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Abstract: Infrared thermography technology has improved drastically in recent years and is re-
gaining interest in medicine for applications such as deep inferior epigastric perforate flap breast
reconstruction, breast cancer diagnosis, skin tissue identification, psoriasis detection, etc. However,
there is still a need for an optimised measurement setup and protocol in order to capture the most
suitable images for decision making and further processing. Nowadays, different cooling methods are
being used; nevertheless, a general optimised cooling protocol is not yet defined. In this manuscript,
several cooling techniques, as well as the measurement setups, are reviewed and optimised. It is
possible to enhance the thermal images by selecting an appropriate cooling method and duration, and
additionally, an optimised measurement setup enables a comparison between different inspections.

Keywords: dynamic infrared thermography; optimisation; skin tissue identification; deep inferior
epigastric perforator flap breast reconstruction

1. Introduction

Infrared thermography (IRT) has been continuously improved over the last few years
and has found widespread applications within scientific research and industry environ-
ments [1]. IRT in medicine has gained interest for use in deep inferior epigastric perforate
(DIEP) flap breast reconstruction [2], psoriasis [3], skin cancer [4], breast cancer and many
other medical conditions [5].

In our biomedical IRT research, we focus on DIEP flap breast reconstruction and skin
tissue identification for skin cancer diagnosis. In breast reconstructions with DIEP flaps,
the skin and subcutaneous tissue from the patient’s lower abdomen are used as a free flap
to reconstruct the breast. One of the key elements in DIEP flap surgery is the selection of
the best perforator to obtain sufficient blood supply to the flap after anastomosis [6]. The
diagnosis of skin lesions measures the thermal response to thermal stress (cold provocation).
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After cooling the skin surface, a different thermal behaviour can be displayed because of
the difference in the thermophysical properties of the lesion and the healthy tissue [7].

1.1. Thermal Provocation for Dynamic Infrared Thermography
1.1.1. DIEP Flap Breast Reconstruction

During the peroperative stage, to locate the best perforators, a cold challenge is
performed on the abdomen. The first occurring hot spots during rewarming can be related
to perforators with a larger blood supply and thus can be used for anastomosis of the
DIEP flap [8]. The introduction of a cold challenge is necessary to create an equal starting
situation for the whole area of interest. Different cooling methods have already been tested:
Weum et al. [9] used a desktop fan. Thiessen et al. [6] did a comparison between different
cooling methods. Cooling with a desktop fan did not meet their requirements of even
cooling the surface and did not extract enough heat from the abdomen.

During the peroperative measurements, the influence of a specific perforator will
determine which areas of the abdominal flap will be perfused by which dominant perforator
and influences the final choice of perforators used for reconstruction. This is demonstrated
in Figure 1. After anastomosis, the blood flow in the DIEP flap can be checked with DIRT
to verify if the flap is properly vascularised to reduce the chance of necrosis.

Figure 1. Peroperative measurement. (a) Perforators A and B 4 min after the clamp was removed.
(b) Only perforator B 4 min after the clamp was removed. The influence of perforator A on the flap
can be deduced by subtracting the influence of perforator B in subfigure (a).

Postoperative measurements include a static image of the reconstructed breast and
a dynamic recording after the introduction of a cold challenge. These measurements can
help visualize arterial or venous thrombosis and potential necrotic area(s) before clinical
observation.

1.1.2. Skin Tissue Identification

The cooling of the skin lesion is necessary to create a thermal contrast to be able to
differentiate between unhealthy and healthy skin. Magelhaes et al. [10] cool the lesions
with the use of an aluminium medal. Godoy et al. [11] tested a Ranque–Hilsch vortex tube
but replaced it with a commercially available AC unit due to its portability and ease of use.

1.2. Measurement Setup
1.2.1. DIEP Flap Breast Reconstruction

Weum et al. [9] describe in their work the use of an IR camera mounted on a tripod with
an overhanging beam to do preoperative measurements. In their work, no measurement
setup is described for peroperative measurements.

1.2.2. Skin Tissue Identification

During measurements for skin cancer identification, the IR camera is mostly mounted
on a tripod [4]. Involuntary body movements are difficult to suppress while having a
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complex body position or while standing straight. This leads to degrading imaging quality.
Magelhaes et al. [10] make use of a hand-held IR device that solves the problem of hard-
to-reach skin lesions but makes it difficult to keep the measuring parameters, such as the
distance to the object or angle, constant.

This manuscript focuses on the steps taken towards an optimised thermography
measurement setup for biomedical applications. On one hand, the external stimulation of
the body has a remarkable influence on the induced thermal contrast and should therefore
be optimised. On the other hand, the used measurement hardware affects the possibility
of performing accurate and consistent measurements. A standardised inspection protocol
and setup enables comparing data sets between different measurements.

2. Materials and Methods
2.1. DIEP Flap Breast Reconstruction

During the DIEP flap breast reconstruction, the measurements are performed using a
long-wave thermal camera mounted on a long beam tripod, as can be read in [2]. The used
camera is the Xenics Gobi 640 camera, which is a microbolometer working in the 8–14 µm
range. The camera is mounted perpendicular to the patient’s abdomen in order to obtain a
clear view of the whole region of interest. The abdomen is cooled with a bag of ice water
for 3 min, and afterwards, images are captured at 50 Hz for 5 min. The plastic bag cools
down the abdomen correctly, without creases, if handled with care. Test measurements to
cool the abdomen with a balloon filled with ice water are in progress. This technique has
the advantage that no creases can form during cooling in comparison to a sterile plastic
bag, as shown in Figure 2.

Figure 2. (a) Cooling of the abdomen with a balloon filled with water and ice. (b) Creases and uneven
temperature after cooling with a sterile plastic bag filled with water and ice. (c) No creases and even
temperature after cooling with a balloon filled with water and ice. Light coloured line is a scar from
previous surgery.

2.2. Skin Tissue Identification

In the context of skin tissue identification measurements, several thermal cameras
have been compared: the Xenics Gobi 640 camera, as used in Section 2.1, as well as a FLIR
A700 camera. Both cameras function in the long-wave infrared spectrum between 8 and
14 µm. The camera is mounted on a stand specifically designed and built for biomedical
applications, as can be seen in Figure 3. The vertical linear guide rails at the end of the
mount arm makes it possible to keep the camera located at a fixed distance from the skin.
This is especially necessary if the FLIR A700 is used in combination with a macro lens. The
region of interest containing the abnormal skin lesion is indicated using a semi-flexible
leather square or plastic marker to make the ROI visible in the IR region. Different skin
cooling methods are used, such as fan cooling, cooling with an aluminium plate, and
cooling with a gel pack for various cooling times between 30 s and 90 s.
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Figure 3. Image taken during skin tissue identification measurements. The thermal camera is
mounted on the linear guide rails at the end of the mount arm. The mount enables the camera to
be moved to any wanted location above the patients body, and the linear guide rails provide the
possibility of keeping a fixed distance between the camera lens and the skin.

3. Conclusions

In order to be able to compare measurements taken at different moments, a gener-
alised optimal measurement setup and protocol is necessary. Comparing different cooling
techniques and cooling times resulted in finding the best suitable cooling protocol for
thermal measurements during DIEP flap breast reconstruction surgery and for skin tissue
identification. For both medical procedures, the measurement hardware was reviewed
and optimised in order to increase the accuracy and repeatability of the measurements.
For DIEP flap breast reconstructions, the hardware setup consists of only a long beam
tripod resulting in static measurements, but for skin tissue identification, the mount is
accommodated with a linear guide in order to provide a fixed measurement distance
automatically.
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