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Abstract

Optical coherence tomography is a technique used ex-
tensively in ophthalmology to diagnose several ocular dis-
eases. It is being used in dermatology to diagnose skin con-
ditions. We are developing a technique termed Vibrational 
Optical Coherence (VOCT) tomography to noninvasively 
image (OCT) and measure the physical properties of tissue 
components using Vibrational Analysis (VOCT) in biopsies of 
skin lesions. In this study we analyze OCT images by subdi-
viding them by pixel intensity differences. OCT images are 
broken down into green (low pixel intensity), blue (medium 
pixel intensity), and red (high pixel intensity) images using 
a fire look up table. It is demonstrated using this approach 
that images of normal skin and skin lesions are quite differ-
ent. The results of this pilot study suggest that this approach 
may provide information to differentiate benign from can-
cerous lesions noninvasively. Additional studies are needed 
to quantitatively analyze these images and to compare the 
results to the results of vibrational measurements that have 
been reported previously.
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Introduction

Optical Coherence Tomography (OCT) is an interferometric 
technique using a low coherence infrared light source, which 
allows light to penetrate skin without causing tissue changes 
[1,2]. OCT has been used in ophthalmology to help diagnose 
and manage many eye conditions including glaucoma, diabetes 
related retinopathy, macular degeneration, ocular tumors, and 
vitreous conditions [3]. It is also used in dermatology for evalu-
ation of benign and cancerous lesions [1,2]. OCT uses infrared 
light reflected from the different components of surface tissues 
to generate an image. It provides cross-sectional and en face 
images of skin at depths between 0.4 and 2.0 mm with reso-
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lution between 3 and 15 micrometers [1]. Dermatologic clini-
cal applications include detection of nonmelanoma skin cancer 
such as basal cell carcinoma, abnormal vasculature, evaluation 
of therapy for inflammatory and connective tissue diseases [1, 
2]. It also has been reported to be used to evaluate malignant 
melanoma, skin infestation, bullous diseases, tattoos, nails, 
hemangiomas, diabetic foot ulcers, psoriasis, atopic dermatitis, 
and basal cell and squamous cell carcinomas [4-8]. Epidermal 
thickness changes measured using OCT are associated with sev-
eral diseases [6-8]. Collagen content in normal skin and fibrotic 
skin diseases including systemic sclerosis and hypertrophic 
scars secondary to burn, trauma, and other injury can be ana-
lyzed using OCT images [9,10]. The results of studies on skin led 
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to the observation that OCT imaging has the potential to serve 
as an objective, non-invasive measure of collagen’s status and 
disease progression for use in both research trials and clinical 
practice [10].

OCT provides quick and useful diagnostic images for several 
clinical problems and is a valuable addition or complement to 
other noninvasive imaging tools such as dermoscopy, high-
frequency ultrasound, and confocal laser scanning microscopy 
[11]. While OCT images alone are useful for visual interpreta-
tion of skin lesions, there is more quantitative information that 
can be deduced from the images such pixel intensity differences 
between normal skin and skin lesions [12]. Complete interpre-
tation of OCT images requires an understanding of the basis of 
interaction of light with skin.

Light propagation and penetration through tissues is depen-
dent on reflection, scattering, and absorption by the different 
component layers. Only approximately 4-7% of visible light is 
reflected by the skin surface, regardless of incident wavelength, 
pigmentation, or structure [13]. This means that most of the 
light contacting the skin surface penetrates through the stra-
tum corneum and enters the epidermis and dermis [13]. The 
remainder of the light is then either absorbed or scattered. 
Keratins, collagen, melanin, and hemoglobin are the primary 
skin molecules responsible for the visible light penetration via 
scattering and absorption [13]. Epidermal scattering of light 
entering the skin can be greater due to melanin in the epider-
mis especially for large aggregates [13,14]. In normal skin the 
scattering due to small melanin particles, Rayleigh scattering, 
occurs in all directions if the particle size is less than the wave-
length of the light divided by about 10 [13,14]. Mia scattering in 
the forward direction (along the beam direction) occurs when 
the diameters of the scattering elements such as melanin, cellu-
lar aggregates, and collagen fibers are near the light wavelength 
[13,14]. The primary chromophores in skin, melanin, heme, and 
opsin photoreceptors provide little absorption of light between 
light wavelengths of 600 and 1300 nm [15-17]. Melanin absorp-
tion occurs in the UV light spectrum and decreases in the visible 
light and infrared spectra [15-17].

