
Temporomandibular disorders (TmD) consist of a group of
pathologies that affect the masticatory muscles, temporo-
mandibular joints (TmJ), and/or related structures. String
instrumentalists, like many orchestra musicians, can spend
hours with head postures that may influence the biomechan-
ical behavior of the TmJ and the muscles of the craniocervi-
comandibular complex (CCmC). The adoption of abnormal
postures acquired during performance by musicians can lead
to muscular hyperactivity of the head and cervical muscles,
with the possible appearance of TmD. medical infrared ther-
mography is a non-invasive procedure that can monitor the
changes in the superficial tissue related to blood circulation
and may serve as a complement to the clinical examination.
The objective of this study was to use infrared thermography
to evaluate, in one subject, the cutaneous thermal changes
adjacent to the CCmC that occur before, during, and after
playing a string instrument. Med Probl Perform Art 2015;
30(4):251–254. 

T emporomandibular disorders (TmD) consist of a
group of pathologies that affect the masticatory
muscles, temporomandibular joints (TmJ), and/or

related structures. The signs and symptoms referred by the
patient are usually pain, joint sounds, muscle tenderness,
joint tenderness, and limitation of jaw movement. Associ-
ated with these clinical situations, other symptoms can
appear that affect the head and neck region, such as
headache and earache.1,2

String instrumentalists, like many orchestra musicians,
can spend many hours with head postures that may have an
influence on the biomechanical behavior of the TmJ and
the muscles of the craniocervicomandibular complex
(CCmC).3,4 The adoption of abnormal postures acquired

during performance by musicians can lead to muscular
hyperactivity of the head and cervical muscles. During play-
ing of a string or a wind instrument, the musician’s muscu-
loskeletal system and head posture have a close relation
with the orofacial anatomic zones. Some studies report the
relation of head and cervical posture with the possible
appearance of TmD.5 Given the duration and intensity of
the daily practice of orchestra musicians, they may well
develop a parafunctional activity, especially in the mastica-
tory and postural muscles. 

medical infrared thermography can be used as an auxil-
iary tool in the field of sports medicine to investigate over-
use and traumatic knee injuries, which can be used for
preparticipation evaluation of athletes.6 Infrared thermog-
raphy has the advantage of being a non-invasive procedure
that can monitor the changes in the superficial tissue
related to blood circulation. What is actually happening is
a vasodilator thermoregulatory response caused by localized
elevation of the body temperature and resultant heat loss
through the skin. The assessment of surface temperature
changes as a function of shoulder angle in relation to differ-
ent work demands can be monitored by infrared imaging.7

The improvement of infrared thermographic devices has
provided qualitative information on the temperature distri-
bution of a chosen anatomic structure, like the TmJ. Stud-
ies have shown a low level of symmetry in TmD patients,
when comparing the thermal patterns between the left and
right TmJ.8 As the level of TmJ pain increases in the
patients, the relative temperature (left vs right) of the TmJ
also increases.8 Thermographic images with a difference of
0.36C or greater, left versus right side, have a positive cor-
relation with a pathophysiological condition.9

Any coordinated neuromuscular task such as practicing
up to 6 hrs/day can eventually lead to the development of a
variety of musculoskeletal disorders. This is a matter of
occupational health that should be a major concern for cli-
nicians including dentists, who frequently treat patients
with TmD. At this time, to the best of our knowledge, very
few studies have been done in performing artists applying
infrared thermography as a diagnostic tool for muscu-
loskeletal disorders affecting the CCmC.10,11

Aim: The objective of this study was to use infrared
thermography to evaluate, in one subject, the cutaneous
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thermal changes adjacent to the CCMC that occur before,
during, and after playing a string instrument. 

MATERIALS AND METHODS

This study was approved by the Ethics Committee of the
Dentistry University of Oporto, Portugal, and informed
consent was obtained from the participant.

The musician is a 32-year-old female violinist who was
referred to us due to her complaints regarding the CCMC.
She plays in an orchestra, with rehearsals of 5 hrs/day
and 2 concerts per week. She has been playing her instru-
ment for the past 25 yrs.

The musician was acclimated to the musical rehearsal
room where the examination was done, with a resting
period of 20 minutes before thermographic measurements
were taken. Thermal images were obtained using the Flir®
A325 thermographic camera. The thermographic patterns
were analyzed with the ThermaCAM Researcher Profes-
sional software analysis system (ver. 2.10, Flir Systems AB,
Sweden).

After thermal images were captured, a clinical asses-
ment was conducted using a standardized clinical protocol
that included an evaluation of the musician’s history for
any kind of discomfort or pain regarding the CCMC, pal-
pation of the TMJs, auscultation of joint noises, palpation
of the masticatory and postural musculature, and measure-
ment of the mandibular range of motion.

The orofacial region of the violinist that was the main
area of interest had left and right thermograms made in a
rest position. In addition, dorsal and lateral right thermo-
grams were taken during her musical performance. The
thermal camera was mounted on a tripod and a digital
camera was also present to monitor the repetitive move-
ments of the musician while performing in order to under-
stand the hyperactivity of specific muscles of the CCMC
related to each particular instrumental technique (Fig. 1). 

