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Purpose: Many different treatment modalities have been tried in the treatment of temporomandibular
joint (TM]) disorders and different results have been reported. The aim of the study was to investigate
and compare the effects of high-intensity laser therapy (HILT) and transcutaneous electrical nerve stimu-
lation (TENS) therapy on the treatment of patients with TM]J disc displacement with reduction(DDWR).

Methods: Researchers conducted a prospective, single-blind, controlled clinical trial on patients with
TMJ disc disease at a university's oral and maxillofacial surgery clinic. One hundred two patients were
randomized into 3 groups (HILT, TENS and control group). The patients were evaluated in terms of maxi-
mum mouth opening (MMO), assisted MMO, Visual Analog Scale (VAS) (pain), and VAS (function). In
addition, the disability status of the patients with the Jaw Functional Limitation Scale-20 (JFLS-20) and the
quality-of-life with the Oral Health Impact Profile (OHIP-14) was evaluated.

Results: At the start of the trial, in terms of socio-demographic characteristics, no significant differences
existed between the groups. Significant improvements were seen in pain (VAS), MMO, total JFLS-20 and
total OHIP-14 scores in the HILT and TENS groups compared to the control group. At week 4, the VAS
pain score decreased significantly in the HILT group compared to the TENS group (48 and 25%, respec-
tively), while the MMO was significantly increased (24 and 10%, respectively). In addition, there was a
significant improvement in both the total JFLS-20 score and the total OHIP-14 score at weeks 4 and 12 in
the HILT group compared to the TENS group (P < .05).

Conclusion: It was observed that the healing effect of pulsed Nd: YAG laser therapy was significantly
higher than TENS in patients with DDWR. Therefore, HILT should be a priority option over TENS therapy
in patients with disc displacement.
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Temporomandibular joint (TMJ) disc displacement is 1
of the most frequent temporomandibular disorders
(TMDs) and is classified as either disc displacement
with reduction (DDWR) or disc displacement without
reduction (DDWoR)."! DDWR is 1 of the most preva-
lent internal disorders of TMJ, accounting for 41% of
intra-articular disorders.” DDWR can also be found in
33% of asymptomatic people.” Depending on the
degree and term of the locking, DDWR might be pain-
ful or not. Symptoms of disc displacement include
joint pain, clicking, limited range of mouth opening,
masticatory difficulties, and mandibular dysfunction,
all of which can be quite disruptive to a person's life.*
There are various forms of treatment available for
TMDs. The different physiotherapy approaches used
are moist heat, laser, ultrasound, exercise, transcutane-
ous electrical nerve stimulation (TENS), microwave,
and manual therapy.” TENS is widely used in medicine
as a pain reliever outside the orofacial area.” TENS is a
medical system that consists of self-adhesive electrodes
connected to a control box, also known as a neurosti-
mulator, by a cord.” The system causes hyperactive
muscle relaxation and decreases or eliminates pain by
applying an electrical current through electrodes con-
nected to the skin. Many hypotheses for their success
have been established. Direct motor nerve stimulation
can trigger muscle rhythmic contractions that increase
blood flow and decrease muscle edema and hypoxia,
resulting in pain reduction. The second hypothesis is
based on the gate control theory, which reduces or
stops impulse transmission from smaller afferent nerve
fibers by closing pain gates in the spinal cord using
electric current or pressure applied to larger afferent
nerve fibers.” TENS is commonly used to alleviate
acute and chronic pain in a number of myofascial
pains such as back pain, neck pain, and extremity
pain, but few studies have been conducted to relieve
orofacial pain and TMD pain.” Some studies have
shown no proof of TENS efficacy in range opening of
the jaw or muscle activity in TMD patients.'”"" How-
ever, TENS has been reported to be effective in
decreasing pain and enhancing mastication functions
in patients with chronic TMD in the short-term.'*"*
Laser treatment, which has a bio-modulative impact
on tissues, was first presented in the early 1960s as a
way to decrease inflammation and pain while also
speeding up healing in target tissues. Different mecha-
nisms for the effects of lasers have been shown. These
include a wide range of therapeutic effects such as
stimiilating the release of endogenous opioids, increas-
ing vasodilation, increasing cell respiration and tissue
healing, reducing inflammation by decreasing prosta-
glandin E2 and cyclooxygenase 2 levels, increasing the
pain threshold by impacting the cellular membrane
potential.'">'” The low-evel laser beam of 600 to
800 nm wavelength is widely used in TMD treatment.
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While the laser produces analgesic and vasodilation
effects by stimulating cutaneous nerve endings, it also
causes stimulation in various cells and tissues.'® By
stimulating protein synthesis in synovial fluid, it enhan-
ces the release of beta-endorphin, resulting in analgesic
and antiinflammatory effects.'” Recently, neodymium-
doped yttrium aluminum garnet (Nd: YAG) laser, which
is a kind of intense laser with high peak power (3 kW)
and a wavelength of 1.064 nm, has been introduced as
a new treatment method. HILT has the ability to pene-
trate and stimulate larger and/or deeper areas, deliver-
ing significantly more energy to the tissue than LLLT.
HILT type, pulsed Nd:YAG laser therapy has been used
successfully in a wide variety of musculoskeletal dis-
eases.

Ankle pain,” low back pain,>"**
impingement syndrome,*” and knee osteoarthritis
have all been shown to benefit from pulsed Nd: YAG
laser therapy for pain management. To the best of our
knowledge, no research has studied the efficacy of
HILT in patients with TMD. The aim of this random-
ized controlled study is to assess the effects of HILT
and TENS treatment on TMJ pain and jaw range of
motion in patients with DDWR. The null hypothesis
to be tested is that there is no difference between
HILT and TENS methods in the treatment of patients
with symptomatic DDWR. The specific aims of the
study were:1) To investigate the healing effects of
treatments on DDWR both in the short-term (week 4)
and in the long-term (week 12). 2) To use psycho-
social parameters as well as clinical physiological
parameters while evaluating the recovery of patients.

subacromial
24,25

Methods
STUDY DESIGN/SAMPLE

To address the research aim, the researchers
planned and implemented a prospective, single-blind,
controlled clinical trial. The study population con-
sisted of patients presenting for complaints of TM]J
sounds and pain between January 2019 and April
2019 in the Afyonkarahisar Health Sciences Univer-
sity, Faculty of Dentistry, Oral and Maxillofacial Sur-
gery Clinic.

