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ABSTRACT

Objective: The aim of this study was to evaluate the effectiveness of low-level laser therapy (LLLT) and trans-
cutaneous electrical neural stimulation (TENS) on the improvement of mouth opening in patients with tem-
poromandibular disorder (TMD). Background Data: TMDs are conditions that affect the form and/or
function of the temporomandibular joint (TMJ), masticatory muscles, and dental apparatus. Often TMD is
associated with pain localized in the TMJ and/or in the muscles of the face and neck. Methods: This clinical
trial was performed in 10 patients, 18-56 years old, diagnosed with TMD of multiple causes. All patients re-
ceived both methods of treatment in two consecutive weeks. LLLT was delivered via a 670-nm diode laser, out-
put power 50 mW, fluence 3 J per site/4 sites (masseter muscle, temporal muscle, mandibular condyle, and
intrauricular). TENS therapy was applied with a two-electrode machine at 20 W, maximum frequency of
60 Hz, adjusted by the patient according to their sensitivity. The amplitude of mouth opening was recorded
before treatment and immediately after using a millimeter rule; the measurements were performed from the
incisal of the upper incisors to the incisal of the lower incisors. A paired #-test was applied to verify the signifi-
cance of the results. Results: A significant improvement in the range of motion for both therapies was ob-
served immediately after treatment. Comparing the two methods, the values obtained after LLLT were
significantly higher than those obtained after TENS (p < 0.01). Conclusions: Both methods are effective to im-
prove mouth opening. Comparing the two methods, LLLT was more effective than TENS applications.

INTRODUCTION aches, earaches, dizziness, and hearing problems may some-

times be associated with TMD.!
TEMPOROMANDIBULAR DISORDER (TMD) is the communal TMDs fall into three main categories. Myofascial pain is the
term that describes a number of clinical problems involv-  most common form of TMD. It is characterized by discomfort

ing the masticatory musculature, the temporomandibular joint, or pain in the masticatory muscles and sometimes also in the
or both. A range of symptoms may be linked to TMD; pain, neck and shoulder muscles. The second category is the internal
predominantly in the chewing muscles and/or jaw joint, is the = derangement of the joint associated with a dislocated jaw or
most common symptom. Likely indications of TMD include displaced disc, and an injury to the condyle. Degenerative joint
limited movement or locking of the jaw, radiating pain in the  disease is another category, including osteoarthritis or rheuma-
face, neck, or shoulders muscles, painful clicking or grating  toid arthritis in the jaw joint.!

sounds in the jaw joint when opening or closing the mouth, and Epidemiological studies show that about 75% of the popula-
a sudden change in occlusal status. Symptoms such as head- tion present one sign of TMD and 33% present at least one
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symptom. However, only a minor percentage of the population
presents problems severe enough to look for treatment for
TMD.2

The preliminary management of TMD presumes that pri-
mary systemic or overt joint diseases have been identified and
addressed.? A vast array of therapeutic modalities has been of-
fered for TMD patients.2 Researchers generally agree that cau-
tion is recommended with regard to the use of invasive and
irreversible treatments, particularly in the initial management
of TMD. A number of noninvasive and reversible therapies ap-
pear to help most patients.34

The initial management of TMD includes supportive patient
education, pharmacologic pain control, and physical therapy—
i.e., moist heat, ultrasound, and transcutaneous electrical
neural stimulation (TENS).2

TENS is used to relax hyperactive muscles; it acts like a neu-
romuscular stimulator. TENS equipment produces a low-
amplitude, low-frequency alternating stimulus that causes
muscles to contract and relax. Applied bilaterally between the
temporomandibular joint (TMJ) and the coronoid process, the
stimulus reaches the deep mandibular division of the trigeminal
nerve, as well as the superficial facial nerve.5 This therapy is ap-
plied to reduce the muscular activity of masticatory muscles.¢

Low-level laser therapy (LLLT) seems to be in accordance
with TMD’s treatment philosophy, because it represents a non-
invasive, reversible therapy without any known side effects.
LILT makes use of the electromagnetic radiation of a single
wavelength, usually in the red or infrared regions. LLLT pro-
vides treatment for several pathologies, including impaired
wound healing, pain conditions, and inflammatory situations.”-8

