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Abstract

Background: Temporomandibular disorder (TMD) is a painful conditionthat specifically affects the muscles, bones,
and temporomandibular joint (TMJ). Pain can vary in intensity, ranging from mild to moderate or severe. It is often
accompanied by limited movement of the jaw, resulting in a restriction of mouth opening.

Aim of the study: The purpose of this study was to determine the effect of low-level laser therapy on mandibular
range of motion in patients with temporomandibular joint disorders.

Patients and methods: fifteen patients were randomly selected. The mandibular range of motion was evaluated
for each patient before treatment and after 3 months, a dual-wavelength (810-980nm) diode laser was used in this
study. Three main criteria were utilized in the statistical calculation, they are relaxed mouth opening, full mouth
opening, and lateral mandibular movement. Paired t-test and one-way analysis of variance (ANOVA) tests were used
for statistical analysis.

Results: The study revealed a significant enhancement in mandibular range of motion in TMD patients duringa
short period of laser sessions.

Conclusion: Low-level laser therapy is an efficient way to improve the mandibular range of motion in patients with
temporomandibular joint disorder.

Keywords: Dual wavelength (810-980nm) diode laser, Low-level laser therapy, Mandibular range of motion,
Temporomandibular joint disorder.

1. Introduction

Temporomandibular disorders (TMD) encompass a wide range of conditions that impact the
temporomandibular joint (TMJ) and the associated musculoskeletal systems. Temporomandibular disorder
(TMD) impairs the regular operation of the temporomandibular joint (TMJ) and results in pain, limited jaw
movements, and impaired chewing[1]. An audible clicking or popping noise occurs while the mouth is
being opened or closed[2, 3].
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The main goals of treatment for individuals with temporomandibular disorders (TMD) are to alleviate
discomfort, restore normal chewing ability, increase the range of motion of the jaw, and improve the overall
quality of life for patients[4, 5]. The available treatments vary from non-invasive procedures to invasive
procedures. While surgical techniques can provide assistance in certain instances[6], it is advisable to
prioritize conservative therapy as the initial therapeutic choice. Conservative treatments encompass
behavioral therapy, pharmaceutical interventions, and low-level laser therapy (LLLT)[7].

Behavioral therapy is a treatment approach that is rooted in psychology and is recommended for patients
who experience chronic temporomandibular disorder pain. This therapy is safe and does not require any
invasive procedures. It includes various technigues such as cognitive behavioral therapy, biofeedback, re-
education, and relaxation techniques. The goal of this therapy is to reduce pain-related disabilities and
improve coping skills by enhancing cognitive and adaptive behaviors[8].

Low-level laser therapy (LLLT) has lately been employed as a conservative treatment modality for persons
suffering from temporomandibular disorder (TMD) and myofascial pain[9, 10]. Low-level laser treatment
(LLLT) is a type of phototherapy that stimulates biological processes and relieves pain without inducing
changesin temperature[11, 12]. The therapy technique is regarded as successful, straightforward, and short-
term[13]. It has become popular as an alternative treatment for TMD because of its pain-relieving, anti-
inflammatory, and regenerative capabilities[14, 15].

2. Hypothesis

HO: LLLT is not-significantly effective in improving relaxed mouth opening, full mouth opening, and
lateral mandibular movement in patients with temporomandibular disorder. H1: LLLT is significantly
effective in improving relaxed mouth opening, full mouth opening, and lateral mandibular movement in
patients with temporomandibular disorder.

3. Patients and methods

3.1 Study design

Thisstudy employed arandomized clinical trial design, with atotal of 15 participants. The sample consisted
of 11 female and 4 male individuals, with an average age of 31.4 years. The participantsin thisstudy were
selected from the Department of Oral and Maxillofacial Surgery at Al-Hussein Teaching Hospital in Al-
Samawa City. The study received ethical approval from the Research Scientific Committee of Laser
Institute, with reference number 1377 on 17/10/2023. Prior to their inclusion in the study, all patients signed
a consent agreement before laser sessions.

