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Purpose: The aim of this study is to compare the short-term effectiveness of hard and soft sta-
bilizing appliances (H-A and S-A) in treating patients with acute temporomandibular joint (TMJ) 
disc displacement without reduction (DDwoR). 

Methods: Eighty one patients diagnosed as acute TMJ DDwoR at oral medicine of Chosun Uni-
versity Dental Hospital from November 2016 to September 2017 were included in this study. 
The subjects were divided into three groups: The control group (34 patients treated without oc-
clusal appliance), the H-A group (31 patients treated with H-A) and the S-A group (16 patients 
treated with S-A). The pain intensity using Visual Analog Scale and maximum mouth opening 
(MMO) were evaluated every week for 8 weeks.

Results: The improvement of the pain intensity and MMO in the H-A group and the S-A group 
compared with the control group were noted (p<0.05).

Conclusions: This study suggests that hard and S-As may be equally useful in treating patients 
with TMJ DDwoR. S-A could be recommended to reduce the symptoms of TMJ DDwoR in short 
period.
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INTRODUCTION

Temporomandibular joint (TMJ) disc displacement with-

out reduction (DDwoR) is caused by disorder of the condy-

lar disc complex.1,2) Clinical manifestations include mouth 

opening limitation, pain and deflection to the affected side.3)

Treatment for TMJ DDwoR can be divided into non – in-

vasive or invasive methods.4-7) There are many non-inva-

sive treatments, such as patient education, manipulation, 

physical therapy, medication, and intraoral appliance.4) In 

other words, the more quick and appropriate treatment on 

TMJ DDwoR increases the higher the rate of recovery.5-7) In 

treatment, it is very important to choose the right treatment 

method and timing of treatment.

There are many studies8,9) about occlusal appliance ther-

apy on treatment of TMD. Klasser and Greene8) suggest-

ed that occlusal stabilizing appliance therapy increased 

the vertical dimension to reduce muscle activity and load 

on the TMJ and shifted the condyle to a stable position. 

Stiesch-Scholz et al.9) suggested that a occlusal stabilizing 

appliance therapy was an effective treatment in acute state 

than chronic state on TMJ DDwoR.

Although occlusal stabilizing appliance is highly effective 

in treatment, it is difficult to apply to all patients due to its 

cost and complexity. On the other hand, the soft stabiliz-

ing appliance (S-A) is known to be an effective treatment 
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for TMJ DDwoR by reducing the load to TMJ.10) And it is 

cheap and easy to be made compared with hard stabilizing 

appliance (H-A). Wright et al.11) reported that short-term ap-

plication of a soft appliance for the treatment of patients 

with temporomandibular joint disease (TMD) was effective 

in reducing pain without adverse effect, such as occlusal 

change. However, there are only a few studies applying S-A 

to the treatment for TMD.10,11) The purpose of this study is to 

comparison of short-term effectiveness of H-A and S-A in 

treating patients with acute TMJ DDwoR.

MATERIALS AND METHODS

1. Materials
1) Patients selection 

We reviewed the patients who were diagnosed as acute 

TMJ DDwoR in the Department of Oral Medicine, Chosun 

University Dental Hospital from November 1, 2016 to 

September 30, 2017. They were diagnosed as TMJ DDwoR 

by clinical examination based on Diagnostic criteria for 

temporomandibular disorders (DC TMD) and dental radio-

graphs including panorama and Transcranial view. The 

criteria for selection of the study subjects were: 1) mouth 

opening limitation, 2) duration within 3 months, 3) initial 

maximum mouth opening (MMO) less than 35 mm12-14), 4) 

hard end feel and 5) radiographical observations of open-

ing limitation. Exclusion factors include 1) previous expe-

riences, 2) duration exceeding 3 months and 3) limitation 

of opening due to muscle spasm. This study was approved 

by the Institutional Review Board of the Dental Hospital of 

Chosun University (IRB no. CUDHIRB-1704-001). The IRB 

authorized the exemption of informed consent.