The ability of melanin to absorb ultraviolet light with wave-
lengths between 100 and 400 nm protects skin from UV light 
damage. Two forms of melanin exist in skin, eumelanin and 
pheomelanin [18]. Eumelanin creates a black-brown color in 
skin, photoprotecting skin by transducing radiation energy into 
heat [19]. Since the beneficial effects of melanin are attributed 
mainly to eumelanin, it has been proposed that skin cancer is 
due to the reduced eumelanin in the skin and increased forma-
tion of pheomelanin [20]. Therefore, the scattering potential for 
melanin in the skin may be different in normal skin and benign 
skin lesions when compared to melanomas due to differences 
in the melanin particle sizes and types. Results of previous stud-
ies using vibrational OCT illustrate that the scattering of light 
at 840 nm by melanomas containing small and large lesions is 
different from that of normal skin based on pixel intensity ver-
sus depth plots [12]. The purpose of this paper is to study OCT 
images based on pixel intensity differences of normal skin and 
different skin cancers to identify whether melanin scattering 
differences between normal skin, melanomas, and other skin 
cancers may be useful in identifying the differences between 
benign and cancerous lesions. In this study we begin to com-
pare differences between OCT images of seborrheic keratoses, 
a benign pigmented lesion, with melanoma, a pigmented lesion 
as an example of how use of pixel intensity measurements may 

be useful identifying the differences between benign and can-
cerous lesions.

Material and methods

OCT image collection and measurement of resonant 
frequency

Images of normal skin and skin lesions were collected using 
an OQ Labscope 2.0 as described previously. The instrument op-
erates at a wavelength of 840 nm and collects images at 13,000 
lines per second [12,21]. Raw image OCT data were collected 
and processed using MATLAB software and image J [12,21]. All 
OCT images were scanned through the lesion cross-section par-
allel to the surface to create pixel images as reported previously 
[12,21]. The pixel intensity across the sample as a function of 
depth was collected. All images were made from skin biopsies 
as part of IRB approved clinical studies at both Summit Health 
and Robert Wood Johnson Medical School.

OCT images were color-coded for observation based on 
the pixel intensity to enhance image details for visual analysis 
[12,21]. The color - coding of the OCT images was done using 
a Lookup Table (LUT) “Fire” as described previously [22]. Each 
pixel value in the grayscale OCT images is assigned a unique 
combination of Red-Green-Blue values using the LUT (Table 1). 
By application of digital image processing algorithms on the 
color - coded OCT image, the images were split into red, green, 
and blue channels based on the distribution of pixel intensities. 
Since a combination of red, green, and blue colors in varying 
intensities can produce all the colors in the color - coded im-
age, the image processing algorithms map the blue, red, and 
green components of each pixel. By breaking up the total im-
age into differences in pixel intensity distribution at each point, 
it is possible to examine differences in scattering potential of 
the different layers of skin and skin lesions. Skin layers contain-
ing large aggregates greater than about one tenth of the light 
wavelength will forward scatter light and appear to have lower 
surface pixel intensities compared to normal skin. If large lesion 
aggregates exist, whether they be due to melanin particles, cell 
aggregates, or large diameter collagen fibers, they should limit 
light reflection and result in a decrease in OCT image brightness 
of the epidermis.

Results

Color-coded OCT images

A variety of different subsurface details were observed when 
the skin lesions were imaged in the OCT scanning mode. These 
include the stratum corneum, basal epithelium, and the pap-
illary dermis. While individual cells are not visible via conven-
tional OCT, the stratum corneum, basal epithelium, rete pegs, 
and papillary dermis are seen as described previously [12,21] 
(Figure 1A).

Table 1: Fire Lookup Table (LUT) for color coding the OCT images.

Greyscale value Red channel Green channel Blue channel

0 0 0 0

50 104 0 221

100 201 7 78

150 255 129 0

200 255 219 0

255 255 255 255
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Figure 1: Color-coded OCT images of normal skin (NS-A), basal 
cell carcinoma (B-BCC), squamous cell carcinoma (C-SCC), and 
melanoma (MEL-D) obtained by superimposing green, blue, and 
red pixel intensities on the gray scale image.

Figure 2: Green channel color-coded OCT low pixel intensity 
images for normal skin (A), basal cell carcinoma (B), squamous cell 
carcinoma (C), and melanoma (D) obtained using (Table 1). Noter 
green channel images for SCC and MEL have lower pixel intensities 
compared to BCC and MEL.

Figure 3: Blue channel (medium pixel intensity) images) for normal 
skin (A), basal cell carcinoma (B), squamous cell carcinoma (C), and 
melanoma (D). Note blue channel image has a lower pixel intensity 
for MEL.

Figure 4: Red channel (high pixel intensity measurements) for 
normal skin (A), basal cell carcinoma (B), squamous cell carcinoma 
(C), and melanoma (D). Note the red channel imageof melanoma 
has a lower pixel intensity than that of the other specimen.

