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Introduction

Temporomandibular joint disorders (TMD) can cause pain in
the temporomandibular joint (TMJ) or surrounding tissues as

well as functional limitations in the jaw and clicking in the
TMJ during movements. It is also defined as conditions that
cause aberrant, incomplete, or impaired function of the TMJ
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Abstract Introduction Temporomandibular joint disorders (TMD) present with a multitude of
symptoms that can range from headaches to shoulder pain. Patients frequently present
with pain in the ear, dizziness, and vertigo. It is noted that some patients who report
TMDs also have a history of sleep disturbances, which is noted in cone beam computed
tomography (CBCT) as a reduction in the oropharyngeal airway volume.
Objective To evaluate the airway volume in pre- and posttreatment of TMD with the
use of neuromuscular orthotics made with ultra-low frequency transcutaneous
electrical nerve stimulation (ULF-TENS).
Methods A total of 15 patients were evaluated for TMDs using the related criteria.
Those included were treated with ULF-TENS with evaluation of the airway volume both
pre- and posttreatment using CBCT and the Dolphin 3D volume analysis software.
Results While the symptoms were shown to be significantly reduced in patients who
were treated with this particular modality, the airway volume varied in those who
reported a reduction after a period of 3 months and those that reported after a period
of 6 months.
Conclusion Posttreatment evaluation of the airway should be done after a period of
6 months for a more objective evaluation. A multidisciplinary evaluation of the patient
is required in such cases.
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or a collection of masticatory system symptoms recorded in
diverse combinations. However, there is no definite defini-
tion until now. These disorders are fairly common and
usually self-limiting in nature and mostly found in women,
affecting from 75 to 84% of those affected by the disorder.1,2

James Costen first described it as symptoms located
around the ear and TMJ, and it was dubbed “Costen syn-
drome” in 1934. In 1959, it was then termed “temporoman-
dibular joint dysfunction syndrome,” and later renamed as
“functional temporomandibular joint disturbances” by Ash
and Ramfjord. Later, Bell reported that the problems related
not only to the joints but the dysfunction of the masticatory
system should it considered, and the term “temporoman-
dibular joint disorders” achieved popularity.3

Neuromuscular dentistry was first introduced by Dr.
Bernard Jankelson in the year of 1967. It works on the
concept that the masticatory system is three-dimensional,
composed of teeth, TMJ, and muscles; furthermore, it is a
dynamic system that follows anatomic and physiologic laws.
While the technology for the measurement of masticatory
function was not available, there was a universal consensus
that approximately 90% of the TMDs are myogenous in
nature.

The neuromuscular paradigm is based on the neurophys-
iologic principles that the biomechanics of occlusion follow
the masticatory apparatus’s three components. Further-
more, the occlusion proprioceptive information affects the
musculoskeletal system, and dysfunction in other areas of
the body can also affect occlusion. It also follows the univer-
sal principle of pathophysiology, in which pain and dysfunc-
tion of the affected structures occur when the need for
accommodation exceeds the adaptive capacity of the affect-
ed structures. The neuromuscular paradigm is conducted in
two stages, with the reversible phase bringing the dental
occlusion to a myocentric occlusion, and the irreversible
phase conducted by prosthetic or orthodontic management,
as it states that TMDs occur due to reduced posterior occlusal
support.4 This is a noninvasivemethod of decompressing the
joint, as its stability in the long run is primarily dependent on
the expansion of joint space, and it can help control the
processes of degenerative joint diseases, including disc
displacements.5

Since the development of the nasomaxillary complex,
mandible, TMJs, and occlusion are guided by the airway. It
is noted that they have an inverse relationship, so narrowing
of the facial features and malocclusion can happen to main-
tain the airway’s patency.6 The factors that can affect the
airway include the size, shape, and position of the mandible,
leading to the reduction of the airway in the oropharyngeal
segment, which could lead to sleep-disordered breathing.7

