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Introduction

Approximately 45% of all deaths in the US are associated with 
fibrotic disease [1]. But not all fibrosis is associated with tissue 
pathology; collagen remodeling and stiffening is a possible end-
product of wound healing. Therefore, it is important to be able 
to differentiate between pathological fibrosis associated with 
carcinomas and excessive deposition of collagenous tissue after 
trauma or surgery. Since the number of skin cancers are projected 
to increase dramatically by the year 2050, new diagnostic 
techniques are needed to assist the Dermatologist in analyzing 
atypical lesions.

Disturbances in the regulation of synthesis and deposition 
of collagen can result in severe pathological conditions in 
Scleroderma, cutaneous Graft-versus-Host-Disease, excessive 
scarring after trauma or carcinogenesis [2]. In the skin, periostin 
is highly expressed in fibrotic scars and is upregulated during 
cutaneous wound repair, where it is believed to facilitate 
myofibroblast differentiation [3]. Fibroblast behavior has been 
shown to depend on origin, and anatomical location within the 
skin [4]. Fibroblast heterogeneity has been established and its 
influences on wound healing and fibrosis [4]. In systemic sclerosis 
collagen types I and III and fibronectin are exhibited at higher 
levels compared to normal skin [5]. 

Fibrosis associated with skin cancer involves an epithelial–
mesenchymal transition (EMT) that results in a change of the 
cell phenotype of epidermal cells [6]. During EMT, cell-cell 
connections loosen, cells become motile, and become resistant 
to apoptosis [6]. Transforming growth factor beta 1 (TGF-β1), 
tumor necrosis factor alpha (TNF- α) and hypoxia cooperate in 
the triggering of EMT both in cancer and fibrosis [6,7] converging 
in the induction of Snail [7]. It is therefore important to be able 
to differentiate between fibrosis associated with carcinomas and 
that which is associated with other disorders.

We have developed a noninvasive diagnostic test termed vibrational 
optical coherence tomography (VOCT) based on the reflection of 
infrared light and acoustic sound to create a “virtual biopsy” and 
a quantitative mechano-vibrational spectrum of skin [8-11]. This 
data can be able used to differentiate between fibrosis associated 
with normal scar tissue and fibrosis that surrounds basal cell 
carcinomas, squamous cell carcinomas and melanomas [8-11]. The 
results of pilot studies suggest that although fibrosis is associated 
with normal wound healing and carcinomas, the addition of new 
cells (80 Hz) and new blood vessels (130 Hz) that are not found in 
normal skin wounds can be used to differentiate between fibrosis 
associated with benign and cancerous skin lesions [8-11]. The 
purpose of this paper is to present a comparison between fibrosis 
associated with a benign skin lesion and melanoma.
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Abstract
In this study we report the use of vibrational optical coherence tomography to compare fibrosis in a skin lesion to that observed in a melanoma. Using 
vibrational optical coherence tomography (VOCT) it is possible to noninvasively differentiate between fibrosis found in benign skin lesions and fibrosis 
associated with skin cancer. Cancerous skin lesions exhibit new resonant frequencies at 80Hz and 130Hz along a fibrotic resonant frequency at about 
260 Hz. The 80 Hz and 130 Hz peaks are absent in benign lesions. VOCT can provide another noninvasive tool along with dermoscopy and visual 
inspection to provide diagnostic information about the nature of skin lesions. VOCT can be operated remotely and can be used with telemedicine to 
provide diagnosis of difficult skin lesions in remote areas where the availability of a dermatologist is limited.
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Methods 

Normal skin (N=14), fibrous tissue deposited on the back of a 
subject’s finger, and a melanoma (N=57) were studied using VOCT 
after informed consent was obtained, as reported previously [8-11]. 
OCT images of the samples were obtained in the scanning mode 
and were color-coded as discussed previously [8-11]. Measurement 
of the resonant frequencies of the major components of skin were 
made using an OQ Labscope 2.0 (Lumedica, Inc., Durham, NC) 
that was modified by adding a 2 inch-diameter speaker placed 
about 2.5 inches from the area to be studied. Both infrared light 
and a sinusoidal sound wave between the frequencies of 30 and 
300 Hz were applied to the skin at intervals of 10 Hz along the axis 
of the light beam as described previously [8-11]. A plot of weighted 
displacement versus frequency was obtained for each specimen 
after correcting for vibrations due to the speaker. All weighted 
displacement data collected were normalized to the largest peak in 
the weighted displacement versus frequency spectrum. The peak 
frequency (the resonant frequency), fn, is defined as the frequency 
at which the displacement of each major skin component is 
maximized. Resonant frequencies for normal cells in skin (50 Hz), 
dermal collagen (100 Hz), and dermal blood vessels (150 Hz) have 
been defined from results of previous studies as well as new lesion 
associated cells (80 Hz), new friable blood vessels (130 Hz) and 
new fibrous tissue (260 Hz) [8-11].

