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Aims and Objectives: The study was carried out to evaluate the efficacy of four 
conservative therapeutic modalities on the mandibular range of motion (MRM) 
in subjects with anterior disc displacement with reduction (ADDwR) of the 
temporomandibular joint (TMJ). Materials and Methods: One hundred patients 
(64 women and 36 men) were selected, and randomly distributed into four 
groups. Group I: Subjects receiving behavioral therapy (BT). Group II: Subjects 
receiving low-level laser therapy (LLLT). Group III: Subjects receiving maxillary 
anterior repositioning splint (MARS). Group IV: Subjects receiving stabilization 
splint (SS). The MRM was evaluated for each patient before treatment and 
after 6 months. Paired t test and one-way analysis of variance (ANOVA) tests 
were used for statistical analysis followed by a post hoc Tukey test (P ≤ 0.05). 
Results: All groups showed significant improvement in MRM after 6 months of 
treatment (P ≤ 0.05) except for BT. There was a significant improvement for SS 
and MARS on the different movements of MRM, more than for LLLT and 
BT (P ≤ 0.05). Conclusion: The MARS and the SS are effective in increasing the 
MRM for patients with ADDwR.
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IntroductIon

T he term “temporomandibular disorders” (TMD) 
is referred to a large group of disorders that affect 

the temporomandibular joint (TMJ) and its related 
musculoskeletal structures.[1] TMJ disc displacement 
is a disorder characterized by misalignment of the 
articular disc as related to the mandibular condyle 
and the articular fossa.[2,3] Disc displacement affects 
around 41% of patients with TMD.[4] TMJ Internal 
derangement can be classified into three categories 
according to the Research Diagnostic Criteria for TMD 
(RDC/TMD);[5] disc displacement with reduction and 
disc displacement without reduction with or without 
limited mouth opening.

Anterior disc displacement with reduction (ADDwR) 
is the most prevalent type, which is characterized 
by a shift occurring during mouth closing and 
reduction of the disc to its normal relationship with 
the mandibular condyle and the glenoid fossa that is 
evident during mouth opening.[6] Disc displacement 
disrupts the normal function of the TMJ and can cause 
pain, reduced mandibular movements, and deficient 
mastication. A  clicking or popping sound during the 
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opening and closure of the mouth (reciprocal click) 
can occur as a result of a displaced disc.[7,8] It has 
been stated that “One of the clinical characteristics of 
ADDwR is reduced mouth opening, which is generally 
accompanied by a mandibular deviation to the affected 
side until a pop or click (reduction) took place.”[9]

The primary treatment objectives for individuals with 
ADDwR are to reduce pain, restore chewing function, 
improve mandibular range of motion (MRM), and 
enhance patients’ quality of life.[10] The therapeutic 
options range from non-invasive reversible procedures 
to minimally invasive and invasive irreversible 
procedures. Although surgical procedures may be 
helpful in some cases, conservative therapy should 
be the first therapeutic option to avoid the risk of 
postoperative side effects. Conservative therapies 
include behavioral therapy (BT), thermal, and coolant 
therapy, repositioning splints, stabilization splints (SS), 
and low-level laser therapy (LLLT).[11,12]

BT is a psychologically based treatment that has been 
proposed for patients suffering from chronic TMD 
pain.[13] Such therapy is non-invasive, reversible, and 
safe therapeutic option that comprises a variety of 
techniques including; cognitive BT, biofeedback, 
re-education, and other techniques for relaxation 
which aim to reduce disabilities associated with pain 
and enhance pain coping skills by improving cognitive 
and adaptive behaviors.[14]

LLLT has been used recently as a conservative 
treatment approach for individuals with TMD and 
myofascial pain.[15] LLLT is a form of phototherapy 
that produces biostimulation and analgesia without 
causing temperature changes.[16] It is considered a 
successful, simple, and short-term therapeutic approach 
that has gained popularity as an alternative treatment 
for TMD due to its analgesic, anti-inflammatory, and 
regenerative properties.[17,18]

