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Abstract. So far, the study of the optical clearing is almost always about healthy tissue. However, the ultimate goal is
to detect diseases for clinical application. Optical clearing on diseased skins is explored. The effect is evaluated by
applying a combined liquid paraffin and glycerol mixed solution on several kinds of diseased skins in vitro. Scan-
ning experiments from optical coherence tomography show that it has different effects among fibroma, pigmented
nevus, and seborrheic keratosis. Based on the results, we conclude that different skin diseases have different
compositions and structures, and their optical parameters and biological characteristics should be different,
which implies that the optical clearing technique may have selectivity and may not be suitable for all kinds of
skin diseases. © 2012 Society of Photo-Optical Instrumentation Engineers (SPIE). [DOI: 10.1117/1.JBO.17.11.115003]
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1 Introduction
As the integumentary system, skin performs all kinds of func-
tions, such as protection, heat regulation, control of evaporation,
and excretion. Skin acts as the anatomical barrier from patho-
gens and damage between the internal and external environment
and acts as the water resistant barrier so that essential nutrients
cannot be washed out of the body. As the largest organ of human
being, there are more than 2000 kinds of skin diseases. The
exact diagnosis for a certain skin disease is important for its ther-
apy. The advantage of conventional histopathology is high reso-
lution, but it requires a pathological slice with an in vitro
tissue specimen, whose processing is complicated and causes
patients suffering. Therefore, studies of nondestructive, nonin-
vasive, and in vivo detection technologies are of great concern.
Various kinds of detection technologies are being studied, such
as optical coherence tomography (OCT),1,2 confocal micro-
scopy,3,4 nonlinear microscopy,5 laser spectroscopic methods,6

and ultrasound imaging. Compared with ultrasound imaging,
optical detection technologies have excellent advantages in effi-
ciency, cost, and resolution. However, owing to strong multiple
scatterings in skin, the penetration intensity of light is markedly
restricted. It is the main reason that optical technologies cannot
be widely used in clinical applications,7,8 and that histopathol-
ogy is still the dominant method in dermatology.

The optical clearing technique, named by V. V. Tuchin,9 is a
method by introducing some biocompatible chemical agents,
called optical clearing agents (OCAs), to reduce multiple
scattering and increase the optical penetration intensity in
bio-tissue. It is found that hydrophilic agents, such as polyethy-
lene glycol (PEG),9 glucose,10,11 glycerol,12–26 propylene glycol
(PG),19 and dextran,27 can reduce the scattering and enhance
light penetration in bio-tissue. However, it is a hard and slow

process for these hydrophilic agents to go through the stratum
corneum. In order to enhance the penetration of OCAs into the
dermis, multiple methods have been carried out, such as micro-
needles,28 photo-irradiation,29 and ultrasound.30 The agents with
high concentration can also achieve good osmosis effects, but it
may do some harm to the tissue. In addition, studies showed that
a noninvasive way of incorporating a permeation enhancer could
improve the osmosis effect in the stratum corneum. Some
lipophilic agents can be added in OCAs to improve the delivery
of agents in skin so as to achieve a better optical clearing effect,
such as polypropylene glycol-based polymers (PPG),20 dimethyl
sulfoxide (DMSO),22 oleic acid,22 azone,23 and thiazone.31,32

From the experimental results in vivo, human finger, and in
vitro, skin of rat, we found that liquid paraffin can enhance
the percutaneous penetration of glycerol and takes synergisti-
cally optical clearing effects with glycerol.33 In addition, adding
liquid paraffin in glycerol can reduce water loss of tissue with
elapsed time.

