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Abstract: Tissue elasticity is universally recognized as a diagnostic and prognostic biomarker
for prostate cancer. As the first diagnostic test, the digital rectal examination is used since
malignancy changes the prostate morphology and affects its mechanical properties. Currently, this
examination is performed manually by the physician, with an unsatisfactory positive predictive
value of 42%. A more objective and spatially selective technique is expected to provide a better
prediction degree and understanding of the disease. To this aim, here we propose a miniaturized
probe, based on optical fiber sensor technology, for mechanical characterization of the prostate
with sub-millimeter resolution. Specifically, the optical system incorporates a customized Fiber
Bragg Grating, judiciously integrated in a metallic cannula and moved by a robotic arm. The
probe enables the local measurement of the force upon tissue indentation with a resolution
of 0.97 mN. The system has been developed in such a way to be potentially used directly in
vivo. Measurements performed on phantom tissues mimicking different stages of the prostatic
carcinoma demonstrated the capability of our device to distinguish healthy from diseased zones
of the prostate. The study on phantoms has been complemented with preliminary ex vivo
experiments on real organs obtained from radical surgeries. Our findings lay the foundation for
the development of advanced optical probes that, when integrated inside biopsy needle, are able
to perform in vivo direct mechanical measurements with high sensitivity and spatial resolution,
opening to new scenarios for early diagnosis and enhanced diagnostic accuracy of prostate cancer.

© 2021 Optical Society of America under the terms of the OSA Open Access Publishing Agreement

1. Introduction

Prostate cancer is the 3rd most common cause of cancer death, and the first common cause of
cancer in men [1] The digital rectal examination (DRE) of the prostate, together with prostate
specific antigen (PSA), is the primary screening test for patients, and it is used to detect hard areas
of decreased elasticity (tumor) from healthy soft tissue [2]. However, DRE is highly subjective
and the results strongly depend on the skill and experience of the physicians [3]. In addition,
DRE may only have higher levels of accuracy when prostate cancer is at a more advanced stage,
which limits its utility as a tool for early stage disease detection. Consequently, DRE specificity is
only 40%, and neither a positive nor a negative DRE test result is sufficient to enable a conclusive
diagnosis without further evaluation [4]. Improving upon the DRE’s inaccuracies and providing
new tools for mechanical characterization is of key importance to assess, monitor and understand
the prostate cancer disease.
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Current research efforts into the use of elasticity as a biomarker for prostate cancer have
focused on two major groups of assessment: indirect characterization techniques are based on
the monitoring for changes to the images, taken either by ultrasound and magnetic resonance,
while direct testing involves applying a force directly on the tissue and recording the resulting
deformation [1]. There is also considerable potential in combining information from direct and
indirect techniques. Multiple studies showing improvements in disease detection by combining
structural imaging with elasticity characterization have been reported [5–7].

So far, experimental studies dealing with direct mechanical measurements of the prostate
tissue were based on the use of conventional force sensor technologies such as load cells [8–11],
piezo-resistive [12] and resonance sensors [13,14]. Although these systems have been successfully
tested on ex vivo experiments, the dimension of the force sensors used, typically of several
millimeters, may prevent their practical use in in vivo applications. Consequently, there is a
growing interest in developing miniaturized probes able to perform mechanical measurements
directly in vivo, to be eventually used in combination with standard screening procedures such as
the transrectal biopsy.

In this scenario, optical fiber sensors look particularly advantageous due to their inherent
properties such as compact size, biocompatibility, non-toxicity, chemical inertness and electro-
magnetically inert nature [15–17]. In the particular case of tissue mechanical characterization
applications, optical fiber sensors based on both Fabry-Perot interferometers [18,19] and Fiber
Bragg Gratings (FBGs) [20–24] have been proposed.