Harrell Jr. et al. reported a case of TMD and associated sleep-
disordered breathing treated by use of a centric occlusion
splint and followed by orthodontic treatment and orthog-
nathic surgery. Though initially planned for the use of a splint
in the centric relation, the reduction of the airway noted
while assessing the cone beam computed tomography
(CBCT) required the use of the splint in centric occlusion. It
was noted that changes in the airway dimension can occur

from altered positions of the TMJs, so the clinician must
evaluate the airway in both centric relation and centric
occlusion.8 Mummolo et al., in their study, found that the
use of ultra-low frequency transcutaneous electrical nerve
stimulation (ULF-TENS) systemwas effective inmanagement
of temporomandibular disorders.9 The primary aim of this
study was to evaluate the airway volume in pre- and post-
treatment TMDs with neuromuscular orthotics made with
ULF-TENS.

Materials and Methods

This study was approved by the Institutional Review Board,
under the ethical approval protocol number: IRB-AIMS-
2019–154. Patients were told the objective and motive
behind the study. An informed consent was obtained from
those who agreed to take part in the research.

Study Design and Setting
This is a single-institution pre- and posttreatment observa-
tional, pilot study. The study included 15 patients with TMD
who satisfied the criteria of joint pain radiating to the head,
neck, and arms, as well as joint sounds and trouble opening
and closing the mouth.

The exclusion criteria were patients suffering from dis-
orders of the TMJ satisfying the diagnostic criteria for TMDs,
those who had previously been diagnosed with obstructive
sleep apnoea and received dental orthotics, those with
congenital abnormalities in the condyles, those wearing
pacemakers, those suffering of epilepsy, and those under
12-years-old were excluded from the study.

Patients who presented to the department with signs and
symptoms of TMD were evaluated and included if they met
the diagnostic criteria. Pain on palpation of the muscles was
evaluated on a 4-point scale ranging from 0 to 3. Mouth
opening, and symptom severity score were also evaluated.
Patients who agreed to participate in the study gave their
informed consent, and a CBCT pretreatment was performed.
The patients were asked to stand with their teeth in the
maximal intercuspal position and their heads parallel to the
floor with the Frankfort horizontal plane. The volume ren-
dering CS 3D imaging (Carestream Dental LLC., Atlanta, GA,
USA) softwarewas used to recreate the views into 3D images.

Using the Dolphin 3D (Dolphin Imaging & Management
Solutions, Chatsworth, CA, USA) software, the posterior nasal
spine, dens, anteroinferior limit of the C3 vertebrae, anterior
limit of the hyoid, and inferior point of the uvula were
utilized to establish an area of interest in the midsagittal
plane to measure the pharyngeal dimensions. This produced
a polygon, which was then marked using a seed point tool,
which automatically colored the area of interest and gener-
ated a 3D image with the volume’s numerical values
expressed in mm3.

The maxillary and mandibular impressions of the patient
were taken. The J5Myotronics ULF-TENS device (Myotronics-
Noromed Inc., Kent, WA, USA) was applied for 60minutes,
after which a bite registration paste was used to register the
neuromuscular position intraorally. The therapeutic occlusal
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position was referenced by this bite registration, and the
therapeutic mandibular orthotic device was created with it
as base. This was then used to construct an anatomic
orthotic, with an increase in the vertical dimension following
the occlusal surface of the teeth, made of acetyl resin, which
provides good functionality and strength for the mainte-
nance of patients’ normal physiological activities. These
were worn 24hours a day, seven days a week, and patients
were evaluated for occlusal interferences at 1-week, 1-
month, and 3-month intervals.

Symptom scores of the patients were taken at each of
these visits, and a post treatment CBCT was taken when
patients reported a drastic reduction of the symptoms to
analyze the airway volume, as per the evaluation in the
pretreatment scan. The symptom scorewas calculated froma
self-reporting questionnaire of 45 symptoms. The two CBCT
scans were taken with utmost care and adhering to ALADA
guidelines, for evaluation posttreatment and for further
prosthetic management.