Until now, studies are almost always based on healthy skin.
For clinical applications, the ultimate goal of the optical clearing
technique is to detect diseases, so optical clearing on diseased
skins is investigated in this paper. Considering the excellent
characteristics of liquid paraffin introduced in Refs. 33 and
34, such as appropriate refractive index, being lipophilic,
capability of preserving moisture, and some medicinal values,
we believe that it will have greater potential to be used in disease
detection than other agents. Therefore, we have applied this
mixture to some of the most familiar and typical skin diseases
in clinics, such as fibroma, pigmented nevus, seborrheic kera-
tosis, sebaceous cyst, hemangioma, etc. It is found that this
agent is effective for some of them, but ineffective for others.
Different diseased skins have different structures and composi-
tions, so we think that the optical clearing technique has selec-
tivity and may not be suitable for all kinds of skin diseases.Address all correspondence to: Yanmei Liang, Nankai University, Institute of
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2 Materials and Methods

2.1 Preparation of Samples and Chemical Agents

Samples of skin diseases were obtained from Department of
Dermatology, Tianjin Medical University General Hospital,
China. There are three samples of fibroma, five samples of
pigmented nevus, four samples of seborrheic keratosis, two
samples of hemangioma, and two samples of epidermoid
cyst. All of them were cut from different parts of different
patients. The samples were kept in physiological saline solution
during transportation and storage to avoid dehydration in the air.

According to Ref. 33, when liquid paraffin is mixed with
anhydrous glycerol by volume ratio 4∶6, the mixed solution
displays the best optical clearing effect for in vitro samples.
In addition, it can keep the structure of the tissue from deform-
ing, which means it can balance between dehydration and moist-
ure retention over a long time. Therefore, the same
concentration mixed solution is used in our experiment.

2.2 Experimental System

The fiber-based OCT system consists of a broadband light
source which has a central wavelength around 1550 nm,
whose lateral resolution is ∼12 μm, and axial resolution is
∼12 μm in bio-tissue. Samples are placed on a translation plat-
form. In order to maintain the identical sampling in the whole
scanning process, the sample is nearly perpendicularly irradiated
and the returned light is also collected perpendicularly.

2.3 Evaluation of the Optical Clearing Effect

Images collected by the OCT system can be directly used to
evaluate the optical clearing effect. In addition, some parameters
have been used to evaluate it quantitatively.11,33,35–37 The optical
clearing effect of OCAs can be revealed by the contrast variation
of the internal tissue in OCT images. Intensity ratio of regions
(RIR)33 is used in our paper to calculate quantitatively the
contrast of the internal tissue and the surface. It is defined as
follows,

RIR ¼
1
N1

P
x;y∈internal gðx; yÞ

1
N2

P
x;y∈surface gðx; yÞ

; (1)

where N1 and N2 are the number of pixels in the internal and
surface regions, respectively, and gðx; yÞ is the gray level in the
OCT image. Pixels whose gray levels are larger than a certain
threshold can be considered as the interface pixels between the
tissue and the background. A region with a given thickness
below the interface pixels is selected as the surface region.
Under the surface region, a region with the same thickness is
selected as the internal region. The larger the RIR is, the higher
the relative intensity value between the internal and the surface
is. The improvement of contrast is evaluated by calculating the
ratio of RIR of OCT images with and without the agent. The
larger the ratio of RIR is, the better the enhanced result is.

A sketch map about the regions is given in Fig. 1. The blue
curve on the surface represents the interface between the tissue
and the background, and the red region and the yellow region
represent the surface region and the internal region, respectively.
From Fig. 1, we can see this method need not select the most flat
region on the surface of the tissue to calculate and can avoid the
effect of surface curvature. Of course, considering the effect of

the focus depth, the results will be more accurate by using the
flat region.

2.4 Measurement Method

The experiment was carried out at 22°C room temperature. Dur-
ing the scanning process, the sample was put onto the culture
dish directly and the lower part of the sample was soaked in
the physiological saline solution to simulate the organism’s
in vivo environment.12,38 The culture dish was placed on a trans-
lation platform. In order to calculate the ratio of RIR, three OCT
images without the agent were first collected for each sample
and the average of their RIR was regarded as the benchmark.
Then, the agent was applied on the surface of the sample.
OCT images were collected every 5 min in the next 40 min.
In order to evaluate the optical clearing effect exactly, the dis-
tance between the OCT probe and the sample platform remained
unchanged while collecting all OCT images for a certain sample.

3 Results
Considering the large surface curvature of hemangioma, we
evaluated the optical clearing effect directly based on their
OCT images before and after application of the OCA. For the
two samples, we saw similar optical clearing effects after
10 min by application of the combined liquid paraffin and
glycerol mixture. Figure 2 is of two OCT images of a sample
of hemangioma. Figure 2(a) is the original image without any
agent. Figure 2(b) is the image after about 15 min with the mix-
ture on the same area. It can be seen that the imaging depth and
contrast is improved effectively and the layered structure became
more distinguishable after the agent diffused into the tissue.