A total of 102 individuals with unilateral TMD who
fell under Axis I, group II (disc displacement) of the
DC/TMD were included in the research.”® The inclu-
sion criteria for the study were unilateral DDWR
(patient report of any noise present during the exam
or in the last 30 days, any TMJ noise(s) present with
jaw movement or function). Disc displacement was
determined by MRI images, and patients with anterior
DDWR and biconcave disc shape were included. In
addition, the psycho-social status of the patients was
examined in line with axis-2. Patients with DDWR
who complained of TMJ pain and dysfunction were
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involved in the study, and patients with asymptomatic
DDWR were excluded. Patients were excluded as
study subjects if the history of trauma and previous
TMJ surgery, inflammatory rheumatic disease, neuro-
muscular diseases, continuing or previous malignancy
history, a history of arthrocentesis, or physical ther-
apy for the TMJ region was within the last 6 months.
In addition, patients with cardiac dysrhythmias or
using pacemakers, patients with disc displacement
without reduction and age less thanl8 years were
excluded. The local ethics committee of the univer-
sity approved the study (Decision no: 2019/183), and
the study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki. The methodol-
ogy of the study was explained to all participants and
their written consents were obtained.

INTERVENTIONS

Using a numbered envelope approach, patients
were randomly assigned to 1 of 3 groups (HILT group,
TENS group, and control group). HILT group received
pulsed Nd: YAG laser+exercise, TENS group received
TENS+exercise and control group only received
exercise).

HILT (pulsed Nd:YAG Laser Therapy)

Patients were given pulsed Nd: YAG laser therapy
produced by the HIRO 3 device (ASA Laser, Arcug-
nano, Italy) 5 times a week for a period of 3 weeks. A
3-phase treatment program for the TMD area was per-
formed in each session. The first phase involved rapid
manual scanning of the TMJ area both transversely
and longitudinally (100 cm” per 30 second). The sec-
ond phase involved applying the 90° handpiece to
the trigger points on the masseter and temporal mus-
cle with vertically fixed spacers. The third stage
involved slow manual scanning of the TM]J region
(100 cm? in 60 seconds). During a 20-minute session,
a total of 1060 J of energy was given to the patient
(500j in the first stage, 60j in the second stage and
500j in the third stage).

TENS Therapy

Patients were given 20 minutes conventional Inte-
lect TENS (The Intellect, ChattanoogaGroup, Hixson,
TN) with 50 Hz frequency and 20e60ms transition
period at the tingling current level. A positive elec-
trode was placed on the TM]J region and an inert elec-
trode was placed on the back of the neck, and the
sensitive muscles in the TMJ region were treated for
20 minutes at a frequency of 75 Hz and a pulse width
of 0.75 milliseconds. In order for the procedure not
to be painful, the power of the device was adjusted
according to the sensitivity and tolerance of the
patient.”” This treatment was applied as 15 sessions
for 3 weeks.

Exercise Program

All patients in 3 groups (HILT, TENS, control) per-
formed mobilization exercises, isometric strengthen-
ing exercises (resistance training), active ROM
exercises, coordination exercises, and postural exer-
cises for 10 minutes once a day, for a period of 3
weeks. While the control group received only the
exercise program, the HILT and TENS groups applied
the same exercise program, similar to the control
group, except for the treatment. Patients were asked
not to take any analgesic and/or anti-inflammatory
drugs until the study was completed. All treatments
were performed in a standard manner by the same
physiotherapist.

DATA COLLECTION METHODS AND OUTCOMES

The patient's socio-demographic characteristics,
the presence of jaw deviation, joint sounds, locking,
jaw pain, and maximum mouth opening (MMO) were
recorded. TMJ clicking was recorded as present or
absent while joint and muscle tenderness and pain
were recorded on a scale from 0 (no pain) to 3 (intor-
elable pain). Pain intensity and degree of decrease in
jaw functions were evaluated with the Visual Analog
Scale (VAS). Patients were asked to mark the severity
of their TMJ pain on a 10 cm long line between points
0 and 10 (point O is painless, point 10 is the worst
pain). The distance between the marked point and
point 0 was measured in mm with a ruler.”® Similarly,
jaw function was assessed using a 10 cm VAS (0, no
function; 10, no decreased function). Using an elec-
tronic caliper, MMO was calculated as the distance
between the incisal edges of the upper and lower cen-
tral incisors.”” The changes in functional impairment
were measured using the Jaw Functional Limitation
Scale-20 (JFLS-20) which has 3 subcomponents.”” The
Oral Health Impact Profile (OHIP-14) questionnaire
was used to measure the quality-of-life. The OHIP-
short form questionnaire consists of 14 questions and
7 subcomponents that aim to measure the perception
of patients of the effect their oral conditions have on
their quality-of-life.”' Before and after therapy (weeks
4 and 12), patients were assessed by a blinded
researcher, however, patients were aware of the treat-
ment they were receiving (single-blind method).

DATA ANALYSES

The sample size was calculated as 45 subject using
the G*Power version 3.1.9.2 program(Heinrich-Heine-
Universitat Dusseldorf, Germany; power 0.95,
a = 0.05, b = 0.05)., based on the data of the previous
study.”* Considering the possibility of patients leaving
before completing the treatment, 110 patients were
involved in the study. Patients were enrolled in accor-
dance with the CONSORT (Consolidated Standards of
Reporting Trials) criteria (Fig 1). Data were analyzed
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FIGURE 1. Flowchart diagram for the participants who were ran-
domized into 3 groups as receiving high-intensity laser therapy
(HILT), transcutaneous electrical nerve stimulation (TENS), and con-
trol.

Ekici, Diindar, and Biiyiikbosna. Comparison of the Efficiency of
High-Intensity Laser Therapy and Transcutaneous . J Oral Maxil-
lofac Surg 2022.

with the Statistical Package for the Social Sciences
(SPSS 20.0, Chicago, IL, United States). The normal dis-
tribution of data was evaluated using the Kolmogorov-
Smirnov test. Pre- and post-treatment values within the
group were compared with the paired #test or Wil-
coxon test. When comparing categorical variables, the
Chi-square test was employed. In comparison between
groups, a 1-way ANOVA test or Kruskal Wallis test was
employed. The level of significance was set at P < .05.

Results

One hundred two patients were divided into 3
groups (HILT, TENS and control group), involving 34
patients in each group. A total of 100 patients com-
pleted the study, as 2 patients left the TENS group
before completing the study (Fig 1). There were no
treatment-related adverse effects identified in the par-
ticipants in the trial.

Some sociodemographic and clinical characteristics
of the patients were given in Table 1. The patients
were between the ages of 18 to 60 (mean age 32.22).
The female to male ratio was approximately 9:1.
There was no significant difference in demographic
characteristics of the groups at the start of the study
(Table 1).

Statistically, significant difference was observed for
all variables in the HILT group after treatment (4th
and 12th weeks) compared to before treatment
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(Table 2). While the average VAS pain level of the
patients was 68.23 before treatment, it decreased to
35.29 after the treatment, and the average VAS func-
tion level increased from 49.41 to 68.23. The mean
maximum mouth opening of the patients increased
from 32.58 to 41.11 mm, and the assisted maximum
mouth opening increased from 35.70 to 43.23 mm. In
the same period, the JFLS-20 total score decreased
from 86.88 to 60.40, while the OHIP-14 total score
decreased from 21.17 to 17.03.

