
Available online at www.sciencedirect.com
ScienceDirect

British Journal of Oral and Maxillofacial Surgery 60 (2022) 350–356
Evaluation of the efficiency of different treatment modalities
in individuals with painful temporomandibular joint disc
displacement with reduction: a randomised controlled
clinical trial
Ömer Ekici a,⇑, Ümit Dündar b, Gonca Deste Gökay c, Murat Büyükbosna b

aDepartment of Oral and Maxillofacial Surgery, Faculty of Dentistry, Afyonkarahisar Health Sciences University, Afyonkarahisar, Turkey
bDepartment of Physical Medicine and Rehabilitation, Faculty of Medicine, Afyonkarahisar Health Sciences University, Afyonkarahisar, Turkey
cDepartment of Prosthetic Dentistry, Faculty of Dentistry, Afyonkarahisar Health Sciences University, Afyonkarahisar, Turkey

Accepted 19 August 2021
Available online 26 August 2021

This article dedicated to Prof. Yuanwen Ouyangi.
Abstract

The aim of the study was to investigate and compare short and long-term effects of occlusal splints (OS), ultrasound (US), and high-
intensity laser therapy (HILT) in patients with painful temporomandibular joint (TMJ) disc displacement with reduction (DDWR). This
prospective, randomised, single-blinded, controlled clinical study was conducted on patients with DDWR at a university oral and maxillo-
facial surgery clinic. A total of 140 patients were allocated randomly to four groups (OS, US, HILT, and control), with 35 patients in each.
Patients were evaluated for pain, range of motion of the jaw, disability, and quality of life. A total of 132 patients completed the study. In all
treatment groups (OS, US, and HILT), a significant improvement was observed in terms of pain, function, disability, and quality of life, at
both weeks four and 12 compared with the control group (p < 0.001). Improvements in VAS pain and maximum mouth opening were not
significantly different between the treatment groups. However, compared with the OS group, there was a significant improvement in the
HILT and US groups in terms of total Oral Health Impact Profile (OHIP-14) and Jaw Functional Limitation Scale-20 (JFLS-20) scores
at week four, but no difference between the groups at week 12. The results of this study show that OS, US, and HILT are effective treatments
for pain and functional jaw movements in patients with DDWR. HILT, a new method, can be an alternative treatment in cases of TMD.
� 2021 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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Introductıon

Temporomandibular disorder (TMD) refers to a group of
clinical conditions that include temporomandibular joint
(TMJ) and/or masticatory muscle disorders.1 The most com-
mon signs and symptoms are pain, joint noise, and restricted
mandibular motion.2 The aetiology of TMD is multifactorial,
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including physical, psychological, and psychosocial factors
alone or in combination.3 Disorders that may be clinically
diagnosed by the Research Diagnostic Criteria for Temporo-
mandibular Disorders (RDC/ TMD) are divided into three
groups: muscle disorders (group 1), disc displacement (group
2), and arthralgia, osteoarthritis, and osteoarthrosis (group
3).4 Disc displacement without reduction (DDWoR) is one
of the most common internal derangements of the TMJ.5

Various therapies, such as drugs, occlusal splint, and
physical therapy, have been proposed for management of
the symptoms of TMD.6 Stabilisation splint therapy, one of
the main conservative treatments, is highly effective in
myofascial pain and disc displacements with or without
ns. Published by Elsevier Ltd. All rights reserved.
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reduction.7,8 Ultrasound (US) therapy, in which sound waves
with a density of 1.25 w/cm2 cause tissue vibration and heat
to increase blood flow to tissues, has been the treatment of
choice to alleviate TMD-related pain and inflammation.9 It
provides important nutrients to the tissue by increasing blood
circulation, and also causes changes in cell membrane per-
meability, resulting in the diffusion of cellular metabolites,
a reduction in oedema, modulation of pain, and increased
local blood circulation.10

Recently, the pulsed neodymium-doped yttrium alu-
minum garnet (Nd: YAG) laser, a type of high-intensity laser
therapy (HILT), has been introduced in the field of physio-
therapy. It works with high peak power (3 kW) and
1.064 nm wavelength, and is considered to be a non-
painful and non-invasive therapeutic method that can stimu-
late areas such as the wide and/or deep joints that are difficult
to reach with a low power laser.11

The aim of this randomised controlled study was to eval-
uate and compare the effects of three treatment methods (OS,
US, and HILT) on TMJ pain and range of jaw motion in
patients with DDWR. The null hypothesis to be tested was
that there is no difference between these three modalities in
the treatment of patients with painful DDWR.