2) Occlusal appliance type 

There were two devices in this study. One was H-A made 

of a hard type resin (Ortho-Jet; Orthodontic Acrylic Resin, 

Lang Dental Mfg. Co., Inc., Wheeling, IL, USA). H-A we se-

lected was Centric relation appliance and it was fabricated 

to the thickness of 2-3 mm in the posterior part (Fig. 1). The 

other was S-A made by Biostar vacuum former (SCHEU-

DENTAL, GmbH, Iserlohn, Germany) with a 3 mm thick 

Bioplast polyvinyl sheet (SCHEU-DENTAL, GmbH) (Fig. 2). 

3) Classification of patients 

The study subjects were divided into three groups accord-

ing to whether they were treated with occlusal stabilizing 

appliance or not. The groups are divided as follows. A con-

trol group treated without occlusal appliance, a H-A group 

treated with H-A and a S-A group treated with S-A. The to-

tal number of patients was 81, including 34 in the control 

Fig. 1. Hard stabilizing appliance was 

made from acrylic resin (Ortho-Jet).

Fig. 2. Soft stabilizing appliance was 

made from Bioplast polyvinyl sheet. 
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group, 31 in the H-A group, and 16 in the S-A group.

2. Methods
1) Clinical exam

Visual Analog Scale (VAS) for pain intensity and MMO 

was measured every week for duration of 8 week.

2) Treatments

All patients were treated with manipulation, medication 

and physical therapy including ultrasound therapy, low lev-

el laser therapy and transcutaneous electrical nerve stimu-

lation (TENS) every week for duration of 8 week.

3) Statistical analysis.

Statistical analysis was performed using PASW Sta-

tistics ver. 18.0 software (IBM Co., Armonk, NY, USA). 

Demographic and clinical characteristics of study subjects 

were analyzed by Kruskal-Wallis test and Chi square test. 

VAS and MMO were analyzed by Kruskal-Wallis test. A dif-

ference of p<0.05 was considered statistically significant. 

RESULTS

1. Patient Distribution 
The mean age of the patients was 40.91 years in the 

control group, 28.35 years in the H-A group and 32.25 

years in the S-A group. The ratio of female to male was 

29.4% for male, 70.6% for female in the control group, 

19.4% of males, 80.6% of females in the H-A group, 25.0% 

of males and 75.0% of females in S-A group. Thus showing 

3-4 times higher occurrence in female compared to that of 

male (Table 1). 

The mean duration of opening limitation was 23.00 

days in the control group, 34.39 days in the H-A group 

and 19.38 days in the S-A group. The mean initial MMO 

was 28.47 mm in the control group, 26.42 mm in the H-A 

group, and 26.06 mm in the S-A group. Initial VAS was 4.97 

in the control group, 4.55 in the H-A group, and 6.00 for 

the S-A group (Table 2).

There was no statistically significant difference among 

the three groups in terms of sex, symptom development, 

MMO, and VAS (Tables 1, 2).

2. Pain Intensity 
VAS for pain intensity was analyzed by Kruskal-Wallis 

test every week for the treatment period. There was a sig-

nificant difference (p<0.05) in VAS mean value among the 

three groups at 1, 2, 3, 4, and 8 week of the treatment (Table 3).

Table 1. Demographic characteristics of study subjects

Demographic parameter Control group (n=34) H-A group (n=31) S-A group (n=16) p-value

Agea (y) 40.91±20.38 28.35±12.62 33.56±12.54 *

Sexb

   Male   10 (29.4) 6 (19.4) 4 (25.0) N/S

   Female 24 (70.6) 25 (80.6) 12 (75.0)

H-A, Hard stabilizing appliance; S-A, soft stabilizing appliance; N/S, non-specific finding.

Values are presented as mean±standard deviation or number (%).
aKruskal-Wallis test, bChi-sqaure test.

*p<0.05, analyzed by Kruskal-Wallis test.