Similar to the HILT group, statistically significant
differences were observed in all variables in the TENS
group after treatment (4th and 12th weeks) compared
to before treatment (Table 3). VAS pain level
decreased from 63.12 before treatment to 48.12 after
treatment (4th week), and VAS function level
increased from 38.75 to 54.37. Similarly, the maxi-
mum mouth opening increased from 33.18 to
37.18 mm, while the assisted maximum opening
increased from 36.12 to 39.62 mm. During the same
period, the total JFLS-20 score of the patients
decreased from 56.43 to 45.40 and the total OHIP-14
score from 24.31 to 21.38. In the control group, in
contrast to the HILT and TENS groups, no significant
difference was seen for all variables after treatment
(4th and 12th weeks) according to the beginning of
the treatment (Table 4).

After treatment (weeks 4 and 12), all groups'
percentage changes were compared according to
pre-treatment values and are given in Table 5 and
Table 6, respectively. Significant improvements
were observed in pain, mouth opening, total JFLS-
20, and total OHIP-14 scores in the HILT and TENS
groups compared to the control group. While
there was a significant reduction in VAS pain
scores at 4 weeks in the HILT group compared to
the TENS group (48 and 25%, respectively), there
was no significant difference between the groups
at 12 weeks (Fig 2). The increase in VAS function
values was similar in both groups at week 4 and
12. In the HILT group, the increase in MMO was
significantly higher than in the TENS group at the
4th week (respectively, 24 and 10%), while both
groups showed a similar increase at the 12th week
(Fig 3). At 4 and 12 weeks, both total JFLS-20 and
total OHIP-14 scores improved more in the HILT
group than in the TENS group (P < .05). While
these healings were observed in almost all of the
JFLS-20 sub-dimensions, they were seen in some of
the OHIP-14 sub-dimensions (physical pain and
functional disability).

Discussion

In this randomized controlled study, the effects of
HILT and TENS treatment on TMJ pain, range of
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Table 1. DEMOGRAPHIC AND CLINICAL FEATURES OF HILT GROUP, TENS GROUP, AND CONTROL GROUP

HILT group TENS group Control group P value
(=349 (n=34) (n=32)

Age 33.23 + 11.66 32.25 £+ 10.60 31.174+ 11.28 0.751
Sex (n, %)

Female 30 (88.24) 30 (93.75) 31(91.17) 0.736

Male 4(11.76) 2(6.25) 3 (8.82)
BMI (kg/cm?) 26.31 +5.03 24.41 &+ 4.09 24.66 &+ 5.01 0.213
Marrital status (n, %)

Married 22 (64.71) 20 (62.50) 23 (67.34)

Single 8(23.53) 10 (31.25) 10 (29.41) 0.111

Divorced 4(11.76) 2 (6.25) 194
Duration of illness(years) 3.53 +4.23 237 £2.15 2.17 £1.80 0.422
Unilateral disc displacement (R/L) (n) 14/20 16/16 16/18 0.502
TMJ sounds(clicking etc.) (n,%) 23 (67.64) 22 (65.62) 24 (70.58) 0.643
Deviation (n, %) 20 (58.82) 18 (56.25) 19 (55.88) 0.841
Pain/tenderness on TM] palpation (n, %)

Mild 5 (14.70) 5(15.62) 6 (17.69)

Moderate 17 (50) 16 (50) 16 (47.05) 0.542

Severe 12 (35.29) 11(34.37) 12 (35.29)
Pain during jaw movements(n,%) 25 (73.52) 24 (75) 26 (76.47) 0.244
Pain on muscles palpation (n,%)

Masseter muscle 20 (58.82) 19(59.37) 22 (64.70)

Temporal muscle 9 (26.47) 8(25) 9 (26.47) 0.338

Temporal muscle tendon 14 (41.11) 13(40.62) 15(44.11)
Sleep bruxism (n,%) 24 (70.57) 22 (68.75) 24 (70.57) 0.118
Additional symptoms(n,%)

Headache 22 (64.70) 20 (62.50) 23 (67.64)

Earache 10 (29.41) 10 (31.25) 11 (32.35)

Neck pain 14 (44.1) 13 (40.62) 15 (44.11) 0.244

Tinnitus 12 (35.29) 10 (31.25) 11 (32.35)
Maximum mouth opening (mm) 32.58 33.18 32.55 0.382
Assisted maximun mouth opening(mm) 35.70 36.12 37.50 0.256

Abbreviations: BMI,Body Mass Index; HILT, High intensity laser therapy; L,Left; n, Number R, Right; TMJ, Temporomandibular

joint; TENS, Transcutanous electrical nerve stimulation.
Data were presented as mean % SD or n (%)
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motion, disability, and quality-of-life in patients with
DDWR were evaluated and compared. Patients in the
HILT and TENS groups had significant improvements
in pain, function, disability, and quality-of-ife after
treatment compared to the control group. But the
HILT group showed a higher recovery rate in all
parameters than the TENS group, supporting the
rejection of the null hypothesis. There was no signifi-
cant difference between pre-treatment and post-treat-
ment recovery parameters in the control group.
Because HILT has the ability to stimulate deeper
and/or broader regions than LLLT, its use has recently
increased in many musculoskeletal disorders.’” The
benefits of Nd:YAG laser therapy in individuals with
pain have been demonstrated in recent studies.”' >

In the present study, pain intensity was measured
with VAS, and a significant decrease was observed in
the pain scores of TMD patients treated with HILT at
the 4th and 12th week after the treatment (48 and
49%, respectively). The MMO enhanced by 24% at the
4th week and by 37% at the 12th week after the treat-
ment. Similarly, there was an increase of 15% in the
4th week and 53% in the 12th week in VAS function
values. These findings show that the effect of HILT
treatment on jaw functions is better in the long-term.
TENS is a safe, non-invasive, effective, and rapid
method of providing analgesia, and is widely used as a
physical therapy method.” Although some studies
have shown that TENS has no effect in increasing the
jaw opening,'”®> other studies have reported that
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Table 2. COMPARISONS OF THE PRETREATMENT (WEEK 0), AND POST-TREATMENT (WEEKS 4 AND 12) EVALUATION
PARAMETERS IN HILT GROUP

