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A portable rectal near infrared (NIR) scanning polarization imaging unit with an optical 
fiber-based rectal probe, designated as a Photonic Finger (PF), was designed, developed, 
built and tested. PF was used to image and locate the three dimensional (3D) positions of 
abnormal prostate tissue embedded inside normal prostate tissue. An inverse image recon-
struction algorithm, namely Optical Tomography using Independent Component Analysis 
(OPTICA) was developed to unmix the signal from targets (cancerous tissue) embedded in 
a turbid media (normal tissue) in the backscattering imaging geometry. The Photonic Finger 
combined with OPTICA was ex vivo tested to characterize different target(s) inside different 
tissue medium, including cancerous prostate tissue embedded inside large pieces of normal 
tissue. This new developed instrument, Photonic Finger, may provide an alternative imaging 
technique, which is accurate, of high spatial resolution and non-or-less invasive for prostate 
cancers screening. 

Key words: Photonic finger (PF); Backscattering; Scanning optical polarization imaging; 
Optical fiber-based rectal probe; Three-dimensional localization; Human prostate tissue; 
Receptor-target contrast agents; Independent component analysis (ICA); Photon propagation 
model.

Introduction

In year 2010, 217,730 new cases of prostate cancer were diagnosed, and approxi-
mately 32,050 men died from prostate cancer in the U.S.A. (1). The common 
screening tests for prostate cancer diagnosis are digital rectal examination 
(DRE), measurement of the serum tumor marker namely prostate specific antigen 
(PSA), and the transrectal ultrasound (TRUS) imaging (2). A value of PSA over 
4.0 ng/ml is the commonly used threshold for further diagnostic evaluation (3). 
Although PSA test appears to have acceptable sensitivity for late stage cancers 
(4) and disease with histopathologic features associated with tumor progression 
of a large volume, poorly differentiated cells, and extracapsular penetration (5), 
its accuracy is limited as low as 28%-35% (6). During the DRE, a doctor inserts 
a lubricated, gloved finger into the patient’s rectum to feel for lumps, enlarge-
ments, or hard areas of prostate that might indicate prostate cancer. DRE has 
a reported sensitivity of 18%-22% (7, 8). TRUS is no longer considered as a 
first-line screening test for prostate cancer (9) because of its poor spatial resolu-
tion and contrast, but it does play a role in mapping the locations of the biopsy 
sampling (9). The confirmation of prostate cancer finally needs a needle biopsy 
of the prostate. In the biopsy, a number [12 to 18] of cores of prostate tissue are ∗Corresponding authors:

W. B. Wang, Ph.D. 
R. R. Alfano, Ph.D.
E-mail:  wwang@sci.ccny.cuny.edu  

ralfano@sci.ccny.cuny.edu 

Y. Pu, Ph.D.1

W. B. Wang, Ph.D.1*
M. Xu, Ph.D.2

G. C. Tang, M.S.1

Y. Budansky, M.S.1 
M. Sharanov, Ph.D.1

S. Achilefu, Ph.D.3

J. A. Eastham, M.D.4

R. R. Alfano, Ph.D.1*

1Institute for Ultrafast Spectropscopy 

and Lasers, Department of Physics, City 

College of the City University of New 

York, 160 Convent Avenue, New York, 

NY 10031
2Department of Physics, Fairfield  

University, Connecticut, CT 06824
3Washington University School of 

Medicine, 4525 Scott Avenue,  

St. Louis, Missouri 63110
4Department of Urology, Sidney  

Kimmel Center for Prostate and  

Urologic Cancers, Memorial  

Sloan-Kettering Cancer Center,  

New York, NY 10065

Abbreviations: Photonic Finger (PF); Independent Component Analysis (ICA); Optical Tomography 
using Independent Component Analysis (OPTICA).



508 Pu et al.

Technology in Cancer Research & Treatment, Volume 10, Number 6, December 2011

randomly taken from whole region of the prostate using a 
thin needle with the help of TRUS to map the locations of the 
sampling (10). 

