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The objective of this study was to investigate the changes of skin temperatures over the temporomandibular joint (TMJ) and clinical
findings consecutively during conservative treatments in unilateral TMJ arthralgia patients. The study enrolled 31 patients with
unilateral TMJ arthralgia and 26 healthy control subjects based on the Research Diagnostic Criteria for Temporomandibuar Disorders.
The measurements of skin temperatures over the TMJ and clinical examinations were performed in all subjects at baseline, 2 and
4 weeks later, and patients were given conservative treatments. Thermographic examinations were performed before and after
chewing activity for 5 minutes in each session. The data were analyzed by repeated-measures ANOVA. In affected TMJ, the change
in temperature between before and after chewing activity was significantly high in TMJ arthralgia group and decreased after 2 and
4 weeks. Thermal asymmetry measured before chewing activity showed insignificant difference between groups. However, those
measured after chewing activity were significantly high in TMJ arthralgia group and reduced to the similar level of control group after
2 and 4 weeks. After chewing activity, both skin temperature over painful TMJ and the extent of thermal asymmetry in TMJ arthralgia
patients were higher than those of control group. These thermal indices of TMJ arthralgia patients were reduced in accordance with
clinical improvements by conservative treatments. Consecutive thermography accompanying chewing activity which may increase
TMJ pain temporarily can be a useful adjunctive technique to diagnose TMJ arthralgia and evaluate its clinical progression including
level of pain.
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INTRODUCTION

with odontogenic pain [1]. Pain is the one of the common
causes TMD patients seek the medical help. Although the

Temporomandibular disorder (TMD) represents a collec-

measurements of the visual analogue scale (VAS) and/or

tive term including many clinical problems arisen from the

pressure pain threshold have been routinely used to evalu-

masticatory musculature, temporomandibular joint (TMJ),

ate pain of TMD patients in dental clinics, these can’t exclude

and associated anatomic structures and is known to com-

the possibility of interference by patient’s own intention

prise a significant proportion of oral and facial pain along

thoroughly. Furthermore, if the onset of patient’s complaint
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is associated with bad events like an assault or traffic ac-

dard deviation [SD], 30.12±9.26 years) with no subjective

cident, they may be influenced by negative thoughts or the

symptoms of TMD and 31 TMJ arthralgia patients (14 fe-

secondary gain such as litigation and financial rewards. The

males and 17 males) aged 19 to 50 years (mean±SD, 32.81

clinical evaluation including VAS and pain thresholds in

±18.13 years) who had unilateral TMJ involvement and

these patients may not reflect the level of pain objectively.

met the Research Diagnostic Criteria for Temporoman-

Therefore, it is thought that another diagnostic method is

dibular Disorders (RDC/TMD) Group IIIa [19]; pain in one

required to assess the functional and physiological rather

or both joint sites (lateral pole and/or posterior attach-

than anatomical changes of painful site in TMD patients.

ment) during palpation; one or more of the following self-

Digital infrared thermography (DIT) is one of the imag-

reports of pain: pain in the region of the joint, pain in the

ing techniques measuring skin temperatures. It has an

joint during maximum unassisted opening, pain in the joint

excellent intra- and inter-rater reliability [2-5] and merits

during assisted opening, and pain in the joint during lateral

such as non-invasiveness, low costs, and absence of direct

excursion; for a diagnosis of simple arthralgia, coarse crep-

contact and exposure of ionizing radiation [6]. The ther-

itus must be absent. In addition, the patients with mastica-

mography has been adopted extensively on early detection

tory muscle disorders or TMJ disc displacements, and who

of breast cancer, diagnosing diabetic neuropathy, vascu-

showed degenerative bony changes of TMJ in radiographs

lar disorders, and inflammatory skin diseases [7] as well

were excluded. In control group, the left and right TMJ

as evaluation of the musculoskeletal disorders including

were assigned to affected and unaffected side, respectively,

shoulder impingement syndrome [8], whiplash injury [9],

to evaluate thermal asymmetry, because the control sub-

psoriatic arthritis [10], ligamentous injury of the knee [11],

jects didn’t have TMJ pain. The exclusion criteria for both

and low-back pain and sciatica [12].

