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ABSTRACT

Background: Thyroid eye disease (TED; also known as thyroid - associated orbitopa-
thy, Graves ophthalmopathy) is an autoimmune inflammatory disease which presents
in typical signs and symptoms such as deep orbital pain, chemosis with or without
caruncular edema, unilateral or bilateral proptosis, eyelid retraction, eyelid edema or
erythema, restrictive strabismus and compressive optic neuropathy. Objective: The
aim of this study was to investigate the role of thermal camera in the assessment of
thyroid eye disease (TED) activity compared to the Clinical Activity Score (CAS) scale,
exophthalmometry values, and thyroid hormone and antibody levels. Methods: A total
of 50 patients participated in this cross-sectional study of whom 29 were in the active
phase of TED according to the sum on CAS scale and 21 patients in the inactive phase.
The Flir E8® thermal camera was used to measure the temperature of the orbital area
and the values were compared with the CAS scale, exophthalmometry values and thyroid
hormone and antibody levels. Results: Higher values of temperature (p>0.0001), CAS
score (p>0.0001), exophthalmometry (p=0.022), FT4 (p=0.0176) and TRAb (p=0.0091)
were found in patients in the active phase of TED. Temperature of orbital area showed
statistically significant positive correlation with CAS scale (p=0.0001), exophthalmometry
values (p=0.0022) and anti-TPO levels (p=0.019). Conclusion: Thermal camera showed
higher values of the temperature of the orbital area in patients in the active phase of
the disease and positively correlated with the CAS scale, exophthalmometry findings
and anti-TPO levels.
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1. BACKGROUND

Thyroid eye disease (TED; also
known as thyroid - associated orbitop-
athy, Graves ophthalmopathy) is an au-
toimmune inflammatory disease which
presents in typical signs and symptoms
such as deep orbital pain, chemosis
with or without caruncular edema,
unilateral or bilateral proptosis, eyelid
retraction, eyelid edema or erythema,
restrictive strabismus and compressive
optic neuropathy. It occurs mostly in
patients with Graves hyperthyroidism
or Hashimoto thyreoiditis and pro-
foundly affects the patients and their
quality of life (1). The disease starts
with an active phase plateau which is
followed by an inactive “burn-out”
phase. The active phase usually lasts
one year in patients who are not ciga-

rette smokers and two to three years in
patients who smoke as they also have
about two times greater odds for devel-
oping TED (2). Orbital fibroblasts play
an active role in the inflammatory pro-
cess as they express CD40 receptors
which are usually found on B cells (3).
The treatment of TED usually starts
with high-dose corticosteroids or other
immuno-suppressive drugs in an active
phase of the disease while surgical ap-
proach is more suitable in an inactive
phase (4,5). Thyroid hormone levels are
not sufficient for the diagnosis of TED
because the systemic disease is mostly
discordant from the eye disease. Most
frequently thyroid antibodies such as
anti-TPO, TgAt and TRAD are used in
the clinical work although some studies
have shown that TRAbD has no correla-
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tion with CAS and degree of severity of clinical-based and CT
scan-based TED (6,7,8). Clinical Activity Score (CAS) scale
is usually used for the evaluation of clinical features. It con-
sists of 7 signs and symptoms and their sum score of 3 or more
defines the active phase of TED. In the follow-up examination
after 1 to 3 months 3 more features are added and the active
phase of the disease is considered if 4 out of 10 features are
found (9,10). CAS scoring is very subjective and it highly de-
pends on the examiner and it also doesn’t predict the severity
and activity of the disease. For this reason, other methods are
needed to objectify TED. In clinical practice MRI is most
often used, and ultrasound and scintigraphy are used less
often but still as a method of choice (11,12,13). However, not
all of these methods are practical in everyday clinical practice
because they are expensive, expose patients to radiation, or
require a professional to perform and read them. Thermog-
raphy is increasingly used in medicine to assess the condi-
tion of various diseases, most often of inflammatory etiology
(14). So far, many studies have been published in which the
thermal camera has proven to be a reliable tool in screening
various diseases such as rheumatoid arthritis, idiopathic rest-
less legs syndrome, arterio-venous fistulas, etc (15,16,17).
Some studies used thermography to assess the response of pa-
tients with thyroid eye disease to methylprednisolone pulse
therapy with encouraging results (18,19). The thermal camera
works on the principle of infrared thermography and it can
measure infrared radiation from 1 to 14 pm. It is a non-con-
tact, non-invasive, portable and hygienically and epidemio-
logically safe tool regardless of the external conditions of the
measurement. However, its disadvantages are motion arti-
facts and uncertainty and accuracy depending on different
physiological systems (20,21).

