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INTRODUCTION
Temporomandibular Joint Disorders (TMDs) are musculoskeletal 
disorders of the masticatory system involving the TMJ, the muscles 
of mastication, and associated head and neck musculature [1]. 
This prevalent condition affects approximately 5-12% of the 
adult population [2]. The literature states that 40-75% of healthy 
individuals have atleast one sign of TMD, while about 33% may 
have atleast one symptom of TMD [1,2]. Although TMDs can occur 
at any age, an increased prevalence is observed in early adulthood, 
between 20 and 40 years [3]. Regarding gender, a two- to four fold 
higher prevalence is observed in women [4].

TMDs exhibit a multifactorial aetiology with varied clinical signs and 
symptoms such as pain while chewing, headaches, neck pain, 
tinnitus, clicking, TMJ sounds, restricted jaw movement, deviation, 
locked jaw, etc. [2,5]. In most cases, symptoms cause increased 
tension in the masticatory musculature, and parafunction may 
worsen the symptoms [6,7]. Patients with TMD have an altered 
clinical presentation, experiencing mild to moderate or severely 
painful episodes that may be associated with restricted jaw motion 
or hypermobility of the TMJ [8].

Management is extensive and diverse due to the varied clinical 
presentations and the multifactorial aetiology, thus involving 
professionals from different disciplines. Treatment includes non 
invasive and invasive modalities. According to the literature, several 

physical therapy interventions are found to be potentially effective, 
including TENS, LLLT, acupuncture, ultrasound, TMJ mobilisation, 
and manual therapies. In addition, various non-surgical treatment 
options also exist, such as physiotherapy, removable appliances, 
and relaxation exercises [8-11].

Very few studies in the literature compare the three treatment 
modalities of TENS, LLLT, and ultrasound therapy [12,13]. The 
physician’s goal is to provide relief, reduce the frequency and 
intensity of pain, and improve jaw movements. Therefore, the 
present study aimed to perform a comparative analysis to evaluate 
the effectiveness of TENS, LLLT, and ultrasound therapy in reducing 
pain and improving pain-free mouth opening in patients suffering 
from TMDs. The novelty of this study lies in evaluating the mid-
treatment values of the VAS score and MMO.

MATERIALS AND METHODS
The randomised clinical trial was conducted in 30 patients clinically 
diagnosed with TMDs. The study took place in the Department of Oral 
Medicine and Radiology at Panineeya Institute of Dental Sciences 
and Research Centre, Hyderabad, Telangana, from December 
2014 to February 2017. The study protocol was approved by the 
institutional ethical review board (Institutional Ethical Committee, 
PMVIDS/OMR/0019/2014). Signed informed consents were 
obtained from all patients involved in the study.
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ABSTRACT
Introduction: Temporomandibular Joint Disorders (TMDs) are 
considered multifactorial, and several treatment approaches 
have been proposed for their effective management. The use 
of non invasive treatment modalities is recommended, which 
includes Transcutaneous Electric Nerve Stimulation (TENS), 
Low-Level Laser Therapy (LLLT), acupuncture, ultrasound, and 
manual therapies.

Aim: To evaluate the effectiveness of TENS, LLLT, and ultrasound 
therapy in patients suffering from TMDs.

Materials and Methods: This prospective, randomised 
clinical trial was conducted on thirty patients (11 males, 
19 females) clinically diagnosed with TMD associated with 
Temporomandibular Joint (TMJ) pain, clicking joint sound, 
pain in the muscles of mastication, and limited mouth opening. 
Patients were sequentially randomised into three groups to 
be treated with TENS, laser beam, and ultrasound therapies, 
respectively. The Visual Analog Scale (VAS) Score and pain-
free mouth opening were recorded before, during, and after 
treatment. Data were analysed using Statistical Package 

for Social Sciences(SPSS) version 16.0 statistical software. 
Statistical tests such as the paired sample t-test, Analysis of 
Variance (ANOVA), and post-hoc Tukey test were performed.

Results: There was a significant reduction in the VAS score in 
the TENS group (3.15), LLLT group (5.75), and ultrasound group 
(5.50) post-treatment (p<0.001). In addition, improvements in 
Mean Mouth Opening (MMO) levels were observed with TENS 
(7.80 mm), LLLT (9.09 mm), and ultrasound therapy (7.15 mm). 
These differences were found to be statistically significant 
(p<0.05). The laser and ultrasound groups fared better than 
the TENS group in the reduction of VAS scores (p<0.05), and 
there was no significant difference in MMO among the three 
therapies.

