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Introduction
Skin is the largest organ of the human body and serves as a barrier between the surrounding 

environment and the body’s internal organs. With its multi-layered structure, skin protects the 
body from any potential attacks by pathogens in the surrounding atmosphere. Compromising 
integrity of this barrier or imbalance in the skin composition could lead to various skin injuries or 
conditions ranging from pruritus, rashes, scars to allergies and cancers. More importantly, several 
skin conditions are often symptoms of more serious systemic complications and must be examined 
promptly for early diagnosis [1-3]. 

The first step of diagnosis for such conditions usually involves visual inspection and non-
invasive imaging. However, while there is normally a direct line-of-sight available for the stratum 
corneum of the skin, interrogating deeper layers requires more sophisticated techniques. Biopsy 
and microscopy may allow clinicians to examine the tissue and diagnose conditions, however, such 
techniques are invasive, time consuming and result in unnecessary scars. Ongoing advancements in 
photonics and in-depth understanding of light-tissue interactions have resulted in the development 
of several modern non-invasive imaging techniques. We discuss current trends and developments 
in infrared (IR) imaging techniques and their applications for diagnosis of dermal diseases and skin 
conditions. 

Infrared Imaging
Visible spectrum is a small portion of the electromagnetic radiation, to which the human 

eye is sensitive. However, longer wavelengths such as the IR spectrum are extremely useful in 
visualizing the structure as well as function of the deeper layers of the skin. While the IR spectrum 
covers wavelengths from 0.7-1000 µm, only the initial narrow band of the spectrum is used for 
IR imaging. This spectrum is further divided into three sub-ranges such as near-IR (0.75-2.5 µm), 
mid-IR (2.5-5 µm) and far-IR (5-15 µm). The depth of penetration for imaging is largely dependent 
on the interaction of light with chromophores such as water and hemoglobin present in the skin. 
The light attenuation due to water in the near-IR range is minimal, thus offering greater depth 
of penetration; however, high absorption of light in the mid-IR range due to tissue water content 
results in significant light attenuation. Additionally, due to lack of tunable sources, fiber optic 
delivery systems and sensitive detectors, very few imaging techniques operate in the mid-IR range. 
Therefore, most of the biomedical IR imaging modalities utilizes the near-IR spectrum for structural 
as well as functional imaging. Imaging in the far-IR range is predominantly emissive and focuses on 
recording thermal emissions of tissue. 

Optical Coherence Tomography (OCT) is one of the imaging techniques that utilize near-IR 
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Abstract

Infrared (IR) imaging is a collection of non-invasive imaging techniques that utilize the IR domain of the 
electromagnetic spectrum for tissue assessment. A subset of these techniques construct images using back-
reflected light, while other techniques rely on detection of IR radiation emitted by the tissue as a result of its 
temperature. Modern IR detectors sense thermal emissions and produce a heat map of surface temperature 
distribution in tissues. Thus, the IR spectrum offers a variety of imaging applications particularly useful in clinical 
diagnostic area, ranging from high-resolution, depth-resolved visualization of tissue to temperature variation 
assessment. These techniques have been helpful in the diagnosis of many medical conditions including skin/
breast cancer, arthritis, allergy, burns, and others. In this review, we discuss current roles of IR-imaging techniques 
for diagnostic applications in dermatology with an emphasis on skin cancer, allergies, blisters, burns and wounds.
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radiation. The primary advantages of OCT are high speed, superior 
resolution and depth-resolved visualization. OCT is a modern imaging 
technique that uses non-ionizing near-IR radiation (800-1300 nm) 
for high-resolution (<15 µm), cross-sectional imaging of tissue. It is 
an optical analogue of ultrasound technology, which operates on the 
principle of low-coherence interferometry and depicts cross-sections 
of biological tissues based on the echo time delay of back-reflected 
light [4]. OCT is a label-free, contactless, non-invasive modality, 
which has been found to be extremely useful in scientific research and 
in clinical applications. Due to scattering nature of tissue, the depth 
of penetration of OCT is typically in range of 1-2 mm, which makes 
it suitable for structural evaluation of the skin. Various sub-types of 
OCT have been used for evaluation of skin cancers [5-7], burns scars 
and wounds [8,9]. Various techniques such as optical clearing [10] or 
mechanical compression [11,12] have been implemented to improve 
the penetration depth.  

In addition to OCT, near-IR imaging has been used for detection 
of cutaneous melanin in pigmented skin disorders [13]. Melanin is 
one of the important endogenous chromophores, which plays a role 
in many benign and malignant skin disorders such as melanoma. 
Its autofluorescence under near-IR excitation has been utilized for 
detection of cutaneous melanin in the skin. 

Far-IR imaging, also called thermal IR imaging, uses detectors 
such as bolometers to detect the infrared emissions from the objects 
under investigation. These detectors absorb the emissions from the 
object, which causes their temperature to change. This change in 
temperature causes change in electrical output as a result of some 
physical property of the sensor material such as temperature-
dependent resistance. Thermal IR imaging has been used for non-
contact evaluation of burn wound depths [14], sports-related injuries 
[15], or as an adjunctive screening method for breast cancer [16,17]. 
An overview of the IR spectrum used in imaging techniques and their 
dermatological applications are shown in Figure 1.

