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Abstract 

Background  Temporomandibular Disorders (TMD) refer to a group of symptoms where pain is the most leading 
cause to demand a treatment by the patient. Light therapies are of great importance at current times due to its 
biosafety and non-invasive quality when used for the management of TMD symptoms. This study aimed to evaluate 
the efficacy of red LED light with low-level LASER in treating TMD patients.

Materials and methods  A double-blind randomized clinical study was conducted and included 60 patients along 
3 groups (20 for each group) presented with myofascial pain related to TMD. Patients were randomly divided into 3 
groups. Group A were managed by applying the LED light device into the trigger points without switching the device 
on. A red LED light was given to group B for 5 min at the tender muscles. Group C were treated by using low-level 
LASER therapy for 30 s. Patients were evaluated for any improvements regarding the pain score, presence of trigger 
points, and trismus along 4 visits (1 week interval between each visit). Any side effects related to the 2 devices were 
also assessed.

Results  Both group B and C patients showed a statistically significant improvement in the pain value (P < 0.05) at the 
3rd and 4th visits when compared to group A. Regarding tenderness, there was a reduction in the number of trigger 
points in both study groups; however, the results were insignificant in group B. Statistics showed insignificant differ‑
ences between group B & C patients regarding pain and number of trigger points at all visits (P > 0.05).

Conclusion  Both LED light and LASER therapies could effectively relieve pain associated with myogenic TMD as 
there were no important differences between their outcomes. However, the biosafety and lower cost of the LED light 
device compared to the LASER should also be considered.

Trial Registration This clinical trial was prospectively registered (TCTR ID: TCTR20190507002) on 07/05/2019. URL: 
http://​www.​thaic​linic​altri​als.​org/​show/​TCTR2​01905​07002
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Background
Temporomandibular Disorders (TMD) refer to a group of 
symptoms that may originate from temporomandibular 
joint (TMJ), muscles of mastication and their associated 
structures, or both [1–3]. Pain is the most significant fea-
ture of the TMD and the most common leading cause for 
patients to have a treatment [4].

TMD diagnostic criteria have evolved over the last 
three decades to achieve the most reliable and valid 
diagnosis. The recent Diagnostic Criteria for TMD (DC/
TMD) classify temporomandibular disorders into three 
groups: Group I: muscle disorders (including myofas-
cial pain with and without mouth opening limitation); 
Group II: disc displacement with or without reduction 
and mouth opening limitation; and Group III: arthralgia, 
arthritis, and arthrosis [5].

TMD is considered the second most common muscu-
loskeletal disorder that causes pain and disability, with an 
overall prevalence of 90%. Myogenous related TMD are 
considered the most common type [6, 7]. Patients with 
myogenic TMD usually complain of pain in the muscles 
of mastication that are usually aggravated during func-
tion, decreased mouth opening, muscle tenderness on 
palpation, and limitation of mandibular movements [8]. 
The temporalis and masseter muscles are the main mus-
cles involved in the myogenous type of TMD with irrita-
ble trigger points that become painful upon compression. 
The involved muscles are usually associated with a high 
concentration of inflammatory mediators that may 
complicate the situation and result in limitation due to 
muscle guarding [9]. Despite no clear or specific etiol-
ogy available to explain the pathophysiology of TMD, 
it’s well-known that psychological factor like stress may 
contribute to the development and maintenance of the 
symptoms of the myogenous related TMD [2, 8].

Different conservative treatment modalities for the 
arthrogenous type of TMD were implemented. All of 
them focused on relieving the patient’s pain, which is the 
crucial cause of disability and financial burden because 
of the chronic nature of this disease. A recent systematic 
review has showed a significant decrease in pain inten-
sity after treatment with an occlusal splint and laser ther-
apy [4, 10, 11]. Regarding the myogenous related TMD, 
radial extracorporeal shock wave therapy combined with 
physiotherapy was effective in treating the affected mas-
ticatory muscles by inducing neovascularization and 
increasing blood supply, reducing muscle spasm, and 
producing analgesic effects by blocking the pain signal 
transmission during treatment [9]. On the other hand, 
light therapies were proved to be effective in treating 
TMD with the same treatment principle, which begins as 
the light being absorbed by the tissue; this absorbed light 
will transform into heat [12]. The resulted heating will 

cause vasodilatation of the surrounding blood vessels, 
increasing blood supply to the affected area with wash-
ing out of the inflammatory mediators and relaxation of 
the smooth muscles, leading to improvement in patient 
symptoms [2, 12].