Conclusion: Reductions in VAS scores and improvements in 
mouth opening were noticed in all three groups post-treatment. 
The laser and ultrasound therapies were more effective in 
reducing pain compared to TENS therapy. Comparing pre-
treatment and mid-treatment values, laser beam therapy proved 
to be more effective in reducing pain scores compared to TENS 
and ultrasound therapy.
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inclusion criteria: A total of 30 patients aged 18-65 years, 
exhibiting clinical signs and symptoms of TMD  i.e. TMJ pain, 
clicking joint sound, limited mouth opening, jaw lock and also those 
exhibiting disc displacement with and without reduction, TMJ 
arthralgia, and degenerative joint disease, based on the Research 
Diagnostic Criteria (RDC/TMD), were included in the study after 
obtaining consent.

exclusion criteria: Patients with cardiac pacemakers, malignancy, 
or any other severe systemic illness and those patients who were 
not willing to undergo treatment were excluded from the study

Sample Size estimation: The sample size was estimated using a 
study conducted by Cetiner S et al., [14]: 

The formula used was: ni=2 (Z1-α/2+Z1-β/ES)2

Where,

ni=sample size required in each subgroup

Z1-α/2=value from the standard normal distribution holding 1-α/2 
below it=1.96 for 95% CI

Z1-β=value from the standard normal distribution holding 1-β below 
it for a power of 80%=0.84.

ES=Effect size, calculated from the mean, is 1.2

Substituting the above values in the formula:

[Table/Fig-3]: Pre, mid and post-treatment change in Mean Mouth Opening 
(MMO). a) Pre-treatment pain free mouth opening.b. Mid treatment pain free mouth 
opening. c. Post-treatment pain free mouth opening.

[Table/Fig-2]: TENS therapy; b) Low level Laser Therapy (LLLT); c) Ultrasound 
therapy.

[Table/Fig-1]: CONSORT Flow Chart.

The electrodes were placed over tender points during the 
therapy, and an output frequency of 2-130 Hz was applied for 
20 minutes, with the intensity adjusted according to the patient’s 
sensitivity [5,15].

group-B underwent treatment with LLLT-Diode laser (Lite Medics, 
Italy) with a wavelength of 980 nm, one Joule, and 500 mW for 
six minutes. The treatment continued for eight sessions, i.e., two 
sessions per week [16,17].

group-C received treatment with ultrasound (Manual US Mini, 
SAS 180, Delhi) at an output of 1.0 W/cm2 for 10 minutes, 
adjusted to pulsed mode at a frequency of 1 MHz. There were 
12 sessions over two weeks, i.e., one session per day [18,19]. 
The application of TENS, LLLT, and ultrasound therapy is shown 
in [Table/Fig-2].

A history was recorded, and clinical examination was carried out 
for each patient prior to treatment. The pain score (0-10, where 0 
represents no pain and 10 represents the worst pain as perceived 
by the patient subjectively) was evaluated before, during (mid-
treatment), and after treatment using the Visual Analogue Scale 
(VAS) [20]. Pain-free interincisal mouth opening was recorded 
before, during (mid-treatment), and after treatment using a vernier 
caliper [Table/Fig-3].

ni=2 (1.96+0.84 / 1.2)2=2(2.2)2

=9.68, which is rounded off to 10

Thus, a sample size of 10 per subgroup would be required for the 
study to have 80% power and 95% confidence intervals.

Hence, the total sample size for the study was calculated as 30.

Procedure
Investigations such as a complete blood picture, clotting time, 
Orthopantomography (OPG), and Cone Beam Computed 
Tomography (CBCT) were performed as and when required.

Thirty patients were sequentially randomised into three groups 
(Group-A, Group-B, Group-C) of ten each by an individual not 
participating in the study. This trial was not blinded. The CONSORT 
flow chart is shown in [Table/Fig-1].

group-a was treated with TENS therapy (TENS Machine 4CH TENS, 
Pune) for eight sessions, divided into two sessions per week.
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treatment 
modalities/
groups

Mouth opening (mm) Mean 
 Difference 

(mm)
Std 

 Deviation

Std error 
Mean 
(mm)

95% Confidence interval of 
the Difference

t df p-valueBefore after lower upper

tenS 27.15±4.9 34.95±5.7 7.80 2.81 0.88 5.78 9.81 8.77 9 <0.001

lllt 23.70±4.1 32.79±5.4 9.09 3.80 1.20 6.36 11.81 7.54 9 <0.001

ultrasound 25.10±3.8 32.25±3.6 7.15 2.23 0.70 5.54 8.75 10.10 9 <0.001

[Table/Fig-5]: Comparison of change in Mean Mouth Opening (MMO) pre and post-treatment with TENS, LLLT and ultrasound therapy.
TENS: Transcutaneous electric nerve stimulation; LLLT: Low level laser therapy

