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suMMARY Background Many studies have

demonstrated the presence of somatosensory
modulation changes at different sites in patients
with temporomandibular disorders (TMDs) using
different modalities. However, the neck area, a
well-know condition related to TMD, remains
unexplored. Objective To assess the thermal pain
threshold in patients with TMD and controls at
cephalic and extra-cephalic areas, including the
neck. Methods Twenty female patients with TMDs
diagnosed by the Research Diagnostic Criteria for
TMD (RDC/TMD) and twenty age-matched controls
underwent a first interview about neck pain and
disability (NDI questionnaire). A blinded evaluator
assessed the thermal pain threshold for cold (CPT)
and heat (HPT) stimuli in accordance with an
ascending method of limits of the Quantitative
Sensory Testing at the following sites: periorbital,
masseter, cervical posterior and ventral forearm.
The groups were compared using a t-test with

o = 5%. Results Patients with TMDs reported pain
at higher temperature for cold stimuli in all sites
(P < 0-05) and at lower temperature for heat stimuli
in the right periorbital site (P < 0-05) than controls.
Pain and disability due tothis symptom were
reported more often in the TMD group (P < 0-05).
Conclusion Patients with TMD have
modulation changes in the neck area as well,

pain

especially for cold stimuli, associated with higher
disability and a higher report of neck pain than
controls. These findings reinforce the evidence
regarding the relationship between TMDs and neck
pain.
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Background

Temporomandibular disorders (TMDs) are a broad
group of conditions that affect 12% of the population
(1) where pain can be located in one or more the fol-
lowing areas: temporomandibular joint (TMJ), masti-
catory muscles and related tissues (2, 3). The signs
and symptoms of TMDs include facial pain, tenderness
to palpation of the masticatory structures, decreased
mandibular range of motion, joint noise (clicking,
popping or crepitus), myofascial pain and functional
limitations (4, 5).

© 2016 John Wiley & Sons Ltd

According to the Research Criteria for temporo-
mandibular disorders, TMDs can be divided into three
general groups according of the aetiology of the pain:
arthrogenic, myogenic and mixed (6). These disorders
are frequently associated with other chronic condi-
tions such as fibromyalgia (7), headache (8-10), sleep
disorders (11), myofascial syndrome (12) and neck
pain (13).

All these chronic conditions could be related to cen-
tral sensitisation, process occurring when the pain
sensory is amplified (14). In fact, patients with these
disorders exhibit

long-lasting increases in the
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excitability of spinal cord neurons, which lead to
changes in the response of the somatosensory system
(15). This central facilitation could then manifest itself
as a reduction in the pain threshold (cutaneous allo-
dynia) or as an increase in responsiveness and pro-
longed after-effects to noxious stimuli (hyperalgesia)
(14, 16). Both of these conditions are related to the
chronicity process of the disease that might lead to
pain despite the absence of pathologies or peripheral
pain stimuli. This can reduce the patient response to
standard treatments and predispose to the co-occur-
rence or comorbidity of different disorders (17, 18).
Many the presence of
somatosensory modulation changes in patients with

studies have verified
TMDs using different sensory modalities and condi-
tions (14, 15, 19-23). Vierk et al. showed lower ther-
mal pain thresholds in patients with TMD for heat
stimuli in the calf, arm and face (14). Also, it has
been demonstrated differences in pain threshold for
both cold and heat stimuli on cephalic and extra-
cephalic areas in patients with TMD (22) and with
arthrogenic TMD (23). However, some studies did not
find any thermal pain threshold changes in TMD pop-
ulation (19, 21).

Neck pain is a condition with a strict and well-
known relationship to TMDs. It has been previously
demonstrated that patients with TMDs have a lower
pressure pain threshold (24, 25), frequent reports of
pain, disability (13) and hypersensitivity in the neck
area (15). Also, patients with TMD exhibit movement
limitations of high cervical segments and more trigger
points in the neck muscles compared to controls (26).

Previous studies demonstrated that cervical spine
treatment could improve facial pain symptoms (25)
and also TMD treatment through occlusal splints can
lead to less cervical pain and increased cervical mobil-
ity (27). The relationship between those disorders is
justified by anatomic—biomechanical connections and
by the convergence of both TMD and neck afferences
to the trigeminocervical nucleus (14, 28).