The early detection and treatment of prostate cancers can 
reduce mortality (11). Conventional oncology imaging meth-
ods for prostate cancer diagnosis still depend on bulk physical 
properties of cancer tissue and are not effective for early-stage 
primary tumors (12). Since PSA and DRE have limited accu-
racy, TRUS has poor contrast between normal and abnormal 
tissue regions, and needle biopsy is invasive and may cause 
damages of prostate, it is highly desirable to develop a better 
method which is accurate, of higher spatial resolution and 
non-or-less invasive for prostate cancer screening.

Optical imaging technique using near infrared (NIR) light 
provides an attractive noninvasive approach for screening 
human diseases. The “tissue optical window” in the NIR 
range, which corresponds to lower absorption from major  
tissue chromophores such as water, oxygenated and deoxygen-
ated hemoglobin, allows light to penetrate deep into the tissue, 
up to several centimeters (12). The other main advantages of 
NIR optical approaches are its inherent low-cost, the ability to 
monitor multiple independent optical reporters simultaneously 
in vivo based upon wavelength, the absence of radioactive 
intermediates, and the relative simplicity of the imaging hard-
ware as compared with Magnetic resonance imaging (MRI) 
and Positron emission tomography (PET) equipment. These 
advantages make optical imaging unmatched by any other in 
vivo imaging techniques. Over the past decade, Indocyanine 
Green (ICG, also called cardio-green), a clinically approved 
NIR dye by FDA, has been investigated as a contrast agent 
for optical detection of tumors. However, ICG is not designed 
to specifically target cancer cells. The investigations of recep-
tor expression in normal and cancer tissues suggest that small 
peptide-dye conjugates can be used to target over-expressed 
receptors on tumors to enhance specificity (13).  Biological 
studies have indicated that somatostatin receptors (SSTR) are 
over-expressed in human prostate tumor (14). The previous 
investigation showed that a small ICG-derivative dye-peptide, 
namely Cypate-Octreote Peptide Analogue Conjugate (Cytate)  
could be used for effectively targeting somatostatin receptor-
rich tumor in the animal model because of the high affinity of 
Cytate for the somatostatin receptors (13). This motivates us 
to apply Cytate in optical scanning imaging in human prostate 
tissue for cancer detection. The major disadvantage of optical 
imaging approaches is that strong scattering by biological tis-
sue causes most photons diffused. The very few percentage of 
ballistic and snake photons make direct imaging practical only 
in surface and subsurface layers of tissue (15, 16). Scientists 
have to explore optical tomography methods and/or inverse 
image reconstruction approaches to locate the three dimension 
(3D) positions of abnormal tissue or recover the 3D spatial dis-
tribution information of optical parameters of the tissue (16). 

In this research, a portable rectal NIR scanning polarization 
imaging unit with an optical fiber-based rectal probe, named 
Photonic Finger (PF), was developed. The transrectal opti-
cal imaging approach was used to locate the 3D positions 
of abnormal prostate sites hidden in normal prostate tissue 
based on differences of optical parameters between cancer-
ous and normal prostate tissues. The difference can also be 
enhanced using an extrinsic chromophore or fluorophore such 
as a receptor-targeted contrast agent. The rectal NIR scan-
ning polarization imaging and 3D inverse location technique 
has potential to address the critical issues of the conventional 
screening methods for prostate cancer detection. The scanning 
polarization imaging acquires 2D images by sequentially scan-
ning a polarized illuminating light beam at different areas of a 
prostate gland through rectum, and recording the distribution 
of light intensity backscattered from the prostate using a CCD 
camera. An Independent Component Analysis (ICA)-based 
inverse 3D location reconstruction algorithm was improved 
specifically for the application of backscattering configuration 
and used to locate the 3D positions of foreign inhomogene-
ities from the recorded array of the 2D images. This research 
provides a noninvasive optical imaging technique for detect-
ing and 3D locating cancerous sites in prostate. Therefore, 
PF may introduce a new criteria/indicator for prostate can-
cer screening in addition to the conventional examinations to 
enhance the accuracy of prostate cancer detection.

