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Abstract
Reaching efficient, safe and painless medical diagnosis procedure is a very valued goal for many research
areas. Despite the great advantages of using optical imaging techniques in medical diagnosis including high safety
and relative simplicity, it still suffers from relatively low resolution and penetration depth in the multiple scattering
mediums such as biological tissues. Therefore, researchers began to devise ways to reduce the scattering properties
of the tissue, hence increasing the imaging contrast. Optical clearing concept is introduced to do this job. This
technique can reduce tissues scattering properties by using high refractive index chemicals, thus making the tissue
transparent by equalizing the refractive index through that medium. In this paper, theory and techniques of optical
clearing method are illustrated utilizing its benefits for deep imaging of different body tissues and organs.
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Introduction
The relatively low optical penetration as a
result of the scattering properties of biological tissues
is considered the main limitation of many optical
imaging techniques. The principal reason of this multiple
scattering characteristics is the difference in the
refractive indices between the tissue cell components
and its background [1]. The tissue components such as
cell nuclei, collagen, elastin fiber, mitochondria,
organelles, cytoplasm and plasma membrane of the cell
have refractive indices ranging from 1.47 to 1.51, while
the surrounding medium has refractive index equals to
1.33, similar to that of water. This causes light diffusion
and scattering inside biological tissues [2]. Therefore, a
trend has emerged from scientific research towards
discovering ways of reducing scattering basically by
means of refractive index matching. This research area
has been named optical clearing [3]. From the beginning
of the 21th century, much more research items related to
optical clearing techniques started to show up with a
great increasing from 2013 till now [4]. The method
started to attract researchers from different areas
including physics, chemistry, bioengineering and
medicine. Recent studies have been aimed at altering
turbid biological tissues in such a way that they become
more optically transparent while keeping their internal
structure intact using chemical compound with distinct
osmotic properties such as glucose and glycerol [5].
tissue

After applying optical clearing agents (OCAs),
optical scattering parameters “anisotropy

and scattering coefficient” have to be calculated to
ensure the reduction in the scattering properties
of the treated tissue. Determination of tissue optical
parameters can be achieved using either integrating
sphere measurements [6] or distant detector based
configuration [7].

Optical Clearing Techniques
Tissue optical clearing can be achieved using
different techniques; physical, chemical, photo-chemical/
photo-thermal and compression. However, choosing the
suitable clearing protocol is mostly depending on the
size and the physical properties of the analyzed tissue
sample [8]. The schematic diagram presented in Figure
1 summarizes the main clearing techniques.
In the physical optical clearing approach, the
clearing is achieved by using refractive index matching
www.openaccesspub.org JPHI
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solutions in order to reduce the optical inhomogeneity of
the tissue sample, these solutions can be either organic
or aqueous [4] [9]. The organic optical clearing agents
are organic solutions with high refractive index and the
clearing process is implemented by two steps:
dehydration and clearing. In the dehydration step,
the water content of the studied sample is removed
commonly using methanol, ethanol, tert-butanol, or
tetrahydrofuran, while for the clearing step,
methyl, benzyl alcohol/ benzyl benzoate, salicylate,
dichloromethane, tertbutanol or dibenzyl ether are
widely used [10].
Benzyl Alcohol, Benzyl Benzoate (BAAB) [11],
3D Imaging of Solvent-Cleared Organs (3DISCO) [12]
and
Polyethylene
(PEG)Associated
Solvent
System (PEGASOS) [13] are the most common organic
solvent-based clearing techniques. Although the organic
agents can make the tissue sample transparent in a
relatively short time “may be hours”, this category
suffers from some drawbacks such as high toxicity,
tissue shrinkage
quenching [4] [14].

and

endogenous

fluorescence

The fact that glycerol has a refractive index
about 1.4 makes the use of a solution of glycerol and
water (80% of glycerol, n = 1.44) suitable for tissue
optical clearing. This clarifies the basic idea of using
aqueous solutions for tissue clearing [14]. Glycerol
based solution is not the only effective approach but
also sugar solutions including glucose, fructose and
sucrose have been widely used as aqueous clearing
agents [15]. This approach is considered relatively
safe because it is not toxic and improves the protein
fluorescence. However, its clearing efficiency is relatively
law compared with the organic based agents [4].
Chemical optical clearing techniques are
sometimes termed “tissue transformation” because it
depends on removing the lipid contents from the
tissue sample in order to reduce the refractive index
mismatching through the tissue [16]. Lipid extraction is
implemented using electrophoretic tissue clearing (ETC)
chamber to apply an electric field [17] or can be
achieved passively without ETC [18]. From this base,
various techniques have been devised to apply
the chemical optical clearing approach such as
CLARITY [19], ClearT[20], SeeDB [21], CUBIC [22] and
PACT [23].
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Figure 1. Different clearing techniques