Statistical Analysis
The Statistical Package Social Sciences (SPSS, IBM Corp.,
Armonk, NY, USA) software, version 20.0, was used to
conduct the statistical analysis. Themedian and interquartile
range was used to depict numerical variables. The Wilcoxon
signed rank test was used to determine the statistical signif-
icance of the difference in median airway volume and
symptoms between pre- and posttreatment data. TheMcNe-
mar chi-square test was used to determine the statistical
significance of the difference in the proportion of the visual
analog scale (VAS) for pain between pre- and posttreatment
findings. Statistical significance was defined as p-values of
less than 0.05.

Results

A total of 15 patients, 14 females and 1 male, who were
diagnosed with TMDs, ranging from myofascial pain to
osteoarthritis, were assessed, and they constituted the study
sample. Theminimum age of the study populationwas found
to be 19 and the maximum age 68, with the average being
41.42�16.10 years. It was found that 1 (6.66%) patient was
diagnosed with degenerative joint disease, 11 (73.33%) with
internal derangement, and 3 (20.0%) myofascial pain dys-
function syndrome.

This is a pilot study comparing the airway volume of the
patients with TMDs pre- and posttreatment with a neuro-
muscular orthotic. It was noted that there was significant
reduction in the symptoms in the patients treated with the
neuromuscular orthotic, however, there was no significant
increase in the airway volume in those who reported a
reduction of the symptoms within 6 months. But with a p-
value of 0.059, the difference in airway volume was very
close to being statistically significant in those that reported a
reduction of the symptoms after a period of 6 months. This
could indicate that it would be beneficial for the posttreat-
ment evaluation of the patient be done after 6 months to get

a more objective result regarding the change in airway
volume measurements.

►Figs. 1 and 2 elucidate the evaluation of the airway
volume in patients pre and posttreatment.

►Table 1 elaborates the results obtained during the study,
with the varying time durations at which the patients had
reported complete relief.

Comparison of the Symptoms pre- and
posttreatment
►Fig. 3 shows comparison of the symptoms pre- and post-
treatment. The median (Q1, Q3) at baseline is 12 (9, 23) and
at the completion of treatment it is 0 (0, 1), which shows that
there is a significant improvement in the posttreatment
symptoms (p¼0.001).

Comparison of the Airway Volume Pre- and
Posttreatment
►Fig. 4 shows the comparison of the airway volume pre- and
posttreatment. The median (Q1, Q3) at baseline is
11,936.0mm3 (10,288.0mm3, 14,685.0mm3) and at com-
pletion of treatment it is 12,867.0mm3 (11,733.0mm3,
16,332.0mm3), which demonstrates no significant improve-
ment in the airway volume post intervention (p¼0.427).

Taking into account the two varying time periods during
which the patient reported significant reduction of the
symptoms -

Comparison of the Symptoms at Less than 6 months
►Fig. 5 shows the comparison of the symptoms pre- and
posttreatment. Themedian (Q1, Q3) at baseline is 13 (10, 17)
and at the completion of treatment it is 0 (0, 0), which shows
that there is significant improvement in the symptoms post
intervention (p¼0.043).

Comparison of the Airway Volume at Less Than 6
Months
►Fig. 6 shows the comparison of the airway volume pre- and
posttreatment. The median (Q1, Q3) at baseline is
10,799.0mm3 (10,429.0mm3, 29,596.0mm3) and at com-
pletion of treatment it is 11,733.0mm3 (8,353.5mm3,
26,333.0mm3), which demonstrates no significant improve-
ment in the airway volume post intervention (p¼0.138).

Comparison of the Symptoms at More Than 6 Months
►Fig. 7 shows the comparison of the symptoms pre- and
posttreatment. The median (Q1, Q3) at baseline is 9 (9, 27.5)
and at the completion of treatment is 0 (0, 1), which shows
that there is significant improvement in the symptoms post
intervention (p¼0.008).

Comparison of the Airway Volume at More Than 6
Months
►Fig. 8 shows the comparison of the airway volume pre- and
posttreatment. The median (Q1, Q3) at baseline is
11,733.0mm3 (8,353.5mm3, 15,372.75mm3) and at comple-
tion of treatment interval is 13,215.5mm3 (12,647.0mm3,
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17,327.0mm3), which shows that, while clinically significant
for each patient, there is no statistical significance (p¼0.059).