However, there is a lack of information concerning
somatosensory modulation of different dermatomes
such as the cervical, that could be altered due to the
high comorbidity between temporomandibular and
neck disorders. Moreover, there is much variability in
the pain threshold results depending on the method-
ology adopted and population characteristics.

The aim of this study was to investigate the thermal
pain threshold of patients with TMD compared to

healthy controls, in cephalic and extra-cephalic areas,
including the cervical site. We hypothesised that the
thermal pain threshold would be altered also in the
neck region in patients with TMD compared with
healthy controls.

Methods

From January 2010 to November 2011, 83 subjects
were screened from two Public-based Healthcare Cen-
ters of Ribeirao Preto city — Brazil (patients with
TMDs) and from the community (healthy controls).
Women between 18 and 65 years of age were
included if they had artrogenic, myogenic or mixed
TMD diagnosis according to the Research Diagnostic

Criteria for Temporomandibular Disorders (RDC/
TMD) (6).
Patients with the following conditions were

excluded: chronic diseases such as fibromyalgia, dia-
betes mellitus, neurologic pain, any type of headache
including migraine, report of primary pain conditions
or other medical disorders other than TMDs. Also,
patients using any medication/substance that could
interfere with the pain threshold were not included.
Controls with report of any facial pain were not
included and the same patients’ exclusion criteria
were applied for controls recruitment.

After the screening, 20 patients with chronic TMDs
and 20 age-matched controls were recruited. The
remaining forty-three subjects were excluded and this
high exclusion rate is attributed mainly to the pres-
ence of any report of headaches or other chronic pain
conditions, which are highly related to TMDs.

The study was approved by the Local Ethics Com-
mittee (process number: 2010/1950), and all the sub-
jects signed the Consent Form before the assessment.

All the subjects were assessed by a trained evaluator
that applied the RDC/TMD — Axis 1, that includes pal-
pation of the orofacial joint and muscles, TMJ range
of motion and joint noises assessment during the
movements. Subjects also completed a structured
questionnaire that enabled the identification of the
frequency and intensity of neck pain based on the
number of days within a month with pain and on a
Numeric Rating Scale (NRS), respectively. Further-
more, if the neck pain was reported, patients were
asked to describe their perception of its influence on
TMDs by answering the following question: ‘Do you
think that the neck pain, if present, triggers your
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TMD pain or makes the TMD symptoms worse?’.
After those patients were
instructed to complete the Neck Disability Index
Questionnaire (29).

A second and blinded evaluator assessed the sub-
jects” thermal pain threshold, for cold (CPT) and heat
(HPT) by the Quantitative Sensory Testing (QST)
using a Medoc Pathway Neurosensory Analyzer* with
a 30 x 30 mm thermode

answering questions,

in accordance with an
ascending method of limits (30). Thermal QST has
demonstrated good to excellent reliability in healthy
adults for HPT (ICC for intra-rater = 0-43 and for
inter-rater = 0-86) and for CPT (ICC for
rater = 0-89 and for inter-rater = 0-94) (31).
The periorbital region, masseter, cervical posterior

intra-

region and ventral forearm were evaluated bilaterally
in a random order and with a constant pressure of
the thermode over the skin (Fig. 1). Those sites were
chosen to assess the V1, V3, C3-C4 and T1 der-
matomes, respectively.

From a baseline of 32 °C, the temperature of the
thermode surface increased or decreased at a rate of
1-0 °C/s until participants responded by pressing a
mouse button to indicate when they first felt pain.
The equipment had built-in controls for the tempera-
ture at extremes to avoid tissue injury, and stimula-
tion was terminated once it reached 0 °C or 50 °C,
for CPT and HPT, respectively. This test is considered
the gold standard for thermal threshold assessment
has an excellent reliability (32, 33). The test was
repeated three times to obtain the average pain
threshold of each site.