These effects of light therapies depend on the level on 
which their photons being absorbed. LASER can trigger 
additional photochemical reactions on the mitochon-
drial level, changing cell metabolism and protein syn-
thesis. Furthermore, it has been suggested that low-level 
light therapy induces new blood vessels formation with 
collagen production and increased fibroblast cells activ-
ity [13]. These factors besides raised tissue temperature 
will improve the microcirculation of the irradiated tissue 
with clearing off most of the inflammatory mediators [4]. 
The critical difference between these light therapies is the 
exact wavelength and optical power, which will deter-
mine the amount of the delivered energy and the depth of 
the light penetration through tissue [14].

Despite previous studies had been conducted to evalu-
ate the effectiveness of LASER and red LED light in the 
management of TMD, no consensus has been reached 
on the comparable therapeutic abilities of these treat-
ment modalities in relieving myogenous related TMD 
symptoms that identified by using the recent DC/TMD 
diagnostic criteria. The current study aims to evaluate 
the effectiveness of red LED light therapy, compared to 
low-level LASER, in relieving the symptoms of TMD and 
the side effects that may exist during treatment. To our 
knowledge, such comparison with similar parameters has 
not been studied in the literature.

Question in focus
Is the light therapy, in comparison with LASER, effective 
in relieving pain and symptoms of TMD patients?

Patients and methods
This study was a non-invasive, case–control, randomized 
and double-blind clinical trial. It has been conducted 
at the Oral and Maxillofacial Surgery Unit of the Den-
tal Teaching Hospital, from October 2019 to August 
2020, according to the ethical principles and in com-
pliance with the Declaration of Helsinki and its later 
amendments.

The included patients were undergraduate students in 
the College of Dentistry who presented with myofascial 
pain with or without limitation (Axis Ιa and Ιb) accord-
ing to the Diagnostic Criteria for Temporomandibular 
Disorders (DC/TMD) [5]. Any patient who had a his-
tory of familiar pain in more than one muscle of mas-
tication with a pain score ≤ 3 on the visual analog scale 
(VAS) was enrolled in this study. Patients with a history 
of recent surgical removal of wisdom tooth, orthodontic 
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treatment, TMJ trauma, arthrogenous related TMD, 
disc displacement (with or without reduction), condylar 
head fracture, and/or previous treatment of TMD in the 
last three months were excluded. The study participants’ 
allocations for different treatment modalities are clearly 
illustrated in Fig. 1.

Sample size was determined by means of G Power 
3.1 software. Informed consent was taken from all par-
ticipants. Randomization to divide those patients into 3 
groups was done by Microsoft Excel 2016, which used 
to create permuted blocks to ensure that all treatment 
groups will have the same number of patients. Group 
A (placebo control group) were managed by applying 
the red LED light device near the tender points with-
out switching the machine on. Group B (study group) 
received red LED light to the tender sites that applied for 
5 min to each point (masseter, temporalis and pre-auric-
ular muscle areas) extra orally according to the manufac-
turer instructions. In group C (study group), the patients 
were treated using low-level LASER therapy applied for 
30 s on the affected points (masseter, temporalis and pre-
auricular muscle areas) extra orally. The LED light device 
used in the current study had a wavelength of 660  nm 
(red light) with a power of 1.6 Watt, which is equiva-
lent to 1.6  J of work per second. The Diode LASER had 
the following parameters: wavelength = 810  nm, 2.5  Hz, 
and power = 1 Watt. Additional sessions of LASER were 
given to group A patients who still complaining from 

pain related to TMD; all patients were followed up until 
complete relief of pain.

The initial diagnosis and subsequent evaluations of the 
treatment progress were made by an independent Maxil-
lofacial Surgeon along 4 visits (1  week interval between 
each visit); the last one (4th visit) was just a follow-up 
appointment without any intervention. Any change in 
the pain score, presence of tenderness in the muscles of 
mastication (number of trigger points), trismus and/or 
side effects were assessed and reported.