Discussion

There are many symptoms associated with TMDs, ranging
from headaches to shoulder pain and numbness in the arms,
and even aural symptoms like otalgia, tinnitus, vertigo,
dizziness, fullness of the ear, hyper- or hypoacousia, with
no auditory pathology. However, patients with ambiguous
history and positive physical findings should get evaluated
by an otorhinolaryngologist. It was reported that approxi-
mately 85% of patients who reported with symptoms of
TMDs had ear symptomology as well. 10,11

A study by Vasconcelos et al. in 2016 found that there was
a significant correlation between severe TMDs and otalgia,
ear fullness, and ear pruritis.12 The presence of these symp-
toms could be attributed to the embryonic origins of the TMJ
and the middle ear from the Meckel cartilage.

The development of the nasomaxillary complex, mandi-
ble, and TMJ are guided by the airway, which implies the
physiopathology of sleep-disordered breathing and the TMJ
are connected.6 Furthermore, TMDs are considered to be
multifactorial diseases with the three main components

being the masticatory muscles, occlusion, and joint. The
dysfunction in the occlusion can cause disharmony in the
masticatorymuscles and vice versa. These diseases are noted
to affect the female population more than the male popula-
tion, especially in the age range of 20 to 40-years-old. It was
also mentioned that there was a decreasing distribution of
the disease with age, which could indicate the limiting
feature of the disease. The present study highlighted the
presence of a higher female predilection, which is similar to
the studies reported by Bagis et al., Ferreira et al., and Jo
et al.13–15 Furthermore, the average age of the population is
41�16 years, with the minimum age being 19 and the
maximum being 68, similar to a study by Ferreira et al.14

The most common symptoms among the study popula-
tion being the presence of headaches, joint noises, painwhile
opening and closing the mouth, and the presence of discom-
fort in the ear, which were similar to those reported in the
studies by Cooper and Kleinberg, Campbell et al., Raman, and
List et al.16–19

Since the presence of TMDs is multifactorial, there are
several ways used to treat patients, with the most common
ones including the use of splints. Appliances with an in-
creased vertical dimension were noted to have a significant
improvement in the function of the patients and a reduction

Fig. 1 Evaluation of pretreatment airway volume.
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in symptoms reported by patients within a period of 3 and
6 months. The increased vertical dimension aids in the
reduction of the joint loading, which helps in the reduction
of the symptoms.20–23 The use of neuromuscular orthotics as
management was considered due to the substantial amount
of evidence showing that TMDs have a high prevalence of
muscle tension headaches.

The use of neural stimulation in pain relief helps to bring
the mandible into a physiologically acceptable position, as
well as having a significant improvement of the physiological
state of the masticatory system.24 This was demonstrated to
be similar to our study with the use of an orthotics for the
treatment of TMD. The patients reported a significant reduc-
tion in the symptoms in two particular time periods, be-

tween 3 and 6 months and over 6 months. This could be
explained by central sensitization, which occurs in patients
with TMJ abnormalities and generates an overresponsive-
ness of nociceptive receptors, hence depressing the central
opioid pathway. The stimulus may have originated in the
deep fascia, but as it becomes more chronic, it tends to have
an effect on the autonomic nervous system, indicating a
longer time period for patients’ subjective reaction to sug-
gest symptom decrease.25

Another method that is now becoming popular in the
treatment of TMDs is the use of ULF-TENS, as it has no side
effects and can reduce pain and EMG activity. The mecha-
nism of action of this treatment is by blocking of the
nociceptive stimulus by the neural stimulation, and keeping

Fig. 2 Evaluation of posttreatment airway volume.

Table 1 Results – Number of Symptoms and Airway Volume

Patient Pretreatment Airway
Volume (Mean� SD)

Posttreatment Airway
Volume (Mean� SD)

p-value Pretreatment
Symptoms
(Mean� SD)

Posttreatment
Symptoms
(Mean� SD)

p-value

> 6 months 12,788�3,875.24 14,483.5� 3,849 0.059 15.3�9.5 0.6�1.4 0.008

< 6 months 18,170�13,887 16,221� 11,986 0.138 13.4�3.2 0� 0 0.043

Abbreviation: SD, standard deviation.
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Fig. 3 Comparison of symptoms pre- and posttreatment.