Materıal and methods

Study design

To address the research purpose, the investigators designed
and implemented a prospective, single-blind, controlled clin-
ical trial. The study population was composed of patients
presenting with TMJ sounds and pain between June 2019
and December 2019 at the oral and maxillofacial surgery
clinic, Faculty of Dentistry, Afyonkarahisar Health Sciences
University. The study was approved by the Human Research
Ethics Committee of the Faculty of Medicine, Afy-
onkarahisar Health Sciences University (Decision no:
2019/184).

Subjects

It was calculated that a total of 96 individuals should be
taken, with at least 24 subjects from each group when
a = 0.05 and 1-b = 0.80 were taken in the power analysis
(Heinrich-Heine-Universität Düsseldorf, Germany). Consid-
ering the possibility of patients leaving before completing the
treatment, 160 patients were included.

The study group comprised 160 patients with unilateral
TMD who fell into Axis I, group II (disc displacement) of
the DC/TMD.12 The inclusion criteria for the study were uni-
lateral DDWR in the last 30 days, any TMJ noise(s) present
with jaw movement or function, or patients’ reports of any
noise present during the examination. The magnetic reso-
nance images (MRI) were examined to determine disc dis-
placement. Those with signs of degenerative joint disease
and DDWoR on MRI were excluded from the study. The
specific inclusion criterion was that the participants had
TMJ pain at the time or had had it within the last six months,
so patients with asymptomatic DDWR were excluded. Sub-
jects with inflammatory disorders, other rheumatic diseases,
neurological and psychiatric disorders, other problems
related to the masticatory system, or a history of trauma or
physiotherapy, were excluded. Pregnant women and patients
under 18 years of age were also excluded.

Interventions

A total of 140 patients were allocated randomly to four
groups using randomisation software (QuickCalcs, Graph-
Pad Software Inc): group 1 (occlusal splints), group 2 (ultra-
sound therapy), group 3 (HILT), and group 4 (control).

Group 1 (OS) patients received a resilient bite splint,
4 mm thick BIOPLAST� (Scheu Dental GmbH) produced
in a BIOSTAR� heat and vacuum press (Scheu Dental
GmbH). A stabilisation splint was applied to the upper jaw
of all patients by the same researcher in line with the recom-
mendations by Okeson.13 They were instructed to use stabil-
isation splints at night only. Patients’ compliance with the
device was followed up, and they were encouraged to con-
tinue using it.

Group 2 (US) patients received US treatment (Chat-
tanooga Group Intelect� Mobile 2776, Chattanooga Group
Inc) with a 1 MHz ultrasound head at 0.87–1 MHz frequency
and 1.5 W/cm2 dosages to the TMJ area and masticatory
muscles in five sessions of 10 minutes duration each week
for four weeks. It was applied to the trigger points on the
masseter and temporal muscles, drawing concentric circles
on and around the trigger point for one or two seconds.

Group 3 patients (HILT) received pulsed Nd: YAG laser
treatment produced with the HIRO 3 device (ASA Laser)
five times a week for four weeks, 15 minutes/session. In each
session, a three-phase treatment programme for the TMD
region was applied (Table 1). The first phase involved rapid
manual scanning of the TMJ area both transversely and lon-
gitudinally (100 cm2/30 seconds). The second involved
applying the 90� handpiece to the trigger points on the mas-
seter and temporal muscles with vertically fixed spacers. The
third stage involved slow manual scanning of the TMJ region
(100 cm2 in 60 seconds). The processing time for one session
was about 15 minutes, and the total energy supplied to the
patient during one session was 1.029.1 J.

The control group had no active treatment, only coun-
selling, education, a home exercise programme, and other
self-management therapies, as in other groups. Patients were
instructed not to take analgesic/anti-inflammatory and mus-
cle relaxant drugs before and during treatment. All treat-
ments were performed by the same physiotherapist in a
standard manner.

Measurements

Patients were evaluated by an independent investigator who
was blinded to the study at the start of treatment and at four
and 12 weeks after the initiation of treatment. Pain intensity



Table 1
High-intensity laser therapy (HILT) phases.

