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men; in addition, women who use 
supplemental estrogens or oral 
contraceptives are more likely to 
seek treatment for TMD.1-5

TMD can affect the joint, muscles, or both, 
but the aim of treatment is always to prevent further 
degeneration and restore joint stability. In cases in-
volving muscular TMD, an occlusal splint known 
as a neuromuscular deprogramming appliance 
(NDA) can be used to ensure that the condyles 
reach an anatomically and orthopedically stable 
position, while providing a functional occlusion. 
This treatment is effective, but it tends to take a long 
time, depending on the severity of the damage.6,7

The use of botulinum toxin type A (BTX-A)
can reduce TMD treatment time by diminishing 
muscle activity. BTX-A blocks the synapses of the 
neurotransmitter acetylcholine, thus inhibiting 
nerve impulses and preventing the injected muscle 
from contracting.8,9 Bakke was the first to use 
BTX-A to treat TMD, demonstrating how anterior 
disc displacement improved after application of 
the toxin.10 In cases of myofascial pain associated 
with masseteric hypertrophy, injection of BTX-A 
into both masseters has produced an immediate 
state of relaxation and reduced biting forces.11,12

The TMJ is a highly complex 
joint that can suffer alterations 
in intracapsular soft and hard 

tissues, as well as in the muscles 
that work with it, resulting in abnor-
malities that inevitably lead to TMD. 
The prevalence of TMD is between 
5% and 12%, but there is a higher 
prevalence in young people, which 
is unusual for chronic-pain condi-
tions. TMD primarily affects wom-
en, with twice as many cases as in 
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Another option is laser radiation, which has 
been used in the management of inflammatory 
processes and lesions affecting soft, muscular, and 
osteoarticular tissues of the musculoskeletal sys-
tem. The radiation is absorbed by the tissue and 
produces a biochemical interaction that increases 
adenosine triphosphate reserves, which in turn en-
hance oxygen consumption and the normalization 
of tissue damaged by inflammation, trauma, or 
osteoarticular injury.13 Laser therapy has been suc-
cessfully used in dentistry for bone regeneration 
and treatment of hypersensitivity and tissue dam-
age, as well as for improvement of muscle function 
and reduction of symptoms in TMD patients.14,15

The aim of this clinical trial was to compare 
the effectiveness and efficiency of three neuro-
muscular deprogramming treatments, using NDA 
only, NDA plus diode laser radiation, and NDA 
plus BTX-A.

Materials and Methods
The study sample included patients with mus-

cular TMD who were treated at the Temporoman-
dibular Disorder Clinic of the Master of Orthodon-
tics program, Universidad de la Salle Bajío, between 
September 2014 and April 2017. The project was 
evaluated and authorized by the Research and Eth-
ics Committee of the University Research Office.

Patients with rheumatoid arthritis, those who 
were allergic to BTX-A, and pregnant women were 
excluded. Twenty male and 19 female patients, 
ranging in age from 12 to 64 (average age 29.0 ± 
12.5) met the selection criteria and agreed to par-
ticipate in the study. After being told of the study’s 
purpose, procedures, risks, and benefits, they 
signed informed-consent forms. Equal numbers of 
patients (13 each) were randomly assigned to three 
treatment groups:
Group A—NDA only
Group B—NDA and diode laser therapy
Group C—NDA and botulinum toxin

Before fitting of the NDA, an initial reading 
was taken with a condylar position indicator (CPI) 
based on two wax registrations: one with the jaw 
in centric relation (guiding the patient’s anatom-

ical arc of closure) and another with no mandi-
bular manipulation. The NDA was used in the 
same way in all three groups: the appliance was 
worn 24 hours per day, and all patients were re-
quired to return for weekly checkups. At each 
checkup, the occlusion was adjusted in an attempt 
to achieve centric relation and thus to obtain 
punctiform, bilateral, symmetrical contact points 
of equal intensity. The appliance was adjusted to 
ensure smooth, prompt, and progressive function-
al guides (Fig. 1).

Once the patient’s jaw could easily be ma-
nipulated into centric relation and the occlusal 
points on the NDA were stable (Figs. 2,3), with no 
indentations or scratches, weekly appointments 
were scheduled to take new CPI readings with the 
patient’s normal bite. Neuromuscular deprogram-
ming was deemed complete when three consecu-
tive CPI readings showed no change.

In group B, in addition to the NDA treatment, 
each patient received diode laser therapy for tris-
mus with a Quantum IR-810** (120V, 60Hz, 24W, 
IEEC825-1, Type IIIb, 100-200mW, 810nm, 7.9°), 
which was applied in scan mode to each masseter 
and temporal muscle for 100 seconds at an inten-
sity level of 10J/cm2 (Fig. 4). The laser was then 
applied in pulse mode in each TMJ region for 100 
seconds at an intensity of 10J/cm2.