Table 2. Initial clinical characteristics of study subjects 

Clinical parameter Control group (n=34)  H-A group (n=31) S-A group (n=16) p-value

Locking duration (d) 23.00±18.71 34.39±29.46 19.38±17.47 N/S

Maximum mouth opening (mm) 28.47±4.34 26.42±4.49 26.06±5.09 N/S

Visual Analog Scale 4.97±2.49 4.55±2.25 6.00±2.13 N/S

H-A, hard stabilizing appliance; S-A, soft stabilizing appliance; N/S, non-specific finding.

Values are presented as mean±standard deviation.

p-value was calculated by Kruskal-Wallis test.
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3. Maximum Mouth Opening 
MMO was analyzed by Kruskal-Wallis test every week 

for the treatment period. There was a significant difference 

(p<0.05) in MMO among the three groups at 4, 6 and 8 

week of the treatment (Table 4). 

DISCUSSION

TMJ DDwoR is a disease characterized by mouth opening 

limitation due to positional changes of the disc of TMJ.12) 

Magnetic resonance imaging (MRI) is suggested as a gold 

standard method for the diagnosis of TMJ DDwoR. But it is 

expensive and difficult to apply to all patients due to vari-

ous contraindications.2) Therefore, TMJ DDwoR is generally 

diagnosed based on clinical examination using the DC TMD 

and dental radiographs, such as panoramic and transcranial 

view.13) Yatani et al.15) showed significantly higher accuracy 

in a diagnosis of TMJ DDwoR by clinical examination. 

Emshoff et al.16) showed that a clinical diagnosis was reli-

able comparing a diagnosis using MRI on internal derange-

ment of TMJ. In this study, study subjects were diagnosed 

TMJ DDwoR based on clinical examination including histo-

ry taking, MMO, an amount of protrusion and laterotrusion 

and dental radiographs, such as panoramic and transcranial 

view. 

There are some criteria of mouth opening limitation for 

a clinical diagnosis of TMJ DDwoR in many studies.12-14) 

Okeson12) reported that its criteria was 25-30 mm in the ini-

tial MMO. Alpaslan et al.14) defined that its criteria was 25-

35 mm in initial MMO. DC TMD13) suggested that its criteria 

is less than 40 mm in passive mouth opening. In this study, 

the criteria of mouth opening limitation in diagnosis of TMJ 

DDwoR was defined less than 35 mm in MMO. The mean 

of initial MMO in our study was 28.47 mm in the control 

Table 3. Change of Visual Analog Scale during the treatment duration 

Treatment duration (wk) Control group (n=34) H-A group (n=31) S-A group (n=16) p-value

0 4.97±2.49 4.55±2.25 6.00±2.13 N/S

1 5.18±2.42 4.71±2.37 6.81±1.83 *

2 4.24±2.13 3.87±2.11 6.63±1.75 *

3 3.59±1.81 3.10±1.92 4.81±1.42 *

4 2.88±1.62 3.24±1.61 4.18±1.08 *

5 2.86±1.51 2.75±1.57 3.40±1.07 N/S

6 2.91±1.38 2.21±1.53 2.38±0.52 N/S

7 2.84±1.46 2.00±1.16 1.67±0.58 N/S

8 2.71±1.31 1.50±1.00 1.00±0.00 *

H-A, hard stabilizing appliance; S-A, soft stabilizing appliance; N/S, non-specific finding.

Values are present as mean±standard deviation.

*p<0.05, analyzed by Kruskal-Wallis test.

Table 4. Change of maximum mouth opening during the treatment duration 

Treatment duration (wk) Control group (n=34) H-A group (n=31) S-A group (n=16) p-value

0 28.47±4.34 26.42±4.49 26.06±5.09 N/S

1 27.15±4.27 27.74±5.08 27.44±4.15 N/S

2 30.38±3.08 30.35±4.32 28.06±3.68 N/S

3 33.12±3.73 35.23±4.27 35.06±7.33 N/S

4 34.70±4.86 35.48±3.61 31.82±3.37 *

5 36.00±5.13 35.56±2.50 35.10±3.41 N/S

6 34.43±4.15 37.43±3.61 38.62±3.70 *

7 35.42±4.40 38.29±1.89 38.00±1.73 N/S

8 34.88±4.48 40.00±0.00 40.00±0.00 *

H-A, hard stabilizing appliance; S-A, soft stabilizing appliance; N/S, non-specific finding.

