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Electronic biopsy for skin cancer
detection
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Assessing tissues without their removal is a great
advantage. A tissue biopsy removes tissue, which yields
a wound that requires healing. Healing may cause
discomfort to the patient and may yield a scar. This
communication proposes an optoelectronic biopsy, em-
ploying light source and optical fibres. This reflec-
tance imaging system permits imaging of the tissue so
as to discriminate the cancerous ones without removal
of tissues for analysis. This system based on the princi-
ple of backscattering of laser radiation from tissue
promises to be a low cost, accurate and fast tool for
detection of skin cancer.

SKIN cancer is the most frequently occurring of all can-
cers. Each year over 500,000 new cases of skin cancer are
detected. In a high percentage of skin cancers fatalities
can be all but eliminated and morbidity reduced, if detec-
ted early and treated properly. These skin lesions are dis-
tinguished generally by subjective visual inspection and
their definitive diagnosis requires time-consuming, expen-
sive histopathological evaluation of excisional or inci-
sional biopsies.

There are three main types of skin cancer-malignant
melanoma, basal cell carcinoma and squamous cell car-
cinoma. Melanoma is less common, but the most serious
type. It can spread if not detected at an early stage. It
often spreads to other tissues or vital organs. Melanomas
are irregular in shape, show variation in colour and are
lesions bigger than 6 mm across. Basal cell carcinoma is
the most common type of skin cancer. It grows slowly
and can damage nearby tissues. It arises from cells in the
epidermis. It is not life-threatening, but if left untreated,
cancerous cells can grow deeper into the skin. Squamous
cell carcinoma is the most common type of skin cancer. It
arises from cells in the epidermis and can spread to nearby
lymph nodes. It can be dangerous because it grows more
quickly.

Other skin infections are Actinic keratosis and Bowen’s
disease that can become malignant. The condition is harm-
less, but if left untreated it may transform to squamous
cell carcinoma. Seborrheic keratosis is a benign form of
skin tumour occurring in the outer layers of the skin.
Compound nevus is characterized by proliferation of
nevus cells within the basal cell layer of the surface epi-
thelium and the underlying connective tissue.

Currently, the majority of skin cancers are confirmed
using an invasive biopsy. This means that a section of the
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skin must be removed and then studied in the laboratory.
Results can take anywhere from three to ten days. Merely
20% of the biopsies performed, however, diagnose a
malignancy. People anxious about being poked or cut,
delay or avoid seeing a doctor. Also, there are recorded
histories of patients who do not show primary symptoms
on the surface of the skin, but the disease had already
entered into the lymph nodes. Some skin cancers are slow-
growing, but can metastasize quickly to other parts of the
body through the blood or the lymph nodes.

All these have compelled for a non-invasive approach,
where the patient will have a fast and accurate method of
detection, undergo less pain, less bleeding and have greater
comfort in the quality of care provided by the doctor.

This research proposes to build an optical-fibre reflec-
tance imaging system using a light source and an optical
fibre bundle. This device will be able to measure tissue
optical properties and detect skin cancers in vivo, non-
invasively and quickly. /n vivo experimental evidence has
shown that cancerous skin lesions have different optical
properties compared with non-cancerous lesions or normal
skin. Therefore, cancerous ones may be differentiated from
non-cancerous skin lesions by comparing the optical pro-
perties of the skin lesions with those of the surrounding
normal skin sites.

Another potential application could be in the study of
skeletal blood flow. Optical techniques provide a non-
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invasive solution to assess changes in skin blood circu-
lation and oxygen saturation. The intensity of the reflected
and scattered light recorded is assumed to be related to
blood perfusion changes underneath the probe. Using the
designed imaging system, a non-invasive and continuous
assessment of local muscle blood flow is possible.

The skin structure is composed of two primary layers —
the epidermis and the underlying dermis. The epidermis
consists of keratinizing sublayers supported by the der-
mal layer of dense fibro elastic connective tissues con-
taining glands and hairs. The average thickness of the
epidermis is approximately 3 mm and that of the dermis
is between 50 and 150 um. The dominant absorber of
laser radiation in the epidermis is melanin and in the der-
mal layer, the principal absorber is haemoglobin. In the
epidermis, absorption of melanin rapidly increases as wave-
length decreases. The penetration of laser light at the thera-
peutic window (600-1300 nm) owes more to scattering and
absorption. This allows for substantial penetration of light
in the tissue and high remittance of the light scattered out
of the tissue after deep penetration.