Several reports have documented the positive effects of
LLLT in TMD.*10 Kulekcioglu et al.? showed that, after 15 ses-
sions of LLLT, TMD of both myogenic and arthrogenic causes
responded to therapy with a significant reduction in pain, im-
provement in mouth opening and lateral motion, and a dimin-
ished number of trigger points. However, the clinical efficacy
of LLLT has been questioned.!! Given the large range of treat-
ment parameters involved in this therapy (i.e., wavelength, flu-
ence, intensity, exposure time, total duration of treatment), it is
not difficult to understand that results differ from one study to
the next.!2

LLLT, with the appropriate parameters, may act as an anal-
gesic and anti-inflammatory mediator to promote muscle re-
laxation. According to some reports, LLLT may promote
analgesic effects via several mechanisms (e.g., increases liber-
ation of endogenous opiates; decreases permeability of the
nerve cell membrane; decreases release of algesic agents in
pathological sites; increases ATP production; and decreases tis-
sue asphyxial3.14).

Range of mouth opening is impaired in patients with
TMD.!5 Limitation in mouth opening makes access to the oral
cavity difficult, leading to complications in the rehabilitative
treatment often necessary in patients with TMD. Appropriate
access to the oral cavity is necessary to replace missing teeth,
to promote occlusal equilibration, or to perform dental impres-
sions to build up removable and functional oral appliances.2
These treatments can represent a stressful condition to patients
due to the pain provoked by the opening movement.!6:17

Therefore, the aim of this work is to evaluate the range of
motion of mouth opening in patients with diagnoses of TMD
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before and after treatment with LLLT or TENS to observe the
clinical effectiveness of each method.

METHODS

The present study involved 10 patients from a private dental
office with diagnoses of TMD of multiple causes. Informed
consent for participation in this study was obtained in all cases.

Following a preliminary evaluation to exclude patients with
systemic disease that could be associated with TMD and overt
joint diseases, the inclusion criteria comprised two conditions:
limitation of mouth opening due to pain, and not having medical
or pharmacological treatment for TMD in the past 6 months.

The patients were 80% female and 20% male. The mean age
was 34.4 years (range, 18-56 years). Patients presented multi-
ple causes of TMD, with complaints of pain in the TMJ area.
During the study, patients were instructed to not take systemic
medication for TMD.

Prior to therapies, the patient was set in a chair with a stan-
dard position of 45 degrees between the upper and lower
members. The head was supported by a head rest. Patients
were instructed to open their mouth until it reached maximum
capability without excessive discomfort. With a millimeter
ruler, the total mouth opening was recorded, with the measure
being performed from the incisal of the upper incisors to the
incisal of the lower incisors. Initial values were recorded; all
patients received both methods randomly alternated, in one
treatment session per week, in 2 consecutive weeks. During
the first week, five patients had laser irradiation and five pa-
tients had TENS application. After 7 days, the mouth opening
was measured as previously described. Thereafter, patients
that had LLLT on the previous week got TENS therapy and
vice versa.

LLLT was performed with a continuous-wave diode laser
(GaAlAs; Kroman, Sdo Paulo, Brazil), emission wavelength
of 670 nm, output power of 50 mW for 60 sec, 3 J per site.
Four sites were chosen to receive the irradiation: the area
over the masseter muscle, over the temporal muscle, over the
mandibular condyle, and intra-auricular.!8 The treatment was
performed bilaterally with total time duration of 8§ min. The
intensity was 0.25 W/cm?2. The laser output power was mea-
sured prior to irradiation using a calibrated detector
(LaserCheck®, Coherent).

TENS therapy was executed with a two-electrode machine
(model hv250r; Hitachi Home Electronics Inc., Japan). The
power was 20 W, with a maximum frequency of 60 Hz. The pa-
tients were instructed to adjust the intensity of the equipment
according to their sensitivity so that the treatment would not be
uncomfortable; the equipment has five different intensities.
The total duration of the treatment was 30 min. Each electrode
was placed in one side, so the treatment was performed bilater-
ally. The position of the electrode was between the TMJ and
the coronoid process, to allow the arrival of the stimulus to the
trigeminal nerve, as well as to the facial nerve.