Figure 2. Main applications of optical clearing agents
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The optical properties of a biological tissue
differ if it is heated; this is the principle of
“Photo-thermal& Photo-chemical” optical clearing
approach. In such technique, laser radiation is utilized to
control the optical scattering properties of the tissue fat
[24]. The propagation of light inside biological tissue
differs with its morphologic as well as physiological
characteristics;
therefore,
the
tissue
optical
scattering properties can be also changed if the tissue is
mechanically compressed. This is the basic idea of the
compression clearing methods [25]. Various studies
proved that, the induced mechanical force can almost
produce the same clearing results as the standard OC
steps [26] including increase in optical parameters

Vanda S. M. Carneiro et. al. [35]. They utilized the
effects of these materials on the sample including cell
dehydration effect, the compatibility of refractive indices,
and the increase of solubility of collagen. Five molars
were gathered showing brownish spots and did not have
clear cavitations when they were evaluated by visual
inspection. The samples were examined after applying
OCAs using OCT (central wavelength of 930 nm,
bandwidth of 100 nm, 5 mW maximum power,
resolution in water and air is 7 and 5.3 μm respectively,
lateral resolution of 8 μm and penetration depth of light
of 1.6 mm). The evaluation was performed along the
occlusal surface with standard scanning procedure by
capturing two-dimensional OCT images of the same

modification and penetration depth [27].

region of representative sample. The OCT image without
OCAs was compared to another series of images that

Selected Medical Applications of Optical Clearing
Optical clearing “OC” methods have been
widely utilized to improve medical diagnosis process by
enhancing the resolution and the contrast of
several medical imaging and spectroscopic systems for
both ex-vivo and in-vivo studies [28] as illustrated in
Figure 2. Recently, OC techniques has a supportive role
in increasing the signal to noise ratio in both Raman and
Confocal Microscopy, in addition to improving the
visualization of NIR Spectroscopy [29]. Glycerol and
glycol based OC were also utilized to improve the
speckle contrast of the Laser Speckle Contrast imaging
technique [30] and enhancing imaging contrast in
different Optical Coherence Tomography (OCT)
applications [31].
Many OC approaches have been implemented to
investigate their ability to reduce the scattering and
increase the light penetration in skin [32]. Anhydrous
glycerol was employed to optically clear porcine skin
in-vitro. The penetration depth and reduced scattering
coefficients were determined at different temperatures
showing that, the clearing process become more
efficient at higher temperature [33]. Glycerol was also
used to clear rat skin in-vivo without any distortion in
the collagen fiber, however, this procedure led to
shrinkage in the dermis layer due to extracting the water
content from the tissue [34].
The use of glycerol coupled with metallic and
dielectric nanoparticles (titanium dioxide (TiO2) and
silver nitrate (AgNO3) with glycerol to enhance OCT
images (ex-vivo) for human tooth was assessed by
www.openaccesspub.org JPHI
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covered with glycerol only, glycerol with AgNP, and
glycerol with TiO2 NP (TiO2 had two concentrations of
0.01 and 0.1%). The results revealed that without
applying OCAs, the lesion was not clearly imaged.
Moreover, after applying OCAs the image was enhanced
due to high penetration of the light as well as sulcus
region was better recognized. Furthermore, glycerol with
AgNP showed better enhancement than glycerol with
TiO2 NP image.
Optical Clearing was also utilized to improve the
visibility of OCT images for tooth roots to achieve better
diagnosis of defects or lesion in tooth roots by reducing
internal light scattering at the root and increasing the
penetration depth [36]. Twenty teeth were gathered and
sterilized by gamma radiation. The suspected lesions
were clearly seen by its color on the tooth surface
including root surface and caries. Consequently, each
tooth was submerged in three different solutions (Water,
Glysrol (G) and Propylene Glysrol (PG) with refractive
indices (n) of 1.3, 1.45, 1.43 and viscosity of 0.89 cP,
1194 cP, 46 cP respectively) before each scan. They
used Dentin of refractive index 1.55. Clearing agent’s
viscosity was a critical factor, the penetration depth of
both agent and light decreased at higher viscosity and
also the lesion contrast decreased. For Root Lesion
Analysis, OCT images were captured in the series wet,
dry, PG, wet, dry, G to prevent the interference that
might result from the application of different agents.
Each sample was washed with water after each agent.
a-scans were chosen from b-scan that had surface root