group

group 
compari-

son
Mean Dif-
ference

Std. 
error

Signifi-
cance

95% Confidence 
interval

lower 
bound

upper 
bound

tenS
LLLT -1.80 0.56 0.010 -3.2 -0.39

Ultrasound -4.50 0.56 0.711 -1.8 0.95

lllt
TENS 1.80 0.56 0.010 0.39 3.2

Ultrasound 1.35 0.56 0.062 -0.05 2.7

ultrasound
TENS 0.450 0.56 0.711 -0.95 1.8

LLLT -1.35 0.56 0.062 -2.7 0.05

[Table/Fig-7]: Intergroup comparison of change in mean VAS score pre and mid- 
treatment with TENS, LLLT and ultrasound therapy.
VAS: Visual analog scale; TENS: Transcutaneous electric nerve stimulation; LLLT: Low level 
laser therapy

group
group 

 Comparison
Mean 

 Difference
Signifi-
cance

95% Confidence interval

lower 
bound

upper 
bound

tenS
LLLT -2.60 0.002 -4.25 -0.94

Ultrasound -2.35 0.004 -4.0 -0.69

lllt
TENS 2.60 0.002 0.94 4.25

Ultrasound 0.25 0.926 -1.40 1.90

ultrasound
TENS 2.35 0.004 0.69 4.00

LLLT -0.25 0.926 -1.90 1.40

[Table/Fig-8]: Intergroup comparison of change in mean VAS score pre and post-
treatment with TENS, LLLT and ultrasound therapy.
VAS: Visual analog scale; TENS: Transcutaneous electric nerve stimulation; LLLT: Low level laser 
therapy

Mouth opening Mean Difference 
(mm)

Std Deviation 
(mm)

Std error 
(mm)

95% Confidence interval of the 
Difference anova

Before Mid lower upper

tenS 27.15 mm±4.9 mm 32.6 mm±4.8 mm 5.45 2.56 0.81 3.61 7.28
F=4.560

p-value=0.02
lllt 23.70 mm±4.1 mm 29.4 mm±4.5 mm 5.70 2.86 0.90 3.64 7.75

ultrasound 25.10 mm±3.8 mm 27.9 mm±3.2 mm 2.80 1.47 0.46 1.74 3.85

[Table/Fig-9]: Comparison of change in Mean Mouth Opening (MMO) pre and mid treatment with TENS, LLLT and ultrasound therapy.
TENS: Transcutaneous electric nerve stimulation; LLLT: Low level laser therapy

treatment 
modalities/
groups

vaS Score

Mean Difference Std Deviation Std error 

95% Confidence interval of the 
 Difference

anovaBefore Mid lower upper

tenS 5.60±1.26 3.35±0.91 2.2 1.31 0.41 1.25 3.14

F=5.432
p-value=0.01

lllt 7.35±1.37 3.4±1.09 4.0 0.94 0.29 3.32 4.67

ultrasound 6.80±1.75 4.15±1.78 2.65 1.49 0.47 1.58 3.71

[Table/Fig-6]: Comparison of change in VAS score pre and mid treatment with TENS, LLLT and ultrasound therapy.
VAS: Visual analog scale; TENS: Transcutaneous electric nerve stimulation; LLLT: Low level laser therapy

STATISTICAL ANALYSIS
Statistical analysis was performed using SPSS version 16.0. A 
paired sample t-test was conducted to analyse the results of each 
therapy pre- and post-treatment. An ANOVA test was conducted 
to compare the mean VAS scores of the three groups. A post-hoc 
Tukey test was conducted to perform inter-group comparisons and 
reveal which group had shown more improvement.

RESULTS
Thirty patients, including 19 females and 11 males, were randomly 
assigned into three groups. The greatest number of patients, i.e., 
33.3% (n=10), were between the ages of 18-25 years, while the 
mean age recorded was 33.6 years (n=30).

Intra-group comparison:

1. vaS Score: A statistically significant (p<0.001) mean 
difference was recorded in the VAS scores of patients before 
and after treatment with TENS, LLLT, and ultrasound therapy 
[Table/Fig-4].