Specifically, FBGs have been used as force sensor for minimally invasive surgery [20,24], for
the detection of tissue abnormalities during the surgery operations [22] and for biomechanical
testing of cartilage tissues [24]. FBGs have been also mounted on the Da Vinci surgical arm for
force measurement during surgical tasks [21]. Force resolutions typically range from 0.93mN
[22] to 2.5mN [20], depending on the complexity of the sensor packaging. An optical dynamic
instrumented palpation sensor has been recently reported for the specific case of prostate cancer
screening [18]. The optical fiber probe is made of a dynamically actuated membrane sensor
based on a Fabry–Pérot interferometer. The experimental tests were performed on a prostate
phantom. In all the above mentioned systems, the optical fiber sensors are integrated in quite
complex mechanical packaging that enhances the sensitivity at the expenses of the overall size.

In this framework, here we propose a miniaturized sensor based on optical fiber technology
able to measure the tissue elasticity with sub-millimeter resolution. Specifically, the system
incorporates a customized FBG suitably integrated inside a metallic cannula used for clinical
applications and moved by a robotic arm. The developed sensor is an evolution of a smart needle
developed for a different clinical case of interest that is the epidural space identification [25–27].
In this regard, it is interesting to remark that the same technology can be successfully applied
to different clinical scenarios in line with the lab-on-needle vision. Although several systems
based on optical fiber sensors have been already used for mechanical properties of biological
tissues [18–24], our device exhibits unique features such as the lightweight, the miniaturization
and the sub-millimeter spatial resolution. In fact, our configuration does not require the use of a
sophisticated packaging system, and it has been developed to be potentially integrated in standard
transrectal biopsy needles currently used in clinical practice.

The functionality of the developed sensor has been assessed by means of different tests carried
out on silicone membranes and phantom tissues mimicking different stages of the prostatic
carcinoma. Finally, we also provide preliminary results concerning ex vivo experiments on real
organs obtained from radical surgeries. The measured elasticity coefficients are in line with those
reported in previous studies. Overall, our device may open new possibilities for early diagnosis
and enhanced diagnostic accuracy of prostate cancer.



Research Article Vol. 12, No. 9 / 1 Sep 2021 / Biomedical Optics Express 5693

2. Methods

2.1. Force sensor

The system used in this work is shown in Fig. 1(a); it essentially consists of an optical fiber probe
inserted inside the lumen of an 18-gauge metallic cannula and locked to it in such a way that
the tip comes out by 2 mm. In this configuration, the optical probe is in direct contact with the
membrane to be analyzed during the indentation procedure.

Fig. 1. Picture the developed system.

Specifically, the optical probe is made of an FBG written in an 80 µm fiber by means of the
draw-tower process [28]. The FBG is coated by a Hytrel layer with an overall diameter of 0.9
mm that perfectly matches the internal lumen size of the cannula. Thin layers of Ormocer and
Silicone are used as buffer layers to improve the adhesion between silica glass and Hytrel.

Basically, The FBG is a fiber section (8mm long in our case) characterized by a refractive
index periodic modulation of its core [29]. The FBG is a narrow-band reflection filter for a
specific wavelength given by the well-known relation, i.e. λB = 2 neffΛ, where neff is effective
refractive index of the fiber, and Λ is the modulation pitch. The Bragg wavelength λB shifts
towards shorter/longer wavelengths when a compression/expansion of the grating pitch Λ occurs.
The ratio between fiber and the Hytrel coating radius is chosen to enhance the force sensitivity of
the optical probe, which is the Bragg wavelength shift in response to the pressure applied on its
tip [25]. By exploiting this simple transduction mechanism, it is possible to use the FBG as a
force sensor. In fact, the optical probe is locked to the cannula with a clamp-style connector that
firmly holds in position the probe, so that it can be compressed while protected by the cannula. A
standard luer lock adapter guarantees the connection of the clamp-style connector to the metallic
cannula.

2.2. Interrogation unit

A commercial interrogation unit (Hyperion Optical Sensing Instrument si155) was used to
measure the Bragg wavelength shift as a function of time during indentation experiments [30].
The interrogation system is a compact console characterized by a wavelength operating range
from 1500 to 1580 nm, and a scan frequency up to 5 kHz. The wavelength stability and accuracy
are 1 pm for a scan frequency of 1 kHz used in our experiments. An Ethernet port and a
user-friendly interface allows to control the instrument by using a PC.