Frequency
(Hz)

Fluency
(mJ/cm2)

HILT energy
dose (J)

Phase 1—fast manual scanning
(100 cm2/30 seconds)

20 360 166
18 410 166
15 510 166

Phase 2—trigger point
inactivation phase

15 360 6.3
15 510 9
14 610 10
16 360 7.8

Phase 3—slow manual scanning 20 360 166
18 410 166
15 510 166
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and degree of reduction in jaw function were evaluated with
a VAS.14 Maximum mouth opening (MMO) was measured
as the distance between the incisal edge of the upper and
lower central incisors using an electronic caliper. The Jaw
Functional Limitation Scale-20 (JFLS-20) was used to mea-
sure changes in functional disability.15 Quality of life was
Fig. 1. Patients’ details. Flow diagram of recruitment and retention
evaluated with the Oral Health Impact Profile (OHIP-14)
questionnaire.16

Statistical analysis

IBM SPSS Statistics for Windows version 20.0 (IBM Corp)
was used to evaluate the data. The normal distribution of data
was evaluated using the Kolmogorov-Smirnov test. Within-
group comparisons were made using dependent two-sample t
tests and the Wilcoxon test. The chi squared test was used to
compare categorical variables. In a comparison of the
groups, one-way ANOVA and Kruskal Wallis tests were
used for quantitative variables. A p value of less than 0.05
was considered statistically significant.

Results

A total of 140 patients were evaluated for eligibility and 132
completed the study. Their study data were evaluated
(Fig. 1). No side effects relating to the treatment were
of patients with disc displacement with reduction (DDWR).



Table 2
Demographic characteristics of the patients. Data are number (%) unless otherwise stated.

Variables Occlusal splint (n = 34) Ultrasound therapy (n = 32) HILT therapy (n = 32) Control (n = 34) p value

Mean (SD) age (years) 28.58 (14.46) 28.81 (12.68) 31.50 (12.67) 29.47 (10.49) 0.786
Gender:

Male 10 (29.4) 8 (25) 10 (31.3) 3 (8.8) 0.119
Female 24 (70.6) 24 (75) 22 (68.8) 31 (91.2)

Mean (SD) body mass index (kg/cm2) 22.92 (4.81) 23.18 (4.47) 24.42 (3.66) 24.02 (4.19) 0.459
Marital status:

Married 12 (35.3) 12 (37.5) 14 (43.8) 19 (55.9) 0.435
Single 20 (58.8) 20 (62.5) 16 (50) 14 (41.2)
Divorced 2 (5.9) – 2 (6.3) 1 (2.9)

Educational status:
Primary school 10 (29.4) 8 (25) 4 (12.5) 8 (23.5) 0.001*
Secondary school 8 (23.5) 16 (50) 16 (50) 7 (20.6)
High school 16 (47.1) 8 (25) 10 (31.3) 11 (32.4)
Faculty and above – – 2 (6.3) 8 (23.5)

Working status:
Student 4 (11.8) – 6 (18.8) 5 (14.7) 0.004*
Housewife 4 (11.8) 8 (25) 4 (12.5) 8 (23.5)
Working 6 (17.7) 8 (25) 8 (25.1) 8 (23.5)
Unemployed 12 (35.3) 14 (43.8) 14 (43.8) 12 (35.3)
Retired 8 (23.5) 2 (6.3) – 1 (2.9)

Mean (SD) symptom duration (years) 2.47 (2.23) 1.80 (1.58) 2.37 (2.15) 2.58 (1.97) 0.422

HILT: High-intensity laser therapy, VAS: visual analogue scale; *p < 0.05.
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observed. At the beginning of the study, there was no signif-
icant difference in the demographic characteristics of the
groups, except for education and working status (Table 2).

In all treatment methods, there were statistically signifi-
cant improvements in pain and MMO measurements at
Table 3
Comparison of mean (SD) maximum mouth opening (MMO) and visual analogu

Variables Occlusal splint (n = 34) Ultrasoun

Max. mouth opening (mm):
Baseline 35.75 (7.48) 35.75 (7.3
At 4th week 39.50 (7.27) 40.87 (7.5
Mean differencesa 0.15 (0.10)a 0.15 (0.14
At 12 th week 41.00 (8.74) 42.91 (7.1
Mean differencesb 0.22 (0.11)a 0.25 (0.23

Assisted max. mouth opening(mm):
Baseline 39.14 (7.24) 38.68 ± (
At 4th week 41.10 (7.26) 43.18 (7.7
Mean differencesa 0.08 (0.07)a 0.11 (0.11
At 12 th week 44.28 (7.97) 44.91 (7.0
Mean differencesb 0.13 (0.08)a 0.16 (0.23