2. Mean Mouth opening (MMo): A significant mean difference 
(p<0.001) in mouth opening levels before and after treatment 
was observed in all three groups [Table/Fig-5].

inter group comparison:

1. vaS Score: Mid-treatment reduction in the VAS score of 
patients treated with TENS was found to be less in comparison 
to patients treated with LLLT, and the difference was statistically 
significant (p=0.01). The comparison of TENS with ultrasound 
at mid-treatment showed no difference and was statistically 

treatment 
modalities/
groups

vaS Score
Mean 

 Difference Std Deviation
Std error 

Mean

95% Confidence interval of 
the Difference

t df p-valueBefore after lower upper

tenS 5.60±1.26 2.45±0.89 3.15 1.10 0.35 2.35 3.94 9.0 9 <0.001

lllt 7.35±1.37 1.60±1.24 5.75 1.58 0.50 4.61 6.88 11.46 9 <0.001

ultrasound 6.80±1.75 1.30±1.05 5.50 1.71 0.54 4.27 6.72 10.13 9 <0.001

[Table/Fig-4]: Comparison of change in mean VAS Score pre and post-treatment with TENS, LLLT and ultrasound therapy.
VAS: Visual analog scale; TENS: Transcutaneous electric nerve stimulation; LLLT: Low level laser therapy
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insignificant (p=0.71). LLLT, compared to the ultrasound method, 
showed a better reduction in the mid-treatment VAS score 
(p=0.062) [Table/Fig-6,7].

Post-treatment reduction in VAS score of patients treated with 
TENS (3.15±1.10) was found to be significantly less (p=0.002) 
when compared to LLLT (5.75±1.58) and ultrasound (5.50±1.71) 
(p=0.004). LLLT compared to the ultrasound method showed 
a similar reduction in VAS score post-treatment. However, it was 
found to be statistically insignificant (p=0.92) [Table/Fig-8].

2. Mean Mouth opening (MMo): Mid-treatment MMO with TENS 

was found to be less in comparison to LLLT, and it was statistically 
insignificant (p=0.9). However, a greater difference was observed 
compared to ultrasound, which was statistically significant (p=0.049). 
LLLT compared to the ultrasound method showed a similar change 
in MMO mid-treatment, and the result was statistically significant 
(p=0.02) [Table/Fig-9,10].

Post-treatment, all three treatment modalities were found to be 
equally effective in improving mouth opening levels. However, the 
result was found to be statistically insignificant, with all p-values 
being greater than 0.05 [Table/Fig-11].

group group Comparison Mean Difference Std. error Sig
95% Confidence interval

lower bound upper bound

tenS
LLLT -1.29 1.35 0.611 -4.64 2.06

Ultrasound 0.65 1.35 0.881 -2.70 4.00

lllt
TENS 1.29 1.35 0.611 -2.06 4.64

Ultrasound 1.94 1.35 0.338 -1.41 5.29

ultrasound
TENS -0.65 1.35 0.881 -4.00 2.70

LLLT -1.94 1.35 0.338 -5.29 1.41

[Table/Fig-11]: Intergroup comparison of change in Mean Mouth Opening (MMO) pre and post-treatment with TENS, LLLT and ultrasound therapy.
TENS: Transcutaneous electric nerve stimulation; LLLT: Low level laser therapy

S. no
author’s name 

& Year
Place of 
Study

no. of 
Subjects

intervention Parameters assessed Conclusion

1.
Kato MT et al., 
2006 [33]

Brazil n=18
Groups:
TENS (n=9)
LLLT (n=9)

Pain assessment- VAS Score
Active range of motion (AROM)
Muscle Palpation 

Authors concluded that both the therapies 
were effective in the management of TMD 
and also stated that cumulative effect may be 
responsible for the improvement

2.
Shanavas M et 
al., 2014 [34]

Mangalore n=40
Group-I: Analgesics and muscle 
relaxants (n=20)
Group-II: TENS + Medication (n=20)

Pain Assessment- VAS score
Adjuvant TENS therapy was more effective 
than medication alone. 

3.
Rai S et al.,
2016 [13]

Uttar 
Pradesh

n=90

Group-I: Healthy Controls (n=30)
Group-II: Therapeutic Ultrasound 
(n=30)
Group-III: TENS therapy (n=30)

Pain assessment-VAS Score
Pain free maximum mouth 
opening

Post-treatment - therapeutic ultrasound 
appeared to be subjectively better related to 
VAS score of massage impression, muscle 
pain and impediment to daily life 

4.
Rezazadeh F et 
al., 2017 [35]

Iran n=45
Groups: 
TENS (n=19)
LLLT (n=15)

Helkimo Index
Pain assessment-VAS Score

Both TENS and LLLT were effective in relieving 
pain and muscle tenderness. Although TENS 
was found to be more effective than LLLT

5.
Varma SR et al., 
2018 [37]

United 
Arab 
Emirates

n=24

Group-I: 
Experimental group LLLT (n=16)
Group-II: 
Placebo group: LLLT without 
emission (n=8)

Pain assessment - Wong and 
Baker pain scale
Clinical signs of TMD

Significant amount of pain reduction was 
observed with LLLT on short term basis. 
Majority of the patients reported with a decrease 
in clicking frequency and softer mandibular 
movement as compared to placebo group

6.
Jain R et al., 
2020 [36]

Pune n=20
Group-I: Conventional therapy
Group-II: Conventional therapy + 
Therapeutic Ultrasound

Pain assessment - VAS Score
Maximum Inter-incisal distance

Authors concluded that ultrasound therapy 
was useful in relieving pain and improved 
mouth opening. Ultrasound massage 
therapy serves as a potent and independent 
therapeutic modality in myofascial pain 
dysfunction syndrome.

