
Conclusion
• Thermal imaging dramatically evolved during the last decades.
• Preliminary clinical results using active methods are promising.
• Procedures should be standardized and more data are needed to evaluate the

potential of the method for different applications.
• Possibility to use numerical modelling and image processing tools developed in

engineering to improve the method accuracy.
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Introduction
Thermal imaging or thermography consists in measuring and imaging the thermal
radiation emitted from every object with a temperature above the absolute zero
point. Thermography is a widely used method in engineering, presenting undisputed
advantages such as being sensitive, fast, non-contact and non-invasive. Since first
disappointing studies devoted to skin cancer diagnostic, thermal imaging dramatically
evolved. Current affordable IR cameras feature excellent thermal and spatial
resolution, and are not more difficult to use than a standard webcam. In addition,
new active measurement procedures in combination with numerical models
demonstrated that quantitative physiological information could be retrieved.
We believe that the time has come to re-examine the potential of thermal imaging
for skin cancer diagnostic.

State of the art
Several studies tried to detect early-stage melanomas with
thermography based on the assumption that malignant
lesions should exhibit a different temperature pattern
compared to surrounding healthy skin. Results showed a
high percentage of false negatives. This is due to the fact
that small hot or cold spots are often “buried” in sub-
cutaneous thermal signals and difficult to identify (see left
image).

Our technology
Despite interesting preliminary results, more clinical data should be acquired to
assess the potential of active thermal imaging in skin cancer diagnostic. One of the
current problem is the lack of standardization of measurement procedures obtained
with the different setups.
To solve this problem, we developed a compact and versatile apparatus capable of
delivering reproducible cold and hot thermal stimulations. In addition, specific image
analysis tools have been implemented to extend the device capabilities.

Set-up features:

• Different thermal modulations possible (cooling + warming). Reproducible
measurements.

• Non-contact, based on a temperature-modulated air-flow.
• Outstanding IR images quality (high resolution camera from Xenics), specifically

developed image analysis tools to process and display the results.
• Clinical images available (under polarized illumination).
• Compact, easy-to-use and safe (no radiation, no LASER).

To analyze the thermal images and to retrieve quantitative
information, we developed a 3D numerical skin model. The
model aims to reproduce heat transfer processes happening
in the different skin layers. It takes into account the skin
density, heat capacity and conductivity, perfusion and
metabolism.

The model allows to:

• Analyze the thermal images to extract physiological skin
parameters.

• Select the measurement procedures for an optimal
contrast lesion/healthy skin.

Lepton® core from FLIR IR image taken with an uncooled 
microbolometer core from Xenics

First generation of IR camera
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Active thermal imaging

Previous clinical outcomes

Active thermal imaging (or dynamic thermography) allows
to retrieve more information than standard thermal imaging
(passive thermography).

Active thermography works the following:

• The skin surface is subject to an external thermal
stimulation (cold or hot).

• The way the skin retrieves its equilibrium is monitored
(thermal recovery).

• The thermal recovery is different between the different
types of lesions and healthy skin.

• The technique is successfully used in engineering

Çetingül and Hermann at Johns Hopkins
compared the thermal recovery of early-
stage melanoma with healthy
surrounding tissue[3,4].

a videodermoscope with a fiber-optic probe con-
nected to a video terminal with two magnifying
lenses (×20 and ×50) and a Pentium IV personal
computer with 17-inch monitor (Videocap 200;
DS-Medigroup, Milan, Italy). For BCC, we have fol-
lowed the Menzies dermoscopic criteria: ulcer-
ation, multiple blue-gray globules, leaf-like areas,
arborizing vessels, large blue-gray ovoid nests, and
spoke wheel areas (20). In case of AK, the main
dermoscopic defining criteria were: strawberry
pattern, with a red pseudonetwork pattern, and
keratotic hair follicles.

Surgical removal was performed when clinical
and instrumental data suggested a diagnosis of
BCC, while a biopsy was preferred in all the other
cases. All specimens were processed using the clas-
sical histopathologic method of paraffin embed-
ding sectioning and hematoxylin–eosin staining
(17).

Results

The age of the total 36 enrolled subjects ranged
between 55 and 75 years (median 72 years). In total,
we examined 135 lesions; histologically, 48 were
BCC and 87 were AK. In 28 of 36 subjects, both BCC
and AKwere located on the head (forehead and top
of the head). Two subjects had lesions in several
sites, i.e., the forehead (AK), zygomatic area (AK),
and the back. Thirty subjects (83%) had contempo-
raneously both AK and BCC lesions (AK/BCC
ratio: 2.5 : 1.5). The other six subjects (17%) had
multifocal AK only (4 of 6), or multifocal BCC only
(2 of 6).

As shown in the Table 1, dermoscopy enabled a
correct diagnosis in 40 of 48 BCCs (83.3%), and in

65 of 87 AK (74%), while 30 of 135 (22%) lesions
were undiagnosed.

By VTG examination, all the BCC showed a
hypothermic gradient (“cold” images). while all the
AKs (100%) showed a hyperthermic gradient (“hot”
images) with an average of about 1.2°C (range
1–1.4°C) (see FIGS 1 and 2). In two suspected AK of
small size (<0.5 cm diameter) and no hyperthermic
pattern at baseline, the VTG assisted by TS method
showed a rapid thermal recovery time (see Table 1,
subjects number 21 and 35).