RESULTS AND DISCUSSION

Infrared thermography can be added to the existing types
of imaging modalities for TMD, where the gold standard
for studying TMD, especially in the cases of internal
derangement, is magnetic resonance imaging (MRI), since
it allows direct visualization of the articular disc. Never-
theless, some symptomatic TMJs show no sign of disc dis-
placement on MRI examination.12 This can occur because
referred pain from the masticatory muscles or postural
muscles (like the upper trapezius) can induce pain that
spreads to the head, causing symptoms perceived by TMD
patients. In these cases, one can have myofascial pain,
where most of the time the referred pain originates in some
of the CCMC muscles.13 Therefore considering the func-
tional aspects of the CCMC, diagnostic tools should not
be limited to clinical and radiographic examinations. 

Surface electromyography (sEMG) can be considered as
a safe and effective method of monitoring muscles in

healthy and dysfunctional individuals.14 In the dental
field, research with sEMG has been applied since late
1940s,15 where its purpose was to create a quantitative
measurement of the amount of dysfunction present in the
masticatory system when compared with healthy or
asymptomatic function. Nevertheless there are factors that
can cause variation in these measurements, such as techni-
cal and biological factors, especially recording technique
and muscle variables, among others.16 As a result, sEMG
analysis of TMD patients has some limitations, although it
is still important as an a complementary research tool.

In this study, we have demonstrated that infrared ther-
mography can be a complement to a clinical examination
of the CCMC, in order to fully assess the cutaneous layers
adjacent to the masticatory and postural muscles. Para-
functional muscular activities that are part of the multifac-
torial etiology of TMD can be monitored by thermo-
graphic cameras during the performance of various tasks,
in this particular case during musical performance. With
the thermographic pattern, dorsal view, obtained with this
violinist, it was possible to observe the temperatures corre-
sponding to the trapezius zone during her musical activity
(Fig. 2). The thermograms helped to explain what is hap-
pening in her body, which has two distinct movements of
the upper extremities. Her left arm is isometrically con-
tracted in order to hold the violin between her shoulder,
chest, and mandible, while the right arm is exerting an iso-
tonic contraction with the violin bow, playing the musical
notes. Eventually, biomechanical loading of certain mus-
cular groups of the CCMC can lead to overload and/or
fatigue of the muscles involved and structures of the oro-
facial region.  
     With infrared thermography, it was possible to observe
specific areas of interest in the CCMC, such as the stern-
ocleidomastoid, which has high temperature values when
compared with other sites (Fig. 3). String instrumentalists
such as violin or viola players often have neck tenderness,
discomfort in the jaw, or pain in the TMJ. These symp-

FIGURE 1. Violinist during warm-up in the rehearsal room
where the infrared thermography examination occurred.
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toms are frequently associated with parafunctional activi-
ties that occur while playing the violin, such as clenching
of the teeth, with consequent changes in the temperature
of the masseter muscle area.

This violinist’s clinical findings correlated with the lat-
eral thermograms of the face, where the presence of mus-
cular hyperactivity of the elevator muscles caused higher
temperatures in the area of the masseter muscle. The
major and only complaint of this violinist player was sore-
ness on the left side of her face involving the masseter
region. Her clinical examination revealed tenderness in
the left masseter muscle. The thermograms allowed us to
visualize an asymmetric pattern of this anatomic region
involving the masticatory muscles. The masseter muscle
serves primarily to elevate the mandible and causes a slight
protrusion, which is in accordance to the role and action
of the mandible to stabilize the violin during the violinist’s
performance. Usually in this situation, the violinist’s
mandible deviates laterally to the left side and anteriorly.
The complexity of this action implies that clenching of the
teeth is common and is associated with muscular hyperac-
tivity mainly of the masseter muscles. This isometric con-

traction induced higher temperatures on the left masseter
muscle of the instrumentalist, with a temperature differ-
ence of 0.9°C (Fig. 4).

These thermal images can serve as a complementary
examination to the clinical evaluation of the musician.
Nevertheless, it is of vital importance to mention that ther-
mograms will not give clinicians a diagnosis. The most
important procedure when observing a musician who is
complaining of pain is the clinical examination and a com-
plete history. The thermographic examination can be a
very important tool for visualization of the musculoskeletal
system of the musician, in order to understand if there are
specific muscular groups that are being used more than
others. It is known that thermography is able to detect the
surface temperature of a human body and that this temper-
ature corresponds to physiological activities that are hap-
pening underneath the skin, mainly in the muscles. So
when an inflammatory process involves an articular or
muscular zone due to the occurrence of repetitive move-
ments, we can expect to observe thermograms with higher
temperatures involving these regions. Using thermal imag-
ing as a complement to the clinical examination, it may be

FIGURE 2. Initial dorsal thermal image of the violinist, show-
ing similar temperature values comparing the left and right
side trapezius, 34.6°C and 34.8°C respectively.

FIGURE 3. Thermal image of identified zones such as the
sternocleidomastoid, TMJ, and the anterior temporalis
muscle.

FIGURE 4. Initial orofacial thermal images: A, On the right side, the masseter region temperature is 33.6°C. B, On the left side,
the masseter region temperature is 34.5°C, making it possible to identify an asymmetric pattern compared to the right side.
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possible to detect signs before they become complaints.
This actually allows the clinician to observe thermograms
of areas where pain can be present or will be present in the
near future due to overuse of certain muscles. 

The usefulness of thermography in performing arts
medicine, in this particular case for the evaluation of
TMD, is that this technique allows us to evaluate an
orchestra musician “from invisible to visible,” which
means that on the musician’s cutaneous surface, one can
actually visualize what is happening inside the body during
performance.
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