DOI: 10.14302/issn.2641-4538.jphi-19-3132

Vol-2 Issue 1 Pg. no.– 16

Freely Available Online

lesions of
reflectivity
software.
reflectivity

high reflectivity, profile identification and
integration were calculated using Igor Pro
The demineralized areas showed higher
and attenuation that could be discriminated

root lesions. Their results showed that the performance
of G was slightly better than PG and it was well suited
for use in dental imaging due to its availability in market.
Optical penetration depth increased by almost a factor of

from sound enamel and dentin. The chosen a-scans in
lesion areas were normalized and fitted to give a relation
between normalized intensity and depth. Their results
showed that the intensity decreased with depth in the
OCT images. Tactile examination was made on the
lesions after all imaging, because it would damage the
lesions. Tactile results were evenly soft (considered
active), three were leathery and six were hard. Visual
examination of the twenty lesions indicated that, five
were black, nine were light colored and six were brown.
The texture was identified as smooth for six lesions and
rough for fourteen lesions. Fifteen of the lesions had a
matte appearance while the other five appeared smooth.
They measured three values to show the optical
penetration of light into the tooth, depth weighted
reflectivity, Optical penetration depth and Mean,

two over wet lesions and by a factor of greater than 5
over the dry lesion if G was utilized [36].

standard deviation for attenuation coefficient. The
optical penetration depth was significantly higher for PG
and G than wet and dry. For Subsurface Root Analysis,
the relative intensity of the root canal structure was
calculated to clarify the influence of the agents on the
visibility of structures under the surface. The integrated
reflectivity, lesion depth, and maximum intensity were
recorded for each specific position. The ratio of the root
canal to surface intensity that characterized the visibility
of the root canal wall and the integrated reflectivity were
increased in case of G and PG. For Lesion Shrinkage
Analysis, Avizo software was used to analyze the
volumetric OCT images for both wet and dry conditions
and to identify volumetric changes and then calculate
their area using matlab. For comparison, the shrinkage
at a center of the lesion was also calculated. Shrinkage
was significant because it had the potential to be used
to assess the activity of root lesions. Lesions with high
shrinkage were more severe and vice versa. The results
showed that optical clearing with OCT could be used to
measure the shrinkage of natural root caries lesions in
vitro. They showed that 5 lesions and demineralized
dentin tended to shrink when they were dried. For
Statistical Analysis, Prism from Graphpad Software was
used to measure variance for comparison between
before, after drying and with applied clearing agents. A
paired t-test was used for measurement of shrinkage of
www.openaccesspub.org JPHI
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The effect of OC using different concentrations
of glucose solution on porcine epithelial tissue samples

was inspected [37]. The ear sections were cut into
squares of area 1×1 cm2 and stored in saline solution to
prevent dehydration. A gold-plated mirror was imaged
below the tissue and clearing percentage was measured
from the mirror by observing the change in reflected
light intensity over time. As the OCA diffuses through
the tissue, it replaces water through osmotic forces
which in turn matched the intracellular and extracellular
fluids indices of refraction as well as make the tissue
more optically homogeneous. Other changes were
decreased scattering properties of the tissue resulted
from the dissociation of collagen fibers and dehydration
of the tissue. They used swept-source OCT system that
was implemented utilizing broadband swept-source laser
(wavelength of 1325 ± 50 nm, axial resolution in air of 8
μm, sweeping frequency of 16 KHz and average power
of 10 mW). The penetration depth and the transverse
resolution for the used system were 3 mm (in air) and
15 μm, respectively. A MATLAB code was used to
calculate the reflected light intensity from the mirror
surface over time that detected the maximum intensity
within a specified depth region in an a-scan. They
showed that the OCT could quantify and monitor the
effects of optical clearing continuously on the skin of
porcine. The clearing percentage was monitored as a
function of intensity changes of reflected light from the
mirror over time. The results indicated that as the
concentration of glucose solution increased, the high
optical clearing could be obtained. Also, the thickness of
tissue changed by 25%, 6% and 4% with using 50%,
30% and 10% of glucose concentrations, respectively.
For their future studies, they intend to determine the
proper concentration of OCA that could significantly
improve the contrast without damaging other
tissues [37].
Liu et. al. [38] utilized the integration of OCA
with acoustic resolution photoacoustic microscopy
(AR-PAM) to enhance the imaging of subcutaneous
blood vessels of dorsal skin. Their system was
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Table 1. Main literature findings in tissue optical clearing
Clearing

Clearing agent /

Observation

Clearing

method

protocol

technique

capability

In-vitro

Propylene Glycol

Optical Coherence
Tomography

More detailed
microstructures

Wang et. al.
[31]

Squamous
Epithelial
Tissue

In-vivo

dimethyl sulfoxide
(DMSO), Glycerol

Reflectance
spectrum

DMSO is more
efficient than
Glycerol

Millon et al.
[43].