Experimental Setup and Methods

Design and Construction of Photonic Finger

The Photonic Finger is a portable rectal NIR scanning polar-
ization imaging unit with an optical fiber-based rectal probe. 
The unit was designed to be capable of recording sets of 2D 
images of the prostate by scanning the illuminating beam 
on the prostate through rectum walls. The major optical and 
electronic components of the unit include laser diodes and 
their power supplies, miniature scanning Galvanometric mir-
rors with their electronic control boards (servo driver circuit 
boards) and the LabVIEW control software, and illumination 
and imaging coherent optical fiber-bundles. 

A photograph of the portable rectal NIR scanning polariza-
tion imaging unit is shown in Figure 1(A). Three diode lasers 
emitting at 635 nm, 750 nm, and 980 nm, respectively, are 
alternatively used as light sources. These wavelengths were 
selected to probe the native molecules such as Hb, HbO2 
and H2O in tissues. The output beam from a laser diode is 
directed to the scanning galvanometric mirror system (Thor-
Lab GVSM002 with Dual Axis Galvo Mirrors) after passing 
through two pinholes and a polarizer (P1). The beam can be 
scanned by two miniature galvanometric mirrors in the x- and 
y-directions, respectively. The beam output from the galva-
nometric mirrors is focused using a microscopy objective  
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lens on a coherent fiber-bundle (Mytiad Fiber Imaging, 
20-0826 Fiberscope Assy) used for illumination. The posi-
tion of the microscopy objective lens can be adjusted in the 
x-, y- and z- three directions for the beam-fiber coupling. 
The output beam from the illumination fiber is directed 
to a small reflection prism located inside the rectal probe. 
The beam reflected from the prism is used to illuminate a 
prostate sample. This illumination beam with a diameter  
of ~1 mm can be scanned in the x- and y-directions on the 
prostate sample. 

The light backscattered (or emitted) from a prostate sample 
is first passing through the rectal wall and reflected from 
the prism inside the probe head.  The diameter of the probe 
is ~2 cm and the length is ~12 cm. The beam is then col-
lected by a lens into another coherent fiber-bundle (Mytiad 
Fiber Imaging, 20-0826 Fiberscope Assy) used for imag-
ing. The diameter of a single fiber in the bundle is ~3.2 
µm each with numerical aperture N.A. ≅ 0.4. The image 
information formed in the optical fiber bundle was sent to a 
CCD camera through the coherent imaging fiber bundle and  

Figure 1: (A) A photograph of the Photonic Finger: a portable rectal NIR scanning polarization imaging unit. The power supplies and computer system are 
not shown in the picture. (B) The schematic diagram of the portable rectal NIR scanning polarization imaging unit, where L-laser, M-mirror, A-aperture, 
P-polarizer, GV-galvanometric scanning mirror, BPF-band pass filter, MOL-microscopy objective lens. 
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coupling lens for recording 2D images of the prostate sample.  
The coupling loss of the system is ~10% and the transverse 
resolution is 100 µm associated with Air Force resolution 
target bar chart (AFBC) at group 3. A polarizer (P2) and 
a band pass filter are placed in front of the CCD camera 
to record the 2D images at different polarization configura-
tion and wavelengths. A cross-polarization image for each 
scanned illumination position of the laser beam is recorded 
when the polarization direction of P2 is perpendicular to 
that of P1 to suppress the contribution of light scattered (or 
emitted) from the surface and sub-surfaces to the images of 
the prostate sample. For the backscattering light imaging, a 
narrow band filter corresponding to the illumination wave-
length is used in front of the CCD camera to ensure that the 
recorded images are formed only by the light backscattered 
from the prostate sample.  For the tissue emission and/or 
contrast agent emission light imaging, a long pass filter is 
used in front of the CCD camera to ensure that the recorded 
images are formed only by the light emitted from the pros-
tate sample. When the illumination light beam is scanned in 
the x-y plane of the sample with n 3 n points, an array of n2 
2D images will be recorded.  