Figure 3 is a group of interesting OCT images we found
during our experiments. The sample is epidermoid cyst. Figure
3(a) is the original image without the agent. Figure 3(b) to 3(f)
are the images after the application of the agent on the same area
in 5, 10, 15, 20, and 25 min, respectively. Before applying the
agent, we can hardly see anything under the epidermis. How-
ever, after applying the agent from 5 to 10 min, a structure is
clearly emerged in the dermis, which is similar to a cyst. The
cystiform structure is indicated with a white arrow in each
image of Fig. 3. It is shown that this kind of cystiform structure
keeps away from the surface gradually with elapsed time from
Fig. 3(c) to 3(f). We consider that the contents of the cyst are
dehydrated with glycerol permeating, leading to the shrinkage
of the cyst. From these results, we can conclude that the liquid
paraffin glycerol mixed solution can really enhance the penetra-
tion of light. In addition, the skin surfaces are at nearly the same

Fig. 1 A sketch map of the two regions in calculating RIR. The blue
curve represents the interface between the tissue and the background,
and the red region and the yellow region represent the surface region
and the internal region, respectively.
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longitudinal position in Fig. 3(b) to 3(f), which indicates the
moisture retention of liquid paraffin works as described in
Ref. 33. From this result, it is further proven that liquid
paraffin, as a kind of lipophilic agent, enhances the percutaneous
penetration of glycerol and take synergistically optical clearing
effect with glycerol.

From Figs. 2 to 3 we see the contrast improvement of images
after applying the combined liquid paraffin and glycerol mixture
on these diseased skins. In order to evaluate its adaptability of
this kind of combined mixture to skin diseases, we further
scanned more skin disease specimens. The statistical results
of the optical clearing evaluation of fibroma, pigmented
nevus, and seborrheic keratosis are given in this paper. Figures 4
to 6 show the ratios of RIR with time elapsed after applying the
agent on the surface of the specimen.

For each sample, OCT images every 5 min after applying the
agent were collected. Their RIRs were calculated and divided by
their benchmark to obtain the ratio of RIR with elapsed time. For
all samples of each kind of diseased skin, their average ratio of

RIR at the same time is calculated. It is shown with a solid curve
in Figs. 4 to 6. The bars on the curve show the maximum and
minimum ratios of RIR, which correspond to the best and worst
optical clearing effects for a kind of skin diseases.

Two intervals between the internal and surface regions, 500
and 700 μm, are selected to evaluate the enhancement of image
contrast at different depths, which are shown in figure parts (a)
and (b) in Figs. 4 to 6, respectively. The thickness and width of
these two regions are both selected as 50 μm and 1 mm in
calculating the RIRs, respectively. According to the scanning
condition, N1 and N2 are both equal to 500. The values of
the starting time 0 in Figs. 4 to 6 represent the normalized
benchmark.

From Fig. 4 it can be seen that after applying the agent, the
ratios of RIR of fibroma with elapsed time are all larger than 1,
which means that the liquid paraffin glycerol mixed solution
has optical clearing effects for fibroma. However, from Figs. 5
and 6, it can be seen that after applying the agent, the average
ratios of RIR of pigmented nevus and seborrheic keratosis are

Fig. 2 OCT images of hemangioma. (a) OCT image without the agent and (b) OCT image after application of the agent on the same area.

Fig. 3 A group of OCT images of epidermoid cyst. (a) OCT image without the agent, and (b) 5 min, (c) 10min, (d) 15min, (e) 20min, and (f) 25 min OCT
images after application of the agent on the same area, respectively. The cyst is pointed out with a white arrow in each figure.

Fig. 4 Ratios of RIR of fibroma with time elapsed: (a) is the result at the 500 μm interval and (b) is the result at the 700 μm interval. Bars on the curve
depict the maximum and minimum of RIR among the samples.
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around 1, which indicates that the agent has little effect on their
optical clearing.