The total aperture measurement was recorded before and
immediately after therapies. The results were compared for
each individual treatment (before and after treatment values) as
well as between treatments (mean of the after treatment
improvement).
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Statistical analysis

Statistical analyses were accomplished using the paired #-
test. A p value of <0.05 was considered to indicate a statisti-
cally significant difference between the groups.

RESULTS

The mean value of the mouth opening amplitude in the
group that received TENS in the first week prior to any treat-
ment (n =5) was 35.2 mm (SD = + 9.9, range [R] = 27). The
mean value of the mouth opening amplitude in the group of pa-
tients that received LLLT in the first week prior to the treat-
ment (n = 5) was 31.4 mm (SD =+ 9.3, R = 23). The mean
values of the mouth opening amplitude for the two groups
were not significantly different (p = 0.55, ¢ = 0.49, degrees of
freedom [df] = 4).

Figure 1 shows the data for all patients after LLLT. The mean
value of mouth opening before LLLT was 34.8 mm (+8.8). Im-
mediately after LLLT, the mean value of mouth opening was
41.7 mm (£6.8). The values after therapy are significantly
higher than the initial ones (p < 0.01, t=7.66, df =9).

Figure 2 shows the data for all patients after TENS. The
mean value of mouth opening before TENS, was 34.2 mm
(£8.9). Immediately after TENS, the mean value of mouth
opening was 37.5 mm (+8.3). The amplitude of mouth opening
after therapy is significantly higher (p < 0.01, r = 8.34, df = 9).

After LLLT, the mean value of the increase in mouth opening
was 7.2 mm (+2.9). Following TENS, the mean value of the in-
crease in mouth opening was 3.3 mm (+1.2). LLLT was signifi-
cantly more efficient in improving the mouth opening range of
motion compared with TENS (p < 0.01, r=4.67, df =9).

For both groups and treatments, at the end of the first treat-
ment session the mean value of mouth opening (n = 10) was
38.8 (£7.99). At the end of the second treatment session, the
mean value of mouth opening (n = 10) was 40.7 (+7.67). The
values at the end of the each week of treatment are not signifi-
cantly different (p = 0.35, r = 0.98, df = 9); thus, the beneficial
effects were not cumulative.
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FIG. 1. Mouth opening of patients prior to low-level laser

therapy (LLLT) and immediately after therapy.
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FIG. 2. Mouth opening of patients prior to transcutaneous
electrical neural stimulation (TENS) and immediately after
therapy.

The initial values compared with the final showed a signifi-
cant positive increment in the range of mandibular motion in
all patients (p < 0.001, r=4.71,df =9).

Figure 3 shows the evolution of the mean of all patients dur-
ing the studied period. An increase is observed immediately
after therapies, although on the 1-week interval between thera-
pies a regression was noted.

Figure 4 presents the data of the patient’s evolution during
treatment. One group of patients started treatment with LLLT
(n=15), which is represented by the first segment of the graphic
(initial first week to final first week). During the second week,
the same group of patients received TENS, represented by the
second segment on the graphic (initial second week to final
second week). The second group received exactly the same
procedures, starting treatment with TENS instead of LLLT.
The evolution of the patients independent of the treatment with
which they started is similar (p > 0.05, r = 2.29, df = 3).
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FIG. 3. Mean values + SD of mouth opening over time.
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FIG. 4. Mean values of the evolution of mouth opening of
both groups during experimental period.

DISCUSSION

In this study, the range of mandibular motion was evaluated
in patients with TMD after LLLT or TENS to verify improve-
ment in mouth opening of those patients immediately after
therapy. Both therapies were effective in improving the ampli-
tude of mandibular movement. Comparing the two methods,
LLLT was more efficient than TENS.

Even though pain is almost certainly the most precise symp-
tom that had been treated in this study, the evaluation of pain,
probably, would not be the most objective parameter to assess
the purposed treatments. Kulekcioglu et al.” showed that after
15 sessions of LLLT, TMD responded to therapy with a signif-
icant reduction in pain presented either by the laser or by the
placebo group, but only the active laser group presented im-
provements on mouth opening, lateral motion, and number of
trigger points. So, in this study the range of mandibular motion
was chosen to evaluate the efficacy of the purposed treatments.