The key part of the scanning imaging unit is the scan of the 
illumination beam on the surface of the prostate sample with 
adjustable scanning parameters such as scanning area, step, 
speed and the number of scanning points. Figure 1(B) sche-
matically shows the layout of the major parts and the con-
trol boards for the PF unit. This scanning system consists of  
(1) the Dual Axis Galvo mirrors (ThorLab GVS 002), (2) the 
two servo driver circuit boards and their power supply (Thor-
Lab, GPS011), (3) the drive unit for sending voltage output 
to servo circuit boards (National Instruments, NI DAQmx 
USB-9263 USB DAQ - data acquisition), and (4) a PC with 
an installed LabVIEW software (LabVIEW Signal Express 
2009) to power and send a command to DAQ USB 9263 to 
generate desired output voltage through a USB connection. In 
the scanning system, the drive unit NI-9263 powered by USB 
interface of the PC, is used to generate an analog voltage, 
which can be varied from 210 V to 110 V using the Lab-
VIEW software. This analog voltage is sent to the two servo 
driver boards to drive the rotations of the Galvo Mirrors. For 
example, 1V input to the servo board can make the mirror 
rotate 1o. One servo board controls the X-axis, and another 
is for Y-axis. Both servo driver boards are powered by the 
power supply of GPS011. The beam scanning, the image 
acquiring and recording, and the synchronization of scan-
ning and imaging are controlled by the Graphical User Inter-
face (GUI) software developed using LabVIEW. Figure 2  
shows a screenshot of the GUI after completing an n 3 n 
scan. All parameters of the scanning imaging unit (the posi-
tion of the original, scanning steps, step size, exposure time, 
and waiting time between two adjacent imaging acquiring), 
can be adjusted through the GUI.

Test Samples 

The Photonic Finger scanning imaging unit was tested for 
different types of tissue samples. The first sample used for 
scanning imaging was a black rubber absorber with the size 
of ~2.7 mm 3 ~3.0 mm 3 ~1.5 mm embedded in chicken 
breast tissue at different depth. The fresh chicken breast tis-
sues were purchased at the local super market. The black 
rubber was covered by the chicken breast tissues at two dif-
ferent depths of ~5.1 mm and ~6.6 mm with a lateral dimen-
sion 38 mm 3 29 mm for scanning imaging measurements. 
The thickness of the tissue behind the object is ~8 mm. A 
transport length lt 5 1.1 mm and an absorption coefficient  
ma 5 0.007 mm21 were taken for chicken breast tissue for  
imaging analysis (17).

The second study was performed to distinguish in vitro 
cancerous prostate tissue from surrounding normal prostate 
tissue. Human prostate tissues were obtained from the Co-
operation Human Tissue Network (CHTN) and the National 
Disease Research Interchange (NDRI) under the approval of 
the Institutional Review Board (IRB) at CCNY. The cancer-
ous and normal prostate samples were diagnosed by patholo-
gist before the optical imaging experiments. Samples were 
neither chemically treated nor were frozen prior to the experi-
ments. The time elapsed between tissue resection and taking 
the scanning imaging measurements may vary for different 
sample sources. The longest elapsed time is about 30 hours. 
The sample consists of a small piece of cancerous prostate tis-
sue (4 mm 3 4 mm 3 1.5 mm) embedded inside a large piece 
of normal prostate tissue at the depth of z 5 3.0 mm from 
the front surface. The thickness of the whole tissue sample 
is 10 mm. For imaging analysis, the absorption and reduced 
scattering coefficients for normal prostate tissue (the host 
medium) were taken as ma ≈ 0.026 mm21 and ms′ ≈ 0.53 mm21. 
The cancerous prostate tissue absorbs much less light with 
ma ≈ 0.0025 mm−1 and scatters less with ms′ ≈ 0.44 mm21 at 
the probing wavelength of 635 nm estimated from our earlier 
spectroscopic investigations of ex vivo prostate tissues (18). 
The piece of cancerous prostate tissue embedded behaves 
predominantly as an absorption inhomogeneity in homoge-
neous normal prostate tissue. Here, we simply assume that 
the optical parameters of normal tissue are macroscopically 
homogeneous throughout the tissue volume. Although this is 
not a rigorous description of tissue, for many cases of inter-
est, it will be sufficient. OPTICA is applied here to extract 
different independent components by treating cancerous tis-
sue as inhomogeneity embedded inside a “homogeneous” 
normal tissues.

