duction was observed at the time of the MRI, but CL release was subsequently 
clinically confirmed. In one patient, CL release was achieved with MM on the 
first presentation, but the CL recurred and could not be resolved; this patient 
was excluded from the study. Twenty-three patients were followed up for 6 
months after the diagnosis of DDwoR or DDwR by MRI to check the progress. 

2.2. Image Assessment 

MRI findings obtained for analysis on the central slices of sagittal plane in-
cluded disc length and disc thickness (anterior band, intermediate zone, posterior 
band). 

Disc position 
The classification of Litko-Rolaetu et al. [10] proposes 10 disc positions, shown 

below, based on MRI findings for the multisection sagittal and coronal planes. 
Disc shape 
The system of Almăşan et al. [14] proposes 5 disc shape types, as shown be-

low, based on evaluations of MRI findings for multisection sagittal planes. 
Our MRI findings were evaluated by two observers with more than 10 years’ 

experience in upper TMD treatment and the maxillofacial diagnosis. These ob-
servers were blinded so that they did not know whether diagnostic images 
belonged to the DDwR or DDwoR groups when making their evaluations. In 
cases of discordant evaluations, the two observers discussed the findings until an 
agreement was reached (Figure 1, Figure 2). 
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Figure 1. MRI of DDwR in closed mouth position. (a)-(g): Oblique sagittal slices (a to g mean lateral to medial); (h)-(n): Oblique 
coronal slices (h to n mean anterior to posterior). In (a), only the disc is observed, but in (g), the disc is not observed and only the 
condyle is observed. The lateral displaced disc is observed in (j) and (k). 
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Figure 2. MRI of DDwoR in closed mouth position. (a)-(g): Oblique sagittal slices ((a) to (g) mean lateral to medial). (h)-(n): 
Oblique coronal slices ((h) to (n) mean anterior to posterior). The condyle is not observed at (g), but only the deformed disc is 
observed. The medial displaced disc is observed in (i), (j), and (k). 

2.3. MRI Examination 

All MRI studies of the TMJ was performed using a 1.5-Tesla unit (Intera Achieva 
1.5T; Philips Medical Systems, Best, Netherlands) with a split head coil. All sub-
jects were placed into the standard head coil with fixation devices on both sides. 
The MRI protocol included proton density fast spin echo sagittal oblique images 
with the closed and open mouth position, coronal oblique images with the closed 
mouth position (TR, 1500 ms; TE, 30 ms; FOV, 159 × 100 mm; and matrix, 256 
× 256); Coronal oblique slices were placed parallel to the long axis of the man-
dibular condyles. Sagittal oblique slices were placed perpendicular to the long 
axis of the mandibular condyles. 

2.4. Statistical Analysis 

We compared patient age, the duration of CL, the mouth opening distance, disc 
length, and disc thickness between the two groups using the Mann-Whitney U 
test. We applied Pearson’s Chi-square test with Yates’ continuity correction to 
compare disc position distributions between the groups. A value of p < 0.05 was 
considered significant. 

3. Results 
3.1. Age (Table 2) 

Patients in the DDwoR group were significantly older than in the DDwR group 
(30.0 ± 16.8 years [median ± quartile deviation] vs. 18.5 ± 10.7 years) (p = 
0.030). 

3.2. Duration of Closed Lock (Table 2) 

We found no significant difference in CL duration between the DDwoR group 
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(5.0 ± 3.3 days) and DDwR group (3.5 ± 6 days) (p = 0.605). 

3.3. Mouth Opening Range (Table 2) 

The mouth opening range was 24.0 ± 1.8 mm in the DDwoR group and 22.5 ± 
2.12 mm in the DDwR group—significantly greater in the former than in the 
latter (p = 0.036). 

3.4. Disc 
3.4.1. Largest Disc Dimension (Table 3) 

1) Disc length 
Disc length on the sagittal images was 9.6 ± 0.9 mm in the DDwoR group and 

9.6 ± 1.1 mm in the DDwR group. We found no significant difference between 
the groups. 

2) Disc thickness (Table 3) 
The maximum disc thickness was 3.6 ± 0.5 mm in the DDwoR group and 3.5 

± 0.7 mm in the DDwR group for the anterior band; 1.5 ± 0.3 mm in the 
DDwoR group and 1.4 ± 0.2 mm in the DDwR group for the intermediate zone; 
and 3.6 ± 0.8 mm in the DDwoR group and 3.5 ± 0.7 mm in the DDwR group 
for the posterior band. These variables did not differ significantly between the 
two groups. 

3.4.2. Distribution of Disc Position (Table 4) 
The DDwoR group included complete anterior DD in 3 patients, partial anterior 
DD in the lateral part in 1 patient, complete anterolateral DD in 4 patients, and 
complete anteromedial DD in 5 patients. In the DDwR group, 2 patients had 

 
Table 2. Comparison of subject’s age, duration of closed lock, and mouth opening range. 