Fig. 4 Pre- and posttreatment evaluation of airway volume.

Fig. 5 Comparison of symptoms at less than 6 months.

Fig. 6 Comparison of airway volume at less than 6 months.

Fig. 7 Comparison of symptoms at more than 6 months.

Fig. 8 Comparison of airway volume at more than 6 months.
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the muscles under constant contraction at equal intervals of
1.5 s. It aids in bringing themandible into a structurallymore
physiologically acceptable position, which could be consid-
ered as an anterior position of the condyle. Furthermore,
there is a significant reduction in the resting muscle activity
of the patient.26 Most patients report a reduction in the pain
immediately after the treatment, though this only lasts for a
period of 4 to 5hours. This position is stabilized by the use of
the orthotic fabricated in the neuromuscular functional
position for a period of 3 months.20

This was similar to our study, in which the patients
reported a statistically significant reduction in symptoms
after a period of 3 to 6 months (p¼0.043) and over 6 months
(p¼0.008).

In this study, patients were subjectively evaluated regard-
ing the pain on palpation of the mastication muscles and the
number of symptoms they presented with. All patients
reported moderate and severe pain intensity on palpation,
and the number of symptoms ranged from 29 in the patient
with the most symptoms to 2 in the patients with the least
number of symptoms. Posttreatment, all but one patient
reported a significant reduction of symptoms and intensity
of pain.

Imaging is an important part of the evaluation of the
patient. The use of CBCT has been well demonstrated in the
literature, and this study corroborates its use in the evalua-
tion of the airway and TMJ. While there are studies which
evaluate the use of a lateral cephalogram versus the CBCT,
they both have been found to be reliable in the use of
evaluation of the airway. Furthermore, the CBCT provides a
good adjunct to the clinical diagnosis and in the identifica-
tion of any immediate obstructions in the airway.27–29 There
are case studies which use magnetic resonance imaging
(MRI) to evaluate the airway and TMDs, which observe
that it does give an objective data in the pre- and posttreat-
ment radiological assessment.30–32 reported that MRI and
CBCT in patients with TMDs are complementary to each
other, however, it would be indicated more in a younger
patient. In a systematic review conducted by Veerappan
et al., 33 regarding the reliability of the CBCT versus MDCT
in the assessment of TMDs such as erosions, osteophyte
formation, sclerosis, and pseudocysts, both techniques
were found to be reliable. In the present study, we used a
full FOV CBCT for the evaluation of the TMJ and airway, since
it is a newer imagingmodality that allows for lower radiation
exposure, as well as beingmore cost effective for the patient,
which led to higher patient compliance. Our study popula-
tion had a mean age of 41, which could be considered as
middle aged and more compliant for evaluation using CBCT.

The correlation of symptoms and intensity of the painwas
found in our study, where most of the patients presented
with the posterior positioning of the condyle. This was found
to be similar to the study conducted by Paknahad et al.34

where they evaluated the clinical dysfunction index against
the radiographic evaluation of the condyle, and it was noted
that in patients with the severe dysfunction index the
condyle was posteriorly positioned, and in those with mild
to moderate dysfunction the condyle was anteriorly posi-

tioned. It was also noted that of the 15 patients in this study,
11 were diagnosed with internal derangement, 3 with myo-
fascial pain, and 1 with degenerative joint disease. When
evaluated radiographically, it was noted that 10 patients had
the features of osteoarthritis – flattening, erosions, and the
presence of Ely cysts. In a literature review, in cases of
osteoarthritis, it was noted that the changes appear to
happen to the soft tissue before they begin to occur in the
hard tissue. These effects can be noted in the condyle and
airway as well. The presence of a posteriorly positioned
condyle added to arthritic changes are shown to cause a
reduction in the airway.7,35–37 The same criteria were cor-
roborated in our study, as all patients had posteriorly posi-
tioned condyle on CBCT evaluation.