Figure 5: Color-coded OCT images of the cross-section of 5 different 
melanomas.
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Figure 6: Color-coded OCT images of 5 different seborrheic 
keratosis.

Figure 7: Green channel OCT images for 5 melanomas.

Figure 8: Green channel OCT images for 5 seborrheic keratoses.

Figure 9: Blue channel OCT images of 5 melanomas.
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Figure 10: Blue channel OCT images for 5 seborrheic keratoses.

Figure 11: Red channel OCT images for 5 melanomas.

Figure 12: Red channel OCT images for 5 seborrheic keratoses.

These layers are easier to observe when the OCT image is 
color-coded based on the pixel intensity using image J. (Figure 
1) shows typical color-coded OCT images of typical examples 
of normal skin (A), Basal Cell Carcinoma (BCC), Squamous Cell 
Carcinoma (SCC) (C), and Melanoma MEL (D). Note normal skin 
contains an undulating well defined stratum corneum and rete 
pegs. Nodular BCC contains an interrupted stratum corneum 
and black nodular spots near where the rete pegs were once 
located (B), while SCC exhibits a high cellular pixel intensity just 
below where the stratum corneum is normally present. (Figures 
2-4) show images created from the different pixel intensities 
generated using (Table 1). The green, blue, and red channels 
that are derived from the images shown in (Figure 1) reflect 
low, medium, and high pixel intensity images. These images il-
lustrate the possible use of pixel intensity data to differentiate 
between normal skin and cancerous lesions. Note SCC and MEL 

exhibit lower surface pixel intensities in the green channel im-
age possibly due to the formation of cell aggregates, melanin 
particles, and fibrotic collagen that scatter light towards the 
papillary dermis.

(Figures 5,6) show typical images for 5 typical seborrheic 
keratoses and for 5 typical melanomas obtained from skin bi-
opsies.

When the images in (Figures 2-4) were scanned parallel to 
the surface of the sample, a pixel intensity versus depth plot is 
created. The images are separated by pixel intensities using the 
look up chart shown in (Table 1). The lowest pixel intensities 
were used to generate an image (green channel); the images 
look quite different as shown in (Figure 2). The green channel 
image is very low for SCC and melanoma suggesting that light 
is forward scattered from the stratum corneum to deeper lay-
ers in these lesions. The pixel intensity maximum of SCC and 
melanoma are much lower than that of normal skin and BCC. In 
contrast, the blue channel images for the SCC and MEL are more 
like that of normal skin as shown in (Figure 6). The red channel 
is much weaker for melanoma than for the other lesions, sug-
gesting MEL may be differentiated from the others skin lesions 
based on the green and red channels. SCC may also be differ-
entiated from the others based on the green and red channels.

When 5 images of a cancerous pigmented lesion (melano-
ma-Figure 5) were compared to 5 pigmented benign lesions 
(seborrheic keratosis (SK)) as shown in (Figure 6), it is seen that 
differences in the pixel intensity of the stratum corneum (yel-
low color) are seen. The stratum corneum of SK lesions appears 
much brighter than that of the melanomas. This intensity dif-
ference also appears to occur in the green channel images of 
melanomas (Figure 7) and SK lesions (Figure 8). Differences in 
the blue channel images are not as evident (Figures 9 and 10) 
while the intensity of the red channels of melanomas (Figure 
11) appear somewhat less than that of the SK. 
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Discussion

The objective of this pilot study is to illustrate that OCT im-
ages of skin lesions are rich in information that can be used to 
noninvasively differentiate between OCT images of normal skin, 
BCC, SCC and melanomas. It is also possible to identify differ-
ences between benign pigmented lesions (SK) and pigmented 
melanomas. While OCT research has been reported to evaluate 
pathological skin conditions [2,4,5,8-12] additional details can 
be gleaned beyond just examining OCT images by eye. It is pos-
sible to use OCT images to evaluate differences among skin le-
sions by producing images using the pixel intensity as a function 
of depth from pixel intensity measurements [12,21]. The ability 
to create pixel density images from OCT images using green, 
blue, and red colors to represent the distribution of pixels yields 
additional information that can be evaluated in different skin 
conditions. The results presented in (Figures 1 and 2) suggest 
that there are differences among normal skin, BCC, SCC, and 
melanoma when comparing mages based on pixel intensity dis-
tribution. Since there is little absorption by skin chromophores 
at light wavelengths between 600 and 1000 nm, the differences 
observed in this pilot study at 840 nm are likely to be a result of 
scattering differences especially by SCC and melanoma (Figure 
2). The enhanced scattering by SCC and melanoma may be due 
to the formation of elements in the epidermis that are greater 
than 1/10 the wavelength of light which are larger than those 
scattering units in normal skin and BCC. Since Mie scattering oc-
curs in the forward direction, the decreased pixel intensities in 
SCC and MEL are likely to reflect the formation of aggregates of 
cells, small blood vessels, melanin particles and/or deposition 
of fibrous collagen in the epidermis. These may be aggregates 
of cells, but in the case of melanoma it may reflect the forma-
tion of large accumulations of melanin particles. Recently it was 
reported that melanin stacking differences may occur in highly 
pigmented melanomas based on OCT images and vibrational 
optical coherence tomography measurements [12]. These 
stacking differences may reflect differences in melanin type as 
well as interparticle forces.