VAS -pain (cm):
Baseline 39.44 (26.39) 46.87 (23
At 4th week 22.50 (17.34) 24.37 (17
Mean differencesa 0.41 (0.20)a 0.42 (0.27
At 12 th week 19.50 (19.32) 9.16 (11.3
Mean differencesb 0.44 (0.40)a 0.66 (0.18

VAS-Function (cm):
Baseline 64.72 (24.19) 55.62 (26
At 4th week 78.21 (19.44) 83.75 (10
Mean differencesa 0.18 (0.31)a 0.32 (0.26
At 12 th week 77.36 (20.23) 89.16 (11
Mean differencesb 0.20 (0.33)a 0.32 (0.24

HILT: High-intensity laser therapy,
a: percentage change from baseline (week 0) to week 4; b: percentage change fr
In each line, different superscripts indicate statistically significant difference betw
weeks four and 12 compared with the beginning of the treat-
ment. (Table 3). In week four, the VAS pain score was sig-
nificantly lower in the OS (41%), US (42%), and HILT
(44%) groups compared with the control group (3%)
(p < 0.001). Similarly, in week 12, the VAS pain score
e scale (VAS) values of groups at baseline, and at 4 and 12 weeks.

d therapy (n = 32) HILT (n = 32) Control (n = 34) p value

3) 30.50 (8.20) 33.41 (7.18)
4) 35.53 (5.87) 33.82 (6.61)
)a 0.16 (0.22)a 0.02 (0.04)b 0.000**

6) 39.70 (4.37) 34.29 (6.32)
)a 0.19 (0.10)a 0.03 (0.06)b 0.000**

7.69) 34.62 (8.19) 38.20 (5.97)
8) 38.00 (6.10) 38.82 (5.52)
)a 0.09 (0.09)a 0.02 (0.02)b 0.000**

5) 41.22 (5.17) 39.29 (5.14)
)a 0.19 (0.06)a 0.03 (0.03)b 0.000**

.47) 53.12 (22.92) 58.82 (21.42)

.94) 26.42 (18.30) 56.61 (20.87) 0.000**

)a 0.44 (0.34)a 0.03 (0.06)b

8) 18.18 (17.89) 55.14 (20.05) 0.000**

)a 0.64 (0.32)a 0.05 (0.13)b

.38) 60.00 (20.94) 47.05 (22.09)

.08) 67.85 (20.79) 50.00 (21.06)
)a 0.17 (0.14)a 0.03 (0.06)b 0.000**

.38) 79.09 (19.25) 52.20 (21.74)
)a 0.30 (0.26)a 0.05 (0.13)b 0.000**

om baseline (week 0) to week 12.
een groups. * p < 0.05; ** p < 0.001.



Table 4
Comparison of mean Jaw Functional Limitation Scale-20 (JFLS-20) values of groups at baseline, and at 4 and 12 weeks. Data are mean (SD).

Variables Occlusal splint (n = 34) Ultrasound therapy (n = 32 HILT (n = 32) Control (n = 34) p value

Mastication:
Baseline 10.88 (8.31) 15.50 (9.20) 19.06 (15.12) 17.67 (12.20)
At week 4 9.85 (7.41) 12.25 (6.96) 13.33 (9.63) 17.32 (11.73)
Mean differencesa 0.06 (0.08)b 0.16 (0.12)a 0.20 (0.15)a 0.01 (0.02)b 0.000**

At week 12 8.94 (6.61) 12.00 (6.93) 14.40 (11.00) 17.05 (11.32)
Mean differencesb 0.12 0.16)a 0.18 (0.13)a 0.18 (0.12)a 0.01 (0.04)b 0.000**

Vertical jaw mobility:
Baseline 9.17 (11.83) 13.62 (9.22) 13.00 (9.62) 16.08 (9.80)
At week 4 8.20 (10.45) 10.78 (7.06) 8.33 (5.03) 15.64 (9.22)
Mean differencesa 0.04 (0.06)b 0.15 (0.20)a 0.20 (0.21)a 0.01 (0.03)b 0.000**

At week 12 6.67 (8.22) 10.56 (6.66) 9.46 (6.24) 15.52 (9.09)
Mean differencesb 0.10 (0.15)a 0.16 (0.14)a 0.16 (0.15)a 0.02 (0.03)b 0.000**

Emotional and verbal expression:
Baseline 10.00 (11.82) 11.43 (11.07) 24.06 (27.56) 21.58 (21.18)
At week 4 8.79 (10.11) 10.00 (9.42) 17.13 (16.94) 20.91 (20.01)
Mean differencesa 0.05 (0.07)b 0.07 (0.08)b 0.13 (0.15)a 0.01 (0.02)b 0.000**