In the present study, it was noted that in patients who had
reported the reduction of symptoms after a period of
6 months had a clinically significant increase of the airway
(p¼0.059), while those who reported a decrease in the
symptoms within a period of 3 to 6 months didn’t
(p¼0.138), which indicated that it was nearing statistically
significance. It has been reported that the stimulation by
ULF-TENS affects the mastication muscles, the pharyngeal
muscles, and the superficial fibers of the facial expression
muscles.20 The stimulation provided also enables an increase
in the blood flow to these areas, which could explain the
increase in the airway posttreatment with a neuromuscular
orthotic. The change in the position and posture of the
mandible, supported by the mandibular muscles, as well
the change in the craniocervical posture posttreatment with
ULF-TENS, could also be other factors.26,38 This appears to be
similar to case report by Haze, who reported the fabrication
of a neuromuscular guided-sleep appliance called the equal-
izer, which was found to have a favorable result.39

The results of the study by Liang and Auvenshine were
corroborated in our study as well, when one of the patients
who was diagnosed with myofascial pain syndrome was
found not to have an increase in the airway posttreatment,
even after significant reduction of subjective signs and
symptoms.40

This study was conducted due to lack of literature regard-
ing the effects of neuromuscular orthotics on the effect of
TMD management and its effect on the airway. Airway, TMJ,
and occlusion have a synergistic relationship, where im-
pairment of one can lead to compensatory loss in either of
the other two. Therefore, it is important to maintain the
balance between these three components.

It had been noted that sleep-disordered breathing, which
presents as narrowing of the airway, can lead to changes in
the craniofacial morphology, like presence of a retruded
maxilla, retrognathic mandible, and crowding of the teeth
in the arch. Themost common treatmentmethod for patients
who report mild to moderate sleep apnea is the mandibular
advancement device, which over a long period of time does
tend to have a negative effect on the TMJ. Other treatments
include the use of oral appliances like the functional activator
and mandibular orthopaedic repositioning appliances,
which also help maintain the patency of the airway.
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The link between the anatomic features and the neuro-
muscular dynamics of the airway’s soft tissue was then
explored. In the present study, the use of neuromuscular
orthotics fabricated using ULF-TENS to treat the TMDs was
noted to result in a significant improvement for patients
suffering fromTMD, aswell as a clinically significant increase
in the airway in patients who reported a reduction in
symptoms after a period of 6 months, thus proving that
repositioning of the mandible, increased blood flow to the
areas stimulated by the isotonic contraction of the muscles,
and increased vertical dimension had a positive effect on the
airway volume.6,41–44 The following enumerates the limita-
tions of the study where 15 patients were evaluated, the p-
value of the airway volume in the patients who were
reported over a period of 6months was seen to be approach-
ing statistical significance. This could be proven to be signifi-
cant by use of a larger sample population evenly distributed
among the various diagnoses of the TMDs, and with patient
centric variations. Furthermore, the positioning of patients
during a radiographic evaluation using CBCT is difficult to
standardize, and there may be difficulty in the reproduction
of the patients’ posture pre- and posttreatment evaluation,
which could lead to alterations in the airway volume.

Conclusion

The present study emphasizes the role of attaining a physio-
logically acceptable position of the TMJ in patients who
suffer from TMDs. It was noted during this study that the
repositioning of the mandible aided in the reduction of the
symptoms ranging from 3 months to more than 6 months.
The stabilization of the new physiologic position was
brought about by use of orthotics.

The literature reports that theuseof lateral cephalogramand
CBCT in theanalysisof the airwayvolumeshoweda reliabilityof
using eithermodality. However,many had noted that the use of
the CBCTwas better for the diagnosis of reduction in the airway
volume compared with that of the lateral cephalogram. This
study proves the synergistic relationship between the TMJ and
the airway volume, where alteration in one could lead to
harmful effects on the other. It also took into account the
anatomic factors and neuromuscular dynamics, which play a
role in the maintenance of the airway’s patency. The use of
neuromuscularorthotics in thetreatmentof theTMJwasseento
have a favorable effect on the airway after a period of 6months.
This studyhighlights themultidisciplinaryapproach required in
the treatment of TMDs, as well the effective resolution of
multiple symptoms that patients present with.
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