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The incidence of nonmelanoma skin cancer is rising worldwide. The major carcinogenic factor
for most skin cancers is solar ultraviolet light, in particular, the chronic exposure to UVB
(280–320 nm). In this study, the optical characteristics of skin canceration process induced
by UVB were analyzed. Optical coherence tomography (OCT) was used for monitoring the
morphologic changes and compared with histological analysis. Meanwhile, the optical property,
such as the attenuation coe±cient (�t) was systematically extracted and analyzed. In addition,
characteristic textures, including energy, entropy and correlation were revealed from OCT
images. Results suggest that OCT is a useful tool for monitoring the process of UVB-induced
skin cancer and changes of optical property during this process.
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1. Introduction

The skin cancer is the most common type of cancer
and its incidence has been growing in an alarming
rate worldwide mainly due to the destruction of the
ozone layer in recent years.1–3 Skin cancer can lead
to severe skin injury if incompletely removed with a
wide margin of normal tissue, which resulted in
adverse physical and psychological consequences to
the patients. It is well known that excessive and

long-term exposure to UVB is a main contributing
factor of skin cancer.4,5

The gold standard for diagnosis of cutaneous
diseases is still biopsy and histopathological exam-
ination. But this technique is invasive and time-
consuming. In recent years, many well-established
noninvasive optical imaging methods (e.g., optical
coherence tomography (OCT),6 multiphoton mi-
croscopy7,8) have already been applied for the

*Corresponding author.

This is an Open Access article published by World Scienti¯c Publishing Company. It is distributed under the terms of the Creative
Commons Attribution 4.0 (CC-BY) License. Further distribution of this work is permitted, provided the original work is properly
cited.

Journal of Innovative Optical Health Sciences
Vol. 9, No. 5 (2016) 1650014 (8 pages)
#.c The Author(s)
DOI: 10.1142/S1793545816500140

1650014-1

J.
 I

nn
ov

. O
pt

. H
ea

lth
 S

ci
. 2

01
6.

09
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 1

03
.2

40
.1

26
.9

 o
n 

10
/2

1/
18

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.

http://dx.doi.org/10.1142/S1793545816500140


diagnosis and delineation of various skin dis-
eases.9–12 OCT is a feasible optical biopsy tool with
high sensitivity and speci¯city for noninvasive di-
agnosis of some skin diseases.6 OCT was ¯rst put
forward by David Huang in 1991 with resolution
and penetration depth of 1–15�m and 1–3mm,
respectively.13

The parameters of the optical properties which
determine the process of optical transmission on
tissue have a close relationship with the physio-
logical and pathological status of tissue. The optical
characteristics of tissue are critical in photody-
namic therapy, medical imaging, monitoring of
tissue dynamic.14,15 From the view point of tissue
optical, the cellular level determines on the optical
properties of the physical structure on the biological
tissues.16 So the image, re°ecting the morphological
features, could be associated with the optical
properties of tissue. In this study, OCT was used
to monitor the morphologic changes of the process
of UVB induced skin cancer. The epidermis thick-
ness and attenuation coe±cient (�t) during the
canceration process were extracted by OCT scat-
tering model based on the OCT ¯gures in di®erent
time interval of UVB irradiation.16 In addition,
the local texture features during the canceration
process were obtained by gray-level co-occurrence
matrix (GLCM) method.17 The aim of this study
was to analyze the character of the skin cancer
process from the perspective of tissue optics and
texture feature. It will help us to further under-
stand the characters of the formation process skin
cancer.

2. Materials and Methods

2.1. Animal models

Female ICR mice of ¯ve weeks old were obtained
from Fuzhou Animal Experiment Center. Animals
were kept in a constant temperature and humidity
environment with a 12 h light/dark cycle and fed
with standard diet and clean water. A total of 32
mice were randomly assigned to two groups: Group
A (n ¼ 8) was used for in vivo OCT examination
and Group B (n ¼ 24) mainly for histological
diagnosis at di®erent time points.

To establish the cutaneous SCCs, UVB lamps
(280–320 nm, with peak emission at 308 nm) were
used to irradiate mice in a homemade box. The skin
hairs were removed daily prior to UVB irradiation.