At week 12 6.91 (7.72) 9.06 (7.24) 15.73 (14.65) 20.76 (19.97)
Mean differencesb 0.15 (0.17)a 0.11 (0.13)a 0.17 (0.18)a 0.01 (0.03)b 0.000**

JFLS-20 total:
Baseline 30.05 (22.71) 40.55 (32.83) 56.12 (48.80) 55.33 (47.30)
At week 4 26.84 (22.03) 33.03 (26.62) 38.79 (31.00) 53.87 (44.06)
Mean differencesa 0.10 (0.15)c 0.18 (0.20)b 0.30 (0.32)a 0.02 (0.03)d 0.000**

At week 12 22.52 (17.53) 31.62 (25.02) 39.59 (32.03) 53.33 (42.09)
Mean differencesb 0.25 (0.22)a 0.22 (0.20)a 0.29 (0.27)a 0.03 (0.04)b 0.000**

HILT: High-intensity laser therapy.
a: percentage change from baseline (week 0) to week 4; b: percentage change from baseline (week 0) to week 12.
In each line, different superscripts indicate statistically significant difference between groups. * p < 0.05; ** p < 0.001.
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was significantly lower in the OS (44%), US (66%), and
HILT (64%) groups compared with the control group (5%)
(p < 0.001). MMO increased similarly in the three treatment
groups at weeks four and 12, and the increase in all treatment
groups was significantly higher than in the control group
(p < 0.001).

In all treatment methods, there were significant improve-
ments in both the total JFLS-20 and OHIP-14 scores at four
and 12 weeks compared with the beginning of treatment. At
four weeks, most improvement in JFLS-20 scores was in the
HILT group (30%), followed by the US group (18%)
(Table 4). There was a significant improvement in the total
OHIP-14 score in the HILT (23%) and US (21%) groups
at week four compared with the OS group (7%) (Table 5).
However, at 12 weeks there was no significant difference
between the three treatment groups in terms of improvement
in total JFLS-20 and OHIP-14 scores.

Dıscussıon

In this prospective, randomised, clinical study, the effects of
three different conservative treatments on pain, function, dis-
ability, and quality of life of patients with DDWR were
investigated. In all treatment groups (OS, US, and HILT),
there were significant improvements in pain, function, dis-
ability, and quality of life at both weeks four and 12 com-
pared with the control group (p < 0.001). There was no
significant difference in terms of improvement in VAS pain
and MMO between treatment groups.
However, significant improvements were observed in the
JFLS-20 and OHIP-14 scores at week four in the US and
HILT groups compared with the OS group. These results
led to the partial acceptance of the null hypothesis.

Occlusal splints are frequently used in the treatment of
TMD, although the mechanism of action is still controver-
sial. The splint reduces overload within the TMJ by provid-
ing a stable position for the mandible and preventing
parafunctional habits.17 In this study OS therapy showed sig-
nificant improvements in all parameters studied at four and
12 weeks of treatment compared with the control group.
However, its effectiveness in reducing the symptoms was
higher in week 12.

There is conflicting information in the literature regarding
the effectiveness of US therapy in TMD. Some studies have
reported that US alone has no effect on TMJ dysfunc-
tion.18,19 On the other hand, another study20 demonstrated
that US combined with a home exercise programme can bet-
ter improve the symptoms of patients with TMD. Gray et al21

compared the effects of shortwave diathermy, US, and low-
intensity laser therapy (LILT) in patients with TMJ dysfunc-
tion, and found no difference among them in terms of treat-
ment outcomes. In this study, compared with OS and HILT,
US had a similar effect on pain reduction at weeks four and
12. However, US was more effective in improving the qual-
ity of life and decreasing the disability of TMD patients than
OS therapy at four weeks.

Some studies have reported that LILT is a suitable and
alternative treatment for TMD-related pain and limited



Table 5
Comparison of mean Oral Health Impact Profile-14 (OHIP-14) values of groups at baseline, and at 4 and 12 weeks. Data are mean (SD).