3.2 Laser system

The apparatus utilized was a Quicklase laser device as in Figure 1. The laser emits light with a dual
wavelength of 810-980nm in a continuous mode. A specific handpiece or prism is utilized to deliver the
laser radiation in a contact manner, applying the low-power laser to the affected site for 30 seconds for each
trigger point. The output power was set to 400 milliwatts. According to the diameter of the prism tip, the
spot size was 4 cm. Laser therapy was delivered at many sites on the affected muscle during each session.

3.3 Laser components

The following are the laser device accessories as shown in Figure 1.
a) Laser device
b) Electrical cable
c) Prism
d) Pain therapy
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e) Foot switch
f) Fiber optic
g) Goggles

Fig.1. laser apparatus and components.
3.4 Patient selection
3.4.1 Criteria for inclusion and exclusion:
In order to be eligible for participation in the study, patients are required to have a diagnosis based on the
Research Diagnostic Criteria for Temporomandibular Disorders (RDC of TMD) as shown in Figure 2
briefly. The study did not include patients who had previously performed TMJ surgical intervention, had a

history of radiation therapy or chemotherapy, had an inflammatory or pathological joint disease, had facial
trauma, or had congenital dyscrasia such as hyperplasia or hypoplastic changes of the joint.

Categories of clinical TMD conditions according to the

RDC/TMD.

I - Muscular Diagnoses
a - myofascial pain
b - myofascial pain with limited opening

II - Disk Displacement

a - disk displacement with reduction

b - disk displacement without reduction and with limited opening

¢ - disk displacement without reduction and without limited opening

I1I - Arthralgia, osteoarthritis and osteoarthrosis
a - arthralgia

b - temporomandibular joint (TMJ) osteoarthritis

¢ - temporomandibular joint (TMJ) osteoarthrosis

Fig. 2. RDC/TMD (The research diagnostic criteria for temporomandibular disorders is an informative tool used by
Schiffman in 1992 to facilitate the diagnosis of the disorder).
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3.5 Laser application

The patients underwent low-level laser therapy (LLLT) treatment following a specific protocol. The laser
was administered to the tender muscle area twice a week for a total of two weeks, resulting in atotal of four
treatment sessions as in Figure 3.

Fig. 3: Laser administration.

4. Statistical analysis

Continuous variables were expressed as meansand standard deviations or medians with range, depending
on whether the distribution was normal or skewed. The categorical variables were represented using
frequency and percentages. The One-way repeated measure ANOVA was employed to examine the
variations in mean values during the follow-up periods for parametric variables, while the Friedman Rank
sum test was utilized for non-parametric variables to assess differences in medians. Furthermore, Cochran’s
Q test was employed to analyze dichotomous variables. A P-value below 0.05 was deemed to be
statistically significant. The data processing, visualization, and statistical analysis were performed using R
software packages, specifically dplyr, gt_summary, and ggplot.

5. Results

The study had a cohort of 15 participants, with a mean age of 31.4 years and a standard deviation of 8.3
years. The participants were distributed depending on sex, with 73.3% (n=11) being female and 26.7%
(n=4) being male. The sex ratio was calculated to be 0.36, which is known as the female-to-male ratio as
shown in Table 1.

Table 1. Description of patient’s demographics.

Characteristic value
Sample size 15

Age 31+8
Gender 11 (73.3%) Female

4 (26.7%) Male

Sex ratio 0.36
Mean + SD; n (%)
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5.1 Statistical criteria

a) Relaxed mouth opening.

Refer to the interincisal distance between the upper and lower central incisor tips in an unassessed
vertical mouth open without any force.

b) Full mouth opening.

Refer to the interincisal distance between the upper and lower central incisor tips in a maximum and
stressful vertical mouth open.

c) Lateral mandibular movement.

Refer to the horizontal distance between the midlines of upper and lower central incisors.

All these findings were measured by digital vernier.

Functional outcomes were assessed by measuring the first relaxed mouth opening (30.1 = 8.4 mm), full
mouth opening (39.6 + 9.4 mm), and lateral mandibular movement (7.7 £ 2.8 mm). Further assessments
conducted at different time intervals showed that there were insignificant changes in full mouth opening
(p = 0.23) and relaxed mouth opening (p = 0.5). However, there were significant differences observed in
lateral mandibular movement (p < 0.001) as the following Table 2.

Table 2. Description of clinical parameters stratified by the follow-up time (N=15).