Applications of Infrared Imaging for Diagnosis in 
Various Skin Conditions
Skin cancer

Due to its ability to metastasize, the most serious form of skin 
cancer is considered to be melanoma [18]. Early detection is crucial to 
improve survival in patients with this disease. Non-invasive imaging 
systems that enable accurate quantitative detection of melanoma are 
important for reducing morbidity and mortality, as well as the cost of 
care associated with this disease [19]. 

Melanoma lesions have been observed to be warmer than 
teh surrounding healthy tissue. [20]. By using heating or cooling 
stimulation, it has been demonstrated that the average thermal 
signature of melanomas is different than that for the healthy skin 
[21,22]. For skin cancer, preliminary assessment thermal imaging 
can be used as non-invasive, non-contact and safe technique. IR 
instrumentation advancements, dynamic IR imaging and modern 
digital signal processing algorithms enabled scientists to analyze 
spatio-temporal thermal behavior of the skin - an important leap in 
the cancer diagnosis field [23]. 

In the recent years, use of thermal imaging techniques for 
the detection and differentiation of skin cancer stages have gained 

exceptional interest. Most studies follow the protocol of basal study 
for patient preparation and acclimatization. The anatomic region of 
interest is exposed to a provocation test (usually cold stimulation), 
which induces an autonomic vasoconstriction reflex in normal 
structures. Therefore the thermal contrast due to the differences in the 
vasculature of the different skin regions can be observed. Melanoma 
typically possesses a faster temperature recovery than healthy, non-
irradiated skin. Nevertheless, some other non-pathological structures 
are also detectable by IR imaging, (e.g. scars, vessels, arteriovenous 
anastomoses and injuries), thus requiring a multi-study comparison 
in order to discriminate the tumor signal [18,19,23-25].

Recent statistical analyses reveal that thermal conductivity and 
the variation in thickness, blood perfusion as well as specific heat 
of certain skin layers lead to significant changes in the skin surface 
temperature, which can influence the detectability of dynamic IR 
imaging and frequency modulated thermal wave imaging during 
diagnosis of small volume melanoma [26,27].

OCT for skin cancer detection: Basal Cell Carcinoma (BCC) is the 
most common subtype of cancer in the United States [28]. Suspicious 
lesions are normally biopsied for histopathological evaluation 
leaving behind unwanted scars and making the diagnosis lengthy 
and expensive. Recently, Polarization-Sensitive OCT (PS-OCT)-an 
extension of conventional OCT showed a strong potential for non-
invasive assessment of skin lesions exhibiting possibility of BCC 
[7]. Collagen matrix in the healthy skin is birefringent-an optical 
property of material that results in two different refractive indices 
that depend on polarization of the incident light. Skin cancer results 
in disruption of collagen distribution and alignment, thus destroying 
the birefringence of the collagen matrix [29-31]. PS-OCT can detect 
the loss of skin birefringence [32,33] and could enable identification 
of BCC lesions [7]. 

Allergy

Human skin color is produced by skin pigments that have spectral 
absorption properties in the visible range. The saturation levels of 

Figure 1: Summary of IR imaging techniques and their dermatological 
applications.
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melanin and hemoglobin are the main contributors to the skin color 
and are important in dermatological diagnosis. Allergic dermatitis is 
characterized by allergic skin inflammation and can be induced by an 
allergic response to chemical substances brought on by environmental 
contamination [34]. Spectrophotometric assessments of allergic 
dermatitis can be performed in the near-IR wavelength range for the 
evaluation of water content [35]. Stamatas, et al. proposed a visible and 
near-IR spectral imaging method for evaluating erythema and edema 
in which the values of apparent concentrations of oxyhemoglobin and 
water were calculated based on an algorithm that takes into account 
spectral contributions of deoxy-hemoglobin, melanin, and scattering 
[36]. Nishino, et al. proposed a long-wavelength near-IR spectral 
imaging technique for the assessment of allergic dermatitis to detect 
and visualize intracutaneous differences caused by the activation 
mechanisms of different types of allergic dermatitis [35]. Recent 
studies show that IR thermography is a promising tool for screening 
the presence of digital dermatitis in dairy cows [37] suggesting that 
thermal and IR imaging is a multi-purpose method for all kinds of 
allergic mammal skin responses.

Blisters

People with various bullous disorders exhibit blister formations. 
Autoimmune blistering diseases cause impaired adhesion among 
epidermal cells [38]. Blisters and vesicles are easily diagnosed clinically, 
however, the evaluating the exact pathology of the blister is where 
using optical imaging technologies may support clinical diagnosis 
[39]. Liquid nitrogen- and mechanically induced subepidermal 
blisters appeared as dark areas under the elevated, hypereflective/
backscattering epidermis [39-41]. Explorative studies show that OCT 
can visualize blisters, epidermis and epidermo-dermal junctions in 
vivo, thus representing a range of relevant morphologies that match 
histopathology [38,42].