The treatments for both study groups in the first 3 
visits were achieved by other operators. Both partici-
pants and the independent maxillofacial surgeon did 
not know the type of treatment offered to the patients. 
This clinical trial was prospectively registered (TCTR ID: 
TCTR20190507002) on 07/05/2019. The study protocol 
was approved by the Research Ethics Committee (Institu-
tional Review Board).

The statistical analysis was performed using Graph-
Pad Prism version 6.0 for Windows (GraphPad Soft-
ware, La Jolla, CA, USA). Descriptive statistical analysis 
included demographic data, calculation of percentage, 
mean ± standard deviation (SD), and median. Shapiro–
Wilk test was utilized to check the normality of data 
distribution. Mann–Whitney U-test was used to com-
pare between non-normally distributed values of two 
groups. The P-value has been considered significant if it 
was ≤ 0.05.

Fig. 1  A flow diagram showing patients enrollment along the 3 groups
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Results
Over a period of ten months, 60 dental students along 
3 groups (20 in each group) were enrolled in this study; 
all participants completed the study and no one lost in 
the follow-up. They were 50 females (83%) and 10 males 
(17%) whose ages ranged from 19 to 22 years with a mean 
age of 20.6 years; a detailed demographic features regard-
ing different parameters for all groups are presented in 
Table 1.

In this study, 92% of the patients gave a history of high 
stress. In comparison, 8% linked them to the surgical 
extraction of wisdom teeth. In 45% of the patients, yawn-
ing made symptoms worse; while 30% of them found that 
chewing gum has aggravated the symptoms, and 25% suf-
fered from severe episodes of pain after eating hard food.

According to sites of pain, intraoral application was not 
made and all interventions by the 2 devices were applied 
extra-orally on the tender points (masseter, temporalis, 
and pre-auricular muscle areas). The clinical examination 
showed a 156 trigger points distributed into the right and 
left sides of the patient’s faces; TMD affected the left side 
of the face in 86.7% of the patients.

Statistically, there was a non-significant differences 
between the mean pain score of the control group (A) 
and the other 2 study groups (B and C) at the base line 
visits (P = 0.87 and 0.97 for A, B and A, C groups respec-
tively). In the later visits, both group B (red LED light) 
and group C (LASER) patients showed a statistically sig-
nificant improvement in the pain value at the 3rd and 4th 
(follow-up) visits when compared to group A (placebo) 
patients (Tables 2 and 3). However, statistics showed no 
significant differences between group B & C patients con-
cerning pain improvement at all visits (P > 0.05) with a P 
value of 0.76 at the last follow-up (fourth) visit.

Regarding tender sites, there was a non-significant 
differences between the mean number of trigger points 

of the control group (A) and the other 2 study groups 
(B and C) at the base line visits (P = 0.92 and 0.93 for 
A, B and A, C groups respectively). The results indi-
cated a reduction in the number of the trigger points in 
group B patients who received red LED light at the 3rd 
and 4th visits; however, it was statistically insignificant 
when compared with group A patients (Table  4). On 
the other hand, there was a highly significant reduction 
in the number of trigger points in group C patients at 
the 3rd and 4th visits (Table 5). Again, statistics showed 
insignificant differences between group B & C patients 
in reducing trigger points at all visits (P > 0.05) with a P 
value of 0.42 at the last follow-up (fourth) visit.

Table 1  Demographic features of patients in the 3 groups

n number of occurrences
† By VAS (Visual Analog Scale)

Parameter Group A Group B Group C

Gender (n)