The average intensity at the dorsal skin surface was
measured and maintained at the same level for each
irradiation which was performed three times per
week. The irradiation was started with one minute
at the beginning and gradually increased to the full
length of 30 minutes each time. The mice were ir-
radiated for 22 weeks and the accumulated total
dose of UVB was 63.43 J/cm2. The skin of irradi-
ated mice was examined daily during the course of
irradiation. If there were noticeable signs of in-
°ammation and anabrosis, the UVB irradiation
would be paused 1 to 3 times until these symptoms
relieved. Tumor growth in the irradiated site was
examined by an OCT system (Group A) and H.E.
staining (Group B), respectively.

2.2. OCT system and scattering

model

The coherence interferometry produces a two-
dimensional (2D) image of optical scattering from
internal tissue microstructures. Interference fringes
are formed when the optical path length of light
re°ected from the sample matches that re°ected
from the reference arm within the coherence length
of the light source. In this model, the signals were
detected by OCT using of ballistic trajectory pho-
tons scattered in tissue. The OCT system used
in the experiments employed a super-luminescent-
diode source, with center wavelength of 842 nm and
bandwidth of 20 nm.18

The light propagating in turbid media obeys
the Beer's law as follows:

’ðzÞ ¼ ’0 expð��tzÞ; ð1Þ
where ’0 is the in°uence of incident light, �t is
the total attenuation coe±cient, and z is the me-
dium depth. The optical properties of tissue can be
quanti¯ed through OCT single scattering model
analysis. The availability of the OCT single scat-
tering model is approximately equal to 3–6 mean
free paths.18,19 The attenuation coe±cient (�t)
can be ¯tted using Beer's law from the intensity
of detected light vs detectable depth.15 The �t is
extracted from the slope of the OCT signals in
logarithmic scale. The method has been applied
for characterizing the optical properties and
morphological changes of biological tissues.16 The
procedure developed by David Levitz20 was repro-
grammed to obtain the attenuation coe±cient
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and the epidermis thickness of the skin. The epi-
dermis thickness was obtained from the ¯rst peak-
valley of the intensity of OCT signal.21 While the
attenuation coe±cient obtained from the OCT in-
tensity using the Beer's law. A region of interest
(ROI) of image was selected at ¯rst, then, the 2D
intensity distributions from each image formed into
the single curve to obtain the longitudinal distri-
bution in depth were averaged. Finally, the part of
the curve was chosen to ¯t the one based on Eq. (1)
and then the attenuation coe±cient �t was
obtained.20

2.3. Analysis of gray level
co-occurrence

Spatial gray level co-occurrence estimates image
properties related to second-order statistics. Gray
level co-occurrence matrix has become one of
the most well known and widely used texture fea-
tures.22 The greatest strengths of GLCM are
the computational ease and power of features. The
G�G gray level co-occurrence matrix Pd for a
displacement vector d ¼ ðdx; dyÞ is de¯ned as fol-
low. The entry (i, j) of P is the occurrences number
of the gray levels pair i and j which are a distance d
apart.

P ði; j; d; �Þ

¼ ½ðx; yÞ; ðxþ�x; yþ�yÞ�
�

fðx; yÞ ¼ i; fðxþ�x; yþ�yÞ ¼ j;
x ¼ 0; 1; . . . ;Nx � 1; y ¼ 0; 1; . . . ;Ny � 1

����
�
:

First, an original texture image D is requantized
into an image G with reduced number of gray level,
Ng, a typical value of Ng is 16 or 32. Then, GLCM is
computed from G by scanning the intensity of each
pixel and its neighbor, de¯ned by displacement d ¼
20 pixels and angle � ¼ 45�.

The skin features were analyzed by GLCM tex-
ture to assess the de¯nition of skin structure. Five
images from ROI about 1mm� 0:25mm, speci¯-
cally the vertical section of each mouse, were se-
lected for quantitative analysis. The experimental
results were analyzed by statistic test using SPSS
15.0 software (SPSS Inc., USA). Statistical sig-
ni¯cances of the data in di®erent types were eval-
uated by T-test which is used to determine whether
there are any signi¯cant di®erences. The di®erences

were considered statistically signi¯cant when the
P values obtained from T-test analysis were less
than 0.05.