Occlusal splints can be divided into two categories 
according to the intended use: stabilizing and 
repositioning splints.[19] Treatment with occlusal 
splint aims to realign the articular disc between the 
mandibular condyle and the articular fossa, reduce 
TMJ pain and noise, enhance masticatory function, 
remove disc interference, and recapture the displaced 
disc. Even though many types of occlusal splints have 
been used to treat TMD, there is still much disagreement 
over the form of occlusal splints, how they should be 
worn, and their mechanism of action. Various forms 
of splints have been evaluated for the treatment of disc 
displacement, however, the most frequently employed 

types are anterior repositioning (maxillary anterior 
repositioning splint [MARS]) and SS.[20] Occlusal 
splints were originally constructed of acrylic resin and 
designed to cover most or all of the teeth in the maxillary 
or the mandibular arch. Nowadays, there have been 
significant advancements in materials, designs, and the 
use of occlusal splints as therapeutic appliances.[21]

There are various conservative treatment options 
available for cases of TMJ disc displacement with 
reduction (ADDwR) in the literature. Yet, there is 
limited data available regarding which treatment is 
more effective in improving MRM in ADDwR cases. 
Consequently, this study aimed to compare the efficacy 
of four non-invasive therapeutic interventions (BT, 
LLLT, MARS, and SS) on the different movements of 
MRM of ADDwR cases. The study hypothesized that 
none of the above different treatment modalities would 
have a significant effect on MRM for ADDwR cases.

MAterIAls And Methods

This randomized clinical trial included 100 patients, 
consisting of 64 women and 36 men, the age of patients 
ranged from 21 to 44  years old. These patients were 
recruited from the outpatient clinic of the Department 
of Removable Prosthodontics, Faculty of Dental 
Medicine, Al-Azhar University between March 2016 
and April 2020. The Research Ethical Committee at 
the Faculty of Dental Medicine, Al-Azhar University 
granted ethical approval for the study under the 
number 502-04-16. Before their enrollment in the study, 
all participants provided their informed consent by 
signing appropriate forms.

All participants were diagnosed with TMJ ADDwR 
based on the research diagnostic criteria for 
temporomandibular disorders (RDC/TMD)[5]; 
Additionally, they underwent a bilateral magnetic 
resonance imaging (MRI) examination of their 
TMJ before treatment using the Ingenia S, MRI 
system from Philips, Amsterdam, Netherlands. Two 
examiners, blinded to the study grouping and treatment 
interventions and experienced in TMD made the 
diagnosis and treatment evaluations.

InclusIon crIterIa

To be included in the study, patients had to be 
diagnosed with unilateral TMJ disc displacement and 
have TMJ pain, noise, and restricted mouth opening. 
Additionally, they had to have persistent reciprocal 
joint clicking sounds during early or late opening and 
closing, a history of restricted mouth opening for more 
than 2 weeks, and pain in the TMJ area that worsened 
during jaw function or movement.
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exclusIon crIterIa

The study excluded individuals who had undergone 
previous TMJ surgery, had a history of head and 
neck radiotherapy or chemotherapy, had a systemic 
inflammatory joint disease, had a pathological lesion 
in the joint, had experienced direct trauma to the facial 
bones, had congenital disturbances such as hyperplasia 
or hypoplasia of the joint, had osteoarthritic changes 
in the TMJ bony components, or had lost the normal 
TMJ disc architecture due to thinning or perforations 
of the disc.

study groups

A total of 100 participants were recruited and randomly 
selected into four groups of 25 patients. All participants 
satisfying the inclusion and exclusion criteria over the 
period from March 2016 to April 2020 were included in 
the study. The randomization process was done using a 
block random allocation method through IBM SPSS 
version 20.0 software. All therapeutic interventions 
were provided by two skilled professionals who were 
also responsible for the randomization process.

Group I: Patients were treated using BT. Counseling 
was used to reduce the severity of symptoms 
and increase pain coping skills. Information, 
explanation, and reassurance during the first visit 
and also in later phases of management were given 
to increase the compliance of the patient. The study 
participants were provided with information about 
the pain pathology, dysfunction related to TMJ disc 
displacement, and the co-factors, which included 
psychological and behavioral aspects, as well as 
general medical conditions, that played a role in 
their TMD symptoms. They were also informed 
about the possible fluctuations in TMD symptoms. 
Patients were instructed to relax their TMJs as much 
as possible, to avoid tough foods, to use heat packs, 
and avoid incorrect working/sleeping and forehead 
positions and informed of their responsibility in 
the therapeutic process (compliance, motivation, 
coping). The patients were advised to adhere to 
the recommendations for a period of 6  months 
and provided with a pamphlet containing all the 
necessary instructions.