4 Discussions
The optical clearing technique is a method by introducing some
biocompatible chemical reagents to reduce multiple scattering
and increase the optical penetration intensity in bio-tissue. At
present, there are some typical hypotheses of the mechanism
of the optical clearing technique, such as dehydration,39

index matching,40 and the effect of anti-reflection film. When
the OCA permeates into the tissue, interstitial fluid is partly
replaced by the OCA. Due to the stickiness and diffusion coeffi-
cient of the OCA, the speed of water leaving the cells is greater
than that of OCA entering into the tissue space, so the cells are
dehydrated. With the water flowing out of the cells, the intra-
cellular and extracellular dehydration makes the cell matrix
arrange more closely, leading to index matching between the
scattering particles and the basement material.

After applying the liquid paraffin glycerol mixed solutions
on different skin diseases, we obtain different results of the
optical clearing. We think that this is due to different structures
and compositions with different kinds of bio-tissue, while the
agent penetrates into the bio-tissue, the mechanism and effect of
optical clearing will be different.

A fibroma is a benign, tumor-like growth made up mostly
of fibrous or connective tissue. After applying the agent, the
thickness of dermis and diameter of collagen fibril decrease,
and correspondingly the collagen fiber becomes more regular,21

which induce the skin of fibromas transparent and improve the
penetration of light. An epidermoid cyst is a benign cyst usually
found on the skin. The cyst develops out of the ectodermal
tissue. Histologically, it is made of a thin layer of squamous
epithelium, so it should have the same optical clearing mechan-
ism as the healthy skin. A hemangioma is usually a benign
tumor, swelling, or growth of the endothelial cells that line
blood vessels and is characterized by an increased number of

normal or abnormal vessels filled with blood. The refractive
indices of glycerol and liquid paraffin are both about 1.47,
and it is known that glycerol will induce tissue dehydration
when it permeates, so we think after applying the agent,
dehydration and index matching27 are the main mechanisms
of its optical clearing.

Pigmented nevus is a kind of common skin lesion. They are
benign proliferations of melanocytes located at different skin
layers. Because of the dense arrangement of the pigmented
nevus cells, the agent can hardly permeate into the dermis,
so it is almost ineffective for the pigmented nevus. Seborrheic
keratosis is a kind of benign verrucous tumor, which occurs
most frequently on the face, head, or trunk for aged persons.
The surface of the papules is keratotic and often papillary or
granular, resembling clay adhered to the skin. They can resem-
ble warts, though they have no viral origins. Because the
epidermis of seborrheic keratosis is hyperkeratotic, the agent
can hardly permeate into the dermis, so it is almost ineffective
for it.

We applied this mixture to some of the familiar and benign
skin diseases in clinics, and the most familiar and typical ones in
clinics are given to show the optical clearing effect in this paper.
From these results, we can see the liquid paraffin glycerol mixed
solution is effective for some of them, but ineffective for others,
which reveals that the optical clearing technique has selectivity
and may not be suitable for all kinds of skin diseases. For the
numbers of samples for each kind tissue, further investigation
should be carried out in the future. More detailed theoretical
study and experiments, such as the selection of OCAs and
experiment conditions, should be further done if the optical
clearing technique can be used in clinics. In addition, in
order to study the mechanism of optical clearing of skin diseases
in detail, the experimental data of their optical parameters, such
as index of refraction, absorption coefficient, and scattering
coefficient, are strongly required.

Fig. 5 Ratios of RIR of pigmented nevus with time elapsed: (a) is the result at the 500 μm interval and (b) is the result at the 700 μm interval. Bars on
the curve depict the maximum and minimum of RIR among the samples.

Fig. 6 Ratios of RIR of seborrheic keratosis with time elapsed: (a) is the result at the 500 μm interval and (b) is the results at the 700 μm interval. Bars on
the curve depict the maximum and minimum of RIR among the samples.
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5 Conclusion
It is concluded from the experimental results that the liquid
paraffin glycerol mixed solution can improve the penetration
of light for some skin diseases in vitro. Little effect for two
skin diseases implies that the optical clearing technique may
not be suitable for all kinds of skin diseases. More detailed
studies, including the characteristics of diseased skins and the
mechanism of their optical clearing, should be carried out in
the future.
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