 

DDwoR (n = 13) 
(Median ± Quartile  

deviation) 

DDwR (n = 10) 
(Median ± Quartile  

deviation) 
 

Age (year) 30.0 ± 16.8 18.5 ± 10.8* (p = 0.030) 

Duration of closed lock (day) 5.0 ± 3.3 3.5 ± 6.0 (p = 0.605) 

Mouth opening range (mm) 24.0 ± 1.8 22.5 ± 2.1* (p = 0.036) 

*Significant difference by Mann-Whitney U test. 
 

Table 3. Disk dimensions in closed mouth position analysed in sagittal plane. 

  

DDwoR (n = 13) 
(Median ± Quartile  

deviation) 

DDwR (n = 10) 
(Median ± Quartile  

deviation) 

Maximum disk length (mm) 
 

9.6 ± 0.9 9.6 ± 1.1 

 
Anterior band (mm) 3.6 ± 0.5 3.7 ± 1.5 

Largest disk thickness Intermediate zone (mm) 1.5 ± 0.3 1.4 ± 0.2 

 
Posterior band (mm) 3.6 ± 0.8 3.5 ± 0.7 

No Significant difference by Mann-Whitney U test. 
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complete anterior DD, 7 patients had complete anterolateral DD, and 1 patient 
had lateral DD. These differences in the distribution of disc position between the 
two groups (p = 0.495) were not significant. 

3.4.3. Distribution of Disc Shape (Table 5) 
In the DDwoR group, we observed various disc shapes on the medial side, in-
cluding even thickness in 2 patients, posterior band enlargement in 2 patients, 
folding in 5 patients, and convex in 4 patients. However, in the DDwR group, we 
observed biconcave (normal shape) in 7 patients. This was more common than 
posterior band enlargement (2 patients) and folding (1 patient). Thus, the dis-
tribution of disc shape differed significantly between the two groups (p = 0.047). 

The disc shape on the lateral side in the DDwoR group was biconcave in 1 pa-
tient, even thickness in 2 patients, posterior band enlargement in 3 patients, 
folding in 6 patients, and convex in 1 patient, exhibiting various disc shapes on the  

 
Table 4. Distribution of disc position in closed mouth position multisectionally analysed 
in sagittal and coronal plane according to category. 

  
DDwoR (n = 13) DDwR (n = 10) 

a Normal superior 
  

b Complete anterior 3 2 

c Partial anterior in the lateral part 1 
 

d Partial anterior in the medial part 
  

e Partial anterolateral, 
  

f Partial anteromedial 
  

g Complete anterolateral 4 7 

h Complete anteromedial 5 
 

i Lateral 
 

1 

j Medial 
  

  
(p = 0.495) 

No Significant difference by Pearson’s chi-square test with Yates’ continuity correction. 
 

Table 5. Distribution of disc shape in closed mouth position multisectionally analysed in 
sagittal and coronal plane according to category. 

  
Medial Lateral 

  
DDwoR DDwR DDwoR DDwR 

a Biconcave 
 

7 1 1 

b Even thickness 2 
 

2 
 

c Posterior band enlargement 2 2 3 1 

d Folding 5 1 6 7 

e Convex 4 
 

1 1 

  
*(p = 0.047) (p = 0.603) 

*Significant difference by Pearson’s chi-square test with Yates’ continuity correction. 
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lateral side, as on the medial side. In the DDwR group, we observed biconcave disc 
shape in 1 patient, posterior band enlargement in 1 patient, folding in 7 patients, 
and convex in 1 patient. As in the DDwoR group, the folding shape was the most 
common in the DDwR group. We found no significant differences in disc shape 
distributions between the two groups (p = 0.603). 

3.4.4. Joint Effusion 
Joint effusion was observed in the temporomandibular joint on the symptomatic 
side in Twenty-three patients. 