Baseline! 1-week!  2-weeks? 1-month! 3-months? P-value?
Relaxed 30.1+84 31.0+9.1 309+x65 321+6.2 320%6.7 05
mouth
opening (mm)
Full 396+94 40085 40677 40.1%+64 42.7+6.3 0.23
mouth
opening (mm)
Lateral 7.7+2.8 93+32 86+3.0 10.1+24 10727 <0.001
mandibular

movement (mm)

IMean £ SD; n (%); Median (Range)
20One-Way Repeated Measure ANOVA; Friedman Rank Sum Test; Cochran's Q test.

6. Discussion

Individuals diagnosed with temporomandibular disorder (TMD) frequently encounter limited jaw motions
and discomfort in the temporomandibular joint (TMJ) region, as well as the muscles involved in chewing
and other maxillofacial musculature[15, 16].

The primary aim of this study was to treat the disorder of mandibular motion through a few sessions of
laser, hence improving the mandibular range of motion by utilizing a dual-wavelength diode laser(810-
980nm), resulting in fewer visits and more significant outcomes.

In this study, a significant p-value <0.001 has been achieved in lateral mandibular movement, with a
baseline of 7.7 mm and 10.7 mm after three months of follow-up, since the affected muscle was lateral
pterygoid, the lateral movement was enhanced by the accused muscle. this contradicts the findings of
Venancio et al. with 0.1762 (right lateral movement) and 0.4143 (left lateral movement) p-values, where
the baseline readings 7.69 mm (right lateral movement) and 6.66 mm (left lateral movement) become 8.78
mm and 7.54 mm, respectively[17]. However, it is similar to the findings of Maximo et al.[18]
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While vertical mouth opening revealed p-values for both relaxed mouth opening 0.5, and full mouth
opening 0.23, with a baseline of 30.1 mm and 39.6 mm, respectively, to become 32.0 mm and 42.7 mm,
respectively, after three months of follow-up, also thisenhancement in the vertical mouth opening is related
to the laser effect on the responsible muscles which were the temporalis and masseter.

This resembles De Godoy et al. with p-values 0.1816 and 0.1727 for maximum active opening and
maximum passive opening respectively[19].

It also mimics Catao et al., who got a mouth opening average of 46.34 mm, and after that, the mouth opening
increased to 50.05 mm[20].

Low-level laser therapy may not generate thermotherapy[21]. Instead, it may initiate photochemical

reactions that may stimulate mitochondrial metabolism[22], boost ATP production, enhance tissue
oxygenation through the induction of vascularization, and elevate serotonin and endorphin levels[23, 24].
The laser light used in this field is mostly limited to the range of the red or near-infrared region of the
electromagnetic spectrum, specifically between 600 and 1000 nm[25] so in this research, the "Quicklase"
810-980 nm diode laser device was used. The primary chromophore for this wavelength is cytochrome c
oxidase [26], which are substances that selectively absorb laser energy. However, in comparison to shorter
wavelengths (below 600nm), this chromophore (cytochrome ¢ oxidase) demonstrates the minimum
absorption rate for the shorter wavelengths and maximum absorption for the higher (810-980 for example).
This is advantageous because laser light in these wavelengths has more penetration inside the tissues so
that stimulation of the underlying muscles would occur [25, 27].
Multiple researchers have discovered that mitochondria, particularly the enzyme known as cytochrome ¢
oxidase of the respiratory chain, selectively absorb laser light at these wavelengths [28, 29]. Cytochrome ¢
oxidase plays arole in the production of ATP and also regulates reactive oxygen species[30]. This leads to
increased production of growth factors, cell proliferation, and higher amounts of inflammatory mediators
and oxygen in the tissue[31].

Our investigation revealed a noteworthy enhancement in mandibular movement among 12 out of 15
individuals, along with improved lateral mandibular movement.

Based on the clinical parameters, the p-values for relaxed mouth opening and full mouth opening were
foundtobeinsignificant (0.5and 0.23, respectively). This means that we cannot rely on these measurements
as clinical criteria or diagnostic features in the treatment of temporomandibular joint disorder.

7. Conclusions

It is concluded that low-level laser therapy of diode dual wavelength (810-980 nm) is an important
therapeutic modality in case of restricted mandibular movement that is accompanied by temporomandibular
joint disorder.
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