2. OBJECTIVE

The aim of this study was to investigate the role of thermal
camera in the assessment of thyroid eye disease (TED) ac-
tivity compared to the CAS scale, exophthalmometry values,
and thyroid hormone and antibody levels and compare the re-
sults with the current studies.

3. MATERIAL AND METHODS

This was a prospective cross - sectional study conducted
at a tertiary referral center. All patients were treated at the
Clinic for Thyroid Diseases at the Department of Endocri-
nology, Diabetes and Metabolic Diseases “Mladen Sekso”
and the Clinic for Ophthalmology at the Clinical Hospital
Center “Sestre milosrdnice” in Zagreb between January 2022
and May 2022. A total of 50 patients participated in the study,
7 male and 43 female adults who were in the age range be-
tween 19 and 80 years old with the mean age of 55.38 (in in-
active TED group mean age was 58.24 and in active TED
group was 53.31). Male-female ratio was around 1:S which
is the actual prevalence of this disease found in the current
literature. We used 3 on the CAS scale out of 7 to divide pa-
tients into two groups, 21 patients were classified in the inac-
tive disease phase and 29 as active. The inclusion criteria for
the study were confirmed diagnosis of Graves’ disease or thy-
roid-associated ophthalmopathy, stable disease course deter-
mined by a consistent history of symptoms and a stable treat-
ment regimen for at least 6 months prior to the study, no his-

ORIGINAL PAPER / ACTA INFORM MED. 2023, 31(4): 260-264

The Role of Thermal Camera in the Assessment of Thyroid Eye Disease Activity

tory of previous orbital or eyelid surgery, radiation therapy,
orbital infection or inflammation, and orbital tumors or other
space-occupying lesions in the orbit. The exclusion criteria
were significant comorbidities, such as uncontrolled diabetes
or cardiovascular disease, patients who are currently under-
going treatment with corticosteroids or other immunosup-
pressive medications, and pregnancy or breastfeeding. Two
patients had no thyroid treatment, two were treated with sele-
nium (200 mcg), 6 with methimazole (minimum dosage was
10 mg, maximum 2S5 mg), and 40 with levothyroxine (min-
imum dosage was 25 mcg, maximum 175 mcg). None of the
patients had any current or previous treatment for TED as all
of the patients were measured when they were first referred
to an ophthalmologist for any TED treatments or when they
were referred for a treatment by an ophthalmologist subspe-
cialist. Twenty-two patients were smokers and twenty-eight
were non-smokers. All patients were asked to sit in the waiting
area after arriving at least 30 minutes and to avoid facial cos-
metics, smoking or caffeine. Imaging was performed in the
same room with the room temperature of 18°C. This room
was designed for optimally controlled and stable room tem-
perature, with minimal differences and all patients were ac-
climatized in the room for at least 10 minutes before imaging.
A Flir E8° thermal camera (Teledyne FLIR, Wilsonville, OR,
USA) was used to acquire thermal images of the orbital area.
The thermal camera was powered up for at least 1 h prior to
imaging. Multiple thermal images were recorded over a pe-
riod of no longer than 2 minutes as the patient was still, with
eyes closed and in the absence of excessive lacrimation. The
distance between the camera and patient was 40 centimeters
and the same in all imaging. From all the recorded images
only the ones with the best quality were selected for the anal-
ysis. For each eye on the thermogram, 3 anatomical regions
were identified as illustrated in Figure 1: (a) medial part of
upper eyelid, (b) middle of upper eyelid, and (c) lateral part
of upper eyelid. Figure 1 also shows the difference in tempera-
tures in a patient with inactive TED and a patient with active
TED. In addition to thermal imaging, CAS Mourits scale
and MW9500 exophthalmometry was obtained on the same
day by the same examiner, a third year resident of ophthal-
mology. Thyroid hormone and antibody levels were obtained
in the period of less than a week after thermal imaging and
clinical examinations. All patients did thyroid stimulating
hormone (TSH), triiodothyronine (T3), thyroxine (T4), free
triiodothyronine (FT3), free thyroxine (FT4), thyroglobulin
antibody (TgAt), thyroid peroxidase antibody (anti-TPO),
thyrotropin receptor antibody (TRAb). The study was con-
ducted in accordance with the principles of the Helsinki Dec-
laration as revised in 2013 and good research practices and
all appropriate processes have been followed. Informed pa-
tient/participant consent was obtained during the research
and was approved by the Ethics Committee of the institution
where the study was conducted (The Ethics Committee of the
University Hospital Center Sestre milosrdnice, Zagreb, Cro-
atia). Data was collected in MS Excel tables and analysed in
Medcalc software (v20.214, MedCalc Software Ltd, Ostend,
Belgium). The statistical analysis was performed by blinded
observers. Normality of the data was evaluated by Kolmog-
orov-Smirnov test. Numerical variables for patients with or
without TED were compared by t-test or Mann-Whitney test
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Inactive TED Active TED