All tests were performed in a quiet room, after a
familiarisation trial, with no visual access to the oper-
ator’s screen. Subjects were lying comfortably on their
back for all sites assessments except for the cervical
posterior site. For this latter site, patients were
instructed to sit on a chair and have their head resting
on a stretcher with the neck exposed.

Data analysis

Based on a pilot study, we powered our study to
detect seven units of difference in the QST with a
standard deviation of 10 and the sample required for
80% power. This yielded a sample size of 20 partici-

*Medoc, Ltd, Ramat Yishai, Israel
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pants per group. Data from both sides were averaged
as there was no evidence of difference among left and
right side over the groups tested (P > 0-05). The two-
tailed
between patients with TMDs and controls in the QST
test. The Qui-square Test and Fisher Exact Test were
used to compare parameters related to the frequency
of pain and percentage comparisons between groups.
The results are summarised using descriptive analysis
with a significant level of 0-05 and confidence interval
of 95%.

t-test was used to detect the differences

Results

There were no differences between the groups regard-
ing age, weight and height (Table 1). Patients with
TMD reported neck pain more frequently than con-
trols, and 40% of them identified neck pain as a trig-
ger for TMD pain (Table 1). Patients with TMD also
exhibited mild disability according to the NDI ques-
tionnaire compared to controls (P < 0-05) (Table 1).
The range of motion of the temporomandibular joint
was smaller in patients with TMD than in controls
only for the conditions of maximal opening and
mouth opening without pain (P < 0-05) (Table 1).

The sample was composed 55% of patients with
Mixed TMD, 35% of Myogenic TMD and 10% with
Arthrogenic TMD according to the RDC/TMD
(Table 2).

In the periorbital region (cephalic area), patients
with TMD exhibited pain at lower temperature than
controls for heat stimuli (42:37, 95% CI 41-82-44-64
versus 47-04, 95% CI 45-1-47-65) (P < 0-01) (Table 3).
For cold stimuli, they felt pain at higher temperature
than controls (1893, 95% CI 16-92-22.94 versus
1187, 95% CI 10-11-16-15) (P < 0-01) (Table 3).

At all the other sites evaluated, patients with TMDs
exhibited pain at higher temperature than controls
just for cold stimuli. In the masseter site, a cephalic
area as well, patients with TMD reported pain at the
temperature of 18-93 degrees (95% CI 16-92-22.94)
while at controls it was 11-87 (95% CI 10-11-16-15)
(P < 0-01).

In the ventral forearm region, an extra-cephalic
area, patients with TMD exhibited pain at lower tem-
perature than controls for cold stimuli (18-3 (95% CI
13-47-22-29) versus 7-66 (95% CI 5-92-14-23), respec-
tively — P <0-01). In the posterior cervical site,
patients with TMD exhibited cold pain at 18-93
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degrees (95% CI 16-92-22-94) while controls exhibit
pain at 11-87 (95% CI 10-11-16-15) (P < 0-01). All
the data regarding the thermal threshold of both
groups are summarised at Table 3.

Discussion

Our results showed changes in the thermal pain
threshold in patients with TMDs, especially for cold
stimuli, at all sites assessed, including the cervical.
Furthermore, patients with TMDs reported the pres-
ence of neck pain more often than controls, which
led to disability.

Previous studies in this research field have shown
mixed findings. Specifically, they observed sensitisa-
tion just for heat (14, 15, 20), for both cold and heat
stimuli (22, 23), or no abnormal thermal threshold
(19, 21). Our results are partially in accordance with
Park et al. (2010) and Fernandez de las Penas et al.
(2010), which have found differences compared to
controls at cold and heat pain threshold in both artro-
genic, mixed (23) and myogenic (22) TMDs. Maixner
et al. (1995, 1998) just found differences at heat pain

Fig. 1. Thermal pain threshold sites
assessed. The thermode was applied
bilaterally in a random order of the
sites: a. Masseter; b. Posterior Cervical;
c. Periorbital; and d. Ventral Forearm.

threshold on masseter and forearm in patients with
myofascial and mixed TMD (14, 15, 20) while
Raphael et al. (2009) and Ribeiro da Silva (2012) have
not shown any differences over face, hand (21) and
ventral forearm (19) regions in patients with TMD
compared to controls.