Human eye
sclera

In-vitro

Glucose

Spectrophotometer

Significantly decrease in
scattering

Bashkatov et
al. [39]

Glycerol

Reflectance
spectrum, optical
and electron
microscopy.

Decrease in reflectance,
thickness of dermis and
the diameter of the
collagen fibers

Wen et al.
[34]

Glucose

Swept-Source
Optical coherence
tomography

The highest optical
clearing effect at 50%
glucose

Tissue
Gastrointestinal
Tissues

Rat skin

Porcine skin

Porcine skin

Rat dorsal skin

Musculoskeletal
tissues

In-vivo

In-vitro

In-vitro

Ex-vivo

In-vitro

Spectrometry
combined with

Anhydrous
Glycerol

integrating sphere

DMSO
Glycerol

Photoacoustic

Glucose

detection

Stereo dissecting

Fructose

microscope

Reference

Sudheendra
n et al. [37]

Decrease scattering by
76.6%, and increase
penetration depth by

Deng et al.
[33]

84.1% at 45°C
Improve in detecting
deep-sealed blood vessels and image quality of
shallow vessels
Enabled in situ patterns
of osteocyte processes
and the lacunarcanalicular system deep
within mineralized

Liu et. al.
[38]

Clave et. al.
[41]

cortical bone
Brain tumor
tissues
Human dura
mater

Tooth hard
tissues

Ex-vivo

In-vitro

In-vitro

CLARITY hydrogel.
methanol iDISCO

3D microscopy

Glucose

Multichannel
spectrometer

glycerol associated
to titanium dioxide
and silver nitrate

Optical coherence
tomography

nanoparticles

Tooth root

In-vitro
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Optical coherence
tomography

More detailed 3D
visualization

Different clearing
efficiency at different
glucose concentrations
Better distinction of
healthy and
demineralized hard
tissues in occlusal
surfaces
Improve diagnosis of
root caries and other
defects on root surfaces.
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al. [44]
Genina et.
al. [45]

Carneiro et.
al. [35]

Yang et. al.
[36]

Vol-2 Issue 1 Pg. no.– 18

Freely Available Online

constructed by an optical condenser and a conical lens
to provide the dark-field illumination, and an ultrasonic
transducer to measure the induced ultrasonic waves.
Furthermore, a water tank was used to integrate the
ultrasonic wave between the transducer and
sample. The dorsal skin was prepared not including the
subcutaneous fat and the stratum corneum, and then it
was submerged in OCA. They used fibers of carbon to
assess the spatial resolution of the AR-PAM. Moreover,
the photoacoustic amplitude was measured by black
tape and calibrated by a laser diode. The immersed
sample in PEG-400 began to decrease the photoacoustic
signal after more than thirty minutes due to breakdown
of fibers and dehydration which in turn caused
decreased resolution. In case of oleic acid, glycerol and
glucose, the photoacoustic signal decreased. For in-vivo
experiments, they selected PEG-400 with thiazone,
DMSO and glycerol. They imaged the samples before
applying OCAs to gather control images and after fifteen
minutes from applying OCAs. The results revealed that
in case of PEG-400 with thiazone, the resolution was
enhanced greatly without changing the vascular
diameter and the photoacoustic amplitude was increased
by two times. So, it was suitable for imaging deep blood
vessels. By using glycerol, the optical clearing was
decreased but the photoacoustic signal amplitude was
increased by half, dehydration was not noticed, so it was
appropriate for imaging shallow vessels. For DMSO, the
optical clearing was poor, the observed amplitude of the
vessel was 30% of its original value and the vascular
diameter was increased. In conclusion, the improvement
in the amplitude of photoacoustic signal was caused by
enhanced optical transmittance with dehydration.
Moreover, the immersion time should be carefully
controlled to prevent weakening in photoacoustic signal.
In another study, the optical absorption and
scattering properties of human eye sclera were studied
after treated with 40% glucose solution over a wide
range of wavelength (400-1800 nm) in-vitro showing
sufficient drop in the reduced scattering coefficient of
the studied samples [39]. In practice, OC technology has
been successfully applied for clearing both soft and hard
tissues as well [40] [41]. Moreover, it has been utilized
in bone research to facilitate 3D imaging with no
sectioning of bone [42]. Table 1 gathers the main
literature findings in different practices and applications
of tissue optical clearing.
www.openaccesspub.org JPHI
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Conclusion
With promising achievements, the use of
tissue optical clearing has proven remarkable success in
many medical diagnosis procedures. However, more
investigations are still required to achieve the best
possible results ensuring safety use and minimum
biological harm.
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