Group II: Patients were treated with LLLT according 
to the following protocol: laser was applied over 
the joint area twice a week for the 4 weeks of the 
treatment duration (a total of eight sessions). The 
equipment used was TOWER LIGHT LASER 
(ELETTRONICA PAGANI, Paderno Dugnano, 
Milan, Italy). The emitted radiation is obtained 
from a solid-state laser source with a wavelength of 
808nm, in continuous emission. The output power 

was adjusted to 70 mW and doses of 105 J/cm
2. 

During each session, laser therapy was administered 
at five specific points on the TMJ, which were 
predetermined to be the anterior, superior, posterior, 
and posteroinferior regions of the mandibular 
condylar, as well as the external acoustic canal. 
A  self-adhesive plastic template was made for 
each participant to ensure replication of points of 
laser application each session. A  central part was 
marked in the template with a 10 mm diameter to 
be positioned over the lateral edge of the condyle 
and the application points (anterior, posterior, 
superior, and posteroinferior) were marked 10 mm 
anterior, posterior, superior, and posteroinferior to 
the central part.

Group III: Patients were treated with MARS appliance, 
which was fabricated from a 2 mm Polyethylene 
terephthalate sheet (Folidur N/clear, Thermoforming 
Sheet, al dente Dental produkte GmbH, Horgenzell, 
Germany) and cold-curing acrylic resin (Vertex™ 
Orthoplast, Zeist, Netherlands) [Figure 1]. The 
splint was made with a guiding ramp in the anterior 
region that compels the mandible to adopt a more 
forward position in relation to the intercuspal 
position. Identifying the most appropriate position 
(therapeutic position) to alleviate the patient’s 
symptoms is crucial to the fabrication of an effective 
MARS appliance. The patient was directed to move 
the mandible slightly forward and perform opening 
and closing movements in this position. The TMJ 
was re-assessed for any symptoms, and the anterior 
position that prevented clicking was detected and 
identified using red articulating paper. An anterior 
ramp was constructed at this therapeutic position, 
and the patient was advised to wear the appliance 
for at least 12 h overnight every day for six months.

Figure 1: Maxillary anterior repositioning splint
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Group IV: Each patient received treatment with 
an SS appliance that was custom-made using a 
Polyethylene terephthalate sheet and self-curing 
acrylic resin [Figure 2]. The splint was modified 
orally so that mandibular buccal cusp tips and 
incisal edges have simultaneous occlusal contacts 
with the splint in a centric relation position, while 
during protrusive and lateral movements, canine-
protected occlusion was established. During the 
fabrication of the splint, the excess self-curing 
acrylic resin surrounding the centric contacts was 
removed, except labial to the mandibular canines, 
to create eccentric guidance so that the canine 
was able to pass over smoothly and continuously 
during protrusive and latero-trusive excursions. 
The splint was used by patients during sleeping 
hours (at least 12 h per day) for the entire treatment 
period of 6 months. All patients were followed-up 
by telephone calls to ensure compliance with the 
treatment prescribed.

MeasureMents of MrM
The measurements of MRM were registered at baseline 
and after six months of treatment, using a digital 
caliper according to the following criteria:

1. Measurements of mouth opening: Subjects were 
instructed to open their mouth comfortably to 
measure pain-free mouth opening and to open 
widely to measure the unassisted maximal mouth 
opening. In addition, the assisted mouth opening 
was recorded after a gentle pressure was applied to 
achieve the maximum mouth opening. The vertical 
inter-incisal distance, which refers to the space 
between the upper and lower incisors, was calculated 
and used for the registration of all mouth-opening 
measurements.[22]