Variables Occlusal splint (n = 34) Ultrasound therapy (n = 32) HILT (n = 32) Control (n = 34) p value

Functional limitation
Baseline 1.52 (1.35) 1.00 (1.61) 1.75 (2.04) 1.82 (2.45)
At week 4 1.35 (1.15) 0.76 (1.10) 1.37 (1.71) 1.70 (2.24)
percentage change 0.05 (0.12)b 0.05 (0.13)b 0.15 (0.27)a 0.02 (0.06)b 0.010*
At week 12 1.20 (0.94) 0.70 (1.08) 1.25 (1.45) 1.79 (2.34)
percentage change 0.09 (0.17)b 0.07 (0.19)b 0.15 (0.21)a 0.01 (0.08)b 0.014*

Physical pain
Baseline 3.41 (1.97) 3.26 (2.39) 3.12 (2.32) 4.17 (2.22)
At week 4 3.05 (1.70) 2.40 (1.47) 2.25 (1.62 4.11 (2.12)
Mean differences 0.07 (0.12)b 0.15 (0.20)a 0.20 (0.19)a 0.01 (0.18)c 0.000**

At week 12 2.38 (1.10) 2.56 (1.67) 2.56 (1.89) 4.08 (2.06)
Mean differences 0.22 (0.20)a 0.12 (0.17)a 0.12 (0.15)a 0.01 (0.18)b 0.000**

Psychological discomfort
Baseline 2.82 (1.84) 1.80 (1.82) 3.06 (2.16) 2.70(2.13)
At week 4 2.70 (1.71) 1.53 (1.47) 2.43 (1.79) 2.61 (2.04)
Mean differences 0.02 (0.06)b 0.06 (0.11)b 0.17 (0.19)a 0.01 (0.06)b 0.000**

At week 12 2.47 (1.48) 1.36 (1.27) 2.25 (1.66) 2.50 (1.87)
Mean differences 0.07 (0.11)b 0.10 (0.15)b 0.22 (0.20)a 0.03 (0.08)b 0.000**

Physical disability
Baseline 2.41 (2.33) 1.73 (2.30) 1.75 (1.74) 1.61 (1.75)
At week 4 2.26 (2.06) 1.10 (1.39) 1.06 (1.10) 1.55 (1.61)
Mean differences 0.02 (0.05)c 0.12 (0.19)b 0.21 (0.26)a 0.01 (0.04)c 0.000**

At week 12 2.02 (1.66) 1.23 (1.59) 1.18 (1.35) 1.52 (1.52)
Mean differences 0.05 (0.12)b 0.09 (0.15)b 0.19 (0.25)a 0.01 (0.05)b 0.000**

Psychological disability
Baseline 2.41 (1.81) 0.93 (1.20) 2.12 (2.12) 2.11 (2.19)
At week 4 2.29 (1.69) 0.83 (1.08) 1.75 (1.88) 2.00 (1.98)
Mean differences 0.03 (0.10)b 0.03 (0.11)b 0.12 (0.18)a 0.01 (0.05)b 0.003*
At week 12 2.08 (1.46) 0.70 (0.91) 1.56 (1.56) 1.94 (1.85)
Mean differences 0.07 (0.13)b 0.11 (0.26)a 0.15 (0.20)a 0.02 (0.07)c 0.047*

Social disability
Baseline 2.47 (2.32) 1.80(1.58) 2.37 (2.15) 2.58 (1.97)
At week 4 2.35 (2.02) 1.63 (1.35) 1.93 (1.77) 2.52 (1.84)
Mean differences 0.01 (0.05)b 0.03 (0.08)b 0.11 (0.17)a 0.00 (0.03)b 0.000**

At week 12 2.17 (1.78) 1.53 (1.22) 1.75 (1.45) 2.44 (1.69)
Mean differences 0.05 (0.10)b 0.05 (0.13)b 0.14 (0.17)a 0.02 (0.07)b 0.001*

Handicap
Baseline 1.05 (1.36) 0.86 (1.10) 1.00 (1.83) 1.91 (1.97)
At week 4 0.97 (1.24) 0.73 (0.86) 0.87 (1.60) 1.85 (1.81)
Mean differences 0.02 (0.08) 0.04 (0.13) 0.04 (0.12) 0.00 (0.03) 0.425*
At week 12 0.88 (1.09) 0.73 (0.86) 0.81 (1.57) 1.76 (1.61)
Mean differences 0.05 (0.11) 0.04 (0.13) 0.07 (0.16) 0.02 (0.07) 0.457*

OHIP-14 total score
Baseline 16.09 (8.65) 11.38 (6.01) 15.17 (7.43) 16.90 (8.22)
At week 4 14.97 (6.54) 8.98 (5.98) 11.66 (6.25) 16.34 (8.06)
Mean differences 0.07 (0.16)b 0.21 (0.02)a 0.23 (0.02)a 0.03 (0.01)b 0.000**