mean SD mean SD diff Pvalue

MOD /°C 35.1 0.8 36.3 0.7 1.2 <0.0001
MOS /°C 35.1 0.9 36.4 0.8 1.3 <0.0001
Mi0D /°C 34.6 11 36.1 0.8 1.6 <0.0001
Mi0S /°C 34.8 0.9 36.0 0.9 1.2 0.0001
LoD /°C 342 0.9 35.7 0.9 15 <0.0001
LOS /°C 345 0.9 35.6 1.0 1.1 0.0005

Table 1. Measured temperatures of both eyes and groups: MOD (medial part of upper eyelid of the right eye), MiOD (middle of upper eyelid of the right
eye), LOD (lateral part of upper eyelid of the right eye), MOS (medial part of upper eyelid of the left eye), MiOS (middle of upper eyelid of the left eye), LOS

(lateral part of upper eyelid of the left eye).

depending on the normality of data. Cat-
egorical variables were assessed by Chi-
square test. Correlations were examined
by Spearman rank correlation coefficient.
Receiver Operating Characteristic (ROC)
curve analysis was performed to find the
cut-off for measured temperature which
best discriminates patients with active
TED.

4. RESULTS

No statistically significant difference
between patients with or without active

TED was found for age or gender. Pa-
tients in the inactive group had mean CAS
of 0.38 while patients in the active group
had 3.41 and a statistically significant dif-
ference was found (t-test, p<0.0001). All
clinical signs/ symptoms of CAS between

Figure 1.. Example thermal images of the right eye from (1) a patient with inactive TED and (2) a
patient with active TED. The thermal images of the patient with active TED (2) show increased
temperature of the orbital and periorbital area compared to the patient with inactive TED (1).
Anatomical regions of interest: (a) medial part of upper eyelid, (b) middle of upper eyelid, and (c)
lateral part of upper eyelid.
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Figure 2. Spearman’s correlation graph shows correlation between
temperature and CAS.

the two groups showed statistically significant differences
between them as the active group has reported their symp-
toms more often (chi-square test, p<0.0001). Eyelid swelling
and swelling/ erythema od caruncle had the lowest p value
(p<0.001) and were the most specific clinical sign/ symptom
for the active group. The average temperature of orbital area
in patients in the inactive group was 34.7 °C while in patients
in the active group was 36.0 °C (t-test, p<0.0001). We found
statistically significant differences in all measured areas of
both eyes which is shown in Table 1. ROC analysis indicated
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Figure 3. Spearman’s correlation graph shows correlation between
temperature and exophthalmometry.