4. Discussion 

Both DDwR and DDwoR are reported to increase the risk of degenerative changes 
in the mandibular condyle [15]. However, even when DD occurred, it appears 
beneficial to retain DDwR to maintain a normal condylar surface, bone marrow, 
and joint effusion [9]. Furthermore, certain biochemical evidence suggests that 
patients with chronic CL are prone to develop osteoarthritic degeneration [16] 
[17]. Patients with DDwoR are reported to at 4-fold increased risk of exhibiting 
degenerative change than those with joints with normal disc position [18]. Joints 
with DDwoR do not always progress to osteoarthritic degeneration, but the con-
dition of DDwoR may become chronic and persist. For this reason, it is consid-
ered necessary to treat CL (especially in the acute phase) with the aim of pro-
ducing the unlock condition. Thus, in our clinic, we performed MM in the early 
phase for patients diagnosed with CL. One report argues that there is insufficient 
evidence to support the benefit of MM [19]. However, MM is useful as a simple, 
fast, non-invasive initial treatment of acute CL on first presentation [2]. In par-
ticular, since invasive interventions should be avoided as the initial CL manage-
ment [20], we seek to use unlock MM to release CL to avoid invasive interven-
tions on the patient’s first presentation. Our approach resulted in CL release in 6 
of 23 patients in this study. Arthrocentesis is sometimes used as the first low in-
vasive surgical intervention for the treatment of slightly movable TMJ associated 
with pain, thereby reducing pain and TMJ disorders more rapidly than conven-
tional non-surgical procedures [21]. However, it is undesirable to perform inva-
sive procedures in the early phase of patient management. In addition, it is dif-
ficult to obtain informed consent from patients for this particular treatment. In 
our clinic, we use MM without local anesthesia for the upper joint cavity in 
treatment for the early phase of CL. 

If CL is not released on first presentation, we prepare a pivot sprint made of 
cold-cured resin on that day and instruct patients to wear the device at night. 
With respect to pivot sprints, Seedorf et al. [22] report no distractive effect on 
the TMJ. In contrast, Yilidix et al. [23] report that a pivot sprint has distractive 
effects on unilateral DD without reduction. Despite scant evidence for the results 
of pivot sprints, in our clinic, we instruct patients to wear a pivot sprint at night, 
in addition to performing passive exercises, based on the prospects of the dis-
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tractive effects on TMJ. In 4 of the present 17 patients in whom CL release was 
not achieved on first presentation, CL release was confirmed in the subsequent 
days. 

The duration of the lock is the most important factor in MM success. In this 
study, we restricted the duration of lock (i.e., the time up to the MRI) to 4 weeks, 
based on findings from other studies [2] [24] to investigate patients with acute 
CL. Thus, the interval between CL onset and the visit to our hospital did not dif-
fer between the DDwR and DDwoR groups. Potential factors influencing the 
success of other treatments include patient age and duration of prior CL [25]. In 
older patients, deformation of the disc may progress in a chronic and compli-
cated manner, making it difficult to achieve disc reduction [1]. In our study, pa-
tients in the DDwoR group were significantly older than in the DDwR group. 
However, we did not examine the time elapsed from when TMJ clicking oc-
curred. Future research is required to address the duration of subjective symp-
toms that suggest DD, as well as age, to determine the success of MM. The 
mouth opening distance was significantly greater in the DDwoR group than in 
the DDwR group. One mechanism whereby acute DDwoR progresses to chronic 
phase may be that disc deviation obstructs the forward condylar translation, re-
stricting mouth opening. In the subsequent chronic phase, whenever the patient 
attempts to open the mouth widely, the disc gradually moves forward and disc 
deformation progresses, creating a larger space for the forward movement of the 
mandibular condyle. The mouth opening range then grows over time [26]. 

In our study, it is possible that patients with DDwoR, after they become aware 
of their limited ability to open their mouth, made significant efforts to open their 
mouth before the visit to our hospital, resulting in progressive displacement and 
deformation of the disc and a subsequent increase in the movability of the man-
dibular condyle. Thus, we also investigated disc in terms of the disc length and 
the maximum thickness in the posterior band, intermediate zone, and anterior 
band [27] using the central slice on the MRI sagittal images, as reported in a 
previous study [14], to determine differences in these variables between the 
DDwR group and the DDwoR group. The ongoing disc deformation in cases of 
CL is believed to shorten the disc and affect the thickness of the posterior band. 
Our study found no significant differences between the two groups in the 
changes in disc findings based on sagittal images. The study results suggest that 
changes in disc findings on sagittal images do not progress rapidly in the acute 
phase of CL, but are visualized in association with the progression of disc de-
formation in the chronic phase of CL. 

Various combination of DD types are visualized on MRI sagittal images—not 
just anterior, but posterior, medial, and lateral DD [28]. MRI disc findings must 
be evaluated on combined multisection sagittal and coronal images to determine 
changes. In this study, we ascertained the disc position on the combined sagittal 
and coronal images based on the classification proposed by Litko-Rola et al. [10]. 
Of 23 cases of TMJ, only 5 joints showed anterior DD not associated with side-
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ways DD. Sideways DD is commonly observed with TMJ; the direction of side-
ways DD was medial for 5 joints; lateral for 13 joints, which was most common. 
The conventional and most common type of DD is anteromedial DD [29]. How-
ever, disc deviation in the anterolateral direction has recently been shown to be 
somewhat more common than the previously reported anteromedial direction 
[30]. Ikeda et al. [31] state that such discrepancies in study results may be at-
tributable to differences in study methodologies. In our study, lateral DD was 
more common than other types of DD, a finding consistent with the recently 
reported anterolateral direction. 