2. Measurements of lateral movements: Subjects 
were instructed to open slightly and move the 
mandible as extensively as they could to the right or 
left. Measurements were registered using a digital 
caliper from the labio-incisal embrasure between 
the mandibular central incisors to the labio-incisal 

embrasure of the maxillary incisors; lateral 
movements were measured during contralateral and 
ipsilateral jaw movements.[22]

3. Measurement of protrusive movement: Subjects 
were instructed to open slightly from the rest 
position and to maximally protrude the mandible 
and the horizontal distance between the upper 
and lower central incisors’ incisal edges was 
observed and recorded. Additionally, the amount 
of horizontal overlap was assessed and included in 
the measurement of the distance between the incisal 
edges of the maxillary and mandibular incisor 
teeth.[22]

All measurements were recorded separately by two 
independent examiners for all participants, with the 
first examiner performing all measurements on each 
participant twice. The second examiner carried out the 
measurement procedure in the same manner as the first 
examiner. There was a 24-h period between the two 
measurements and the second examiner was blinded to 
the recordings of the first examiner.

The number of participants in the study was determined 
by using the findings of the previous research conducted 
by Haketa et  al.[23] and the expected sample size was 
21 individuals per group, with an α level of 0.05 (80% 
power) and an effect size of 36.93.

Statistical analyses

The means of different measurements of MRM of each 
group were calculated. Data were collected, organized 
into tables, and statistically analyzed by IBM SPSS 
version 20.0 software for Windows. The comparison 
between groups was performed by conducting a one-
way analysis of variance (ANOVA) test, followed by 
a post hoc Tukey test at a 95% confidence level (P ≤ 
0.05), and paired t test was used to compare baseline 
and post-treatment data within each group.

Pearson’s correlation coefficients were employed with 
a confidence interval of 95% to evaluate the test-retest 
reliability between the first and second measurements 
taken by the second examiner. Furthermore, to ensure 
the inter-observer reliability of the calibration process 
between the two examiners, the mean of two readings 
taken by each examiner for the initial ten participants 
was computed and then evaluated using the intra-class 
correlation coefficient (ICC) test.

results

The PC coefficient which indicates test-retest reliability 
had a value of 0.98 (P < 0.01), and the average measure 

Figure 2: Stabilization splint
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ICC index between the two examiners was found to be 
0.97 (P < 0.01).

Table 1 shows the effect of BT, LLLT, SS, and MARS 
on different movements of the MRM of the ADDwR 
cases. The paired t test revealed statistically significant 
differences between baseline and post-treatment values 
for various movements of the MRM of the ADDwR 
cases in all treatment groups (P < 0.05) except that of 
BT(P > 0.05).

The mean changes between baseline and 6  months 
values of different measurements of MRM are shown 
in Table 2.

Table 3 shows the pair-wise comparisons of mean 
changes of different movements of MRM between the 
different treatment groups. The pair-wise comparisons 
using the post hoc Tukey test showed statistically 
significant differences for the mean changes of various 
movements of MRM (mouth opening without pain, 
unassisted maximum opening, maximum assisted 
opening, ipsilateral movement, contralateral movement) 
between all groups at 95% confidence level (P ≤ 0.05) 
except for protrusive movement between group MARS 
and group SS where P > 0.05. Serious complications 
such as alteration of occlusion or teeth mobility have 
not been observed in any participant.

Table 1: Different movements of mandibular range of motion for different groups at baseline and after 6 months of 
treatment

  Group I (BT) Group II  
(LLLT) 

Group III  
(MARS) 

Group IV  
(SS) 

Mouth opening without pain Baseline 24.66 ± 6.56 23.67 ± 7.79 23.87 ± 7.35 25.44 ± 6.32
6 months 25.45 ± 5.78 30.02 ± 8.22 34.72 ± 7.52 37.93 ± 7.88
P Value 0.52ns 0.00005* 0.002* 0.004*

Unassisted maximum opening Baseline 28.22 ± 7.89 26.27 ± 9.55 27.84 ± 8.97 27.12 ± 7.88
6 months 30.91 ± 8.98 34.92 ± 10.03 39.41 ± 9.56 42.89 ± 8.56
P Value 0.522ns 0.0255* 0.0038* 0.0001*