Baseline P P

(Wk 0) Wk 4 Wk12 (baseline —wk 4) (baseline —wk 12)
Pain (VAS) (cm) 68.23 +18.16 3529 +£2259 34.54 +27.03 0.000" 0.000'
Function (VAS) (cm) 49.41 +£20.44 6823 +19.45 68.18+ 17.89 0.002* 0.000'
Max. mouth open(mm) 3258 +7.63 41.11£7.37 42.40+5.73 0.000" 0.000'
Assisted max. mouth open 35.70 £ 847 43.23+6.49 43.60 £5.96 0.000' 0.001*
JFLS-20, mastication 2958 +£15.79 20.47 +10.15 22.94 4 12.30 0.000" 0.000"
JFLS-20, mobilization 21.76 +£10.68 14.52+6.57 16.94 +8.01 0.000' 0.000'
JFLS-20, communication 35.52 +£27.62 2541+ 17.75 23.88+17.34 0.000" 0.000"
JFLS-20 Total 86.88 + 44.26 60.40 £39.54 63.76 + 41.08 0.000" 0.000"
OHIP-14, functional limitation 2.00 £+ 1.77 1.70 £ 1.62 1.47 £1.26 0.006* 0.000
OHIP-14, physical pain 5414+151 4.00+1.43 4.64+139 0.000" 0.000'
OHIP-14, psychological discomfort ~ 3.17 £ 1.64 276+ 141  252+1.16 0.000" 0.000'
OHIP-14, physical disability 305+£232 217+174 211+1.70 0.000" 0.000
OHIP-14, psychological disability 3234229 270£1.69 258+1.67 0.000" 0.000'
OHIP-14, social disability 270+243  241+211 2234+1.95 0.001* 0.000"
OHIP-14, handicap 158+2.00 1294158 1.23+1.45 0.001* 0.002*
OHIP-14 total 21.17+924 17.03+837 16.78+8.01 0.000" 0.000*

Abbreviations: JFLS-20, Jaw Functional Limitation Scale-20; OHIP-14, Oral health impact profile-14; VAS, Visual analogue scale.
*P<.05
TP <.001
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Table 3. COMPARISONS OF THE PRETREATMENT (WEEK 0), AND POST-TREATMENT (WEEKS 4 AND 12) EVALUATION
PARAMETERS IN TENS THERAPY GROUP

Baseline P P

(Wk 0) Wk 4 Wk 12 (Baseline —wk 4) (Baseline —wk 12)
Pain (VAS) (cm) 63.12+ 1856 48.12+23.34 37.69 + 27.46 0.000" 0.000'
Function (VAS) (cm) 38.75 +21.81 54.37 +23.54 63.07 +24.78 0.007* 0.008*
Max. mouth open(mm) 33.184+6.00 37.18+5.47 41.81+5.67 0.000" 0.000!
Assisted max. mouth open 36.124+5.97 39.62+6.07 43.18+5.06 0.000' 0.000'
JFLS-20, mastication 2156 +13.10 17.53 + 10.46 18.09 & 10.89 0.000" 0.000!
JFLS-20, mobilization 1400 £9.83 11.25+7.83 11.71+8.14 0.000' 0.000!
JFLS-20, communication 20.87 £21.01 16.62+15.72 15.56 & 14.96 0.000" 0.000"
JFLS-20 Total 56.43 + 40.05 45.40 +31.02 45,36 + 31.05 0.000' 0.000'
OHIP-14, functional limitation 275+ 225 231+ 1.61 2.28+1.85 0.002* 0.000!
OHIP-14, physical pain 4314245 365+£191 3564193 0.000' 0.000"
OHIP-14, psychological discomfort  5.00+1.75 459 +1.52  4.43 £ 1.36 0.000' 0.000!
OHIP-14, physical disability 2.8742.09 2.3141.53 253+ 1.77 0.000" 0.000'
OHIP-14, psychological disability 3434224 3.03+185 2904176 0.000" 0.000'
OHIP-14, social disability 400+259 3.68+229 3534207 0.001* 0.002*
OHIP-14, handicap 206+207 181+173 1.75+1.62 0.003" 0.005*
OHIP-14 Total 2431+10.17 21.38+9.86 20.98+9.27 0.000' 0.000'

Abbreviations: JFLS-20, Jaw Functional Limitation Scale-20; OHIP-14, Oral health impact profile-14; VAS, Visual analogue scale.
*P<.05
P <.001

Ekici, Diindar, and Biiyiikbosna. Comparison of the Efficiency of High-Intensity Laser Therapy and Transcutaneous . | Oral Maxillofac
Surg 2022.
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Table 4. COMPARISONS OF THE PRETREATMENT (WEEK 0), AND POST-TREATMENT (WEEKS 4 AND 12) EVALUATION

PARAMETERS IN CONTROL GROUP

Baseline P P

Wk 0) Wk 4 Wk 12 (Baseline —wk 4) (Baseline —wk 12)
Pain (VAS) (cm) 58.23 +20.37 58.08 +18.35 57.00 + 18.96 0.792 0.052
Function (VAS) (cm) 47.05 +23.03 47.82+21.74 47.91 +21.49 0.205 0.081
Max. mouth open(mm) 3255+7.52 3270+7.17 3297 +6.79 0.361 0.070
Assisted max. mouth open 3750 £6.07 37.64+£552 37.85+546 0.598 0.067
JFLS-20, mastication 19.88 + 13.75 19.00 + 13.59 18.88 + 0.83 0.062 0.083
JFLS-20, mobilization 1691 £+ 10.01 15.79 +9.86 15.88 £ 9.62 0.086 0.242
JFLS-20, communication 18.88 £19.37 17.94+ 19.47 18.08 &+ 19.27 0.609 0.825
JFLS-20 Total 55.67 £ 33.78 52.73+31.70 52.84 +31.72 0.061 0.083
OHIP-14, functional limitation 1.88+2.25 1.85+2.10 1.79 &+ 2.07 0.571 0.263
OHIP-14, physical pain 3.88 +2.04 3.64 +1.84 3.64 +1.82 0.535 0.422
OHIP-14, psychological discomfort ~ 2.58 + 1.72 2.44+1.72 235+ 145 0.160 0.096
OHIP-14, physical disability 1.674+175 144+£158 147+£1.50 0.134 0.160
OHIP-14, psychological disability 2.05 £2.01 1.73 £1.62 1.70 £ 1.54 0.103 0.096
OHIP-14, social disability 2.17 £1.80 2.00 £ 1.63 1.91 £ 1.48 0.325 0.134
OHIP-14, handicap 1.64 +1.73 1.55 +1.56 1.55 + 1.58 0.184 0.083
OHIP-14 Total 1594 +£9.01 14.65+8.89 14.41 +£8.72 0.152 0.086

Abbreviations: JFLS-20, Jaw Functional Limitation Scale-20; OHIP-14, Oral health impact profile-14; VAS, Visual analogue scale.

Ekici, Diindar, and Biiyiikbosna. Comparison of the Efficiency of High-Intensity Laser Therapy and Transcutaneous . | Oral Maxillofac

Surg 2022.