Accurate understanding of the optical properties of the
human skin remains a challenge to biomedical optics, and
theoretical modelling of light propagation in skin tissue
continues to be active. The effect of skin tissue structure
on light distribution has been investigated through various
layer models' . It is well known that the skin interfaces
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are inherently rough, and interface roughness has been
taken into account in the model for qualitative under-
standing of its effect on light distribution’. Pioneering
work on the possibility of reflectance imaging using the
integrating sphere was done by Singh®. Recently, by the
measurement of diffusely backscattered radiation, the
internal structure of the human forearm has been analy-
sed’. Phantoms using white paraffin wax mixed with
wax-coloured pigments proved to be equivalent to tissue®.
The photon backscattering simulated images of a combi-
nation of tissues are obtained using the multiprobe laser
reflectometer’.

The reflectance spectra of different types of skin cancer
have been studied'. Figure 1 a—d shows the comparison
of diffuse reflectance spectra of seborrheic keratosis,
actinic keratosis, basal cell carcinoma and compound
nevus with normal skin.

The figure indicates that the reflectance spectra for
cancerous cells are significantly different compared with
normal skin. A lower value of reflectance indicates higher
absorption of light by cancerous cells and a higher value
indicates more scattering. This concludes that reflectance
can be taken as a parameter for distinguishing between
normal and malignant tissue. Hence measurement of the
backscattered radiation using laser — fibre optic probe
assembly provides images that can help fast detection and
localization of skin cancer.

The objective of the work is to develop a device to mea-
sure backscattered radiation from the skin for the detec-
tion and localization of skin cancer. The schematic of the
proposed device is shown in Figure 2. The source selected
was a He Ne laser operating a 632.8 nm (Uniphase Inc,
1101P) and having a output power of 4 mW. Selection of
the source was done based on the fact that the diagnostic
technique requires the laser output power to be sufficient
for optimum depth of penetration, such that the reflec-
tance values can be measured but without causing tissue
damage. The penetration depth of the He Ne laser is
approximately 3 mm which is sufficient to map the epi-
dermis and dermis. To minimize the losses, an additional
focusing lens of magnification 20X was used. This con-
centrates the incident light directly onto the fibre. A
cylindrical probe made of stainless steel with diameter
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Figure 2. Schematic of the fibre optic reflectance imaging system.
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2.5 cm and length 2 cm, has two sleeves made so as to
accommodate two plastic fibres — an input fibre of length
50 cm and active diameter 0.1 cm, and an output fibre of
length 25 cm and active diameter 0.1 cm. The input fibre
is used to guide the laser light to the tissue and the output
fibre is used for collecting the backscattered light to the
photo detector. The centre-to-centre separation between
the input and the output fibre was 0.4 cm. The probe is
held in a PVC tube of length 2.1 cm, so that the probe is
above the skin by 0.1 cm and the active region is not in
contact with the skin. A low-noise, high-speed photodiode
BPW34 is used to detect the backscattered low optical
power.

The photo detection assembly shown in Figure 2, is
well insulated from stray light and the fibre is guided and
fixed in position using a plastic case with inlet for the
fibre. A black casing ensures isolation of the coupling
interface from the ambient light. The photocurrents are in
the order of nA and are converted into voltages using
TLO84. The voltage levels obtained after conversion are
in the mV range. Voltages of this order cannot be directly
interfaced to the computer for further processing and hence
need to be amplified. Amplification is done using IC 741
in the inverting mode. The complete signal conditioning
circuit is shown in Figure 3. The output of this circuit is
digitized using a 12 bit ADC card (OTS101 ADDA). This
card has a conversion time of 25 [ts and full scale output
of 5V DC. This is interfaced to a Pentium processor for
data acquisition and processing.

To demonstrate the potentiality of the reflectance imag-
ing system in imaging malignancy below the skin, for
detection of skin cancer, a tissue phantom made from gela-
tin was prepared in a petri dish. Gelatin was chosen for
preparation of the phantom because its optical absorption
coefficient can be easily changed in a wide range by vary-
ing the dye colour and concentration. The absorption
spectrum of gelatin is different for different colours. Fig-
ure 4 shows the absorption spectrum of eight gelatin
colours.

A jelly made of gelatin of thickness 5 mm for the base
and another jelly layer of thickness 3 mm for the top layer
were prepared. A jelly mixed with red food colouring
substance of thickness 3 mm was also prepared. In the
base jelly layer, a hole of diameter 1 cm was made by
scraping out the jelly and a piece of the coloured jelly
was inserted into the hole. Now the top jelly layer was
placed to complete the malignant skin tissue phantom.
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Figure 3. Signal conditioning circuit.
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Figure 4.