that the temperature cut-off at 35.3 °C best discriminates
patients with and without active TED (AUC 0.9, p<0.001)
with a sensitivity of 82.8% and a specificity of 85.7%. Av-
erage exophthalmometry values were also higher on both
eyes in patients in the active group (t-test, p = 0.0002). The
average exophthalmometry value of the right eye in the ac-
tive group was 19.1 mm and in the inactive group was 15.7
mm (p=0.0004). The average exophthalmometry value of the
left eye in the active group was 19.7 and in the inactive group
was 15.6 (p=0.0003). Out of all thyroid hormone and anti-
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body levels only FT4 (Mann-Whitney, p=0.0176) and TRAb
(Mann-Whitney, p=0.0091) values were higher in the ac-
tive group while other thyroid hormone and antibody levels
showed no statistically significant difference. The strongest
correlation coeflicient was found between the average tem-
perature and CAS (r=0.516, p=0.0001), exophthalmometry
values (r=0.424, p=0.0022) and anti-TPO values (r=0.48S,
p=0.019). The correlation can also be seen on Spearman’s cor-
relation graphs. Figure 2 shows correlation graph between the
temperature and CAS while figure 3 shows correlation graph
between the temperature and exophthalmometry. As the
values of temperature rise, the values of CAS and exophthal-
mometry also rise.

5. DISCUSSION

As the treatment of TED depends on the stage of the dis-
ease, it is important to assess in which stage the patientis. The
CAS scale is a subjective tool in this assessment, so with this
study we tried to expand the spectrum of tools that would
help us in greater objectivity. Di Maria et al measured the
highest mean temperature, average mean temperature and av-
erage difference in temperatures in patients with active and
inactive TED. They reported that all five parameters were in-
creased in active TED (22). In our study we also reported in-
creased temperature in all measured areas in the active TED
group and the highest mean temperature in the medial part
of both upper eyelids which was present in both groups of
patients. These results are in accordance with the results of
the study of Matteoli et al who also proved that the nasal can-
thus is the hottest region and the central cornea the coolest
(23). Riguetto et al used a novel smartphone attached thermal
camera and recorded thermal images from caruncles and
upper eyelids. They reported that all areas of thermal evalu-
ation had higher temperatures in active TED and the values
correlated with the CAS. The group of patients with ophthal-
mopathy had significantly greater measures of proptosis and
all eye areas had higher temperatures when compared to pa-
tients without inactive ophthalmopathy or healthy controls.
They got a positive correlation of average temperature and
CAS score (24). Our study also showed greater measures of
proptosis obtained with exophthalmometry in patients with
active TED. The mean temperature also positively correlated
with CAS score, exophthalmometry values and anti-TPO an-
tibody values. Our study wasn’t designed to have a healthy
control group as our control group were patients with inactive
TED. The similar results were shown in the study of Dave et
al who concluded that the temperature at the caruncle, medial
and lateral conjunctiva was significantly higher in the active
TED group compared to inactive TED and healthy eyes. They
got similar results with AUROC value of 0.91, a sensitivity of
91% and a specificity of 79% and showed correlation between
caruncular temperature and CAS.25 A statistically significant
correlation between serum TRAD levels and CAS has been
found in the study of Nicoli et al The correlation was also con-
firmed forage and FT3 levels (8). Our study has found statisti-
cally significant higher levels of TRAD in patients with active
TED when compared to patients with inactive TED (14.7604
versus 0.725, p=0.009) but no correlation was found with
temperature (p=0.6432) or CAS (p=0.3766). We also hav-
en’t found a statistically significant correlation between FT3
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levels and CAS (p=0.7463). A study by Subekti et al that was
conducted in Indonesia also showed that there was no cor-
relation between TRAb and CAS nor the severity of TED (7).
Our study was first up to date to find statistically higher levels
of FT4 in patients with active TED (p=0.0176) and positive
correlation of temperature and anti-TPO levels (p=0.019). In
a review article Purslow et al concluded that current instru-
mentation offers the great potential to measure ocular surface
temperature with more accuracy, resolution, and speed than
previously possible. They also suggested the use of dynamic
ocular thermography as it offers great opportunities for mon-
itoring the temperature of the anterior eye (26). One of the
limitations of our study was the number of patients and in the
future research of this topic a larger number of patients would
be needed to confirm the previous results. As we didn’t mea-
sure the temperature change after TED treatment it would be
interesting to monitor the change in temperature and other
measured values.

6. CONCLUSION

Changes in orbital temperature may occur over a period
of days or weeks, which may limit the ability of the study to
detect short-term changes. Thermal camera showed higher
values of the temperature of the orbital area in patients in the
active phase of the disease and positively correlated with the
CAS scale, exophthalmometry findings and anti-TPO levels.
There were statistically higher levels of FT4 in patients with
active TED.
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