TENS is effective in relaxing the masticatory muscles,
reducing facial pain, and increasing the jaw
opening.'*'**® The TENS is a safe, non-invasive,
effective and rapid method of providing analgesia,
and it widely used as physical therapy methods.”
Although some studies have shown that TENS has no
effect in increasing the jaw opening,' > other studies
have reported that TENS is effective in relaxing the
masticatory muscles, reducing facial pain and increas-
ing the jaw opening.lz’””s(’ In present study, pain
scores of patients with TMJ disc displacement
decreased by 25% at the 4th week and by 44% at the
12th week. In the majority of previous studies,
patients with myogenic TMDs reported an estimated
57% reduction in pain following TENS therapy.’
Wessberg et al °’ reported that TENS reduced
patients' myofascial pain by 95%. Patil et al *° reported
that a decrease in 74.19% VAS scores following TENS
treatment in patients with myositis and myofascial
pain. These findings in the literature show that TENS
treatment has a higher pain reduction effect in myo-
genic TMDs.

Studies reported an increase in the range of man-
dibular movements, including inter-incisal distance,
in patients with TMD after the TENS therapy. Patil
et al *® reported a 19.46% increase in mouth opening
in TMD patients after TENS treatment. Some studies
reported an increase in mouth opening of 5.3 to 13%
in TMD patients after TENS treatment.” In the present
study, similar to the literature, there was a 10%

increase in the maximum mouth opening at the 4th
week and 23% in the 12th week in TENS group. Simi-
lar increases were seen in assisted maximum mouth
opening (8 and 15%, respectively).

There have been some studies comparing the effi-
ciency of TENS and LLLT on patients with TMD. Keto
et al *” reported that both treatments were effective
in reducing the symptoms of patients with TMD. Man-
sourian et al ** reported that HILT and TENS treat-
ment resulted in similar improvements in reduction
of pain and improvement of limitation of jaw move-
ment in patients with TMD. Nunez et al ' reported
that LLLT provided greater improvement in patients'
mouth opening. In present study, it was observed
that HILT treatment was more effective than TENS in
the short-term (4th week) in both decreasing pain
and increasing mouth opening in patients with TMD.
VAS pain scale values decreased by 25% in the 4th
week in the TENS group and 48% in the HILT group.
In the same period, the MMO increased by 10% in the
TENS group and 24% in the HILT group. Similar
results were seen between TENS and HILT at assisted
MMO (8 and 17%, respectively). There was no signifi-
cant difference between the HILT and TENS groups
in terms of long-term (12th week) effect in terms of
pain, MMO and assisted MMO. The findings of this
study revealed that the short-term effects of HILT are
better than that of TENS therapy.

Exercise programs are simple, safe, and useful treat-
ments that can be applied in TMD patients as well as
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Table 5. COMPARISON OF THE PERCENTAGE CHANGES OF THE GROUPS AFTER THE TREATMENT (4TH WEEK)

ACCORDING TO THE PRETREATMENT VALUES

/7

HILT TENS Control

Group Group Group

Wk 4 Wk 4 Wk 4 P value
Pain (VAS) (cm) 0.48 + 0.31* 0.25 4+ 0.28° 0.00 + 0.01°¢ 0.000?
Function (VAS) (cm) 0.15 +0.58" 0.10 + 0.98* 0.02 £ 0.03" 0.000'
Max. Mouth open(mm) 0.24 £ 0.14" 0.10 £0.10° 0.00 £ 0.01¢ 0.000T
Assisted max. mouth open 0.17 £ 0.16" 0.08 & 0.08° 0.00 + 0.01°¢ 0.000T
JFLS-20, mastication 0.25 £+ 0.14* 0.14 + 0.09° 0.04 + 0.07¢ 0.000T
JFLS-20, mobilization 0.26 £ 0.19* 0.13 +£0.11° 0.07 £ 0.11° 0.000T
JFLS-20, communication 0.19 + 0.14" 0.11 +0.11° 0.05 + 0.08¢ 0.000'
JFLS-20 Total 0.30 + 0.36" 0.19 +0.14° 0.05 + 0.08¢ 0.001"
OHIP-14, functional limitation 0.12 £ 0.27* 0.10 £ 0.12* 0.02 +0.03" 0.000T
OHIP-14, physical pain 0.26 +0.18" 0.10 &+ 0.10° 0.06 + 0.10° 0.000'
OHIP-14, psychological discomfort 0.11 +£0.15* 0.06 + 0.09* 0.05 + 0.08" 0.187
OHIP-14, physical disability 0.24 £ 0.27* 0.12+£0.14° 0.14 + 0.09" 0.022°
OHIP-14, psychological disability 0.09 + 0.12* 0.07 = 0.09* 0.16 + 0.15* 0.440
OHIP-14, social disability 0.06 £+ 0.10% 0.05 + 0.08" 0.08 £ 0.11* 0.637
OHIP-14, handicap 0.07 £0.11* 0.06 £+ 0.12* 0.05 £ 0.08" 0.922
OHIP-14 Total 0.19 +0.14" 0.12 4+ 0.14° 0.08 +0.11°¢ 0.018"

Abbreviations: HILT: High intensity laser therapy; JFLS-20: Jaw Functional Limitation Scale-20, OHIP-14: Oral health impact
profile-14; TENS: Transcutanous electrical nerve stimulation; VAS: Visual analogue scale.
In each line, different superscripts indicate statistically significant difference between groups.

*P<.05
TP <.001
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other musculoskeletal disorders.”’ In this study, it
was observed that exercise alone was not sufficiently
effective on TMJ pain and jaw dysfunction in patients
with DDWR. In some studies comparing jaw exercise
with education, it has been reported that exercise in
TMD patients does not have any additional advantages
in the short and long-term compared to those who
recewved only education.**? Contrary to these results
in the literature, in a recent study,*/4 the counseling
program and jaw exercise protocol improved the
quality-of-life of patients with DDWR more than the
counseling program alone. A meta-analysis study/ls
investigating the effect of exercise on TMD revealed
great uncertainty about exercise efficacy for TMD and
did not find high-quality evidence. Because most exer-
cise programs were part of the overall conservative
treatment regimen that included other treatments
and did not supply clear information on frequency,
dosage, or compliance. The standalone impact of
exercise in treating TMD and the optimal regimen is
currently unclear.”” There is no consensus on how
long and how often exercise should be applied in
these patients. In this study, exercise was applied for
3 weeks, 10 minutes a day. Perhaps the exercise
would have been more effective if the exercise had

been applied for longer periods of time, such as for
1 hour a day and for 6 weeks, or if additional home
exercises had been done. Therefore, although exer-
cise did not produce effective results in this study,
exercise can be effective if it is done at the appropri-
ate dose and frequency.