Assisted maximum opening Baseline 32.67 ± 9.11 31.88 ± 7.62 33.66 ± 8.79 32.99 ± 9.94
6 months 35.77 ± 8.96 40.64 ± 8.39 44.93 ± 7.47 49.94 ± 7.12
P Value 0.39ns 0.012* 0.003* 0.0001*

Ipsilateral movement Baseline 7.77 ± 3.25 7.65 ± 2.74 7.42 ± 1.18 7.11 ± 2.27
6 months 8.1 ± 2.94 9.5 ± 2.45 10.3 ± 2.12 11.9 ± 2.16
P Value 0.511ns 0.0004* 0.00001* 0.00001*

Contralateral movement Baseline 5.91 ± 2.89 6.34 ± 3.37 5.79 ± 2.12 6.01 ± 1.83
6 months 6.07 ± 1.74 7.13 ± 2.43 7.72 ± 2.16 8.39 ± 2.12
P Value 0.75ns 0.00003* 0.002* 0.006*

Protrusive movement Baseline 4.5 ± 1.68 4.2 ± 1.24 3.8 ± 1.87 4.1 ± 1.74
6 months 4.3 ± 1.97 5.5 ± 1.35 6.6 ± 1.64 7.3 ± 1.63
P Value 0.698ns 0.033* 0.0000049* 0.00001*

Number of patients  23 25 24 23
Ns = nonsignificant
*Denotes significant difference (P ≤ 0.05)

Table 2: Mean changes and standard deviations (SD ±) of the different movements of the mandibular range of motion 
(mm) of the four treatment groups

 Group I  
(behavioral  
 Therapy) 

Group II  
(Low-level laser  

Therapy) 

Group III  
(maxillary  anterior  

repositioning  
splint) 

Group IV  
(stabilization  

Splint) 

Mouth opening without pain 0.79 ± 1.9 6.36 ± 4.1 10.85 ± 3.5 12.49 ± 3.8
Unassisted maximum opening 2.69 ± 4.5 8.65 ± 2.5 11.57 ± 3.6 15.77 ± 3.2
Assisted maximum opening 3.1 ± 1.1 8.76 ± 3.6 11.27 ± 3.8 16.95 ± 4.3
Ipsilateral movement 0.33 ± 0.65 1.85 ± 0.38 2.88 ± 0.63 4.79 ± 1.7
Contralateral movement 0.16 ± 0.46 0.79 ± 0.38 1.93 ± 0.68 2.38 ± 0.18
Protrusive movement –0.2 ± 1.1 1.3 ± 0.72 2.8 ± 0.76 3.2 ± 1.6
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dIscussIon

Patients with TMD often experience restricted 
mandibular movements and pain in the TMJ area, 
masticatory muscles, and other related musculoskeletal 
structures in the head and neck area.[24,25]

Patients presently treated by LLLT, MARS, and SS 
showed a significant improvement of the different 
movements of the MRM (P ≤ 0.05), thus rejecting the 
null hypothesis that none of the different treatment 
modalities would have a significant effect on MRM 
for ADDwR cases. On the contrary, there was no 
corresponding improvement for the group treated with 
BT (P ˃ 0.05).

The pair-wise comparisons of mean changes of different 
movements of MRM between the different treatment 
groups revealed that there were significant differences 
in mean improvement of MRM of each movement of 
MRM between all the other treatment modalities (P 
≤ 0.05) except that between protrusive movement of 
MARS and SS (P ˃ 0.05).

With the exception of protrusive movement, the SS 
improved MRM significantly more than MARS and the 
other treatment modalities used in this study (P ≤ 0.05).

These results are at variance with some,[26] but 
others[27,28] found a marked improvement on MARS 
in vertical jaw opening after treatment with an SS. 
These findings are also consistent with a prior study 
by Hosgor et al.,[29] who compared the efficacy of four 
non-invasive treatment approaches for ADDwR and 
reported significant improvement in maximum mouth 
opening after treatment with occlusal splint and LLLT.

