
Thermographie Characterization of the Asymptomatic
Temporomandibular Joint

This study used electronic thermography, an alternative diagnostic
ifjtagiiig modality, to assess the thermal image characteristics of the
normal TMJ in 30 asymptomatic subjects. Assessments made
included: thermal pattern recognition and symmetry, absolute tem-
perature measurejnents and differences in absolute temperature
measurements, and mean temperature f7ieasurements and differ-
ences in five anatomic zones. Results indicated the presence of a
common thermal TMJ pattern in two thirds of patients, with varia-
tions from this pattern in the remaining patients. All TMJ thermal
patterns demonstrated marked thermal symmetry, with AT< 0.2°C
in the region of the TMJ and related regions of the face. This con-
sistent symmetry demonstrated in normal subjects suggests that
substantial thermal asymmetry may prove to be a reliable mdicator
of TMJ disease.
J OROFACIAL PAIN I993;7:7-14

Barton M. Graft, DDS
Professor and Chairman
Section of Oral Radiology
\JC\JK Dental Research Institute
UCLA. School of Dentistry
Los Angeles. California 90024-1668

Edward A. Sickles, MD
Professor and Chief
Breast Imaging Section
Department of Radiology
UCSF School of Medicine
San Francisco. California

Correspondence to Dr Gratt

T he current diagnostic imaging methods for the assessment
of the temporomandibular joint (TMJ) include plain film
radiography, panoramic radiography, tomography, arthro-

tomography, arthroscopy, computerized tomography and magnetic
resonance imaging. These techniques either require ionizing radia-
tion, are invasive, or are costly. An alternative diagnostic imaging
method., electronic thermography (ET), is nonionizing, noninvasive,
and inexpensive.

Electronic thermography uses vascular heat emissions from the
human face to display symmetric thermal patterns in normal sub-
jects and asymmetric thermal patterns in patients with a variety of
disorders.' Physical disorders that are related to the TMJ and have
been reported to produce abnormal facial thermograms include
(but are not limited to) myofascial pain syndromes,' myositis,' mus-
culoligamentous injury,"' TMJ disorders,'"'" motor and sensory
radiculopathy," and the inflammation of arthritis'' and bursitis."

The dental literature has not adequately defined the normal TMJ
as imaged on facial thermograms, nor has it described historical or
clinical findings that may alter TMJ thermal patterns emitted from
the face. This study was designed to characterize the normal ther-
mal patterns of the TMJ.

Materials and Methods

The subject population consisted of 30 asymptomatic adult volun-
teers randomly chosen from patients, students, staff, and faculty at
the UCLA Medical Center. All subjects completed a medical histo-
ry questionnaire to document that they were asymptomatic; they
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Table 1 Required Sample Size and Various
Values of Mean AT When a = 0.05, Power = 0.80,
and SD = 0.2°C

Mean AT in
normals

Mean AT in
disease group

Minimum
sample size

(n)

O.I
0.1
02

0.4
0.3
0.4

9
17
17

also were found to be normal upon clinical exami-
nation" by one investigator (BMG). The combina-
tion of a negative health history and a negative
clinical examination should be adequate to define
normal TMJ status. Therefore, these patients were
not followed over time, nor were additional di-
agnostic tests conducted to further establish
normalcy.

In the design of this study, AT was used as the
outcome variable of interest. Previous normal ther-
mography studies of the face indicate that AT has
a standard deviation no larger than 0.2°C.''' Based
on this standard deviation and the assumption that
AT has an approximately normal distribution, a
sample size of 30 implies that a change in mean
AT of 0.15°C or more can be confirmed as signifi-
cant with 80% power, using the usual a = .05 cri-
terion. Under these same assumptions. Table 1
gives the required sample size under various con-
jectured values of mean AT.

Based on the information presented in Table 1,
a sample size of 30 should be more than adequate
to establish the AT range among normal subjects.