Female 14 20 16

Male 6 0 4

Age (mean) 22.6 22.7 21.9

Psychological distress (%) 90 100 85

Duration of symptoms in years (mean) 1.9 2.2 2.1

Previous treatment (%) 20 30 20

Initial pain score† (mean) 3.85 3.8 3.95

Presence of clicking (%) 70 80 90

Table 2  Comparison between group A and B patients regarding 
pain reduction

a By Mann–Whitney U-test
ns Non-significant

*Significant

Periods Group A (pain 
score) Mean ± SD

Group B (pain 
score) Mean ± SD

P-valuea

Base line visit 3.85 ± 1.79 3.8 ± 1.24 0.872 ns

2nd visit 3.6 ± 1.15 2.45 ± 1.52 0.091 ns

3rd visit 3.55 ± 0.87 2.35 ± 1.66 0.031*

Follow-up visit 3.7 ± 1.79 2.25 ± 1.81 0.017*

Table 3  Comparison between group A and C patients regarding 
pain reduction

a By Mann–Whitney U-test
ns Non-significant

*Significant

Periods Group A (pain 
score) Mean ± SD

Group C (pain 
score) Mean ± SD

P-valuea

Base line visit 3.85 ± 1.79 3.95 ± 2.05 0.976 ns

2nd visit 3.6 ± 1.15 3.3 ± 2.54 0.541 ns

3rd visit 3.55 ± 0.87 2.3 ± 1.88 0.042*

Follow-up visit 3.7 ± 1.79 2.15 ± 2.16 0.019*

Table 4  Comparison between group A and B patients regarding 
number of trigger points

a By Mann–Whitney U-test
ns Non-significant

Periods Group A (trigger 
points) Mean ± SD

Group B (trigger 
points) Mean ± SD

P-valuea

Base line visit 2.75 ± 1.48 2.7 ± 1.59 0.928 ns

2nd visit 2.65 ± 1.30 2.3 ± 1.12 0.548 ns

3rd visit 2.65 ± 1.13 2.1 ± 1.20 0.177 ns

Follow-up visit 2.7 ± 1.38 1.9 ± 1.25 0.06 ns
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There were no complaints about the limitation of 
mouth opening in all patients and no changes observed 
during treatment sessions regarding this variable. Both 
study groups did not report any complication or side 
effect regarding LED and/or LASER device.

Discussion
Several previous studies regarding TMD have showed 
greater frequency and severity of this disease in females 
than males [2–4, 11]. These findings are consistent with 
our results, as the patients enrolled were predominantly 
females. Many factors were assumed to explain these dif-
ferences, like behavioral, psychosocial, hormonal, and 
constitutional factors, but no conclusions are drawn [8, 
15].

In the current study, results showed that stress was 
thought to be the leading cause of the TMD symptoms 
in most patients (92%). This stress could be explained 
as those students are usually subjected to daily exams in 
the college together with high educational requirements. 
Furthermore, the enrolled participants had undergone 
variable patterns of stress and obstacles through the 
period of pandemic COVID-19 regarding daily course 
quizzes, multiple interruptions in their sessions attend-
ance, extended period of final exams (hot weather), and 
the fear of not completing the academic year.

The left side seemed to be affected (86.7%) more than 
the right side of the face, which may be related to the 
right side chewing preferences [16] since unilateral chew-
ing can cause wasting of the masticatory muscles on the 
left side from hypoactivity, render them more susceptible 
to injury and myogenous related TMD [17].

Regarding the number of the patients that partici-
pated in this study, de Sousa et al. [18] proposed a study 
protocol designed to compare the effects of photother-
apy (infrared LEDs 850 nm, red LED light 660 nm, and 
placebo control group) on TMD patients diagnosed 
according to the research diagnostic criteria for temporo-
mandibular disorder—RDC/TMD. The authors suggested 

that 33 participants (11 patients for each group) will be 
sufficiently large for a level of significance at P = 0.05.

Group A patients have almost showed no any improve-
ment regarding pain nor the number of tender points 
through all the treatment sessions, although the leading 
cause of TMD being psychological stress. Placebo and 
illusional treatment may have no role in patient improve-
ment [19]. Despite this result, the presence of the control 
group (to compare with) in the TMD studies is highly 
important since the change in symptoms due to the fluc-
tuating nature of this disease may not reflect the actual 
achievement of the treatment modality used [20].