Results and Discussion

In this study we compared OCT images and weighted 
displacement versus frequency data for normal skin, an area of 
skin with suspected fibrosis, and a melanoma. An OCT image of 
normal skin (Figure 1A) was characterized as containing a yellow 
stratum corneum, pink layer of cells including the basal cell layer 
and layers of differentiating basal cells between the basal cell layer 
and the stratum corneum. The papillary dermis is seen as the blue 
layer beneath the basal cell layer [Figure 1A]. A typical plot of 
weighted displacement versus frequency is shown for normal skin 
in Figure 1B. Figure 1C shows a typical scan of pixel intensity 
versus depth for the cross-section shown in Figure 1 A illustrating 
a slow decrease in the pixel intensity as the depth increases 
within the skin. Major resonant frequencies are seen at 50-60 Hz 
(normal epithelial cells and fibroblasts), 100 Hz (dermal collagen), 
150 Hz (normal blood vessels) as discussed previously [8-11]. In 
comparison a typical color-coded melanoma is shown in Figure 
2A containing a very thin stratum corneum, and a thin papillary 
dermis with black areas where the cancerous lesions are found. A 
plot of weighted displacement versus frequency (Figure 2B) shows 
new resonant frequency peaks at 80 Hz (new cancer associated 
cells), at 130 Hz (new friable blood vessels), and at 250-260 Hz 
(new fibrous tissue) as reported previously [8-11]. Statistical 
analysis comparing the peak heights at 50, 80, 130 and 250 Hz 
of normal skin and melanoma indicate that they are statistically 
different at a p value less than 0.0004 (Table 1).

Figure 1: OCT color-coded image (1A), weighted displacement versus depth (1B) and scan of pixel intensity versus depth (1C) for normal skin from the arm. Note the 
weighted displacement versus frequency measurements are made at 10 Hz intervals so that the resonant frequencies of cells occur at about 60 Hz, dermal collagen at 
about 100 Hz and fibrous tissue at about 260Hz.
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Figure 2: OCT color-coded image (2A), weighted displacement versus depth (2B), and scan of pixel intensity versus depth (2C) for a melanoma. Note the weighted 
displacement versus frequent measurements (2B) are made at 10 Hz intervals so that the resonant frequencies of cells occur at about 60 Hz, new dermal cells at 80 Hz, 
dermal collagen at about 100 Hz, new blood vessels at 130 Hz and fibrous tissue at about 260Hz. The location of the melanoma lesions are circled in C that correspond 
to the areas of cancer lesions seen in A.

Table 1:  Statistical comparison between normal skin and 
melanoma using an unpaired one tailed student’s t-test. Note the 
50, 80, 130, and 250 Hz peaks have p values less than 0.0004 

demonstrating that the mechano-vibrational peak heights of 
normal skin and melanoma are statistically different. N=14 for 
normal skin and N=57 for melanoma.

In comparison, an area of raised skin on the back of one of the 
fingers of a subject had a color-coded OCT image of their skin 
that was unusual (Figure 3A). The OCT image showed a smooth 
epidermis, normal looking epidermal cell and upper papillary 
layers, an opaque layer and a normal collagenous layer in blue. 
The large peak at 150 Hz suggests the presence of blood vessels. 
A plot of weighted displacement versus frequency (Figure 3B) 

showed small peaks at 80 and 130 Hz and a large peak at 250-260 
Hz. Finally, Figure 4A shows a color-coded OCT image of the skin 
on top of the hand of the subject whose skin is shown in Figure 
3. Note the normal resonant frequency peak of dermal collagen 
and only a small fibrotic peak at 250 Hz (Figure 4B).  The plot of 
pixel intensity versus depth shown in Figure 4C is smooth unlike 
that shown in Figure 3C.

Normal Skin: Melanoma

50 Hz 0.00004

80 Hz 2.9 × 10-7

130 Hz 6.2 × 10-9

250 Hz 0.00002
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Figure 3: OCT color-coded image (3A), weighted displacement versus depth (3B), and scan of pixel intensity versus depth (3C) for skin on the back of the finger of a 
subject with superficial skin thickening. Note the weighted displacement versus frequent measurements (3B) are made at 10 Hz intervals. The cellular peak is very small 
in comparison to the dermal collagen peak at about 100 Hz, blood vessel peak at 150 Hz, and the fibrotic peak at about 260Hz. The large black area in the A appears to 
be the location of the blood vessels. The fibrotic peak is in the lower part of the image in A based on the scan of pixel intensity versus depth shown in 3C.

Figure 4: OCT color-coded image (4A), weighted displacement versus depth (4B), and scan of pixel intensity versus depth (4C) for skin on the front of the hand of the 
subject shown in Figure 3. Note the weighted displacement versus frequent measurements (4B) are made at 10 Hz intervals. The major resonant frequency peak is dermal 
collagen at 100 Hz. Note the absence of a significant fibrotic peak in B and no bump in C as seen in 3C.
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Conclusion

Using VOCT it is possible to noninvasively differentiate between 
fibrosis found in normal skin, benign skin lesions, and fibrosis 
associated with skin cancer. In this manner VOCT along with 
visual inspection and dermoscopy can provide the physician 
with a rapid method to noninvasively image and collect physical 
information that can provide diagnostic information about the 
nature of skin lesions. VOCT can be performed along with use 
of visual and dermoscopic, through telemedicine to provide 
the physician with methods to diagnose difficult skin lesions in 
remote areas where the availability of Dermatologists is limited.
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