The third study was designed to characterize cancerous prostate 
tissue after enhancing imaging contrast by extrinsic fluores-
cent marker, a receptor-targeted contrast agent, namely Cytate. 
Cytate was synthesized by Achilefu’s group at the Washington  
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University School of Medicine. This contrast agent is mainly 
composed of ICG and the somatostatin receptor ligand, 
which delivers ICG to the corresponding somatostatin recep-
tors over-expressed in the tumor (13, 14). The prostate tis-
sue samples for the scanning imaging study were prepared 
following this protocol: (1) samples (cancerous and normal 
prostate tissues) were cut into very tiny size, which is less 
than ~1 mm (in length, width and thickness) pieces. Each 
pair of cancerous tissue and the corresponding normal tissue 
used as a control sample was obtained from same patient; (2) 
both small pieces of prostate tissue samples were soaked in a 
same Cytate solution with a concentration of ~3.2 × 1026 M 
for ~10 minutes; (3) Cytate-stained tissue samples were put 
into sodium phosphate buffer (Sigma-Aldrich) to wash off  
and consequently reduce the amount of un-bound Cytate (19);  
and (4) the Cytate-stained small pieces of cancerous and 
normal prostate tissues were covered by a large piece of nor-
mal prostate tissue at two different depths of ~2.5 mm and 
~3.7 mm for scanning imaging measurements.

The orthogonal co-ordinate system to locate 3D positions of 
the target in the scanning polarized image measurements is 
schematically shown in Figure 3. The samples to be tested 
were embedded inside large slices of host tissue at differ-
ent depths. The illuminating laser beam was scanned along 
the x- and y-directions on the front surface of the sample. 
The 2D images formed by the light backscattered from the 

sample in the normal direction are recorded. In the first and 
second studies, only one target (black rubber or cancerous 
prostate tissue) is involved in each case and the sample was 
illuminated by a collimated laser beam with λ 5 635 nm. 
The elastic backscattering from the samples was collected 
through a narrow band filter (NF). In the third study for 
contrast agents’ fluorescence, the Cytate-stained tiny can-
cerous and normal prostate tissue samples were embedded 
inside large pieces of normal prostate tissue. The sample 
was illuminated by a laser beam with λ 5 635 nm in the 
direction close to the normal to the surface. A narrow band-
pass filter at 830 nm was placed in front of a CCD camera 
to record emission images based on the emission peak of 
Cytate at ~837 nm (20).

Algorithm of OPTICA 

The theory of Optical Tomography using Independent Com-
ponent Analysis (OPTICA) method was described in else-
where (21). ICA, the core of OPTICA, is a solution to the blind 
source separation problems, which is a class of the problems 
that no precise knowledge is available on neither the mixing 
channels nor the sources. Typically the observations are the 
output of a set of sensors, where each sensor receives a set of 
mixed source signals (21). The algorithm of OPTICA is based 
on that ICA of the perturbations in the spatial intensity dis-
tributions provides the corresponding independent intensity  

Figure 2: A screenshot of the Graphical User Interface (GUI) after completing an n 3 n scan. The GUI was developed using LabVIEW for operation of the 
Photonic Finger. All parameters of the scanning imaging (the position of the original, scanning steps, step size, exposure time, and waiting time between two 
adjacent imaging acquiring, e.g.) can be adjusted through the GUI.
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distributions (IID) on the detector planes (21).  The measured 
array image is given by (16):

I (rd, rs) 5 I0G0 (rd, rs) 2 I0 ∆z∫G0 (rd; r′, z′) dma (r′, z′)   
 G0

 (r′, z′; rs) d 2r′  [1]

where rd covers the whole 2D array, rs is the scanning posi-
tions of incident light source with the intensity of I0 at the 
z 5 0 plane, G0 denotes the exact Green’s function for light 
propagation in the host medium. It is assumed that one tiny 
object (with absorptive perturbation dma of volume ∆V) is 
located at r′ 5 ( r′, z′) with the extension ∆z « 1 along the 
axial direction and that dma is constant within ∆V. The speed 
of light is set to be unity. Scattering targets can be treated in 
a similar fashion. 