For measurement of backscattered radiation, a 200 x 200
grid and the outline of the tissue phantom were deve-
loped. Observation points wherein data have to be obtai-
ned, were selected. The probe is placed over each of the
location points for one second so that the output value at
a particular point can be stored into the computer. The
reflectance at each point represents an average of hun-
dred samples, which was done so that the system, when
used in a human subject, averages out the effects of
pulsation due to blood flow. The probe is always held
perpendicular to the surface of the tissue for maximum
reflectance. Measurements are carried out at every 5 mm
increment, horizontally, till the entire row is scanned
and the process is repeated row by row. In this way, the
entire phantom is scanned and the scan data values are
stored.

The scan process being done manually, gives irregular
points in the grid. To obtain all the points in the grid,
interpolation using Pythagorean equation is carried out.
Prior to testing on the phantom, the designed system is
calibrated by placing the detector on black rubber for
minimum reference value and white rubber for maximum
reference value.

Software has been developed to obtain the reflectance
images of the tissue.

An outline of the tissue to be imaged is drawn and
divided into the same number of blocks as was done when
measurements were taken manually, so the specific pixels
have values corresponding to specific reflectance values.
Using the maximum and minimum values obtained, the
range of reflectance values is found and a colour code is
devised. Each value from the data file is read and the
colour corresponding to the value is assigned to a parti-
cular block. The process is continued in a fixed pattern
for the 200 x 200 values, so that the entire outline is fixed
with the specific colour code corresponding to the data
locations. The image is passed through a two-dimen-
sional averaging filter of size [5, 5] for the purpose of
continuity. The final image is obtained after passing through
a median filter, where each output pixel contains the
median value in the 8 x 8 neighbourhood around the cor-
responding pixel in the input image.
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Absorption spectrum of different colours of gelatin.

Table 1. Losses encountered at various stages
Stage Power Loss (in dB)
After source 1.75 mW 3.59
After focusing lens 730 uW 3.8
At the end of input fibre 50 uW 11.687

The final incident power on the tissue in the order of 50 pW, is suf-
ficient to image the tissue without resulting in damage of the erythro-
cytes in the region concerned.

Prior to incidence on the tissue, the laser light under-
goes losses at various stages of coupling (Table 1).

Figure 5 @ and b shows the images obtained using the
laser reflectance imaging system. Figure 5 a is the image
obtained without placing the coloured jelly and Figure
5 b is the image obtained after placement of the coloured
jelly at a depth of 3 mm from the surface, to simulate the
presence of cancerous tissue. From the images, the object
placed at a depth of 3 mm from the surface layer is shown
to be detected and the intensity is lower at the back-
ground than that for the object. The background is uniform,
except for some scattering near the object.

The imaging system was used to image the forearm of
human subjects to check its utility in human organs. Dif-
ferent subjects within the age group of 20-60 years were
chosen on the basis of complexion and forearm images
were obtained. A grid of size 200 x 200, wherein data have
to be obtained, was first developed. The probe was placed
over each of the location points for one second so that the
output value at a particular point can be stored into the
computer. Measurements were carried out at every 5 mm
increment horizontally, till the entire row was scanned,
and the process was repeated row by row. In this way the
entire forearm was scanned and the scan data values
stored in a computer. All intermediate values in the grid
were calculated by interpolation using Pythagorean equa-
tion. The final images were obtained using the imaging
algorithm.

The images of a brown- and dark-complexioned subject
are shown in Figure 6 @ and b. Images show a variation
in reflectance, because it is affected by skin pigmenta-
tion. For the dark-complexioned subjects, higher absorp-
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Figure 5.

Image of a gelatin phantom without introduction of abnor-
mality («) and having abnormality (b).

tion in melanin causes reduction in reflectance values.
The overall pattern obtained for the subjects is however
similar.

Measurement repeatability was assessed by repeatedly
imaging the left forearm of a brown-tone subject and the
average error was found to be 0.12%.

A fibre-optic reflectance imaging system sensitive to
the variation in tissue composition and blood flow under-
neath the skin, has been constructed and tested. The pro-
posed device, which improves the abilities of the phy-
sician, can facilitate early screening and detection of skin
cancers to maximize cure and reduce or even avoid un-
necessary biopsies. Like a dental X-ray, an assistant is
sufficient to do a scan on a patient, which it would take
only a few minutes. Furthermore, these devices are por-
table and relatively inexpensive. Therefore, they can be
used in remote rural areas and the diagnostic results can
be easily transferred to metropolitan diagnostic centres
via modems or the information superhighway in the near
future for expert prognosis, if needed.

Figure 6. Comparison of reflectance images for different complexion
subjects. Reflectance image of left forearm of brown-complexioned sub-
ject (@) and dark-complexioned subject (b).
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