Skin burns and wounds

Thermography for skin burn assessment: It is important to evaluate 
the surface and the depth of skin burn, especially in the case of a 
severe burn as the thorough evaluation enables the appropriate 
choice of treatment. Clinical assessment is currently the most 
frequently applied method in burn depth evaluation. Unfortunately, 
the use of this method results in a high number of false diagnoses. 
For most burn surgeons, burn depth is better defined by the time 
to heal, which can be linked to the risk of developing hypertrophic 
scarring. Digital IR thermal imaging, also known as thermography, 
detects IR radiation, which is used to determine the emitting surface’s 
temperature by producing a temperature-sensitive pattern on the 
imaged surface. Zhu, et al. showed in 1990 that IR thermography was 
superior to subjective burn wound assessment [43]. Recent works by 
Medina-Preciado, et al. showed significant difference in the thermal 
pattern of superficial skin and deep skin burn wounds, which are 
especially difficult to assess clinically [44].

Other noninvasive techniques such as Laser Doppler Imaging 
(LDI) have also been used in the prediction of burn wound severity 
and result in a higher sensitivity (97%) and specificity (100%) when 
performed within three days of the burn injury [45]. However, even 
though LDI is accurate in assessing burn wounds, it is also more 
expensive and has a steeper learning curve than digital IR imaging 
[44]. Another advantage of digital IR thermography is its ability to 

image large skin surface areas, which can aid in identifying regions 
with different burn depths and estimate the size of the grafts needed 
for deep skin burns.

OCT for burn wounds assessment: Proliferation phase of wound 
healing involves formation of new blood vessels while the remodeling 
phase involves scar formation and collagen deposition at the wound 
site to increase the skin mechanical stability and strength. These 
stages could be monitored and assessed for quantitative evaluation 
of healing process using OCT in a non-contact manner. Gong, et al. 
[46] performed PS-OCT imaging of the burn scars and measured the 
attenuation coefficient of the scar tissue for its comparison with that 
of the surrounding healthy skin. The attenuation coefficient serves 
as a marker for the composition of scar or skin and therefore could 
be used for objective assessment of scars. Additionally, the same 
research group [47] also measured the magnitude of birefringence 
of scars using three-dimensional PS-OCT. Scar tissue typically lacks 
the birefringence a healthy skin tissue possesses owing to lack of 
alignment of the newly deposited collagen [33]. Restoration of such 
birefringence is a marker for better alignment of collagen and could 
be monitored using PS-OCT.  

Limitations of Thermal and infrared imaging
Several biomedical imaging modalities operating in the IR 

spectrum have been developed in the recent years for diagnostic 
applications (Figure. 1). IR imaging techniques offer high scanning 
speeds, superior imaging resolution and pose no health hazards as 
they use non-ionizing radiations. While the IR spectrum has been 
found to be beneficial for dermatological diagnostic applications, the 
primary limitation of the IR imaging is the finite depth of penetration, 
usually confined to 2-3 mm. For skin affected by hypertrophic scarring, 
sclerosis, or scabs resulting from wounds, this shallow range poses a 
challenge. Also, native fluorophores such as oxygenated hemoglobin, 
which absorbs IR, further affect the imaging range adversely. 

Additionally, while the IR imaging techniques provide insight 
into the structural details of the skin; lack of cellular and molecular-
level specificity limits the use of these techniques to preliminary 
diagnosis of skin diseases. Further tests are still necessary for in-depth, 
comprehensive evaluation of disease symptoms. Novel approaches, 
such as multimodality imaging are being actively investigated to 
overcome such limitations [48]. 

Thermography, or thermal imaging has been used as a diagnostic 
tool in veterinary medicine [49-51]; however it is a relatively new 
technique for clinical application. The accuracy of detection of 
temperature variations, spatial resolution and reliability is still 
unclear, making the modality adjunctive instead of a primary 
diagnostic tool. 	

Conclusion
We highlighted most of the prominent imaging techniques and 

modalities operating in the IR region for examination of various skin 
conditions and for diagnosis of dermal diseases. Due to advantages 
such as depth-resolved, faster imaging at superior resolutions, IR-
based diagnostic techniques are being increasingly preferred over 
invasive procedures for preliminary evaluation. In case of skin 
cancer diagnosis, techniques such as OCT have shown significant 
promise for better assessment of skin lesions and for preventing 
unneeded biopsies of benign lesions. Far-IR imaging techniques such 
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as thermography or digital IR thermal imaging have the potential 
to become valuable tools for non-contact, biopsy-free burn wound 
assessment.  

Research in IR imaging techniques has gained significant 
momentum in the recent years. Development of IR-based novel 
modalities may result in faster and more reliable diagnosis and could 
lead to decreased healthcare costs.
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