7. Present study Hyderabad n=30

Group-I: TENS (n=10)
Group-II: LLLT (n=10)
Group-III: Ultrasound therapy 
(n=10)

Pain assessment - VAS Score- 
Pre, Mid and Post-treatment
Pain free mouth opening - Pre, 
Mid and Post-treatment

Reduction in VAS scores and improvement in 
mouth opening were noticed in all the three 
groups. Post-treatment laser and ultrasound 
were more effective in reducing the pain 
compared to TENS therapy. Comparing pre 
and mid treatment values, LLLT proved to 
be more effective in reducing the pain score 
compared to TENS and ultrasound therapy.

[Table/Fig-12]: Comparison of studies using TENS, LLLT and ultrasound therapy in the TMD management.
TENS: Transcutaneous electric nerve stimulation; LLLT: Low level laser therapy

group group  Comparison Mean  Difference Std. error Significance
95%  Confidence interval

lower bound upper bound

tenS
LLLT -2.50 1.06 0.970 -2.88 2.38

Ultrasound 2.65 1.06 0.049 .01 5.28

lllt
TENS .250 1.06 0.970 -2.3 2.88

Ultrasound 2.90 1.06 0.029 .26 5.53

ultrasound
TENS -2.65 1.06 0.049 -5.2 -0.01

LLLT -2.90 1.06 0.029 -5.5 -0.26

[Table/Fig-10]: Intergroup comparison of change in Mean Mouth Opening (MMO) levels pre and mid-treatment with TENS, LLLT and ultrasound therapy.
TENS: Transcutaneous electric nerve stimulation; LLLT: Low level laser therapy
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DISCUSSION
In the current study, all three therapies-TENS, LLLT, and ultrasound-
were found to be effective in relieving pain and improving mouth 
opening in TMD patients. However, when comparing the pre- and 
post-treatment effects, ultrasound and LLLT were more effective in 
reducing pain compared to TENS therapy. LLLT performed better in 
increasing post-treatment mouth opening levels compared to the other 
modalities, but the difference was statistically insignificant among the 
three groups, indicating the equal effectiveness of all three therapies.

The literature suggests that TMD is a disorder of early adulthood, 
evidenced by the increased prevalence among the 20-49 year age 
group compared to other age brackets [21-23]. The mean age of 
the patients in the present study was 33.6 years.

Pain is the primary ailment of TMD for which patients seek medical 
consultation. The therapeutic goal should be aimed at reducing the 
signs and symptoms [24]. Therefore, it is vital to assess the efficacy 
of different treatment approaches in order to offer the best possible 
resolution for the pain and the discomfort it causes. The concept of 
conservative management of TMD is advocated in the literature, as 
it is less aggressive and tends to yield satisfactory clinical outcomes 
in mild to moderate cases [25-27].

TENS is a safe, effective, non-invasive treatment modality for managing 
TMD pain. The gate control theory is believed to be its primary 
operating principle [28]. It induces involuntary muscle contractions, 
which increase blood flow and lessen the pain [28,29].

LLLT is another form of physical therapy used in TMD management. 
Its mechanism of action is not completely understood. However, the 
basic effects involve the release of endogenous opioids, enhanced 
vasodilation and pain threshold levels, and anti-inflammatory and 
analgesic effects [30,31]. It is a light-based therapy producing 
monochromatic and coherent light of a single wavelength [31].

Ultrasound has been a primary treatment choice for TMD patients. 
Therapeutic ultrasound involves high-frequency sound waves that 
penetrate deep into tissues, producing heat that leads to increased 
blood flow along with nutrients and oxygen to the TMJ region, 
thereby reducing pain and inflammation [32].

In this study, significant improvement was observed in the patients’ 
VAS scores and mouth opening levels before and after TENS, LLLT, 
and ultrasound therapy. These results are consistent with findings 
from other studies [Table/Fig-12] [13,33-37].

According to the findings of the study by Kato MT et al., which 
included 18 TMD patients, TENS therapy significantly reduced pain 
and discomfort and increased the active range of motion in TMD 
patients [33]. Another study of 40 patients with TMD-associated 
pain found that TENS therapy combined with analgesics and 
muscle relaxants was significantly more effective in reducing pain 
compared to the control group, in which only medication was 
administered to the patients [34]. However, in this study, TENS was 
not compared with medications prescribed to patients. Instead, it 
was compared with other conservative treatment options, including 
LLLT and ultrasound. Chellappa D and Thirupathy M, observed 
significant improvement in the range of motion and pain control 
in 60 TMD patients treated with LLLT [12]. Similar results were 
mentioned in a clinical trial including 45 patients, where reductions 
in VAS score and Helkimo index were observed [35].