Our study was the first to reveal differences in
somatosensory thresholds between patients with TMD
and controls in the neck region. Our results demon-
strated a different pattern of sensitisation — at almost
all sites evaluated, just the cold stimuli had a higher
threshold.

The differences between the results of cold and heat
pain threshold could be related to distinct mecha-
nisms in the processing of painful stimuli. Although
heat and cold pain stimuli are both mediated by Ad
fibres (myelinated fibres) and C-fibres (unmyelinated
fibres), heat pain stimuli are predominantly mediated
by C-fibres, which have slow conduction sensitivity
and velocity (34).

We could speculate that the greater sensitivity to
cold stimuli in our sample, comparing to previous
studies (14, 15, 19-21), could be related to lower

© 2016 John Wiley & Sons Ltd
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Table 1. Patients’ characteristics (Mean and 95% Confidence
Interval)

Table 2. TMD diagnosis of the sample based on the Research
Diagnostic Criteria (RDC/TMD)

Control Group
(n = 20)

TMD group
(n = 20)

Age (years)
Weight (kg)

262 (23-6-28-7)
59 (54-9-63:1)

31-6 (25-5-37-8

)
586 (55-5-61-7)
)
)

Height (m) 1-65 (1-:69-1-64) 1-63 (1-61-1-66

Time of - 3-88 (2:63-5-12
TMD (years)

Mean TMD - 4-39 (3-66-5-14)
pain
intensity (0-10)

Report of 15% (n = 3) 75% (n = 15)*
Neck Pain

Frequency of 0-5 (0-1-1-1) 12:9 (7-4-18-5)*
Neck Pain
(days/month)

Neck pain triggers - 40% (n = 8)*
the TMD pain

Neck Disability 1(0-1-2-2) 7-7 (5:3-10-2)*

Index

(0-50 points)
Mouth opening

without

pain (mm)
Maximal active

47 (45-5-48-6) 37.2 (33-5-40-9)*

47 (45-5-48-6) 41-3 (37-6-45)*
mouth
opening (mm)
Maximal passive
mouth
opening (mm)
Right mouth
lateral
movement (mm)
Left mouth
lateral
movement (mm)
Protrusion (mm)

47-4 (45.9-48.9) 447 (42-4-46-9)

89 (8-9-8) 82 (7-2-9:2)
86 (7-6-9-6)

86 (7-2-9-2)

7-4 (6-8-8) 8 (7-1-8-8)

*P < 0-05.

adaptation to cold due to the subjects’ living experi-
ence in tropical areas. The opposite could also be true;
the absence of heat sensitisation may be related to the
predominance of the hot stimuli, due to the weather
that these subjects are used to, leading to an adapta-
tion process of the sensorial pathways.

In addition to thermal thresholds, it was also veri-
fied by other authors that patients with TMDs present
lower pressure pain thresholds (14, 20), pain due to
the vibrotactile stimulation (35), mechanical and elec-
trical intra-articular stimuli (35) and alterations on
the temporal summation of the pain (20, 21), in
cephalic and extra-cephalic areas. Along with the

© 2016 John Wiley & Sons Ltd

Myofascial pain
Myofascial pain with 5% (

limited opening + Disc
Displacement with Reduction

Myofascial pain with 20% (n = 4)
limited opening + Arthralgia

Myofascial pain+ Disc 5% (n=1)
Displacement with Reduction
Myofascial pain+ Disc Displacement without 5% (n=1)
Reduction and limited
opening + Arthralgia
Myofascial pain+ Arthralgia 10% (n = 2)
Myofascial pain+Osteoarthritis 10% (n = 2)
Disc Displacement with Reduction 5% (n=1)
Arthralgia 5% (n=1)
Myogenic TMD 35% (n=17)
Arthrogenic TMD 10% (n = 2)

Mixed TMD 55% (1 = 11)

Bold values because this is the grouping of the above diagnosis.
The conditions cited above are the detailed diagnosis and this is
the reference group in the RDC/TMD that they belong.