The psychological component of TMD appears to be re-
markably important. Patients with diagnoses of TMD are ren-
dered susceptible to placebo effects of any treatment carried
out. Indeed, placebo effect for an assortment of treatments for
patients with TMD has been shown to be effective in more than
40% of the cases.2!9 In this study, a placebo control was not
performed because, although it would be easily achieved in the
laser treatment, it would not be performed in the TENS group
with the same reliability because the patient would not feel
anything and also would not hear a sound for over 30 min;
thus, the placebo effect would be compromised by the TENS
therapy. Further investigation with a larger sample to investi-
gate placebo effects is warranted.

TENS is conventionally used to relax muscles. TENS ther-
apy is recommended, at a treatment dose of over 60 min.5 In
order to provide a feasible clinical application, a period of 30
min was chosen. Even with this shorter period of application,
TENS therapy was effective in improving the amplitude of
mouth opening in a significant manner, although a longer ap-
plication period could promote even better results.

On the other hand, LLLT has been used to treat a variety of
pathological conditions, including musculoskeletal pain, post-
traumatic joint disorder, and rheumatoid arthritis.!? Although
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LLLT has been studied since the early 1960s, it is not estab-
lished as a clinical tool yet.!! The multitude of parameters in-
volved in this therapy is probably delaying its acceptance in
the clinical realm.!2

Several reports have documented the beneficial effects of
LLLT on the management of patients with TMD.%-11.20 Gur et
al.,2! in a randomized controlled, double-blind clinical trial
with 60 patients, used the 904-nm laser to treat chronic my-
ofascial pain. The overall result after 2 weeks of treatment
showed that LLLT was effective in pain relief and in the im-
provement of the functional ability of the patients. The energy
applied over each site was 3 J. Energies of 6—-12 J seem to be
effective in promoting muscular relaxation.20

The wavelength used in this work is not considered the most
appropriate one to promote analgesic effects due to its penetra-
tion depth.22 The radiation penetration depth is a controversial
issue, and more objective data about tissue optics are neces-
sary.!! The forward scattering of the radiation would promote
the penetration of the radiation into deeper tissues. LLLT’s
most commonly used wavelengths (630-1300 nm) present a
predominant forward-directed scattering.2* Furthermore, due
to the optical characteristic of this therapy, the patient’s indi-
vidual characteristics should also be taken into account, since
the right energy does not only have to be applied on the sur-
face, but also must reach the target area.

Both treatments tested in this trial presented good results.
LLLT was more efficient than TENS therapy. LLLT is more
comfortable to the patient because it does not cause any sensa-
tion during its application. TENS therapy promotes a sensation
like a minor electrical shock, which is comfortable for some
patients while to others is a strange sensation. Thus the patient
compliance with the therapy may be an important factor.

The results showed no cumulative beneficial effects because
from the end of the first treatment session to the end of the sec-
ond treatment session no improvements were detected. This
data reinforce the probability of an immediately analgesic ef-
fect. In patients with TMD, to observe long-lasting improve-
ments, a prolonged treatment may be necessary. In a clinical
trial, Conti?* reported that, after three treatment sessions, LLLT
with 830-nm laser and energy of 4 J did not show a significant
effect. Although some clinical findings were positive, the sta-
tistical analyses did not show differences between laser and
placebo groups. Conti suggested that increased frequency of
laser application may improve the results.?*

Randomized, placebo-controlled clinical trials with a signif-
icant sample must be performed in order to validate this ther-
apy. The results obtained in this study indicate that LLLT could
be an adjuvant in the management of patients with TMD.

CONCLUSION

In this study, the range of mandibular motion was evalu-
ated in patients with TMD after LLLT or TENS to verify im-
provement in mouth opening immediately after therapy. Both
therapies were effective in improving the amplitude of man-
dibular movement. These treatments should be performed be-
fore conventional dental treatment in patients with TMD.
Comparing the two methods, LLLT was more effective than
TENS therapy.
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