Two forms of melanin are produced in skin, yellow-red phe-
omelanin and black-brown eumelanin [19,22-24]. Eumelanin 
that is present in skin contributes to darker skin color compared 
to pheomelanin. Eumelanin is thought to be effective in ab-
sorbing UV light. Scattering properties of skin are due to the 
presence of melanin and melanosomes, specialized organelles 
within cells that produce, store, and transport melanin [19,22-
25]. Cutaneous malignant melanomas often exhibit pigmented 
regions that are darker than the surrounding skin. While mela-
noma cells are the original source of melanin, keratinocytes, 
and melanophages (macrophages containing melanin) also 
contribute to the tumor color because they contain melanin 
obtained from melanoma cells [25,26]. Scattering from mela-
nosomes and fragmented melanosomes is of particular signifi-
cance [25]. Melanin particles are particularly good scatterers 
since they have very high refractive indices and are contained 
within melanosome particles of dimensions up to 1000 nm in 
size. Cutaneous malignant melanomas often exhibit pigmented 
regions that are darker than the surrounding skin. 

Corneal and epidermal layers in skin forward scatter light to 
deeper skin layers due to keratin orientation and Mie scattering 
by organelles and melanosomes [26]. 

Melanosomes are formed in melanocytes but are trans-
ferred to the keratinocytes. As the keratinocytes move upward 
in the skin, they become fragmented [26]. Large melanin par-

ticles scatter light forward towards the papillary dermis. Colla-
gen fibers in the papillary dermis are small and result in Raleigh 
Scattering of light in all directions while large collagen fibers of 
the reticular dermis result in Mie scattering in the forward scat-
tering direction [27]. Therefore, forward scattering of infrared 
light by large cell aggregates and melanin particles in the epi-
dermis results in increased pixel intensity in the images of the 
lower epidermis. In comparison, the pixel intensity is decreased 
in the red channel of melanomas due to further forward Mie 
scattering into the rectangular dermis that is not seen in the 
images. The increased green pixel intensity images of SK lesions 
compared to melanomas suggests that the melanin particle size 
is much smaller in SK lesions.

Quantifying the green, blue, and red channels that are de-
rived from OCT scanned images of skin may be a noninvasive 
method to screen patients at risk for developing melanoma. 
Patients with red hair have mutations in the MC1R causing its 
inactivation; this leads to a paucity of eumelanin production 
and makes red-heads more susceptible to skin cancer includ-
ing melanoma [28]. The mechanism by which pheomelanin 
promotes carcinogenesis may be related to increased ROS pro-
duction that is associated with its synthesis [28]. Eumelanin is 
UV light absorbent, whereas pheomelanin, is photounstable 
and may even promote carcinogenesis [28]. Pheomelanin mela-
nosomes are generally small and oval, in contrast to the larger 
elongated shape of eumelanin containing melanosome [28]. If 
eumelanin forms large particles in melanoma, then this would 
explain why the green channel image for melanoma is weaker 
than the other lesions tested. The results of this pilot study sug-
gest that further work is needed to determine if lesion type 
can be accurately determined based on quantitative analysis of 
pixel intensity profiles.

Conclusion

We have studied the pixel intensity of OCT images of nor-
mal skin, basal cell carcinoma, squamous cell carcinoma, seb-
orrheic keratosis, and melanoma by breaking OCT images into 
low (green), medium (blue) and high (red) pixel intensity OCT 
images. While normal skin, seborrheic keratosis, and basal cell 
carcinoma are characterized by higher green scale pixel inten-
sity images, squamous cell carcinoma and melanoma have 
lower green scale pixel intensity images. Melanoma has a lower 
red scale pixel intensity versus depth compared to the other 
lesions. Our results show decreased pixel intensity of SCC and 
melanomas is likely due to formation of cellular and melanin 
aggregates that approach the wavelength of light in size. The 
decreased pixel intensity of melanoma appears to be a result of 
increased amounts of large cellular aggregates and melanin par-
ticles in melanocytes, keratinocytes and macrophages. Quanti-
tative pixel intensity measurements may be useful to identify 
cancerous lesions in patients that may be predisposed to SCC 
and melanoma; however, further study results are needed.
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