groups were as follows: younger than 18 and older than 50

There have also been many attempts to prove the diag-

years, body mass index over 25 kg/m2, under any other oral

nostic availability of DIT on TMD diagnostics. Some stud-

and facial pain or systemic diseases and taking analgesics

ies reported DIT could be a useful adjunctive technique to

and vasoactive drugs.

diagnose the TMD [13-16], whereas it was asserted that

This research was approved from the Institutional Re-

diagnostic validity was not outstanding despite its high reli-

view Board (IRB) of Gangneung-Wonju National University

ability [3,17,18]. It may be assumed that the pathophysi-

Dental Hospital in Gangneung, Korea (IRB no. 2015-015).

ologic heterogeneity in the TMD patient population and

All subjects were informed about the aim and method of

cross-sectional study design of previous studies were the

present study and agreed to participate voluntarily by sign-

part of possible causes for these conflicting results on the

ing an informed consent.

application of DIT in TMD diagnostics.
Therefore, this study was conducted to evaluate the use-

Digital infrared thermography

fulness of DIT for the evaluation of TMD patients. The aim
of the present study was to investigate the changes of both

The examination room was maintained at controlled

skin temperatures over the TMJ and clinical findings con-

temperature of 22°
C to 25°
C and relative humidity of 40%

secutively during conservative treatments in unilateral TMJ

to 60%. It was illuminated by a fluorescent ceiling light

arthralgia patients.

without any heat-generating equipment and windows.

MATERIALS AND METHODS

comfortable position and remained the examination room

Subjects

prior to test. The subjects were asked to pin up their hair

All subjects were seated in an examination chair with
at least for 10 minutes to acclimate the room temperature
when necessary, and relax their facial muscles, keeping
The study sample comprised 26 healthy volunteers (11

their teeth apart to prevent from clenching. An orofacial

females and 15 males) aged 22 to 47 years (mean±stan-

pain specialist localized skin surfaces over the both TMJs
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by careful palpation during mouth opening and then at-

treatments including analgesics and anti-inflammatory

tached circular polystyrene marker with 1.5 cm diameter

medications, physical therapies, and behavioral therapies

which had an insulating characteristic. Two lateral ther-

for 4 weeks to relieve their symptoms. On the other hand,

mograms from both sides of face were taken at a distance

the healthy controls were given same examinations with-

of 100 cm and a constant angle of 90°between the infrared

out any treatments at the same sessions.

camera and the patient’s lateral aspect by using T-1000

All obtained data were analyzed by repeated measures

digital infrared thermography system (MESH, Wonju, Korea)

analyses of variance using SPSS 23 (IBM Corp., Armonk,

measuring skin temperatures with a resolution accuracy

NY, USA), with p -values less than 0.05 considered to be

of 0.025°
C. For the analysis of thermal asymmetry, the dif-

statistically significant in each test.

ference of temperatures (ΔT) calculated by subtracting
temperatures of intact side from those of affected side of
TMJ was taken. The Fig. 1 shows that the setting for ther-

RESULTS

mographic imaging in the examination room without the

The Table 1 shows the changes of clinical findings in

presence of heat-generating equipment or the incidence of

both groups during 4 weeks. At baseline, VAS and TMJ pal-

direct air or sunlight in (A) and an example of thermogram

pation score were higher in TMJ arthralgia group. In the

in (B).

ensuing weeks, these were decreased toward the lower
level through the conservative treatments. The range of

Protocol

mouth opening without pain was lower in TMJ arthralgia
group and improved significantly over time, too. These are

In all subjects, thermographic examination of TMJ and

suggested by the raw data (Table 1). Table 2 demonstrates

clinical examinations including VAS, TMJ palpation, and

the raw data of skin temperatures over the TMJ which

range of mouth opening without pain were performed by a

measured before and after chewing activity. Table 3 dis-

single orofacial pain specialist at first visit (baseline), 2 and

plays the comparison of delta temperatures measured be-

4 weeks later. Thermographic examination was repeated

fore and after chewing activity in both sides of TMJ.