In group B patients who treated with red LED light, 
there was a significant improvement regarding pain 
scores at the 3rd and 4th visits when compared with pla-
cebo group. These findings were in agreement with a pre-
vious study conducted by Al-Quisi et al. [2] who specified 
the useful role of red LED light in the improvement of 
TMD patients’ symptoms regarding pain, and number of 
the trigger points. Furthermore, there was a significant 
improvement in the pain values for group C (LASER) 
patients at the 3rd and 4th visits compared to placebo 
group A patients. These outcomes may disagree with 
Emshoff et  al. study [21] who suggested that low-level 
LASER therapy is not better than placebo in reducing 
TMJ pain during function. This may be attributed to the 
use of different type of LASER with different wavelength 
and power, including patients with arthrogenous TMD 
who may not respond to light therapy, as well as the lim-
ited application of LASER to the pre-auricular area only. 
At the same time, the results of the current study were 
in line with recent studies that reported the effectiveness 
of low-level LASER in reducing pain associated with the 
myogenous related TMD. [22, 23]

Although both study groups (LED and LASER) 
showed reduction of the number of the trigger points 
in comparison with placebo group, the red LED light 
failed to achieve the same values as the results were 
insignificant in group B (Table 4). This can be explained 
by the different mechanism of action for both red LED 
light and LASER devices. The LED light therapies work 
on the same basic principles of thermotherapy, as the 
absorbed light will be transformed into heat and this 
will increase the cellular nutrition by the increased 
blood supply to the affected area which in turn leads 
to increased cell activity and energy production, thus 
helps in the healing of the tissue and regeneration of 
new healthy tissue in a phenomenon called photobi-
ostimulation [24–26]. Instead, low-level LASER doesn’t 
induce thermotherapy but it can stimulate photochemi-
cal reaction that changes mitochondrial metabolism, 
increases ATP production, improving tissue oxygena-
tion by induction for new blood vessels formation, and 

Table 5  Comparison between group A and C patients regarding 
number of trigger points

a By Mann–Whitney U-test
ns Non-significant

*Significant

Periods Group A (trigger 
points) Mean ± SD

Group C (trigger 
points) Mean ± SD

P-valuea

Base line visit 2.75 ± 1.48 2.7 ± 1.45 0.936 ns

2nd visit 2.65 ± 1.30 2.3 ± 1.26 0.322 ns

3rd visit 2.65 ± 1.13 1.5 ± 0.88 0.002*

Follow-up visit 2.7 ± 1.38 1.55 ± 0.94 0.004*
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increases serotonin and endorphin levels [13]. Another 
cause for this difference in the results regarding tender 
points might be the short follow-up period.

Nevertheless, the study results have showed that 
both LED light & LASER had no important differ-
ences between their results regarding changes in pain 
value (improvement) and reduction in the tender sites. 
These outcomes were consistent with the findings of a 
recent randomized controlled trial conducted by Her-
pich et al. [27] who evaluated the short-term combined 
effects of different types of phototherapy, including 
LASER (905 nm), infrared (875 nm) and red LED light 
(640 nm) in TMD female patients (axis I, II, and IIIa) at 
different doses. The study results revealed a highly sig-
nificant improvement in pain intensity at the different 
doses with no reported significant difference between 
the study groups.

The findings of the current study were in line with a 
very recent comparative study on TMD patients by Lan-
gella et  al. [28] who used red LED light (630 ± 10 nm) 
for one group and low-level laser therapy (850 ± 10 nm) 
for another group. Treatment was applied for the preau-
ricular, masseter, and temporalis muscle areas for both 
groups twice a week for four weeks; the pain induced 
by palpating the masseter muscle and maximum mouth 
opening was measured by using the Visual Analogue 
Scale. The authors concluded that both LED and laser 
therapy showed similar positive results regarding pain 
intensity and range of mandibular movement in TMD 
patients.

These previous facts may bring attention to the dif-
ference in the cost of the devices, as LED light is much 
cheaper than LASER device with higher biosafety [29] 
and lower treatment precautions [30].

Conclusions
It can be concluded that both red LED light and LASER 
therapies could effectively relieve symptoms that 
associated with TMD with no significant differences 
between their outcomes, but one should also consider 
both devices’ cost. As well, the biosafety and non-
invasive quality of LED light making it the preferred 
choice over LASER device in the treatment of TMD 
patients. Within limitations of the study, larger num-
ber of participants with longer follow-up periods are 
recommended.

Abbreviations
TMD	� Temporomandibular disorders
TMJ	� Temporomandibular joint
VAS	� Visual analog scale
SD	� Standard deviation
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