TMD-associated pain and stress have a detrimental
effect on systemic health and quality-of-life, which
cause negative consequences in daily social activi-
ties, social functions, emotional and cognitive bal-
ance, sleep, and physical activities at school or
work.”® It can be suggested that TMD is likely to
affect people's quality-of-life, especially when
chronic.”” In this study, improvement in patients
with TMJ disc displacement after HILT and TENS
treatment was evaluated not only by clinical varia-
bles such as pain and mouth opening but also by dis-
ability and quality-of-life index. After HILT and TENS
treatment, significant improvements were observed
in both jaw functions and quality of life compared
to the control group. The HILT group had greater
improvement in total JFLS-20 and total OHIP-14
scores at both the 4th week and the 12th week com-
pared to the TENS group. In addition, in some OHIP-
14 sub-dimensions (physical pain and physical
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Table 6. COMPARISON OF THE PERCENTAGE CHANGES OF THE GROUPS AFTER THE TREATMENT (12TH WEEK)

ACCORDING TO THE PRETREATMENT VALUES

HILT TENS Control

Group Group Group

Wk 12 Wk 12 Wk 12 P value
Pain (VAS) (cm) 0.49 + 0.34* 0.44 + 0.45* 0.02 + 0.03° 0.000'
Function (VAS) (cm) 0.53 + 0.49° 0.80 + 1.22° 0.02 + 0.03" 0.000!
Max. Mouth open(mm) 0.37 + 0.35% 0.23 + 0.15% 0.01 = 0.01° 0.000'
Assisted max. mouth open 0.30 + 0.36* 0.15 +0.12* 0.01 +0.01° 0.000!
JFLS-20, mastication 0.21 £0.12* 0.12 £ 0.09° 0.05 £ 0.08° 0.000'
JFLS-20, mobilization 0.17 £+ 0.14* 0.11 £ 0.09* 0.06 £ 0.10° 0.000'
JFLS-20, communication 0.23 +0.17* 0.14 + 0.16° 0.04 + 0.07¢ 0.000'
JFLS-20 Total 0.26 +0.18* 0.19 £ 0.14° 0.05 £ 0.08° 0.002!
OHIP-14, functional limitation 0.14 + 0.20% 0.13 £ 0.16* 0.05 £ 0.08° 0.029"
OHIP-14, physical pain 0.13 £+ 0.10% 0.12 £+ 0.13% 0.06 + 0.10° 0.039"
OHIP-14, psychological discomfort 0.16 £+ 0.16* 0.09 £+ 0.11* 0.09 £+ 0.12* 0.150
OHIP-14, physical disability 0.25 4+ 0.25" 0.07 £0.11° 0.12 +0.24° 0.003"
OHIP-14, psychological disability 0.12 £+ 0.14* 0.09 + 0.13* 0.17 £ 0.16* 0.078
OHIP-14, social disability 0.09 £ 0.15% 0.07 + 0.10% 0.12 + 0.27° 0.236
OHIP-14, handicap 0.08 + 0.12% 0.04 £ 0.15% 0.05 =+ 0.08* 0.122
OHIP-14 Total 0.20 £ 0.17* 0.13 £ 0.14° 0.09 £ 0.12¢ 0.022"

Abbreviations: HILT, High intensity laser therapy; JFLS-20, Jaw Functional Limitation Scale-20; OHIP-14, Oral health impact
profile-14; VAS, Visual analogue scale; TENS, Transcutanous electrical nerve stimulation.
In each line, different superscripts indicate statistically significant difference between groups.

*P<.05
TP <.001
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FIGURE 2. Comparison of the change in Visual Analog Scale
(VAS) pain levels.

Ekici, Diindar, and Biiyiikbosna. Comparison of the Efficiency of
High-Intensity Laser Therapy and Transcutaneous . J Oral Maxil-
lofac Surg 2022.

disability), a higher rate of healing was seen in the
HILT group compared to the TENS group.

This study may have some limitations due to its meth-
odology. The optimal dose, frequency, and duration of
HILT therapy are still unclear. Various power, wave-
lengths, and durations may provide different outcomes
in HILT. The short duration and dose of the exercise
program in this study may be the reason for the lack of
effect of exercise. In addition, selfreported VAS pain

45
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25 —4—HILT
20 —m—TENS
1 Control
10
5
0
Week 0 Week 4 Week 12

FIGURE 3. Comparison of the change in maximum mouth open-
ing.
Ekici, Diindar, and Biiyiikbosna. Comparison of the Efficiency of

High-Intensity Laser Therapy and Transcutaneous . J Oral Maxil-
lofac Surg 2022.

level, disability and quality-of-life scales may be subjec-
tive in nature. However, the strengths of this study are
that it was the first study to apply HILT treatment to
TMDs, the evaluation of healing both in the short and
long-term, and the use of psychosocial parameters in
addition to physiological parameters in the evaluation.
In conclusion, in this study, after TENS and HILT
treatment, patients with DDWR showed significant
improvements in mouth opening, pain, disability and
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quality-of-life, both in the short and in the long-term. In
view of the results and limitations of this study, it can
be stated that the efficiency of HILT treatment on
relieving symptoms and improving functions in
patients was significantly higher than that of the TENS
group. The effectiveness of HILT compared to TENS
treatment has emerged especially in the short period
after treatment. HILT treatment can be an alternative
treatment method in the treatment of temporomandib-
ular joint disorders because it can stimulate deeper and
larger tissues compared to LILT and thus transfer more
energy to the tissues. For this, a large number of ran-
domized controlled clinical studies are needed regard-
ing the therapeutic effects of HILT on TMD patients.
These studies may be designed in the form of compar-
ing different treatment methods in different subgroups
of TMJ disorders, at different doses and durations.

Data Availability

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

References

1. 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. 85:714, 2016

2. Talaat WM, Adel OI, Bayatti S Al: Prevalence of temporoman-
dibular disorders discovered incidentally during routine dental
examination using the Research Diagnostic Criteria for Tempo-
romandibular Disorders. Oral Surg Oral Med Oral Pathol Oral
Radiol. 125:250, 2018

3. Katzberg RW, Westesson PL, Tallents RH, Drake CM: Anatomic
disorders of the temporomandibular joint disc in asymptomatic
subjects. J Oral Maxillofac Surg. 54:147, 1996

4. Leeuw R de: Internal derangements of the temporomandibular
joint. Oral Maxillofac Surg Clin North Am. 20:159, 2008

5. Facts and misfits in ultrasound therapy: steps to improve your
treatment outcomes. Semantic Scholar. Available at: https://
www.semanticscholar.org/paper/Facts-and-misfits-in-ultra-
sound-therapy%3A-steps-to-Draper/66b8b26971b92e3cf390-
£797aa14f054cbcb61f2. Accessed May 9, 2020.