LLLT is a conservative therapeutic approach for 
individuals suffering from TMD with analgesic, anti-
inflammatory, muscle relaxant properties and bio-
stimulation effects. Despite various theories that have 
been proposed to explain LLLT effects, the actual 
mechanism of action remains unknown.[30-32] The 
current findings revealed that LLLT caused a significant 
improvement in MRM. These were in accordance with 
previous findings,[33-36] which might be related to pain 
relief following LLLT, since restricted mandibular 
movement may be a pain-protective response. However, 
other studies [37,38] have reported no significant outcome 
difference between LLLT and placebo in patients with 
TMD. It has been suggested that pain score or mandibular 
movements may be attributed to variation in laser type, 
dosages, wavelength, treatment time, and sessions.

In the present study, the mean baseline values for the 
maximum unassisted opening were ranging from 
26.27 ± 9.55 mm to 28.22 ± 7.89 mm for the different 
groups. These values improved after treatment with 
MARS and SS to 39.41 ± 9.56 mm and 42.89 ± 8.56 mm, 
respectively. This is in agreement with a previous study,[39] 
in which the corresponding baseline values were ranging 
from 27.6 ± 3.6 mm to 29.2 ± 2.9 mm and improved after 
treatment to 38.1 ± 4.1 mm to 43.3 ± 4.1 mm, respectively.

The baseline values of the protrusive movement in 
the present study were ranging from 3.8 ± 1.87 mm 
to 4.5 ± 1.68 mm and improved after treatment with 
MARS and SS to 6.6 ± 1.64 mm and7.3 ± 1.63 mm, 
respectively. This is in harmony with a previous 
study,[40,41] where the baseline values for the protrusive 
movement were 4.09 ± 1.41mm and improved after 
treatment to 7.3 ± 1.43 mm.

Table 3: Pair-wise comparisons of mean changes of different movements of mandibular range of motion between the dif-
ferent treatment groups

 Mouth opening 
without pain 

Unassisted maxi-
mum opening 

Assisted maxi-
mum opening 

Ipsilateral 
movement 

Contralateral 
movement 

Protru-
sive move-

ment 
Behavioral therapy vs. low-level 
laser therapy

0.046* 0.039* 0.035* 0.012* 0.040* 0.028*

Behavioral therapy vs. maxillary 
anterior repositioning splint

<0.001* <0.001* <0.001* <0.001* <0.001* <0.001*

Behavioral therapy vs. stabilization 
splint

<0.001* <0.001* <0.001* <0.001* <0.001* <0.001*

Low-level laser Therapy vs. 
Maxillary anterior repositioning 
splint

0.047* 0.045* 0.029* 0.039* 0.006* 0.006*

Low-level laser therapy vs. stabiliza-
tion splint

<0.001* <0.001* <0.001* <0.001* <0.001* <0.001*

Maxillary anterior repositioning 
splint vs. stabilization splint

0.047* 0.046* 0.031* 0.035* 0.047* 0.323ns

Ns = nonsignificant
*Denotes significant difference (P ≤ 0.05)
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BT did not show any improvement in the various 
movements of the MRM among ADDwR cases (P > 
0.05), which is consistent with a previous investigation 
by Okeson et  al.,[28] where they compared relaxation 
therapy with occlusal splint and found that relaxation 
therapy is an ineffective treatment for limited MRM 
associated with TMD. On the contrary, others[26] have 
recommended BT as an effective method for treatment 
of limited jaw function in TMD if  performed by a 
specialized therapist.

The current study showed better MRM improvement 
for subjects treated with SS than the other treatment 
modalities, this may be attributed to reducing the pain 
level.

The study’s limitation is a short follow-up period, 
which may not be sufficient to finally determine what 
conservative treatment modality of TMD is best. 
Another limitation was that due to high cost, there was no 
follow-up using MRI that could confirm repositioning 
of the TMJ disc in relation to the mandibular condyle. 
Therefore, additional investigations are required to 
assess the long-term effectiveness of these therapies.

conclusIon

Within the limitations of the study, it can be concluded 
that MARS and SS are effective treatment methods for 
improving the MRM of ADDwR cases. BT appears to 
have little effect on MRM of ADDwR cases. LLLT can 
be used as a complementary therapy to occlusal splints.
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