In group C, each patient was injected with 
80U of BTX-A in each masseter muscle and 20U 
in each temporal muscle on the day the NDA was 
fitted (Fig. 5). This was done after identifying 
which areas to inject and asking the patient to 
contract and hold the muscle during the intra-
muscular injection. The patient was then instruct-
ed not to touch the injection site nor to lie down 
for two hours.

At the beginning and end of treatment, the 
level of muscle pain was measured using a Visual 
Analog Scale (0 = no pain, 10 = maximum pain). 
Deprogramming time for each patient was mea-
sured in weeks between the fitting of the NDA and 
the date on which the patient was told it was no 
longer required.

**Laser Systems México, Santiago de Querétaro, Mexico; www.
lasersystems.com.mx.
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To quantify the amount of condylar seating 
achieved by neuromuscular deprogramming, we 
compared the initial and post-treatment CPI read-
ings. Statistical analysis was performed with SPSS 
v.21.*** The three groups were compared using a 
one-way analysis of variance; the Bonferroni test 
was used for post-hoc analysis. Statistical signifi-
cance was evaluated using the chi-square test, with 
the significance level set at p < .05.

Results
There were no significant differences among 

the three treatment groups according to sex or age, 
although the average age was highest in the BTX-A 
group (Table 1). The percentages of patients with 
baseline pain and the initial CPI readings on the 
X and Z axes were not significantly different 
among the three groups.

Treatment time was significantly less in the 
NDA plus BTX-A group, with no significant dif-
ference between the NDA only and NDA plus laser 
groups (Table 2). The percentages of patients re-
porting pain were significantly reduced in all three 
groups (p < .001); at the end of treatment, only two 
patients in the NDA plus laser group reported mild 
pain. Although all three treatments achieved sig-
nificant condylar seating in centric relation com-
pared to the baseline, there was no significant 
difference among the three groups in terms of sag-
ittal or vertical changes (∆) in CPI readings.

Discussion
An NDA is recommended in patients who 

present with muscular pain, occlusal dysfunction, 
facial asymmetries, anterior open bites, dolicho-
facial patterns, or skeletal Class II or III malocclu-
sions, and whose jaws are difficult to manipulate 
into centric relation, with a difference of more than 
2mm in the CPI reading between centric occlusion 
and centric relation. The aim of NDA treatment is 
to obtain an anatomically and orthopedically sta-
ble mandibular position in all three planes of space 
before designing an orthodontic treatment plan.16,17 

The time needed for neuromuscular deprogram-
ming reportedly varies from three to six months 
on average.18 The present study indicates, however, 
that neuromuscular deprogramming using only an 
NDA can take nearly 10 months with weekly 
checkups at an educational institution. Clinical 
experience has shown that when more frequent 
checkups are performed, the disorder is corrected 
more quickly, although specific monitoring proce-
dures would need to be evaluated to confirm this 
statement in a more methodological way.

In 1989, the American Food and Drug Ad-
ministration approved the use of BTX-A in TMD 
treatment because of its muscle-relaxing effect. 
This paved the way for its use in cases of bruxism, 
where the toxin is applied to the masseter and tem-
poral muscles to reduce motor activity and associ-
ated muscular hypertrophy.19-21 Similarly, the tox-
in has been used to treat masseter pain in patients 
with TMD associated with tension headaches.22 In 
cases of clicking due to direct interaction between 
the pterygoid muscle and the articular disc, BTX-A 
has even been injected into the external pterygoid, 
where it produced a statistically significant elimi-
nation of joint noises and was shown by magnetic 
resonance imaging to promote repositioning of the 
articular disc.23-26 Since these studies used only 
toxin applications without occlusal splints, a direct 
comparison cannot be made with our results. Our 
study did show that the average treatment time 
when NDA and BTX-A were combined was only 
nine weeks—a significantly shorter period than the 
average 39 weeks required when using only the 
occlusal splint or the average 36 weeks for the 
splint plus diode laser therapy.

The reduction in deprogramming time was 
attributable to the relaxation of the masseter and 
temporal muscles. When nervous synapse was pre-
vented, mandibular manipulation could be per-
formed with no muscle resistance, making this a 
more attractive treatment option for the patient, 
more efficient for the practitioner, and more inex-
pensive for both. One adverse outcome was the 
need for a second application of BTX-A in two 
patients after four weeks with no positive evolution 
in terms of mandibular manipulation and muscle 
resistance, indicating insufficient relaxation of the ***IBM, Armonk, New York; www.ibm.com.
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masseter and temporal muscles. According to the 
literature, some patients may require a booster in-
jection of BTX-A to achieve muscle relaxation, but 
this is enough to achieve synapses without the need 
for a third shot.27

Nearly all authors agree that there is a sig-
nificant increase in the maximum range of jaw 
movement after the use of diode laser therapy for 
management of TMD. Opinion is divided on its 
analgesic efficacy, however, even though the aver-
age intensity used in all studies was 4J/cm2.28-35 In 
studies reporting a reduction in symptoms, the 
average frequency of laser application was two to 
three times per week, whereas in studies where no 
analgesic effect was found, the laser was applied 
weekly—as in our study. Our results showed a 
100% rate of pain remission in both the NDA 
group and the NDA plus BTX-A group, corrobo-
rating previous reports.22,36-40 In the NDA plus 
laser group, the pain remission rate was 85%. This 
suggests the need for controlled studies of the di-
ode laser’s analgesic effectiveness, varying the 
intensity, frequency, form, rhythm, and duration of 
the applications.