2.3. Sensor calibration

A calibration procedure was implemented to find the relationship between the optical probe
wavelength shift and the force applied on its tip. To this aim, the probe was mounted on a metallic
stage driven by a DC motor, used to control the movements along the (vertical) z axis. The
compression on the fiber tip was impressed by pushing it onto the rigid (and non-deformable)
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plane of a digital balance (nominal resolution 0.1 grams). The distance between the sensor and
the balance was further controlled by means of a laser distance meter. The Bragg wavelength
shift was measured as a function of different loads. The results are shown in Fig. 2(b), where the
load is expressed in Newton.

Fig. 2. Calibration setup (a) and Force calibration curve of the developed probe (b).

The calibration curve exhibits a pretty linear trend with an R-squared coefficient larger than
0.99. The probe sensitivity (∆λ/∆N) is 1031 pm/N, that is about 2 times higher than that obtained
in our previous work (553 pm/N) [26] The sensitivity enhancement is due to the reduction of the
fiber diameter from 125 to 80 micron [25]. The sensor resolution is estimated to be 0.97 mN that
is the ratio between the sensitivity (1031 pm/N) and the interrogator resolution (1 pm). This
resolution is very similar to the values obtained in more complex configurations exploiting FBGs,
in which values of 2.55 mN [20] and 0.93 mN were demonstrated.

2.4. Experimental methodology: indentation tests

2.4.1. Experiments on silicone membranes and phantom tissue

The indentation tests over silicone membranes and phantom tissue were performed by moving
the optical probe with a robotic arm (KUKA LBR Med 7) in order to accurately control the
indentation depth. A customized holder for installing the optical probe on the robot end effector
was realized by means of a 3D printing system (see Fig. 3).

The same robotic arm was used to perform indentation experiments on different prostate
phantom tissues mimicking different stages of the prostate cancer. The phantoms are provided
by 3B Scientific and they are developed for practicing procedures (details in the results and
discussion section). During the indentation tests, the prostate models were suitably blocked
in position by using a 3D printed holder. The phantom tissues were indented over more than
20 points separated by 5 mm one from each other. The indentation speed was 2 mm/s. The
indentation and relaxation (i.e. the time interval between two consecutive indentations) duration
was set to 6 seconds. The indentation depths were determined starting from a zero-value that
was manually pre-set before performing the tests. In other words, each model was pre-scanned
(before the indentation) with the robot, exploiting a manual guidance-based approach, to find the
right coordinates parameters along the three axes of the contact point between the probe and the
tissue. This step was performed manually and the contact was determined by considering the
point for which a Bragg wavelength shift of 40 pm was measured. This procedure was made
possible by the fact that each phantom is deterministic and all the contact points are fixed once
that the gland has been suitably positioned with respect to a reference point.
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Fig. 3. Optical fiber probe installed on the robotic arm for the indentation experiments.

2.4.2. Ex vivo experiments

In the case of ex vivo measurements, the strong non-uniformity of the surface and the variable
dimensions of the glands do not allow to pre-determine the contact point. In order to circumvent
this problem a force control algorithm was implemented. The force control algorithm, also
referred to as admittance control, allows to automatically detect a contact between the probe
and the prostate under analysis. Starting from a points’ map, generated on a virtual x-y plane
collocated some centimetres under the prostate, through admittance control the robot end effector,
and thus the probe, gets closer to the prostate until a contact is detected. Once in contact, the
robot stops itself and sets the reached position as the starting point for the indentation analysis.
Admittance control strategy controls the robot dynamics according to the following equation:

Mẍd + Dẋd = fd − fm, where fd ∈ ℜ3 is the desired force the robot shall exert on the contact
point located on the prostate, fm ∈ ℜ3 is the force measured with the probe, M, D ∈ ℜ3x3 are
positive defined matrix that influence the robot motion dynamics, ẍd, ẋd ∈ ℜ3 are the acceleration
and the velocity of the robot end effector, respectively. In the specific case fd = [0, 0, fdz] with
fdz = 0.05 N.