Facial thermography was done using an Agema
870 thermovision unit; this includes an infrared
scanner, control unit, thermal image computer
TIC-8000 and Meds 1.0 software, cables, stands,
supports, and color monitor {Agema Infrared
Systems, Secaucus, NJ), coupled to a 35-mm cam-
era using color film. Room conditions for thermo-
graphie examinations included a draft-free envi-
ronment (no windows, doors closed), temperature
control (ranging from 20°C to 22°C), variable
lighting, a patient positioning chair, and a small
hand-held electric fan.

Facial thermograms were taken on the 30 nor-
mal subjects using right and left lateral projections
at two imaging sensitivities (0.5°C and 1.0°C).
Before the examination, each patient's hair was
tied back (Fig 1) and the face was wiped with a
damp cloth and air dried for 15 to 30 seconds
using a small electric fan. All subjects were non-

Fig 1 Hair held back with a head-
band allows for a high-quality facial
thermogram.

bearded. Each patient was asked to sit quietly,
without touching the face, for 15 minutes to allow
for facial thermal equilibration with ambient room
temperature.

Two series of facial thermograms were made.
Images were stored on computer disk and pho-
tographed for evaluation.

Subjective thermal image assessments were
made. These included thermal pattern characteri-
zation of individual TMJ images and thermal pat-
tern symmetry assessments comparing paired TMJ
images. Objective assessments also were made and
involved absolute (spot) temperature measure-
ments, differences in absolute (spot) temperature
measurements of paired TMJ images (calculation
of AT), mean temperature measurements of five
anatomic zones related to the TMJ, and differ-
ences in the mean temperatures of these five
anatomic zones (obtaining additional AT measure-
ments). (Zones were not based upon common
anatomic structures [eg, masseter muscle, tempo-
ralis muscle, etc] due to difficulty in identification
and in the delineation of these structures as seen
on thermal images. Instead, carefully configured
zones were used based upon knowledge gained
from a pilot study of normal facial thermography"
and based upon the desire for high precision in
repeated facial mappings.)

Color photographs (9 X 12.5 cm) of paired
TMJ thermal images were evaluated independently
by two expert tnermographers. Both experts had
taken or given formal courses in thermography
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Fig 2 TMJ thermogram demonstrating locations for
absolute temperature measurements at 0.1 °C accuracy
(imaged using 0.5 C color sensitivity). Measurements
were made over the following regions: (1) the hot cen-
tral TMJ temperature spot (hot yellow inner core), (2}
the warm ring around the hot yellow core (red rmg), (3)
the surrounding field (pinic area between the two hot
yellow zones), and (4) the hot yeliow area over the
external auditory meatus (ear canal).

Fig 3 The five anatomic zones of the face that are
related to the TMJ as measured in this study.

(mainly of the body), published peer-reviewed arti-
cles on tbermography, and performed more than
300 thermography examinations each. Each exam-
iner subjectively evaluated tbe individual cases
(made up of two sets of thermograms) for regions
of increased, average (normal), or decreased tem-
perature. Image characterizations were made using
lateral projections, at 1.0°C and 0.5°C imaging
sensitivty. An estimation (by percentage) was
made of tbe occurrence of tbe most common
image pattern.

The same prints used in the subjective thermal
pattern characterization were used for assessment
of thermal symmetry. The temperature distribu-
tion (color patterns) over the anatomic region of
the TMJ was compared with the corresponding
region of the opposite side of the face. Scoring
ranged from 1 to 6 using tbe following scale: 1 = >
80% symmetry; 2 = 65% to 80% symmetry; 3 =
50% to 65% symmetry; 4 = 35% to 49% symme-
try; 5 = 20% to 34% symmetry; 6 = 0% to 19%
symmetry; 0 = can't be evaluated (poor image,
poor positioning, etc). This scale was selected
because its discriminant points were easy to esti-
mate on a repeatable and rourine basis. Matching

assessments were made using lateral projections, at
0.5°C and 1.0°C imaging sensitivity.

All 60 TMJ images were measured for absolute
temperature at 0.1°C sensitivity. Measurements
were made of tbe following regions (Fig 2): the hot
central TMJ temperature spot (hot yellow inner
core), the warm ¡red) ring around the bot yellow
core, and the surrounding field (pink area between
the two hot yellow zones). In addition, an absolute
(spot) temperature measurement was made of the
hot yellow area over the external auditory meatus
(EAM; ear canal).