As with the BTX-A treatment, the effective-
ness of using diode laser therapy in conjunction 
with occlusal splints has yet to be explored. Öz 
compared laser treatment and NDA in two separate 

groups and concluded that the analgesic effects 
were practically the same.41 Condylar position and 
stability in the laser group would need to be as-
sessed, however, as would the analgesic effect in 
the short and medium terms.

All three treatment options evaluated in our 
study allowed the condyles to be seated in centric 
relation, as confirmed by three consecutive CPI 
readings showing no change.42-44 An unmistakable 
sign that neuromuscular pacification has been 
achieved is the ease with which the jaw can be 
manipulated into centric relation. Nevertheless, 
since this parameter is subjective and varies from 
one practitioner to another, we recommend more 
definitive studies.

After neuromuscular deprogramming thera-
py, patients will remain stable only as long as they 
continue to wear their occlusal splints. This re-
quires continued use of an NDA until centric oc-
clusal stability is achieved, whether through ortho-
dontic treatment, prosthetic rehabilitation, surgery, 
or a combination of these methods. If a patient 
chooses not to pursue any of these options, the 
appliance should be used at night indefinitely to 
prevent joint relapse. Expectations regarding the 
stability of neuromuscular deprogramming remain 
uncertain for patients who opt not to undergo sec-
ond phases of treatment.
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TABLE 1
COMPARISON OF TREATMENT GROUPS AT BASELINE

 NDA* NDA + Laser NDA + Toxin p

Sex (M/F) 6/7 8/5 6/7 0.663
Age (years) 25.6 ± 14.1 27.8 ± 8.9 33.6 ± 13.4 0.250
 (12-59**) (15-39) (19-64)
Presence of baseline pain 9 13 11 0.090
Initial CPI*** X (mm) 0.06 ± 0.83 –0.08 ± 0.97 –0.27 ± 1.43 0.744
 (–1.70-1.00) (–1.50-1.50) (–2.00-3.60)
Initial CPI Z (mm) 0.34 ± 1.00 0.74 ± 0.92 0.34 ± 1.63 0.642
 (–2.25-1.60) (–1.00-2.60) (–2.00-4.50)

*neuromuscular deprogramming appliance.
**95% confidence interval.
***Condylar position indicator.

TABLE 2
COMPARISON OF TREATMENT EFFECTS

 NDA* NDA + Laser NDA + Toxin p

Weeks of treatment 39.3 ± 15.7 36.6 ± 18.0 9.0 ± 2.6 0.003
 (16-68**) (13-72) (5-12)
Presence of post-treatment pain  0 2 0 0.121
CPI*** X ∆ (mm) 0.72 ± 0.49  0.86 ± 0.56  0.90 ± 0.99  0.790
 (0.25-1.70) (0.00-2.00) (0.00-3.60)
CPI Z ∆ (mm) 0.91 ± 0.82  1.00 ± 0.60   1.03 ± 1.11  0.929
 (–0.06-2.75) (0.37-2.60) (0.00-4.50)

*neuromuscular deprogramming appliance.
**95% confidence interval.
***Condylar position indicator.
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Fig. 1 Upper neuromuscular deprogramming appliance (NDA). A. Maximum intercuspal position. B. Mandibular 
protrusion with anterior guidance. C. Right mandibular lateral movement with canine guidance. D. Left mandibu-
lar lateral movement with canine guidance.
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Fig. 2 A. Patient before articular 
treatment. B. Effects of NDA, includ-
ing clockwise mandibular rotation 
from condylar seating into centric 
relation, producing increase in verti-
cal dimension with lower lip and chin 
retrusion. Note increase in overjet 
and reduction of overbite. 

Fig. 3 Patient’s articulated models. Note that occlusion changes as mandibular condyles are seated into centric 
relation. A. Maximum intercuspal position. B. First mounting attempt does not reflect patient’s true centric rela-
tion due to muscle stiffness. C. Use of NDA results in muscular relaxation, showing patient’s actual malocclusion 
in centric relation.
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Fig. 4 Therapeutic laser application in trismus mode at right masseter in 
patient from group B.

Fig. 5 Planning and application of 
botulinum toxin type A in right mas-
seter muscle of patient from group C.
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