3. Results and Discussion

3.1. Correlation of OCT image with
morphological changes

The morphological changes from normal skin to
SCCs in the UVB-irradiated mouse model were
recorded by OCT and histological examination.
Figure 1 shows the OCT images (a1–a4) and optical
images of biopsy samples (b1–b4) taken at the same
position from irradiated mice at four di®erent time
points (i.e., 0, 6, 22 and 24 weeks). OCT images
showed that the detectable depth of four time
points was di®erent. The detectable depth of un-
irradiated skin was deeper while the optical pene-
tration depth decreased in UVB irradiated skin and
SCCs. This suggests that the UVB irradiation of the
skin could alter OCT signal intensity. As shown in
Fig. 1, there was an obvious cavity between the
surface scab and the epithelial cells at six weeks (a2)
and this feature was consistent with the histological
images (b2). And then, the skin repeated the process
of scabbing and taking o® scab. After repeating
UVB irradiation, the hyperplastic epidermis be-
came obvious (a3). H.E staining showed that the
cavity disappeared (b3), which indicated signi¯cant
morphological change taking place during the de-
velopment of cancerous lesions. Continuing irradi-
ation would induce papilloma lesions (a4 and b4).
The features of OCT images corresponded well with
the histological examination at each time points,
which suggests that OCT is a useful tool for iden-
tifying cutaneous cancerous changes induced by
chronic UVB exposure.

3.2. Optical parameters

There are two bright re°ective layers identi¯able in
typical OCT image of the skin; which is useful for
determining the thickness of the epidermis. Figure 2
shows the changes in the epidermis thickness over
the time. The one extracted from OCT images
correlated well with that obtained from H.E stain-
ing at di®erent time points although the estimation
from OCT was slightly higher than that from H.E
staining. The value of epidermis thickness increased
with irradiated by UVB. Concretely, the value of
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Fig. 1. OCT images and the histological images of di®erent time points. Left panel — OCT image, right panel — histological
image. (a1) and (b1): un-irradiated skin; (a2) and (b2): Six weeks post-irradiation; (a3) and (b3): 20 weeks post-irradiation; and (a4)
and (b4): 22 weeks post-irradiation. The scale bar is 200�m in H.E staining slice.
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normal skin was about 28�m. After irradiation for
six weeks, the thickness of epidermis was about
83�m. And then the epidermis thickness main-
tained a stable value. The outcomes indicated that
the OCT method were consistent with the histology
method. The changes of epidermis thickness dem-
onstrated that epidermis was injured by UVB ir-
radiated and then scabby.

Moreover, the sizes of the tumor could be
extracted from the OCT signal. So OCT is the
feasible method to obtain the dimensions of skin
tumor or skin injury and the better tool to distin-
guish the boundary of injured region which would
be applied on monitoring the surgical resection.

In order to establish links between the structure
changes and the optical parameter changes of the
skin during the process of cancerization, OCT single

scattering model was applied to extract and analyze
the experimental data. The e®ective attenuation
coe±cient (�t) was obtained from OCT intensity
¯gures in the ROI. The attenuation coe±cient of
six time points was obtained from the whole layer
skin. The results are shown in Fig. 3. It is evident
that the attenuation coe±cient increased with UVB
irradiation time. The values were mainly obtained
from the epidermis because the epidermis thickness
increased as the detectable depth decreased over
the time during the process of SCCs development.
So the value of attenuation coe±cient increased
is mainly due to the changes in the epidermis and
hemoglobin contents in the epidermis and dermis
junction in the presence of in°ammation and hy-
perpigmentation caused by long-term UV irradia-
tion. It is possible that the collagens in the dermis
were destroyed to certain degrees and the density of
collagen decreased which resulted in low scattering
in the irradiated skin tissue.

