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Objective
Thermal imaging via FLIR ONE Pro is a non-invasive, contactless and rapid system to assess
temperature by measuring infrared radiation emanated by a surface. Thermal imaging has
recently got into the focus of a broad variety of application areas in the medical field as
surface temperature and differences therein can be an important indicator for tissue
perfusion or infection. Several medical uses are already established and evolving,
including e.g. inflammatory diseases, breast cancer, complex regional pain syndrome and
Raynaud's phenomenon. Potential application in the assessment of diabetic feet or fever
screening is described. Additionally, many research questions may benefit from thermal
imaging. Several uses of thermal imaging in different studies performed by our institution
are presented.
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Material and Methods
Several studies, ranging from preclinical to clinical settings, evaluating the applicability of
FLIR ONE Pro for multiple areas have been performed. This technology has been used for
visualization of clinically relevant parameters in different application areas.
FLIR ONE Pro is a handheld, smartphone compatible camera that measures skin infrared
emissivity and captures photographs or videos, that can be analysed via FLIR Tools
software. Within a determined region of interest within each picture, highest, lowest and
average temperature were evaluated. Brighter colours display higher temperatures and
vice versa.

Application Areas and Results
Burn Wound Assessment
In a preclinical setting, FLIR ONE Pro has been shown to be a highly reliable tool to assess
burn wounds and determine inflammation in chronic and acute porcine wound models
(Manuscript in preparation).
In our ex vivo human skin flap model, burn wounds and their pathophysiology can be
investigated quite accurately. Thermal imaging via FLIR ONE Pro can contribute to creating
uniform burn wounds by evaluation of standardized temperatures and for their
assessment, but as well for the investigation of several treatment interventions. One of
these interventions is the cooling of a burn wound, which can reduce pain and prevent
burn wound progression to deeper layers, ultimately requiring surgical intervention. The
effectiveness of novel cooling gadgets and/or burn wound dressings, can be visualized with
thermal imaging as shown in Fig. 1.

Figure 2. Thermal imaging of a surgeon wearing a cooling vest in the burn surgery operation room. A
visible cooling effect is still detectable after 1 hour of heat exposure. By application of cooling wear, a
reduction of the maximum surface temperature and therefore more endurable conditions can be achieved.
A: Thermal imaging front. B: Thermal imaging back.

Skin Perfusion Assessment
Thermal imaging is already used as an additional diagnostic tool in breast cancer
assessment. About a third of all female breast cancer patients undergo a total
mastectomy possibly with immediate reconstruction. Impaired perfusion of the
remaining skin flap after subcutaneous mastectomy may cause wound healing disorders
with consecutive necrosis and/or follow-up interventions. Early detection of clinically
relevant underperfused areas is of utmost importance to minimize postoperative
complications, especially if immediate reconstruction with breast implants is performed.
In a clinical project involving breast cancer
patients
undergoing
subcutaneous
mastectomy, perfusion changes of the
remaining skin flap were analysed via FLIR
ONE Pro.
We were able to show that areas with a
temperature lower than 26°C are likely to
develop postoperative wound healing
disorders with consecutive necrosis.
Detection of these underperfused areas
may lead to an intraoperative adaption of
the treatment concept to prevent
postoperative complications.
Consequently, thermal imaging provides a
quick and easy possibility to detect areas at
risk, especially if no macroscopic sign
thereof is present. (Manuscript in
preparation).

Figure 3. Intraoperative thermal imaging after
subcutaneous
mastectomy.
A
significant
temperature reduction correlating with impaired
skin flap perfusion is shown within the operated
area.

Conclusion & Outlook
Figure 1. Thermal images of two burn wounds in a human ex-vivo burn wound model.
Applied nanocellulose wound dressing on the left one, displaying a relevant cooling effect in comparison to
the untreated burn wound (right). Brighter colours display higher temperatures and vice versa.

Body Temperature Asessement
Besides preclinical and clinical burn wound assessment, FLIR ONE Pro can be a helpful tool
for medical staff. Due to increased ambient temperatures as needed during the care of
severely burned patients, human performance can negatively be affected. Impermeable
personal protective equipment as used when dealing with infectious diseases, can cause
similar thermal stress.
As a novel strategy to reduce the burden of thermal stress, cooling wear may be an
effective means for people, who are occupationally exposed to high temperatures, not
only in the medical field.
In a recent project, we simulated care of a severely burned and a
COVID-19
patient and assessed the impact of high ambient temperatures on human performance
and the efficacy of cooling wear as an alleviator of thermal stress. Surface temperature of
health care providers was measured via FLIR One Pro. Results showed significant higher
body temperatures correlating with a higher physical stress level after being exposed to
high ambient temperatures for one hour. A significant cooling effect was shown in
individuals wearing cooling wear as displayed in Fig. 2 (manuscript submitted for
publication).

Summarizing our results, thermal imaging with FLIR ONE Pro shows the potential to be
an accessible monitoring tool to assist in individual diagnosis and treatment. The recent
use of this smartphone-compatible device in medical areas provides a promising
opportunity for significant improvement through the incorporation of "smart"
technologies in clinical practice by adapting the treatment to a patient’s specific needs
and requirements. Thermal imaging is an excellent tool to increase safety and modify
interventions for patients and caretakers.
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