In comparing types of sideways DD between the DDwR group and the DDwoR 
group, we found that anterior DD and the associated lateral DD were common; 
we also observed either medial or lateral DD at the same frequency in the DDwoR 
group. In the DDwR group, 8 of 10 joints showed lateral DD. This suggests that 
lateral DD is more common in the DDwR group (Figure 1), although we ob-
served no significant differences in the distribution of DD between the two 
groups.Comparing MRI findings in the groups of anterior DD with reduction 
and without reduction, Sener et al. [32] report that medial DD is more common 
in the group of anterior DDwoR (Figure 2). The explanation they offer is that 
their study included patients with acute phase anterior DD. Our findings of 
higher rates of medial DD in the DDwoR group than in the DDwR group are 
consistent with their findings. 

However, another study has shown that the lateral DD is more likely to occur 
in the early phase of DD [31]. A study by Tasaki et al. [33] of volunteers with 
asymptomatic DD indicates that the most common type is rotational anterol-
ateral DD. Our previous study [34] also showed that partial anterolateral DD is 
the most common. We speculate that lateral DD is the direction unlikely to 
hamper condylar movement. Intermittent CL is also deemed unlikely to cause dis-
turbances in mandibular condyle movement. The anterior DD may be mainly 
involved in the occurrence of intermittent CL because sideways DD lacks specif-
ic features [35]. The results of this study suggest that the pathology of DD may 
differ from that of intermittent CL for DDwR. 

Bringing the mandible to the contralateral side during the MM of CL has been 
shown to permit contralateral movements that allow easier movement of the 
condyle [1]. Thus, if lateral DD has occurred, CL may be released more readily 
by inducing the lateral DD to the contralateral side, which does not hamper the 
movement of the disc. Since no local anesthesia (used for arthrocentesis) is ad-
ministered for manual manipulation, whether or not unlock is successfully achieved 
by manual manipulation depends on the pain sensitivity of the patient. In cases 
of medial DD, inducing movement to the contralateral side hampers the disc 
movement associated with the medial DD, resulting in severe pain; thus, patients 
are reluctant to open their mouth. As a result, the deformation of the medial disc 
may also occur. 

In cases of disc deformation, our study found that the medial side in the 
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DDwoR group deviates from the medial pole of the mandibular condyle; thus, 
we often observed marked deformities in shape on the medial side, including 
folding and convex. In contrast, in the DDwR group, since the lateral side devi-
ates from the lateral pole, folding was observed most commonly. When the de-
formation becomes severe on the medial or lateral side corresponding to the di-
rection of DD, disc movement is unlikely to occur on the medial side from the 
inner surface of the glenoid fossa of the temporal bone, which readily hampers 
the sliding of the mandibular condyle. However, since the lateral side of the 
TMJ, unlike the medial surface, is not bone tissue, there is a space for movement 
to the lateral side associated with sliding of the mandibular condyle. This is un-
likely to hamper mandibular movement, potentially contributing to easy DD re-
duction. Since the manual manipulation administered in this study was per-
formed without local anesthesia, we must account for differences in patient pain 
sensitivity. Our study suggests that impaired movement of the mandibular con-
dyle associated with DD is more affected on the medial side than on the lateral 
side. Due to small sample size (23 patients), more extensive and long-term eval-
uations of DDwR and DDwoR are needed for larger groups. 

The study results show that disc deformation is marked across the entire disc 
from the medial to lateral side in the DDwoR group, while disc deformation is 
marked on the lateral side but not on the medial side in the DDwR group. In ad-
dition, it is unknown whether disc deformation in the medial direction had al-
ready occurred on first presentation or occurred as a consequence of MM. Ac-
cording to Ikeda et al. [31], medial DD is generally associated with more exten-
sive DD. Future studies should focus on the mechanism whereby medial DD 
occurs; that is, studies should seek to determine whether partial anterior DD oc-
curs on the lateral side, lateral DD causes greater disc deformation, and CL ulti-
mately leads to the medial side; or whether medial DD in the presence of CL in 
which reduction is difficult occurs in the early phase of DD. 

5. Conclusion 

Based on the results of this study, we suggest applying a combination of multi-sec- 
tion sagittal and coronal images to evaluate DD on MRI in patients with TMD. 
Therapeutic outcomes for unlocking release are likely to be favorable for lateral 
DD but unfavorable for medial DD in patients with acute CL. The results suggest 
that the effects on the movement of the mandibular condyle differ significantly 
depending on whether the sideways DD is on the medial or lateral side. 
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