before and after 5 g of gum chewing (20×74×1 mm; Lotte,
Seoul, Korea) for 5 minutes with ipsilateral posterior teeth
of affected side which increased TMJ pain temporarily in

The statistically significant interactions of variables between session and group are shown in Table 4.
In Fig. 2, the delta temperatures between before and
after chewing activity were higher in affected TMJ of TMJ

each session.
The TMJ arthralgia patients were given conservative

arthralgia group and decreased to the lower level at 2 and

A
Fig. 1. Setting for thermographic imaging in the examination room (A) and thermograms of a subject’s face (B).
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Table 1. Changes of VAS, TMJ palpation score, and the range of mouth opening without pain in healthy control and TMJ arthralgia patients
VAS (0–100)

TMJ palpation score (0–3)

Mouth opening (mm)

Session

Control
(n=26)

Arthralgia
(n=31)

Control
(n=26)

Arthralgia
(n=31)

Control
(n=26)

Arthralgia
(n=31)

Baseline
2 weeks
4 weeks

0.62±1.24
0.62±1.17
0.46±1.10

59.65±17.17
28.26±17.51
16.68±17.87

0.19±0.41
0.19±0.40
0.12±0.33

2.00±0.73
1.26±0.73
0.97±0.75

49.08±3.69
49.00±3.67
49.15±3.65

39.42±8.73
44.39±8.39
47.29±5.99

Values are presented as mean±standard deviation.
VAS, visual analogue scale; TMJ, temporomandibular joint.
Table 2. Skin temperatures over the TMJ measured before and after chewing activity in healthy control and TMJ arthralgia patients (°C)
Affected side
Session

Baseline
2 weeks
4 weeks

Unaffected side

Before chewing activity

After chewing activity

Before chewing activity

After chewing activity

Control
(n=26)

Arthralgia
(n=31)

Control
(n=26)

Arthralgia
(n=31)

Control
(n=26)

Arthralgia
(n=31)

Control
(n=26)

Arthralgia
(n=31)

32.32±1.02
32.37±0.98
32.26±0.90

32.78±1.06
32.60±1.37
32.62±1.35

32.35±1.05
32.30±1.02
32.41±0.96

33.24±1.09
32.85±1.31
32.77±1.36

32.27±0.94
32.38±0.93
32.30±0.95

32.65±0.95
32.64±1.36
32.61±1.33

32.32±1.02
32.53±0.94
32.43±0.93

32.72±0.90
32.66±1.30
32.71±1.35

Values are presented as mean±standard deviation.
In control group, the affected side and unaffected side are the left and right TMJs, respectively. Chewing activity was performed by gum chewing
for 5 minutes.
TMJ, temporomandibular joint.
Table 3. The delta temperatures (ΔT) measured before and after chewing activity in both sides of TMJ (°C)
ΔT between before and after chewing activity
Session

Baseline
2 weeks
4 weeks

Affected side

ΔT between both sides of TMJ

Unaffected side

Before chewing activity

After chewing activity

Control
(n=26)

Arthralgia
(n=31)

Control
(n=26)

Arthralgia
(n=31)

Control
(n=26)

Arthralgia
(n=31)

Control
(n=26)

Arthralgia
(n=31)

0.03±0.20
–0.07±0.41
0.15±0.35

0.46±0.25
0.25±0.45
0.15±0.17

0.04±0.14
0.15±0.35
0.13±0.24

0.07±0.11
0.02±0.23
0.10±0.18

0.05±0.16
–0.01±0.31
–0.04±0.21

0.13±0.28
–0.05±0.30
0.01±0.26

0.03±0.26
–0.24±0.43
–0.02±0.24

0.52±0.43
0.19±0.40
0.06±0.26

Values are presented as mean±standard deviation.
Chewing activity was performed by gum chewing for 5 minutes.
ΔT, the difference of temperatures; TMJ, temporomandibular joint.