The therapeutic effects of TENS, LLLT, and ultrasound varied in the 
current study. An increased reduction in VAS score was observed 
with LLLT and ultrasound therapy. Furthermore, greater improvement 
in mouth opening levels post-treatment was observed with LLLT. 
Rai S et al., reported that the ultrasound group (20.87±6.35) showed 
better improvement in the VAS score with a statistically significant 
difference compared to the TENS group (32.37±13.02). Furthermore, 
a highly significant difference in mouth opening levels was observed in 
both groups post-treatment. However, upon inter group comparison, 
no statistical significance was found (p-value 0.105) [13].

It is theorised that TENS causes stimulation of thick, myelinated 
sensory A-fibers, causing a blockade of impulses from thin C-fibers 
that modulate pain, leading to inhibition of pain signals at their point 
of entry into the spinal cord [12]. Therapeutic ultrasound exerts 
thermal and mechanical effects on tissues, leading to increased 
blood flow and local metabolism, and the removal of inflammatory 
mediators, as well as preventing the accumulation of inflammatory 
mediators at the region of pain [36].

Chellappa D and Thirupathy M, compared the efficacy of LLLT 
and TENS in symptomatic TMD patients and reported a significant 
reduction in VAS scores and improvement in mouth opening in 
both groups. However, upon comparison of the two groups, LLLT 
(86%) appeared to perform better in reducing the VAS score than 
TENS (83%). Furthermore, the study demonstrated that laser 
therapy was significantly more efficient in improving mouth opening 
compared to TENS [12]. Laser therapy appears to have analgesic, 
anti-inflammatory, and biostimulant effects. It is considered to raise 
the pain threshold by inhibiting electrolytic nerve fibers and causes 
a reduction in the production of bradykinins and the release of 
histamine and acetylcholine. In addition, it produces an increase in 
ATP synthesis, improved blood circulation, and reduction in oedema 
via enhancing lymphatic flow [38].

Upon comparison of the pre- and mid-treatment values, i.e., after 
four therapy sessions, it was revealed that LLLT showed better 
efficacy in reducing the VAS scores compared to TENS and 
ultrasound therapy. Sayed N et al., used laser therapy on twenty 
TMD patients and observed a rapid decrease in pain intensity, with a 
reduction of 23.19% after the first session, 49.29% at mid-treatment 
(after 3 sessions), and 79.16% at the end of the treatment (after 6 
sessions). The active range of motion also increased in all patients 
[39]. The accelerated healing process and angiogenesis stimulated 
by laser therapy in the damaged tissues could be the reason for the 
rapid effects of the laser [40].

Although all three modalities were effective in providing symptomatic 
relief, laser therapy stands out among these approaches and has 
proven to be cost-effective. Moreover, these therapies can be of 
great help to patients. None of the subjects included in the study 
reported any adverse effects during or post-treatment.

Limitation(s)
The follow-up period of only one month that too conducted on a 
small sample, is limitation of the present study. Though none of the 
patients reported any adverse events during or post-therapy, a few 
patients were non-compliant with TENS therapy due to the electric 
sensation on the skin. TENS and ultrasound therapies are not 
recommended for patients with pacemakers; therefore, the choice 
of treatment approach differs in such cases.

CONCLUSION(S)
The present study revealed that all three treatment modalities-
TENS, LLLT, and ultrasound-showed a significant reduction 
in pain scores and improvement in pain-free mouth opening. 
When comparing the pre- and post-treatment effects, LLLT and 
ultrasound were found to be more effective in reducing pain 
compared to TENS therapy. Although the LLLT group showed an 
increased change in mouth opening levels post-treatment, there 
was no significant difference between the three groups, indicating 
that TENS, LLLT, and ultrasound therapies were equally effective 
in improving mouth opening.

Future studies with larger samples and long-term follow-up 
are recommended to compare the effectiveness of the three 
therapies. Further studies could be conducted combining LLLT and 
ultrasound to determine their effectiveness in pain reduction, as 
well as combining LLLT and TENS therapy to assess their role and 
effectiveness in achieving pain-free mouth opening.