3.3. Texture feature

The speckle pattern of OCT image may be regarded
as the result of the coherent superposition of the
interference fringes falling into the observation
plane. The 2D speckle could be considered as the
tissue texture. The texture features of OCT images
could re°ect the skin characteristics from longitu-
dinal angle.23

Based on GLCM method, three texture features,
i.e., energy, entropy and correlation were extracted
on the OCT image using ROI of 1mm� 0:25mm as
shown in Fig. 4(a). Speci¯cally, the energy re°ects
the roughness of the texture.22 The results of nor-
malized energy of longitudinal skin on di®erent time
points are shown in Fig. 4(b). The value of the en-
ergy increased over the time. In particular, in the
earlier stage, the value increased sharply. Later,
the value increased slowly. This result implies that
the skin has been damaged after a few weeks of
irradiation, which results in structural change.
Under the cumulative dose, cancerous changes
could be developed. In this process, the skin texture
became rougher with time. It indicated that the
texture of OCT image was distinct in normal skin
and the pixel matrix became di®erent after UVB
irradiation. Over the time, the intensity of the OCT
signal between epidermis and air interface changed
greatly. The distribution of light in tissue was not
uniform, so its penetration depth also varied. This

Fig. 2. Measurement of epidermis thickness from H.E. stain-
ing method and OCT method.

Fig. 3. The attenuation coe±cient of skin obtained from
OCT scattering model.
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suggested that in the process of UVB irradiation,
the corresponding energy increased gradually as the
skin barrier was destroyed and the skin texture
became coarse.

Entropy is the complexity feature of an image
matrix and it mainly re°ects the texture grayscale
randomness distribution of the image. Entropy is a

measure of the amount of information in an
image.22 The entropy values in skin at di®erent
UVB doses are shown in Fig. 5. The entropy value
in un-irradiated skin was greater than those irradi-
ated. This result indicated that the normal skin
texture had many ¯ne textures and linear ¯brils,
whereas the irradiated skin had less ¯ne textures.
Thus, texture was complex in normal skin and
simple in damage skin.

The correlation of the images re°ects the simi-
larity on a direction of the image texture area and is
the linear correlation measure of the local gray level
in the image. The correlation is a measure of the
dependence between two di®erent pixel values.22

The skin correlativity in the process of UVB in-
duced tumor is shown in Fig. 6. The skin correlation
value in irradiated skin was larger than that in
normal skin, indicating that injure skin texture
had faint ¯brils and a uniform pixel matrix. The
value of skin correlation could be used to quanti-
tatively estimate the similarity among various
time points. The extent of the similarity depends on
the correlation value. It indicates that the more
similar, the more UVB-induced injure. Moreover, it
changed more dramatically at the early stage of
irradiation.

4. Conclusions

In this study, the process of SCC induced by
UVB was monitored by OCT technology in vivo
and compared with the histology analysis — H.E
stained slice. The morphologic structure, optical
characteristics, and texture features were obtained

(a)

(b)

Fig. 4. (a) The region of OCT image for texture analysis,
the size is about 1mm� 0:25mm; (b) the energy of skin in
OCT image at di®erent time points.

Fig. 5. The entropy of skin at di®erent time points.

Fig. 6. The correlation at di®erent time points.
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from OCT image to study the skin changes in the
SCC formation. The detectable depth decreased
with the irradiated time. The epidermis thickness
increased with irradiated time caused by the injured
skin and with scab. And then, the �t had a rising
trend in the skin, the main reason was injured epi-
dermis and increased hemoglobin in the junction
epidermis. Three main parameters, energy, entropy,
and correlation were investigated to determine
the roughness, complexity, and similarity of the
skin during the SCC formation process, respectively.
The results indicated that the complexity in
terms of un-irradiation skin texture distribution.
By contrast, with the irradiation time, skin was
blurred and had a uniform pixel matrix. All these
results obviously suggest that OCT is a feasible
technology to monitor the process of SCC and di-
agnose the skin diseases in vivo. And the result de-
scribed the SCC process from the perspective of
tissue optics and texture feature. It will help us to
understand the characters of the formation process
skin cancer.
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