The absolute (spot) temperature measurements
on the right and left sides were compared for each
subject. Calculation of differences produced four
AT values for each set of paired images.

Five anatomic zones related to the TMJ were
measured for mean temperature (Fig 3). Zone 1
included tbe area directly over the TMJ. Zone 2
included a larger area over and anterior to the
TMJ. Zone 3 was limited to the region over the
body of tbe mandible. Zone 4 included the whole
midregion of the face, including the TMJ region.
Zone 5 covered the entire half of the face, includ-
ing the TMJ. Mean temperature measurements
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Table 2 Subjective TMJ Thermal Pattern Classification of 30 Asymptomatic
Subjects

Imaging sensitivity

Color thermal patterns

Common"̂ ' (%) Normal variant (%)

0,5°C setting
Right side
Left side
Total

1.0°C setting
Right side
Left side
Total

See text for descriDtion.

30
30

60

30

30
60

21 (70)
19(64)
40 (67)

21 (70)
20 (67)
41 (68)

9(30)
11 (36)
20 (33)

9(30)
10 (33)
19(32)

Figs 4a and 4b Multicolored thermograms of the TMJ imaged using 0.5°C sensitivity
(left) and 1.0°C sensitivity (right). Both images are examples of the most common ther-
mal patterns seen when imaging asymptomatic (normal) subjects.

were made using all 60 TMJ images. Differences in
the mean temperatures were calculated for the five
anatomic zones, producing AT values for each set
of paired images.

Results

Subjective characterization of color thermal
images of the TMJ identified a common pattern in
approximately two thirds of cases (Table 2). At
0.5°C imaging sensitivity (Fig 4a), this pattern con-
sisted of four distinct components. A hot (yellow)

spot in the area of the EAM measured 1.2 X 1.2
cm (approximately the size of a finger tip).
Another hot (yellow) spot of approximately the
same size (±50%) lay anterior and superior to the
first hot spot and was superimposed over the TMJ
itself. Each of these hot spots was surrounded by a
warm (red) ring. Finally, both hot spots, surround-
ed by their red rings, were partially or completely
surrounded by a somewhat cooler field of pink.

At 1.0°C imaging sensitivity (Fig 4b), the stan-
dard color pattern of the asymptomatic (normal)
TMJ consisted of two hot (yellow) spots, each sur-
rounded by a warm field of red. One hot spot lay
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Table 3 Subjective Assessment of TMJ Thermal Pattern Symmetry Using
30 Paired Thermograms

Imaj;ing sensitivity

0.5°C
1 0°C

n

30
30

>80%

14
15

Symmetry rating (%

66% to 80%

13
13

of thermal symmetry)

50% to 65% <50%

3 0
2 0

Figs Sa and 5b Multicolored thermograms of the TMJ imaged using 0.5°C sensitivity
(left) and LÔ C sensitivity (right). Both images are examples of normal variant thermal
patterns.

in the area of the EAM and measured 1.2 X 2.0
cm. The second overlayed the TMJ and was
approximately the same size.

Variations from these standard thermographie
patterns were noted, including elongation of the
hot EAM region, increased size of the hot area
over the TMJ, and combinations of these pattetns.
Figures 5a and 5b shows examples of TMJ ther-
mograms demonstrating normal variant thermal
patterns. These variant patterns were found in
approximately one third of the cases reviewed
(Table 2).

Results from the assessment of TMJ thermal
symmetry are shown in Table 3: the highest of
level of thermal symmetry (>80% thermal symme-
try at both 0.5°C and 1.0°C imaging sensitivity)
was seen in 45% of the subjects; another 45%
showed thermal symmetry at the 65% to 80%
level (at both 0.5°C and 1.0°C imaging sensitivity),
and approximately 10% demonstrated only mod-
erate (50% to 65%) thermal symmetry.