4 weeks later. This decrease in TMJ arthralgia group is

both sides of TMJ which measured before chewing activity

shown by the statistically significant interaction between

did not differ significantly between groups (p =0.439). But

group and session (p =0.002). But, delta temperatures of

those measured after chewing activity were higher in TMJ

unaffected TMJ did not significantly differ between groups

arthralgia group and reduced to the similar level of control

or among sessions regardless of chewing activity, and there

group at 2 and 4 weeks later showing significant interac-

was not a statistically significant interaction between group

tion between group and session (p =0.001).

and session (p =0.141). In Fig. 3, we can see the delta temperatures between both sides of TMJ, namely the extent
of thermal asymmetry. The delta temperatures between
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Table 4. Statistical results of repeated measures analyses of variance (p -values)
Independent variable

Dependent variable

Session×Group
a

Visual analogue scale
TMJ palpation score
Range of mouth opening without pain
ΔT between both sides before chewing activity
ΔT between both sides after chewing activity
ΔT between before and after chewing activity in affected side
ΔT between before and after chewing activity in unaffected side

0.000
0.000b
0.000c
0.439
0.001d
0.002e
0.141

Session

Group

0.000
0.000
0.000
0.015
0.000
0.039
0.361

0.000
0.000
0.001
0.496
0.000
0.000
0.179

Session: baseline, 2 and 4 weeks later, Group: control and TMJ arthralgia.
TMJ, temporomandibular joint; ΔT, the difference of temperatures.
Helmert contrasts for baseline vs. later and 2 weeks vs. 4 weeks: ap =0.008, p =0.002; bp =0.041, p =0.053; cp =0.003, p =0.047; dp =0.000, p =0.096;
e
p =0.007, p =0.035.

A

B
Significance:
session group, p=0.002

1.0

Significance:
session group, p=0.141

1.0

Control
TMJ arthralgia

Control
TMJ arthralgia
0.5

T ( C)

T ( C)

0.5

0.0

0.5

0.0

0.5
Baseline

1.0

2 wk

4 wk

Baseline
1.0

Session

2 wk

4 wk

Session

Fig. 2. The difference of skin temperatures (ΔT) over the TMJ between before and after chewing activity in affected (A) and unaffected side (B).
TMJ, temporomandibular joint.

A

B
Significance:
session group, p=0.439

1.0

Significance:
session group, p=0.001

1.0

Control
TMJ arthralgia

Control
TMJ arthralgia
0.5

T ( C)

T ( C)

0.5

0.0

0.5

0.0

0.5
Baseline

1.0

2 wk
Session

Baseline

4 wk
1.0

2 wk
Session

Fig. 3. The difference of skin temperatures (ΔT) between both sides of TMJ measured before (A) and after chewing activity (B).
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DISCUSSION

arthralgia patients was preauricular pain during mandibular movement, particularly mastication and mouth opening,

Our main finding was that after the chewing activity in-

and they complained unbearable preauricular pain when

ducing temporary increase of TMJ pain, both skin tempera-

they chewed gum over about 5 minutes. Therefore, we

tures over painful TMJ and the delta temperatures between

used gum chewing activity for 5-minutes to elicit increase

both sides of TMJ in TMJ arthralgia patients were higher

of TMJ pain temporarily.

than those of healthy controls at baseline, while these ther-

DIT is a non-invasive and economical assessment tool

mal indices measured prior to chewing activity were not

which allows to measure skin temperatures over the ROI

different significantly with those of healthy controls. In ad-

without patient’s discomfort by infrared detection from the

dition, as the conservative treatments were applied to the

human body surface. This is known to provide information

TMJ arthralgia patients, these thermal indices were reduced

about normal and abnormal functioning of the sensory and

in accordance with clinical improvements.

sympathetic nervous systems, vascular dysfunction, and lo-

These results are consistent with the previous report

cal inflammatory reactions [21], and therefore, it may rep-

emphasizing joint loading activity like a gum chewing help

resent physiological changes rather than anatomic changes

to increase the diagnostic efficiency of thermography in

of ROI quantitatively [22]. Although normal body tempera-

identifying TMD patients [6]. Although there was a slight

tures are not constant over the course of a day and may

increase of skin temperatures in unaffected side of TMJ

vary between persons, the normal thermogram has been

after the chewing activity, a statistically significant change

known to demonstrate thermal symmetry when comparing

was found in only affected side of TMJ in patient group.

corresponding sides of the body in healthy subjects [13].