Table 3. Mean and confidence interval (95% CI) of pooled left
and right sides of thermal threshold (cold and warm) in controls
and patients with TMD

Threshold Control group TMD group
(‘Degrees) (1 = 20) (n = 20)
Periorbital
Heat 46-38 (45-1 to 47-65) 43-23 (41-82 to 44-64)*
Cold 13-13 (10-11 to 16-15) 1993 (16-92 to 22-94)*
Masseter
Heat 45-54 (4391 to 47-17) 43-34 (41-70 to 44-97)
Cold 9:52 (474 to 14-3) 18:6 (14:08 to 23-12)*
Ventral Forearm
Heat 44-79 (43-36 to 46-22) 42-85 (4141 to 44-28)
Cold 10-08 (5-92 to 14:23) 17-88 (13-47 to 22-29)*
Posterior Cervical
Heat 46-04 (44-34 to 47-74) 43-92 (42-12 to 45-72)
Cold 9:54 (5-14 to 13-93) 18-07 (1414 to 21-99)*
*P < 0-01.

thermal threshold results, it highlights the evidence of
a generalised hyperexcitability in the central process-
ing of nociceptive inputs, process that has important
clinical implications such as pain chronification (14,
36, 37).

The increased activity of peripheral nociceptors can
then lead to the development of central sensitisation
and expansion of the receptive fields of second
order nociceptive neurons, amplifying the nociceptive
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signals and evoking pain even outside the area of
clinical pain (38). This process plays a remarkable role
in the presence and persistence of other chronic pain
conditions such as migraine, tension-type headache
(9, 39), fibromyalgia (7, 40) and neck pain (13, 41,
42).

The quantitative thermal threshold assessment has
been used in clinical practice for the evaluation of
pain disorders without an established neuropathic
aspect (43, 44) and has been shown to be more
appropriate than detection thresholds for assessing
thermal nociceptive mechanisms in chronic pain con-
ditions (45). It has been used in the examination of
patients who exhibit symptoms of both peripheral and
central origin (46) such as fibromyalgia (43), irritable
bowel syndrome (44), neuropathic pain (47), head-
ache (8) and TMDs (16), among others.

In patients with myofascial TMDs, the referred neu-
ropathic pain is elicited from the more frequent trig-
ger points that are found in these patients than in
controls (42). However, in patient with arthrogenic
TMD, the widespread central sensitisation could be
due to the higher level of peripheral afferent nerve
afferences caused by the joint inflammatory environ-
ment (48), which enhances pain sensitivity and facili-
tate pain transmission (49). Patients with mixed
TMDs both subgroups mechanisms
involved, although they do not present additional
level of pain intensity or thermal threshold differences
compared with those with pain originating from only
one source (23).

Similar to our results regarding the report and dis-
ability due to neck pain in patients with TMDs, Da
Costa et al.(13) also showed mild disability according
to the Neck Disability Index Questionnaire. This was
correlated with lower pressure pain thresholds even
in facial sites. This relationship between neck and
TMDs is explained by the convergence of nociceptive
trigeminal and fibres in the
trigeminocervical nucleus caudalis (50).

Accordingly, the presence of abnormal pain process-
ing in the neck area as well as the report of disability
due to this pain highlights the importance of taking
into account the management of the cervical area in
the clinical treatment of TMDs.

may have

cervical afferent

Our study has some limitations. First, we did not con-
trol for the presence of sleep problems, physiological
disorders and hormonal phases: factors that are likely to
interact with the nociceptive system sensitisation (23,

33). Second, we cannot make inferences regarding the
influence of the TMD subtypes or presence of neck pain
on the thermal threshold estimations, due to the small
sample size of each subtype. Third, generalisability of
the results is limited to the same gender and population.
However, due to the exclusion of comorbidities and
wide thermal threshold characterisation, this study can
contribute to a better understanding of pain processing
and care for TMD sufferers.

Conclusion

Patients with TMDs have pain modulation changes,
especially for cold stimuli, at trigeminal and extra-tri-
geminal region, including the neck area. Moreover,
they exhibited higher disability and a higher report of
neck pain than controls. These findings reinforce the
evidence regarding the relationship between TMDs
and neck pain.
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