At week 12 13.20 (6.98) 8.81 (5.44) 11.36 (6.02) 16.03 (8.00)
Mean differences 0.18 (0.25)a 0.22 (0.02)a 0.25 (0.02)a 0.05 (0.012)b 0.000**

HILT: High-intensity laser therapy.
a: percentage change from baseline (week 0) to week 4; b: percentage change from baseline (week 0) to week 12.
In each line, different superscripts indicate statistically significant difference between groups. * p < 0.05; ** p < 0.001.
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mouth opening,22 but some studies have reported that it has
no effect on the treatment of pain, swelling, and trismus in
TMJ dysfunction.23,24 HILT can stimulate joints more dee-
ply and treat a wider area than LILT, thus HILT for TMD
may improve pain and function more than LILT. HILT has
been known to reduce heat accumulation in tissues and to
have photothermal and photochemical effects on deep tissues
for limited periods.25 This study has demonstrated that in
patients with DDWR, the effectiveness of HILT is similar
to that of US and OS therapy in reducing pain and increasing
mouth opening. However, HILT also has quite positive
effects on disability and quality of life compared with other
methods.

This study may have some limitations due to its method-
ology. Different results can be obtained with HILT when it is
used with different power and wavelengths and different
durations. OS treatment is inherently dependent on patient
compliance, and poor compliance may affect its success. In
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addition, self-reported VAS pain, disability, and quality of
life scales may be subjective in nature. In this study, the long
follow-up period was limited to three months, similar to that
reported in the literature, but longer follow-up periods are
required to evaluate the true effectiveness of the treatments.

The strengths of this study are that it was, to our knowl-
edge, the first study to apply HILT treatment to TMDs, to
evaluate healing both in the short and long term, and to
use psychosocial parameters in addition to physiological
parameters in the evaluation.

Conclusıon

OS, US, and HILT resulted in significant improvements in
pain, function, disability, and quality of life in patients with
DDWR, both in the short and long term. HILT, a new treat-
ment, has been found to be as effective as OS and US in
patients with painful TMD. The short-term effects of US
and HILT treatment on disability and quality of life were bet-
ter than OS in this study. HILT can be an alternative treat-
ment for TMD because it can stimulate deeper and larger
tissues than LILT and so transfer more energy to the tissues.
A large number of randomised controlled clinical studies are
now needed on the therapeutic effects of HILT in TMD
patients.

Conflict of interest

We have no conflicts of interest.

Ethics statement/confirmation of patients permission

This study was approved by the Human Research Ethics
Committee of the Faculty of Medicine, Afyonkarahisar
Health Sciences University (Decision no: 2019/184).
Patients were given a full explanation of the treatment proto-
col and asked to sign written informed consent. The study
was carried out according to the Helsinki Declaration.

References

1. Carrasco TG, Mazzetto MO, Mazzetto RG, et al. Low intensity laser
therapy in temporomandibular disorder: a phase II double-blind study.
Cranio 2008;26:274–281.

2. Chang WD, Lee CL, Lin HY, et al. A meta-analysis of clinical effects
of low-level laser therapy on temporomandibular joint pain. J Phys
Ther Sci 2014;26:1297–1300.

3. Suvinen TI, Reade PC, Kemppainen P, et al. Review of aetiological
concepts of temporomandibular pain disorders: towards a biopsy-
chosocial model for integration of physical disorder factors with
psychological and psychosocial illness impact factors. Eur J Pain
2005;9:613–633.

4. Dworkin SF, LeResche L. Research diagnostic criteria for temporo-
mandibular disorders: review, criteria, examinations and specifications,
critique. J Craniomandib Disord 1992;6:301–355.
5. Vogl TJ, Lauer HC, Lehnert T, et al. The value of MRI in patients with
temporomandibular joint dysfunction: correlation of MRI and clinical
findings. Eur J Radiol 2016;85:714–719.

6. Liu F, Steinkeler A. Epidemiology, diagnosis, and treatment of
temporomandibular disorders. Dent Clin North Am 2013;57:465–479.

7. Conti PC, da Corrêa AS, Lauris JR, et al. Management of painful
temporomandibular joint clicking with different intraoral devices and
counseling: a controlled study. J Appl Oral Sci 2015;23:529–535.

8. Klasser GD, Greene CS. Oral appliances in the management of
temporomandibular disorders. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2009;107:212–223.

9. Esposito CJ, Veal SJ, Farman AG. Alleviation of myofascial pain with
ultrasonic therapy. J Prosthet Dent 1984;51:106–108.