6. Shane SM, Stanton K: Electricity for sedation in dentistry. ] Am
Dent Assoc. 75:1369, 1967

7. Moystad A, Krogstad BS, Larheim TA: Transcutaneous nerve
stimulation in a group of patients with rheumatic disease
involving the temporomandibular joint. J Prosthet Dent.
64:596, 1990

8. Grossmann E, Tambara JS, Grossmann TK, Siqueira JTT de:
Transcutaneous electrical nerve stimulation for temporoman-
dibular joint disorder. Rev Dor. 13:271, 2012

9. Moger G, Shashikanth M, MK S, P S: Transcutaneous electrical
nerve stimulation therapy in temporomandibular disorder: a
clinical study Kailasam S, ed. J Indian Acad Oral Med Radiol.
23:46, 2011

10. Treacy K: Awareness/relaxation training and transcutaneous
electrical neural stimulation in the treatment of bruxism. J Oral
Rehabil. 26:280, 1999

11. Alvarez-Arenal A, Junquera LM, Fernandez JP, Gonzalez I, Olay
S: Effect of occlusal splint and transcutaneous electric nerve
stimulation on the signs and symptoms of temporomandibular
disorders in patients with bruxism. J Oral Rehabil. 29:858,
2002

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

79

Ferreira AP de L, Costa DRA Da, Oliveira AIS De, et al. Short-
term transcutaneous electrical nerve stimulation reduces pain
and improves the masticatory muscle activity in temporoman-
dibular disorder patients: a randomized controlled trial. ] Appl
Oral Sci. 25:112, 2017

Nunez SC, Garcez AS, Suzuki SS, Ribeiro MS: Management of
mouth opening in patients with temporomandibular disorders
through low-level laser therapy and transcutaneous electrical
neural stimulation. Photomed Laser Surg. 24:45, 2006

Monaco A, Sgolastra F, Ciarrocchi I, Cattaneo R: Effects of
transcutaneous electrical nervous stimulation on electromyo-
graphic and kinesiographic activity of patients with temporo-
mandibular  disorders: a  placebo-controlled study. ]
Electromyogr Kinesiol. 22:463, 2012

Sakurai Y, Yamaguchi M, Abiko Y: Inhibitory effect of low-level
laser irradiation on LPS-stimulated prostaglandin E2 production
and cyclooxygenase-2 in human gingival fibroblasts. Eur J Oral
Sci. 108:29, 2000

Carvalho CM, Lacerda JA, Santos Neto FP Dos, et al. Evaluation
of laser phototherapy in the inflammatory process of the rat’s
TMJ induced by carrageenan. Photomed Laser Surg. 29:245,
2011

Dias FJ, Issa JPM, Barbosa APA, Vasconcelos PB de, Watanabe 1
sei, Mizusakilyomasa M: Effects of low-level laser irradiation in
ultrastructural morphology, and immunoexpression of
VEGF and VEGFR-2 of rat masseter muscle. Micron. 43:237,
2012

Zati A, Fortuna D, Benedetti E, Zaghini I, Bilotta TW: High
intensity laser therapy in the treatment of gonarthrosis: the fi
rst clinical cases and the protocol for a multicentric, rando-
mised, double-blind study.

Ozdemir F, Birtane M, Kokino S: The clinical efficacy of low-
power laser therapy on pain and function in cervical osteoar-
thritis. Clin Rheumatol. 20:181, 2001

Saggini R, Bellomo RG, Cancelli F: Hilterapia ® and chronic
ankle pain syndromes.

Alayat MSM, Atya AM, Ali MME, Shosha TM: Long-term effect of
high-intensity laser therapy in the treatment of patients with
chronic low back pain: a randomized blinded placebo-con-
trolled trial. Lasers Med Sci. 29:1065, 2014

Fiore P, Panza F, Cassatella G, et al. Short-term effects of high-
intensity laser therapy versus ultrasound therapy in the treat-
ment of low back pain: a randomized controlled trial. Eur J
Phys Rehabil Med. 47:367, 2011

Santamato A, Solfrizzi V, Panza F, et al. Short-term effects of
high-intensity laser therapy versus ultrasound therapy in the
treatment of people with subacromial impingement syndrome:
a randomized clinical trial. Phys Ther. 89:643, 2009
Tigli-Rogoznica N, Stamenkovi D, Frlan-Vrgo L, Avancini-
Dobrovi V, Vrbani TS-L: Analgesic effect of high intensity laser
therapy in knee osteoarthritis., 2011.

Kheshie AR, Alayat MSM, Ali MME: High-intensity versus low-
level laser therapy in the treatment of patients with knee osteo-
arthritis: a randomized controlled trial. Lasers Med Sci.
29:1371, 2014

Oliveira SSI, 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. 5:109, 2019

Schiffman EL, Look JO, Hodges JS, et al. Randomized effective-
ness study of four therapeutic strategies for TMJ closed lock. J
Dent Res. 86:58, 2007

Price DD, McGrath PA, Rafii A, Buckingham B: The validation
of visual analog scales as ratio scale measures for chronic and
experimental pain. Pain. 17:45, 1983

(5) (PDF) Mandibular Range of Movement and Pain Intensity in
Patients with Anterior Disc Displacement without Reduction.
Available at: https://www.researchgate.net/publication/
281189669_Mandibular_Range_of Movement_and_Pain_In-
tensity_in_Patients_with_Anterior_Disc_Displacement_wi-
thout_Reduction. Accessed November 30, 2020.

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. 22:219, 2008

Downloaded for Anonymous User (n/a) at Afyonkarahisar Health Sciences University from ClinicalKey.com by Elsevier on April
27,2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0001
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0001
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0001
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0002
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0002
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0002
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0002
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0002
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0003
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0003
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0003
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0004
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0004
https://www.semanticscholar.org/paper/Facts-and-misfits-in-ultrasound-therapy%3A-steps-to-Draper/66b8b26971b92e3cf390f797aa14f054cbcb61f2
https://www.semanticscholar.org/paper/Facts-and-misfits-in-ultrasound-therapy%3A-steps-to-Draper/66b8b26971b92e3cf390f797aa14f054cbcb61f2
https://www.semanticscholar.org/paper/Facts-and-misfits-in-ultrasound-therapy%3A-steps-to-Draper/66b8b26971b92e3cf390f797aa14f054cbcb61f2
https://www.semanticscholar.org/paper/Facts-and-misfits-in-ultrasound-therapy%3A-steps-to-Draper/66b8b26971b92e3cf390f797aa14f054cbcb61f2
https://www.semanticscholar.org/paper/Facts-and-misfits-in-ultrasound-therapy%3A-steps-to-Draper/66b8b26971b92e3cf390f797aa14f054cbcb61f2
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0006
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0006
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0007
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0007
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0007
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0007
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0008
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0008
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0008
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0009
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0009
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0009
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0009
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0010
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0010
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0010
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0011
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0011
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0011
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0011
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0011
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0011
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0011
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0012
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0012
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0012
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0012
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0012
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0013
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0013
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0013
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0013
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0013
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0014
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0014
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0014
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0014
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0014
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0015
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0015
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0015
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0015
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0016
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0016
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0016
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0016
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0016
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0017
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0017
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0017
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0017
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0017
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0019
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0019
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0019
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0021
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0021
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0021
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0021
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0022
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0022
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0022
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0022
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0023
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0023
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0023
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0023
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0025
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0025
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0025
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0025
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0026
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0026
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0026
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0026
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0027
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0027
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0027
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0028
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0028
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0028
https://www.researchgate.net/publication/281189669_Mandibular_Range_of_Movement_and_Pain_Intensity_in_Patients_with_Anterior_Disc_Displacement_without_Reduction
https://www.researchgate.net/publication/281189669_Mandibular_Range_of_Movement_and_Pain_Intensity_in_Patients_with_Anterior_Disc_Displacement_without_Reduction
https://www.researchgate.net/publication/281189669_Mandibular_Range_of_Movement_and_Pain_Intensity_in_Patients_with_Anterior_Disc_Displacement_without_Reduction
https://www.researchgate.net/publication/281189669_Mandibular_Range_of_Movement_and_Pain_Intensity_in_Patients_with_Anterior_Disc_Displacement_without_Reduction
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0030
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0030
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0030

80

31.