This finding, no significant change of skin temperature

DIT has also been applied to evaluation of TMD patients

after chewing activity in non-painful TMJ, does not cor-

[23,24], however, its diagnostic value and usefulness are

respond with the result obtained by Morimoto et al. [20]

not consistent according to both the region of temperature

which showed gum chewing produced significant increase

measurements and subject population like myogenous or

of skin temperature than did the unloaded jaw movements

arthrogenous [3,6,13,17,18,24]. TMD can affect other ana-

in masticatory muscles of healthy adults. In the present

tomic structures of the masticatory system simultaneously

study, there were no significant changes of skin tempera-

and many arthrogenous TMD patients often accompany

tures before and after gum chewing activity in unaffected

masticatory muscle pain, therefore, this comorbidity and

TMJ of arthralgia patients and both sides of TMJ of healthy

heterogeneity of study population may be thought to af-

controls. It can be thought that this output gap is origi-

fect and bias the analyses of thermal characteristics of each

nated from the difference of the region of interest (ROI) for

patient population. Furthermore, bilateral or unilateral

temperature measurement. Because TMJ region has a rela-

involvement of TMJ which may also affect thermal asym-

tively smaller amount of vascularity compared to the mas-

metry was not mentioned either in several previous studies

ticatory muscles, the measurement of the skin temperature

[3,17,18]. Therefore, the present study was designed to

over sound TMJ may not be affected significantly by chew-

evaluate its diagnostic usefulness within only unilateral TMJ

ing activity as masticatory muscles which have sufficient

arthralgia patients.

increase of blood supply during loaded jaw movements.

In general, the evaluation of arthrogenous TMD patients

Namely, loaded jaw activity like a gum chewing can be

are dependent upon diagnostic imaging examinations like

assumed to have a significant effect on thermal change in

plain radiographs, computed tomography, and magnetic

painful TMJ without any influence on sound TMJ. We could

resonance imaging as well as clinical examinations, be-

confirm the importance of loaded jaw activity prior to DIT

cause many of them are arisen from disorders of variable

as a critical factor to discriminate painful joint from sound

anatomic TMJ substructures, for example, articular disc,

one by increasing the skin temperature over the TMJ.

ligaments, synovial capsule, and bone tissue. In some cases

In the pilot study, common chief complaint of most TMJ

of TMJ arthralgia without accompanying the disorder of
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disc or bony structures of TMJ, namely in case of synovitis

be a useful adjunctive technique to diagnose TMJ arthralgia

and retrodiscitis, the evaluation of patients, particularly

and evaluate its clinical progression objectively including

level of pain, is mainly determined by clinical assessments

level of pain through the present study.

including medical examination by interview, TMJ palpation

This study has a limitation that should be addressed. The

test and/or the verbal expression by patients themselves

TMJ arthralgia patients who did not take treatments should

like a VAS.

be enrolled as a control group, however, it was not possi-

However, these clinical examinations have the limitations which depend upon the statements or responses

ble for them to withstand their pain without any treatment
for 4 weeks in clinical situation.

of patients themselves, and most of diagnostic imaging
techniques can’t play a major role in arthralgia patient
who does not accompany deformation of TMJ anatomic
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temperature indirectly.
On the other hand, quantitative analysis of thermal emission profiles was conducted in animal models of experimental neuropathic pain and inflammatory arthritis [26,27].
Bennett and Ochoa [26] reported that abnormal deviations
of skin temperature were obtained from hind paws of rats
on the sciatic nerve-injured side and became normal after
the damaged sciatic nerve was transected. The significant
correlations between thermal imaging changes and severity of arthritis were demonstrated in a model of localized
inflammatory arthritis of the rat ankle; therefore, thermography appeared to be helpful in evaluating progression of
inflammatory arthritis [27]. It could be differentiated mild
peripheral nerve injury from moderate-to-severe injuries in
rat through the thermography as well [28].
In conclusion, although DIT may not be suitable for the
diagnostic method of the specific musculoskeletal disorders, consecutive DIT accompanying chewing activity
which may increase TMJ pain temporarily was shown to
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