Mounika Yeladandi et al., TENS, LLLT and Ultrasound therapy in TMJ www.jcdr.net

Journal of Clinical and Diagnostic Research. 2024 Mar, Vol-18(3): ZC01-ZC0666

REFERENCES
 [1] Zwiri A, Alrawashdeh MA, Khan M, Ahmad WMAW, Kassim NK, Ahmed Asif J, 

et al. Effectiveness of the laser application in temporomandibular joint disorder: 
A systematic review of 1172 patients. Pain Res Manag. 2020;2020:5971032. 
Available at: https://www.hindawi.com/journals/prm/2020/5971032/tab1/.
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 Çetiner S, Kahraman SA, Yücetaş S. Evaluation of low-level laser therapy [14]
in the treatment of temporomandibular disorders. Photomed Laser Ther. 
2006;24(5):637-41. 

 Grossmann E, Tambara JS, Grossmann TK, Siqueira JTT de. Transcutaneous [15]
electrical nerve stimulation for temporomandibular joint dysfunction. Rev Dor. 
2012;13:271-76. 

 Lassemi E, Jafari SM, Motamedi MHK, Navi F, Lasemi R. Low-level laser therapy [16]
in the management of temporamandibular joint disorder. J Oral Laser Appl 
[Internet]. 2008;8(2):83-86. Available from: https://search.ebscohost.com/login.
aspx?direct=true&db=ddh&AN=35828015&lang=es&site=ehost-live.

 Emshoff R, Bösch R, Pümpel E, Schöning H, Strobl H. Low-level laser therapy for [17]
treatment of temporomandibular joint pain: A double-blind and placebo-controlled 
trial. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2008;105(4):452-56. 

 Waide FL, Montana J, Bade DM, Dimitroff M. Tolerance of ultrasound over the [18]
temporomandibular joint. J Orthop Sports Phys Ther. 1992;15(5):206-08. 

 Karumuri SK, Rastogi T, Beeraka K, Penumatcha MR, Olepu SR. Ultrasound: [19]
A revenant therapeutic modality in dentistry. J Clin Diagnostic Res. 
2016;10(7):ZC08-ZC12. 

 Conti PCR, De Azevedo LR, De Souza NVW, Ferreira FV. Pain measurement in [20]
TMD patients: Evaluation of precision and sensitivity of different scales. J Oral 
Rehabil. 2001;28(6):534-39. 

 Gillborg S, Åkerman S, Lundegren N, Ekberg E. Temporomandibular disorder [21]
pain and related factors in an adult population: A cross-sectional study in 
Southern Sweden. J Oral Facial Pain Headache. 2017;31(1):37-45. 

 Lövgren A, Häggman-Henrikson B, Visscher CM, Lobbezoo F, Marklund S, Wänman [22]
A. Temporomandibular pain and jaw dysfunction at different ages covering the lifespan 
- A population based study. Eur J Pain (United Kingdom). 2016;20(4):532-40. 

 Montero J, Llodra J-C, Bravo M. Prevalence of the signs and symptoms of [23]
temporomandibular disorders among spanish adults and seniors according to 
five national surveys performed between 1993 and 2015. J Oral Facial Pain 
Headache. 2018;32(4):349-57. 

 Gil-Martínez A, Paris-Alemany A, López-de-Uralde-Villanueva I, La Touche [24]
R. Management of pain in patients with temporomandibular disorder (TMD): 
Challenges and solutions. J Pain Res. 2018;11:571-87. 

 Martins-Júnior RL, Palma AJG, Marquardt EJ, Gondin TM de B, Kerber F de C. [25]
Temporomandibular disorders: A report of 124 patients. J Contemp Dent Pract. 
2010;11(5):71-78. 

 List T, Axelsson S. Management of TMD: Evidence from systematic reviews and [26]
meta-analyses. J Oral Rehabil. 2010;37(6):430-51. 

 Dimitroulis G. Management of temporomandibular joint disorders: A surgeon’s [27]
perspective. Aust Dent J. 2018;63:S79-90. 

 Gopi I, Maragathavalli G, Uma Maheshwari TN. Efficacy of transcutaneous [28]
electric nerve stimulation over systemic pharmacotherapy in the management 
of temporomandibular joint disorders - A systematic review and meta-analysis. J 
Indian Acad Oral Med Radiol. 2021;33(3):321-27. 

 Fertout A, Manière-Ezvan A, Lupi L, Ehrmann E. Management of [29]
temporomandibular disorders with transcutaneous electrical nerve stimulation: A 
systematic review. Cranio - J Craniomandib Pract [Internet]. 2022;40(3):217-28. 
Available from: https://doi.org/10.1080/08869634.2019.1687986.

 Shukla D, Muthusekhar M. Efficacy of low-level laser therapy in temporomandibular [30]
disorders: A systematic review. Natl J Maxillofac Surg. 2016;7(1):62. 