The mean temperatures and standard deviations
of the four regions selected for spot measurement
are indicated in Table 4. The hot central region
overlymg the TMJ (yellow inner core) was mea-
sured to be 36.1°C, approximately 0.5°C warmer
than the (red) ring region surrounding the TMJ,
which itself was 0.5°C warmer than the (pink)
adjacent region. The EAM region was the hottest
of all, measuring 36.5°C, 0.4°C warmer than the
hot central region over the TMJ.

Results of the calculation of differences between
the right side and the left side of the four TMJ
spot regions demonstrated a high level of thermal
symmetry, with AT values averaging only 0.1°C
(Table 4). This high degree of thermal symmetry in
normal subjects may prove useful if temporo-
mandibular disorders (TMD) commonly produce
areas of marked thermal asymmetry.

Table 5 shows the results of the mean thermal
measurements over five anatomic zones of the
face. The immediate region around the TMJ (small
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Table 4 Absolute Temperature Measurements, in °C, for the Four Regions Around the TMJ Seen on
Thermograms of 30 Asymptomatic Subjects

Region measured Right side (SD) Left side (SD) Combined (SD) AT (SD)

TMJ—center (yellow)
TMJ—ring (red)
TMJ—field (pink)
EAM (yellow)

36.1 (0.43)
35.5(0.55)
35.0(0.61)
36.4 (0.53)

36 1 (0.38)
35.5(0.58)
35.0 C0.63)
36.5 (0.52)

36.1 (0.41)
35.5 (0.57)
35.0 (0.63)
36.5 (0.53)

0.1 (0.12)
0.1 (0.08)
0.1 (0.11)
0.2 (0.20)

Table 5 Sixty Mean Temperature Measurements, in °C, for the Five Anatomic Zones Seen on TMJ
Thermograms of 30 Asymptomatic Subjects

Anatomic zone

Small TMJ
Large TMJ
Mandible
Midface
Entire half-face

Right side (SD)

35 5(0.53)
35.2(0.61)
34 6(0 76)
34 8(0 71)
34.9(0.62)

Left side (SD)

35.5 (0.55)
35.1 (0.61)
34.6 (0.78)
34 7 (0 69)
34.8 (0.63)

Combined (SD)

35.5 (0.54)
35.2(0.61)
34.6(0.53)
34.7 (0.70)
34 9(0.62)

AT (SD)

0 1 (0.08)
0.1 (0.09)
0 1 (O.lt)
0 1 (0.08)
0.1 (0.07)

TMJ zone, see Fig 3) had the highest temperature,
35.5°C, followed by the midfacial zone at 35.2°C.
The zone over the mandible was coolest, measur-
ing 34.7°C. Standard deviations from these mean
values ranged from 0.5°C to 0.66°C for all five
zones.

Results of mean thermal symmetry difference
calculations also are shown in Table 5. These indi-
cate a very high level of thermal symmetry for all
five zones, with AT values <0.1°C.

Discussion

The results of our subjective characterization of
TMJ thermal patterns indicated the presence of a
common thermal pattern in two thirds of the cases
and a range of normal variant patterns in the
remaining cases. All these patterns are easy to rec-
ognize, and we believe that they indicate the start-
ing point from which thermal TMJ image interpre-
tation should begin.

We also found thermal TMJ patterns to demon-
strate a high level of symmetry in comparisons
between the right and left sides. The AT values for
all regions and areas of the face and TMJ were
found to be very small (<0.2°C), also suggesting
that the range of normalcy is sufficiently narrow to
permit thermal differentiation of some TMJ-re-
lated diseases. Previous investigators also have
reported high levels of thermal symmetry for the
face and the TMJ regions, although their observa-

tions were less detailed and less rigorously con-
trolled than ours."""''̂

We wish to emphasize the importance of using
proper clinical thermographie techniques to arrive
at interpretable TMJ images. First, patients need
to be comfortably seated. They must have their
hair tied back so as not to obscure the TMJ
region. An elastic headband is very effective for
holding hair away from the ears. It is also inexpen-
sive, easy for patients to place, and readily detect-
ed by thermal imaging (as a prominent dark line).
Men with long, full sideburns (including beards)
are not acceptable subjects for TMJ imaging.
Similarly, some women have prominent sideburns
and cannot be imaged adequately.