The background image could be approximately generated 
using an “average” image of all acquired images by shifting 
the scanning position for each image rs to the origin 0, which 
is given by (16): 

 I I G r hd d d( , ) ( , ) ( , )r r0 0 00 0   [2]

where the term h stands for the error term. This “averaged” 
background image is called “dirty” background image since 
the object(s) with dms and dms is included in the averaging 
calculation. To generate a “clean” background image, the 

shifted images which are minimally perturbed by the embed-
ded objects were selected and averaged (16):

 I I hc d d ( , ) ( , )r r0 0  [3]

where the error term is chosen by:

 

h
N

Id s
B

d s
Bs

( , ) ( , )r r r r  0
1

0∆
r ∈
∑  [4]

where B denotes the perimeter of the scanning grid which 
contains NB scanning positions. After h and the clean image 
of the host medium have been obtained, the difference images 
are calculated more accurately (16) since the cleaning imag-
ing suppresses the contributions from embedded objects 
(cancerous tissues) to simulate a more “homogeneous” back-
ground.

The difference images were then generated by subtracting 
the “clean” background image from the recorded 2D images. 
Based on the difference images, ICA was used to unmix the 
signal arising from individual targets and the independent 
intensity distribution due to the target(s). Each target is asso-
ciated with one independent component (IC), which consists 
of the projection of the Green’s functions, G0 (rs, rt) and G0 

(rd, rt), on the source or detector plane, respectively (21). The 
position of the target is obtained by numerically marching 
the target(s) to the surface until matching the retrieved inde-
pendent component, incorporating both the beam profile and 
the surface property of the sample (14). The 3D locations of 
a black rubber hidden inside chicken breast tissue medium, 
and 3D locations of a small piece of cancerous prostate tis-
sue embedded in the host normal prostate tissue were used 
to verify our new OPTICA algorithm using the recorded sets 
of 2D backscattering images. The procedures of OPTICA 
for obtaining 3D locations of objects in scattering media are 
listed in Table I.

Figure 3: The schematical diagram that displays our calculated position of 
objects in an orthogonal co-ordinate system to locate 3D positions of the 
target using the scanning polarized image unit.

Table I
Steps of OPTICA to locate 3D position of target(s) inside scattering 
medium at backscattering configuration. 

1.  Record a set of images with embedded inhomogeneities at different 
illuminated scanning positions; 

2.  Generate a “clean” background image from the “dirty” background image 
produced by selecting and averaging the minimally perturbed images;

3.  Calculate the difference images between the recorded images and the 
“clean” background image;

4.  Do ICA analysis of the set of difference images to generate the  
Independent Components (ICs);

5. Obtain the contribution of each target to intensity distribution; 
6.  Estimate 3D location of the target relative to boundaries by  

numerically marching the target to the surface until matching the 
retrieved IC. 
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Experimental Results 

To illustrate the procedures and improvement of OPTICA using 
PF particularly developed for backscattering geometry, a set of 
scanning optical polarized images of a small piece of cancer-
ous prostate tissue embedded in normal prostate tissue were 
acquired by the Photonic Finger. Figure 4 shows the typical 
scanning images chosen from the total 8 3 8 polarized images 
recorded by scanning the incident beam on the x-y plane of the 
sample. The images shown on the four corners [images (1, 1), 
(1, 8), (8, 1), (8, 8)] are chosen by the x-y positions of the inci-
dent light far from the embedded object while other images in 
the central area [images (3, 5), (3, 6), (4, 5), (4, 6)] are chosen 
by the x-y positions of the incident light close to the embedded 
cancerous tissue. There is no big difference of the light intensity 
distribution pattern among these recorded images except the 
position at the maximum intensity. This is because of the sharp 
peak of light intensity scattered from the surface and subsurface 
in the backscattered direction (16), which suppresses the pertur-
bation caused by dma and/or dms′ from the embedded cancerous 
tissue. To overcome this difficulty, a “clean” background image 
(CBI) needs to be synthesized. In “clean” background image 
synthesis, the incident light position of each of 8 3 8 images is 