 Ahmad SA, Hasan S, Saeed S, Khan A, Khan M. Low-level laser therapy [31]
in temporomandibular joint disorders: A systematic review. J Med Life. 
2021;14(2):148-64. 

 Khairnar S, Bhate K, Santhosh Kumar SN, Kshirsagar K, Jagtap B, Kakodkar P. [32]
Comparative evaluation of low-level laser therapy and ultrasound heat therapy 
in reducing temporomandibular joint disorder pain. J Dent Anesth Pain Med. 
2019;19(5):289-94. 

 Kato MT, Kogawa EM, Santos CN, Conti PCR. Tens and low-level laser therapy in the [33]
management of temporomandibular disorders. J Appl Oral Sci. 2006;14(2):130-35. 

 Shanavas M, Chatra L, Shenai P, Rao PK, Jagathish V, Kumar SP, et al. Transcutaneous [34]
electrical nerve stimulation therapy: An adjuvant pain controlling modality in TMD 
patients- A clinical study. Dent Res J (Isfahan) [Internet]. 2014;11(6):676-79. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/25540662%0Ahttp://www.
pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC4275636.

 Rezazadeh F, Hajian K, Shahidi S, Piroozi S. Comparison of the effects of [35]
transcutaneous electrical nerve stimulation and low-level laser therapy on drug-
resistant temporomandibular disorders. J Dent (Shiraz, Iran) [Internet]. 2017;18(3):187-
92. Available from: http://www.ncbi.nlm.nih.gov/pubmed/29034273%0Ahttp://
www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC5634358.

 Jain R, Mhapuskar A, Prasad Hiremutt DR, Kalyanpur K, Badani H, Koppala RH. [36]
Efficacy of ultrasound massage therapy in myofascial pain-A randomised single-
blind clinical study. Eur J Mol Clin Med. 2020;7(5):13-25. 

 Varma SR, Al Shayeb M, El Kaseh A, Kuduruthullah S, Ashekhi A, Al Khader [37]
E. Effectiveness of low-level laser therapy in the management of the 
temporomandibular joint disorders: A placebo-controlled trial. World J Dent. 
2018;9(4):316-20. 

 Melis M, Giosia M Di, Zawawi KH. 2012 LLLT for treatment of TMD systemic [38]
review of literature. J Craniomandib Pract. 2012;30(4):304-12. 

 Sayed N, Murugavel C, Gnanam A. Management of Temporomandibular [39]
Disorders with Low Level Laser Therapy. J Maxillofac Oral Surg. 
2014;13(4):444-50. 

 Santos T de S, Piva MR, Ribeiro MH, Antunes AA, Melo AR, Silva ED de O. [40]
Lasertherapy efficacy in temporomandibular disorders: Control study. Braz J 
Otorhinolaryngol. 2010;76(3):294-99. 

PartiCularS of ContriButorS:
1. Assistant Professor, Department of Oral Medicine and Radiology, Panineeya Mahavidyalaya Institute of Dental Sciences & Research Centre, Hyderabad, Telangana, India.
2. Professor, Department of Oral Medicine and Radiology, Panineeya Mahavidyalaya Institute of Dental Sciences & Research Centre, Hyderabad, Telangana, India.
3. Private Practitioner, Department of Oral Pathology, MNR Dental College, Sangareddy, Telangana, India.
4. PhD Scholar, Department of Oral Medicine and Radiology, AIIMS, New Delhi, Delhi, India.
5. Private Practitioner, Department of Oral Maxillofacial Surgery, MNR Dental College, Sangareddy, Telangana, India.
6. Private Practitioner, Department of Oral Medicine and Radiology, Panineeya Mahavidyalaya Institute of Dental Sciences & Research Centre, Hyderabad, Telangana, India.

PlagiariSM CheCking MethoDS: [Jain H et al.]

•  Plagiarism X-checker: Jul 24, 2023
•  Manual Googling: Dec 25, 2023
•  iThenticate Software: Dec 27, 2023 (12%)

etYMologY: Author OriginnaMe, aDDreSS, e-Mail iD of the CorreSPonDing author:
Shugufta Khanam,
Center for Dental Education and Research, All India Institute of Medical Sciences, 
Sri Aurobindo Marg, Ansari East, New Delhi-110029, Delhi, India.
E-mail: shugufta.nasser@gmail.com

Date of Submission: Jul 22, 2023
Date of Peer Review: Sep 30, 2023
Date of Acceptance: Dec 30, 2023

Date of Publishing: Mar 01, 2024

author DeClaration:
•  Financial or Other Competing Interests:  None
•  Was Ethics Committee Approval obtained for this study?   Yes
•  Was informed consent obtained from the subjects involved in the study?  Yes
•  For any images presented appropriate consent has been obtained from the subjects.  No

eMenDationS: 7

http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