10. Koneru J, Alaparthi R, Yalamanchali S, et al. Therapeutic ultrasound -
the healing sound and its applications in oral diseases: the review of
literature. J Orofacial Sci 2012;4:3–6.

11. Santamato A, Solfrizzi V, Panza F, et al. Short-term effects of high-
ıntensity laser therapy versus ultrasound therapy in the treatment of
people with subacromial ımpingement syndrome: a randomized clinical
trial. Phys Ther 2009;89:643–652.

12. Oliveira SS, Pannuti CM, Paranhos KS, et al. Effect of occlusal splint
and therapeutic exercises on postural balance of patients with signs and
symptoms of temporomandibular disorder. Clin Exp Dent Res
2019;5:109–115.

13. Okeson JP. Joint ıntracapsular disorders: diagnostic and nonsurgical
management considerations. Dent Clin North Am 2007;51:85–103.

14. Wewers ME, Lowe NK. A critical review of visual analogue scales in
the measurement of clinical phenomena. Res Nurs Health
1990;13:227–236.

15. Ohrbach R, Larsson P, List T. The jaw functional limitation scale:
development, reliability, and validity of 8-item and 20-item versions. J
Orofac Pain 2008;22:219–230.

16. Slade GD, Spencer AJ. Development and evaluation of the Oral Health
Impact Profile. Community Dent Health 1994;11:3–11.

17. Zhang H, Zhao YP, Han K. Effect of stabilization occlusal splint on
intra-articular pressure of the temporomandibular joint. Beijing Da Xue
Xue Bao Yi Xue Ban 2008;40:68–70, In Chinese.

18. Mohl ND, Lund JP, Widmer CG, et al. Devices for the diagnosis and
treatment of temporomandibular disorders. Part II: electromyography
and sonography. J Prosthet Dent 1990;63:332–336.

19. Grieder A, Vinton PW, Cinotti WR, et al. An evaluation of ultrasonic
therapy for temporomandibular joint dysfunction. Oral Surg Oral Med
Oral Pathol 1971;31:25–31.

20. Ucar M, Sarp Ü, Koca _I, et al. Effectiveness of a home exercise
program in combination with ultrasound therapy for temporomandibu-
lar joint disorders. J Phys Ther Sci 2014;26:1847–1849.

21. Gray RJ, Quayle AA, Hall CA, et al. Physiotherapy in the treatment of
temporomandibular joint disorders: a comparative study of four
treatment methods. Br Dent J 1994;176:257–261.

22. Ayyildiz S, Emir F, Sahin C. Evaluation of low-level laser therapy in
TMD patients. Case Rep Dent 2015;2015 424213.

23. Røynesdal AK, Björnland T, Barkvoll P, et al. The effect of soft-laser
application on postoperative pain and swelling. A double-blind,
crossover study. Int J Oral Maxillofac Surg 1993;22:242–245.

24. Ferrante M, Petrini M, Trentini P, et al. Effect of low-level laser
therapy after extraction of impacted lower third molars. Lasers Med Sci
2013;28:845–849.

25. Zati A, Valent A. Terapia fisica: nuove tecnologie in medicina
riabilitativa. Minerva Medica 2006f.

http://refhub.elsevier.com/S0266-4356(21)00305-3/h0005
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0005
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0005
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0010
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0010
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0010
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0015
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0015
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0015
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0015
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0015
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0020
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0020
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0020
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0025
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0025
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0025
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0030
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0030
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0035
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0035
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0035
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0040
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0040
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0040
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0045
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0045
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0050
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0050
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0050
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0055
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0055
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0055
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0055
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0060
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0060
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0060
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0060
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0065
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0065
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0070
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0070
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0070
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0075
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0075
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0075
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0080
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0080
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0085
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0085
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0085
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0090
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0090
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0090
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0095
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0095
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0095
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0100
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0100
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0100
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0100
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0105
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0105
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0105
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0110
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0110
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0115
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0115
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0115
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0120
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0120
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0120
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0125
http://refhub.elsevier.com/S0266-4356(21)00305-3/h0125

	Evaluation of the efficiency of different treatment modalities in individuals with painful temporomandibular joint disc displacement with reduction: a randomised controlled clinical trial
	Introductıon
	Materıal and methods
	Study design
	Subjects
	Interventions
	Measurements
	Statistical analysis

	Results
	Dıscussıon
	Conclusıon
	Conflict of interest
	Ethics statement/confirmation of patients’ permission
	References