All lesions resulting as BCC, both clinically and
instrumentally, were surgically removed. Histologi-
cally, 40 of 48 cases of BCC showed a nodular
pattern, while eight specimens presented a cystic
pattern (see Table 1).

All the patients after surgical or physical therapy
were monitored for a follow-up of 4–6 months.

Discussion

Many authors have highlighted the need for non-
invasive techniques in order to improve the clinical
diagnosis of skin tumors (3,7,8,16–19).

Dermoscopic data provided useful results, but in
22% of lesions, as is the case of pigmented AK (21)
or superficial BCC, this technique did not give
diagnostic indications. Instead, VTG showed in all
the cases of BCC a“cold” pattern, while in all the AK
cases,VTG showed a“hot” pattern. In the literature,
the hot pattern is particularly described in case
of spinocellular carcinoma and melanoma, one
of the most malignant tumors of the skin (27–31).
In particular, melanoma is characterized by a
hyperthermic halo surrounding the tumoral mass
and spreading toward the nearer lymph node
station (this phenomenon is indicated as “comet”

FIG. 1. Basocellular carcinoma. Thermographic aspects (gray mode). Note a “cold spot” in the correspondence of the tumor.

Video thermography in nonmelanoma skin cancer
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Di Carlo has been a pioneer
using active thermography for
skin cancer diagnostic[1]. He
noticed that melanomas (except
in situ) develop hyperthermic
signatures. Recently, a study
carried out on 36 patients
demonstrated that BCC and AK
exhibit clear different thermal
recovery times[2] even when
dermoscopy is not conclusive.

BCC exhibit a cold at the location of the tumour[2].

differences in steady state conditions. This suggests that the steady
state temperature difference was too small to be detected by our
instrumentation. By applying the cooling stress, we enhanced the
temperature differences between the lesion and the surrounding
healthy tissue. Also, because of small movements of the patient
during the thermal imaging, we had to apply motion tracking to
correctly overlay images to measure temperature differences
between reference state and the temperature distribution during
thermal recovery. Without the motion tracking we would not have
been able to detect and measure this temperature difference. These
results and the need for accurate motion tracking explain the
difficulties investigators faced in the past when attempting to
diagnose melanoma using IR imaging based on steady state infor-
mation alone and clearly prove the advantages of dynamic thermal
imaging. It should be noted the spatial resolution of the IR camera
(number of pixels in the IR focal plane array) is critical when
discerning small lesions: the lesion we are considering is 2 mm in
diameter, and the warmest area corresponds to 4 pixels in the
current setup. Higher resolution is possible by using a macro lens. It
should be noted that both the spatial resolution and the

temperature sensitivity of the early infrared cameras was limited,
which also accounts for the difficulties in detecting early stage
melanoma in the past.

In Fig. 7 we compare the temperature at the center of the
melanoma lesion and the temperature of the healthy skin away
from the lesion (marked in Fig. 6(b)) as a function of time during
the thermal recovery process. As expected, the plot displays
significant temperature differences between healthy tissue and the
lesion center during the thermal recovery. The lesion and the tissue
far away from the lesionwarm up to 21.5 !C and 19.2 !C within 30 s
and to 24.9 !C and 22.7 !C within 60 s, respectively. These results
support the hypothesis that the increased metabolic activity of the
melanoma lesion can be detected by dynamic infrared imaging, and
that the difference in thermal response between healthy and
malignant tissue is significant (up to 2.2 !C difference observed
between 30 s and 60 s into the thermal recovery for the Clark’s level
II melanoma). We note that the magnitude of this temperature
difference and its time evolution vary with the malignant potential
of the lesion. For example, the response of anothermalignant lesion
displays a maximum temperature difference of 0.5 !C between

Fig. 6. a) Color-coded infrared images of the region of interest (the melanoma lesion is in the center of the circular region, the adhesive window is clearly visible in the image) at
steady state, ambient conditions. Color-coded infrared images 2 s into the thermal recovery for: b) a larger area with a temperature range between 12 !C to 32 !C and c) a smaller
section displaying regions with the temperature ranging between 10 !C and 15 !C (for better visualization). The dots in the images indicate the points for which temperature data
was obtained as a function of time (Fig. 7).

Fig. 5. a) Photograph of the shoulder area with a cluster of pigmented lesions and the adhesive window, reference IR image of the region at ambient temperature, b) the same area
after cooling (2 s into the thermal recovery) and magnified section of the melanoma lesion and its surroundings.
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IR image of a stage II melanoma lesion taken after 
cooling (2s into the thermal recovery)[3]. 

They demonstrated that melanoma
exhibit a faster thermal recovery time in
comparison to healthy skin.

The acquired infrared images are first
pre-processed with standard image
analysis tools to improve quality
(background correction, small
movement compensation, cropping,
etc.)

In a second step, we analyse the thermal signatures and the
associated frequency responses for each pixel. Different
characteristics can be plotted (phase, amplitude, real or
imaginary part). This allows to distinguish between domains
with lesion and healthy skin. In our example, a significant
contrast between lesion and healthy skin is obtained in the
low frequency range