32.

33.

34.

35.

36.

37.

38.

39.

COMPARISON OF THE EFFICIENCY OF HIGH-INTENSITY LASER THERAPY AND TRANSCUTANEOUS

Slade GD, Spencer AJ: Development and evaluation of the oral
health impact profile. Community Dent Health. 11(3), 1994
Hosgor H, Bas B, Celenk C: A comparison of the outcomes of
four minimally invasive treatment methods for anterior disc
displacement of the temporomandibular joint. Int J Oral Maxil-
lofac Surg. 46:1403, 2017

Braddom RL, Chan L, Harrast MA: Physical medicine and reha-
bilitation. Philadelphia, PA, Saunders/Elsevier, 2011

Effects of Hilterapia® versus Viscosupplementation in knee
osteoarthritis patients a randomized controlled clinical trial. en
Asalaser. Available at: https://www.asalaser.com/en/research-
training/asa-research-library/effects-hilterapiar-vs-viscosupple-
mentation-knee-osteoarthritis-patients-randomized-controlled-
clinical-trial. Accessed May 7, 2020.

Rodrigues D, Siriani AO, Bérzin F: Effect of conventional TENS
on pain and electromyographic activity of masticatory muscles
in TMD patients. Pesqui Odontol Bras. 18:290, 2004

Awan KH, Patil S: The role of transcutaneous electrical nerve
stimulation in the management of temporomandibular joint
disorder. ] Contemp Dent Pract. 16:984, 2015

Wessberg GA, Carroll WL, Dinham R, Wolford LM: Transcuta-
neous electrical stimulation as an adjunct in the management
of myofascial pain-dysfunction syndrome. ] Prosthet Dent.
45:307, 1981

Patil S, Iyengar AR, Kotni RM, Subash BV, Joshi RK: Evaluation
of efficacy of ultrasonography in the assessment of transcutane-
ous electrical nerve stimulation in subjects with myositis and
myofascial pain. Korean J Pain. 29:12, 2016

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

40.

41.

42.

43.

44.

45.

46.

47.

Mansourian A, Pourshahidi S, Sadrzadeh-Afshar M-S, Ebra-
himi H: A comparative study of low-level laser therapy and
transcutaneous electrical nerve stimulation as an adjunct to
pharmaceutical therapy for myofascial pain dysfunction
syndrome: a randomized clinical trial. Front Dent. 16:256,
2019

Rocabado M: The importance of soft tissue mechanics in stabil-
ity and instability of the cervical spine: a functional diagnosis
for treatment planning. J Craniomandib Pract. 5:130, 1987
Craane B, Dijkstra PU, Stappaerts K, Laat A De: Randomized
controlled trial on physical therapy for TMJ closed lock. ] Dent
Res. 91:364, 2012

Minakuchi H, Kuboki T, Matsuka Y, Maekawa K, Yatani H,
Yamashita A: Randomized controlled evaluation of non-surgical
treatments for temporomandibular joint anterior disk displace-
ment without reduction. ] Dent Res. 80:924, 2001

Magesty RA, Silva MAM da, Simoes CASC, et al. Oral health-
related quality of life in patients with disc displacement with
reduction after counselling treatment versus counselling asso-
ciated with jaw exercises. ] Oral Rehabil. 48:369, 2021
Armijo-Olivo S, Pitance L, Singh V, Neto F, Thie N, Michelotti A:
Effectiveness of manual therapy and therapeutic exercise for
temporomandibular disorders: Systematic review and meta-
analysis. Phys Ther. 96(9), 2016

Resende CMBM de, Alves AC de M, Coelho LT, Alchieri JC,
Roncalli AG, Barbosa GAS: Quality of life and general health in
patients with temporomandibular disorders. Braz Oral Res.
27:116, 2013

Locker D, Allen F: What do measures of “oral health-related
quality of life” measure? Community Dent Oral Epidemiol.
35:401, 2007

Downloaded for Anonymous User (n/a) at Afyonkarahisar Health Sciences University from ClinicalKey.com by Elsevier on April
27,2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0031
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0031
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0032
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0032
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0032
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0032
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0033
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0033
https://www.asalaser.com/en/research-training/asa-research-library/effects-hilterapiar-vs-viscosupplementation-knee-osteoarthritis-patients-randomized-controlled-clinical-trial
https://www.asalaser.com/en/research-training/asa-research-library/effects-hilterapiar-vs-viscosupplementation-knee-osteoarthritis-patients-randomized-controlled-clinical-trial
https://www.asalaser.com/en/research-training/asa-research-library/effects-hilterapiar-vs-viscosupplementation-knee-osteoarthritis-patients-randomized-controlled-clinical-trial
https://www.asalaser.com/en/research-training/asa-research-library/effects-hilterapiar-vs-viscosupplementation-knee-osteoarthritis-patients-randomized-controlled-clinical-trial
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0035
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0035
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0035
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0035
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0036
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0036
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0036
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0037
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0037
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0037
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0037
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0038
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0038
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0038
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0038
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0039
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0039
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0039
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0040
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0040
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0040
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0040
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0040
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0040
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0041
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0041
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0041
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0042
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0042
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0042
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0043
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0043
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0043
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0043
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0044
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0044
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0044
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0044
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0044
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0045
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0045
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0045
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0045
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0046
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0046
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0046
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0046
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0046
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0047
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0047
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0047
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0047
http://refhub.elsevier.com/S0278-2391(21)00669-8/sbref0047

	Comparison of the Efficiency of High-Intensity Laser Therapy and Transcutaneous Electrical Nerve Stimulation Therapy in Patients With Symptomatic Temporomandibular Joint Disc Displacement With Reduction
	Methods
	STUDY DESIGN/SAMPLE
	INTERVENTIONS
	HILT (pulsed Nd:YAG Laser Therapy)
	TENS Therapy
	Exercise Program

	DATA COLLECTION METHODS AND OUTCOMES
	DATA ANALYSES

	Results
	Discussion
	Data Availability
	References