Values are present as mean±standard deviation.

Unit of maximum mouth opening: mm.

*p<0.05, analyzed by Kruskal-Wallis test.
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group, 26.42 mm in the H-A group, and 26.06 mm in the 

S-A group (Table 2).

There are no clear criteria for diagnosis on acute TMJ 

DDwoR. So in this study, we selected the subjects with 

closed locking of TMJ within 3 months according to study 

of Stiesch-Scholz et al.9)

The treatment for TMJ DDwoR varies from non-invasive 

to invasive treatment.17-19) Recently, non-invasive treatment 

is preferred for TMJ DDwoR treatment. There are many 

non-invasive treatments, such as patient education, manip-

ulation, physical therapy, medication, and occlusal appli-

acne.17,18) Occlusal appliance, one of the noninvasive treat-

ments, is recommended in many studies.7-11,20-22) Davies7) 

noted that occlusal stabilizing appliance is effective in the 

treatment of TMJ DDwoR. Also, Stiesch-Scholz et al.9) sug-

gested that occlusal stabilizing appliance therapy is more 

effective in acute than chronic TMD. On the other hand, 

Ebrahim et al.20) suggested that occlusal stabilizing appli-

ance therapy may be helpful in relieving pain of the overall 

TMD. But the mechanism of occlusal stabilizing appliance 

therapy was not clearly known. Although there was a con-

troversy in a mechanism of occlusal stabilizing appliance, 

many studies have suggested that it is effective in treating 

TMJ DDwoR.21,22) Recently there are some studies that S-A 

is effective in the treatment of TMD as well as H-A.10,11,23) In 

the past, S-A was recommended for the treatment of para-

functional habits, such as clenching and bruxism to protect 

TMJ and teeth.12) But recent studies suggest that wearing 

S-A for a long time can increase masticatory muscle activ-

ity.12) So it is recommended that S-A is applied only for a 

short period of time.12) Wright et al.11) reported that treat-

ment of TMD using S-A for a short period of time was ef-

fective in relieving pain without adverse effects such as oc-

clusal change.

In our study, VAS was used as an indicator of pain inten-

sity. VAS was gradually decreased in all groups for dura-

tion treatment. Especially there was a significant difference 

(p<0.05) in the mean value of VAS among the three groups 

at 1, 2, 3, 4, and 8 week of the treatment. This result indi-

cates that the hard and S-A can help relieve pain (Table 3). 

A change in the MMO for treatment duration was in-

creased in all groups. Especially there was a significant dif-

ference (p<0.05) in MMO among the three groups at 4, 6 

and 8 week of the treatment. These results indicate that the 

hard and S-A therapy is more effective in the increase of 

MMO (Table 4).

Although S-A is effective on treatment of TMJ DDwoR, 

there are some side effects, such as occlusal changes and 

increase of muscle tone when it is worn for a long time.12) 

In this study, the treatment period was set to 8 weeks. So 

side effect such as occlusal changes was not observed dur-

ing the period. Therefore we suggest that the treatment of 

acute TMD DDwoR using S-A for short-term treatment be 

as effective as hard stabilization appliance (Tables 3, 4).

This study has some limitations of small patient popu-

lation and retrospective nature. So there was a signifi-

cant different among the three groups in age (p<0.05) 

(Table 1). Because of small sample size and different sam-

ple size among the groups, we analyzed VAS and MMO 

among the three group by Kruskal-Wallis test (Tables 3, 4). 

Furthermore, we overlooked some factors, such as patient 

characteristics and effect of treatments including manipula-

tion, physical therapy and medication. Further study with 

the more sample size and considerations about the factors 

affecting study model have to be followed.

In conclusion, this study suggests that H-A and S-A 

may be equally useful in treating patients with acute TMJ 

DDwoR. S-A could be recommended to reduce the symp-

toms of acute TMJ DDwoR in short period.
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