set to origin. All array images are then shifted to the origin and 
the size of each image is cropped at the boundary while incident 
light distribution reaches the noise level. The images minimally 
perturbed by the embedded targets are selected for synthesizing 
the “clean” image. 

After the “clean” background image is obtained, the perturba-
tion 2D (x-y) images are generated by extracting the “clean” 
background image from the recorded images. In the pertur-
bation 2D images, the perturbation caused by the embedded 
cancerous tissue was highlighted. ICA is then performed 
upon the perturbation images to recognize leading indepen-
dent components (ICs). Each target is associated with one 
independent component (IC). As an example, Figure 5 shows 
the OPTICA-generated independent intensity distributions of 
a cancerous prostate tissue embedded in normal prostate tis-
sue. Figure 5(A) is for the leading independent component, 
and Figure 5(B) is for residual (noise) component. It is clear 
that the existence of target (the cancerous prostate tissue) 
can be discerned from Figure 5(A). The x- and y-locations of 
the cancer tissue can be obtained from the position of maxi-
mum intensity of Figure 5(A). The signal strength of Figure 
5(A) is much stronger than that of Figure 5(B), indicating  

Figure 4: A set of 64 (8 3 8) images recorded by scanning the incident beam on the x-y plane of the sample (a small piece of cancerous prostate tissue  
hidden in the host normal tissue). 
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Figure 5: OPTICA-generated intensity distributions of the independent components on the detector plane for the sample consisting of a small piece of can-
cerous prostate tissue embedded in normal prostate tissues. (A) is the leading IC; and (B) is the residual (noise) component.

independent intensity distribution in Figure 5(A) generated 
by OPTICA is the leading IC. The OPTICA-generated inten-
sity distributions of the leading independent component(s) 
on the detector plane can be used to locate the z-position of 
the cancerous tissue by numerical matching the target to the 
surface of the medium until matching the retrieved IC. (14). 
The result of z 5 3.1 mm obtained from OPTICA analysis is 
in good agreement with the actual depth of ~3 mm. 

The OPTICA-generated independent components using data 
of the scanning fluorescent images of Cytate-stained cancer-
ous and normal prostate tissues embedded in large normal 
prostate tissue are shown in Figures 6(A) to 6(F). Figure (A) 
and (B) show the first leading IC standing for Cytate-stained 
cancerous tissue location; (C) and (D) show the second IC 
indicating Cytate-stained normal tissue location; (E) and (F) 
show residual – noise. The 3D locations of the Cytate-stained 
cancerous prostate tissues were obtained using similar meth-
ods described above.

OPTICA-generated results are summarized in Table II under 
different conditions using backscattering polarized imaging 
and OPTICA, which lists the OPTICA-determined positions 

of different objects in the different experiments mentioned 
above in comparison with their known 3D locations.

Another salient feature shown in Figure 6 is the higher 
emission intensity of the stained cancerous tissue com-
pared to the stained normal tissue. This is attributed to the 
preferential uptake of Cytate by cancerous prostate tissue 
(12, 17-19). Using the data shown in Figure 6, the ratio 
of Ic/In after OPTICA analysis was found to be ~3.9 and 
~2.3, for the samples with depths of 2.5 mm and 3.5 mm, 
respectively. 