The skin should also be properly prepared for
imaging: the face should be lightly cleaned and
cooled and the patient should sit quietly to allow
for thermal equilibration with ambient room tem-
perature. (Refer to Methods and Materials section
f̂ or a complete description of this procedure.) The
electronic thermography unit then should be cali-
brated so that the full range of expected TMJ
readings can be recorded. We found the EAM
(near the TMJ) to be the warmest area on the face
as seen on a laterally projected thermogram, with
a mean temperature of 36.5°C. Care should be
taken to maintam this area within the thermal
window at 0.5°C sensitivity even if this results in
cooler areas of the cheek being beyond the range
of thermal imaging (thus appearing black in the
image). At 1.0°C sensitivity, the range of recorded
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temperatures is broad enough so that there should
be no problem in displaying all facial structures
within the thermal imaging window. We found, as
have others," that thermal sensitivity settings of
both 0.5°C and 1.0°C are useful in the assessment
of the TMJ. Care must also be taken to properly
focus the thermal image. We used the high-resolu-
tion black-and-white image mode for focusing to
obtain clear images of the TMJ region.

Previous investigators using thermometric analy-
sis to study TMD have found promising clinical
results. Berry and Yemm'*' noted that most
patients with TMD had an elevated temperature
over the masseter muscle on the painful side.
These thermometric changes were found to return
to normal after successful TMJ therapy. Pogrel et
aP" used liquid crystal thermography for making
temperature measurements on both normal sub-
jects and patients with TMD and myofascial pain.
Their results indicated increased temperature
(warm regions) over the TMJ of patients with
painful internal derangement. After successful
treatment, the thermograms were normal. In a
study of pretreatment and posttreatment TMD
patients. Stead" found liquid crystal thermography
of the face to be reliable, valid, and efficacious as a
diagnostic tool in 95% of her cases. Although
these reports are promising, additional studies are
needed before thermographie diagnosis of the TMJ
will be accepted clinically."

Conclusions

A common thermal pattern is identifiable in most
electronic thermal images of the asymptomatic
TMJ, as is a range of normal variant patterns. All
normal TMJ thermal patterns demonstrate marked
thermal symmetry over the region of the TMJ and
within the surrounding regions of the face. Proper
thermographie technique is important in obtaining
high-quality TMJ thermal images.

Electronic thermography may have promise as a
diagnostic test to evaluate the TMJ. Additional
and more extensive studies are needed before ther-
mographie diagnosis of TMD will be accepted
chnically.
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Zusammenfassung

Thermographische Kennzeichnung des asymptomatis-
chen temporomandibularischen Gelenkes

Diese wissenschaftliche Untersuchung gebraucbte elektronis-
che Thermographie, welche eine alternative, diagnostische,
bildliche Modalität ist, um die thermale, bildliche Kennzeichnung
des normalen TMJ in 30 asymptomatiscben Subjekten zu be-
werten. Die gemachten Einschätzungen haben einbezogen:
Erkenntnis von thermalen Mustern und Symmetrie, Messungen
der absoluten Temperatur and Unterschiede in Messungen der
absoluten Temperatur, und Messungen der durchschnittlichen
Temperatur and Unterschiede in fünf anatomischen Zonen. Die
Resultate haben die Gegenwart eines gemeinsamen, thermaüs-
chen Musters in zwei drittel der Patienten angezeigt; die übri-
gen Patienten zeigten Variationen von diesem Muster. Alle TMJ
thermalen Muster haben deutliche thermalische Symmetrie
nachgewiesen, mit AT<0.2°C im Gebiet des TMJ und den damit
verbundenen Gegenden des Gesichts. Diese folgerichtige
Symmetrie demonstriert in normalen Subjekten schlägt vor,
dass eine beträchtliche Asymmetrie möglicherweise eine ver-
lässliche Anzeige einer TMJ Krankheit sein kann.
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