Discussion

Prostate cancer is classified as an adenocarcinoma, or glan-
dular cancer which is developed from epithelial cells (22). 
About 70% of prostate cancer arises in the peripheral zone 
(22). The mean mucosa thickness of 830 6 60 μm and the 
mean rectal wall thickness of 2.57 6 0.15 mm (22, 23) allows 
the NIR scanning laser beam to penetrate the rectal wall to 
reach prostate for optical imaging through rectum (12, 24). 
By employing scanning NIR imaging, Photonic Finger can 
be used to characterize cancerous prostate tissue up to ~3 mm 

Table II
Comparison of the known and OPTICA determined positions of embedded objects.

Object Covered tissue
Known (x, y, z) 
position (mm)

OPTICA-generated  
(x, y, z) position (mm)

Cancerous prostate tissue Normal prostate tissue (13.5, 10.1, 3.0) (13.8, 10.3, 3.1)
Stained cancerous tissue Normal prostate tissue (17.8, 14.6, 2.5) (17.9, 14.4,  2.3)
Stained cancerous tissue Normal prostate tissue (18, 24, 3.5) (17.6, 23.8, 3.6)
Black rubber Chicken tissue (15.6, 10.4, 5.1) (15.2, 10.2, 4.7)
Black rubber Chicken tissue (15.6, 10.4, 6.6) (15.3, 10.8, 6.2)
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Figure 6: OPTICA-generated intensity distributions of the independent components on the detector plane for the sample consisting of the Cytate-stained 
cancerous and normal prostate tissues embedded in normal prostate tissue. (A) and (B) show the first leading IC indicating for Cytate-stained cancerous prostate 
tissue; (C) and (D) show the second leading IC standing for Cytate-stained normal prostate tissue; and (E) and (F) show the residual (noise) component.

without contrast agents. With the enhancement of the recep-
tor-target contrast agent, PF can detect cancer at much deeper 
tissue layer. Previous spectral polarized imaging experiments 

performed in IUSL show that ICG-stained small object hid-
den inside the host prostate tissues in the rectum-membrane-
prostate structures at depths of 7.5 mm can be imaged and 
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identified using fluorescence imaging methods (25). ICG is 
the fluorescent part of Cytate. It is reasonable to assume that 
PF can detect cancer in deep prostate tissue layer more than 
7.5 mm under optimal condition with the enhancement of the 
receptor-target contrast agent. The PF will achieve diagnos-
tic function as a screening tool other than TRUS. It is well 
known that TRUS alone cannot be considered as a screening 
tool for prostate cancer detection (9). It is used as location 
map when numbers of biopsy samples were taken randomly 
from the prostate using biopsy needles of ~1.2 millimeters in 
diameter (25). The number of biopsies that should be per-
formed is debated. Twelve or eighteen biopsies suggested by 
different protocols were reported (22). The oversampling and 
overtreatment of prostate cancer is now a great concerning 
in prostate cancer research (22, 25) not only because of the 
increased numbers of sampling will cause bleeding and pain, 
but also because the penetration and bleeding may cause the 
metastasis of prostate cancer to other organ (22, 25). In con-
trast to TRUS, Photonic Finger can locate the 3D positions 
of cancerous prostate sites. Therefore, it may function as a 
detecting and screening instrument. Photonic Finger, an opti-
cal scanning imaging system may have positive impact in 
clinic applications to reduce significant pain and amount of 
bleeding for patients in prostate cancer detection.

Conclusion

In conclusion, a portable rectal NIR scanning polarization imag-
ing unit with an optical fiber-based rectal probe, named Pho-
tonic Finger, was designed, developed, assembled and tested  
on ex vivo tissues at IUSL in CCNY. This instrument combined 
with OPTICA was achieved to characterize and 3D-locate 
cancerous prostate tissue embedded in normal prostate tissue 
in backscattered geometry for the first time. The retrieved 3D 
locations are in good agreement with the known position of the 
embedded object. This technique was able to sense weak/small 
absorptive, scattering, or fluorescent inhomogeneities. This new 
developed Photonic Finger instrument may provide an alterna-
tive imaging technique for prostate cancer detection, which is 
accurate, of higher spatial resolution and non-or-less invasive, 
and can be applied in near-real-time for in-vivo detection.
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