For further details on the force control algorithm, the reader can refer to [31]. The map
of points that defines the starting points for the admittance control is automatically generated
through a SW tool. The latter requires as input 4 points, preliminary and manually acquired. The
4 points are the vertexes of a quadrilateral representing the perimeter of the prostate area under
analysis.

The indentation depth was set to 2 mm for all the points, while the indentation speed was
0.2mm/s. With respect to the experiments on the phantom, the indentation speed is 10 times
lower in order to preserve the mechanical properties of the prostate tissue. This is because the
prostate has to be further analyzed according to the standard pathologist procedure. Following the
standard of the 12-core transrectal ultrasound-guided prostate needle biopsy, each prostate was
indented on 12 different points pertaining to 12 different areas (4 on the Base, 4 in the Midgland
and 2 on the Apex zone).
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3. Results and discussion

3.1. Tests on silicone membranes

First, in order to assess the working principle of our device, we carried out some preliminary
indentation tests of silicone membranes typically used in clinical tests to mimic the consistencies
of biological tissues. In particular, we used silicone membranes provided by Smooth-On (diameter
of 5 cm and thickness of 6 mm) with different values of hardness, and specifically 00–50 (Shore
00 type Hardness Scale), 10A and 30A (Shore A type Hardness Scale). The hardness nominal
values of the membranes are taken from the material datasheet. Although hardness and elasticity
are not the same, they are strongly related between each other, since the hardness (H) of a material
tends to increase with an increase in its elastic modulus (E) [32]. In the specific case of silicones,
the correlations between H and E are created empirically and suffer from significant scatter in
different data sets available [33].

Figure 4(a) shows the Bragg wavelength as a function of time measured during repeated
indentations in the same point of the silicone membrane (10 shore hardness type A) with a depth
of 3 mm. A zoomed in image of the last indentation test is shown in Fig. 4(b). Indentation
speed was set to 2 mm/s. Once that the final indentation depth was achieved, the probe was
maintained in a fixed position for 6 seconds; successively, it was released and a new indentation
was performed after 10 seconds. This procedure was studied and optimized in order to achieve
a stable steady state condition when the probe is fully compressed and relaxed. The overall
wavelength shift was evaluated as the difference between the steady states, highlighted by magenta
and green stars in the plot. The repeatability analysis demonstrates that the probe has an accuracy
of 0.4%, evaluated as the ratio between the average wavelength shift (902 pm) and its standard
deviation (3.5 pm).

Fig. 4. (a) FGB response (Bragg wavelength shift) measured during the repeatability test.
(b). zoomed in image of (a) Wavelength shift (c) and Force (d) as a function of the indentation
depth for the three analyzed silicone membranes.



Research Article Vol. 12, No. 9 / 1 Sep 2021 / Biomedical Optics Express 5697

Successively, we performed indentation experiments on silicone membranes with different
hardness. Each membrane was indented in the same point, at different depths, namely, 1, 2,
3 and 4 mm. The results are shown in Fig. 4(c), where the error bars represent the standard
deviations calculated over 10 measurements. As expected, the wavelength shift has a decreasing
trend as a function of the indentation depth. As the indentation depth increases, the probe, and
thus the FBG, undergoes a larger compression inducing a blue-shift of the Bragg wavelength.
Moreover, larger negative wavelength shifts are measured for harder membranes. In fact, the
larger is the membrane hardness, the larger is the compression which undergoes the probe at
the same indentation depth. By exploiting the wavelength-to-force conversion factor measured
during the calibration procedure (i.e. 1.03 nm/N), it is possible to calculate the force F exerted
on the probe tip during different indentations, as shown in Fig. 4(d). The larger is the indentation
depth, the larger is the difference among the measured Force values over the different membranes.
In principle, these curves could be fitted by exploiting the relationship between the force F and
the indentation depth δ [34]:

F =
(g · E · δn)

(1 - ν2)
, (1)

where g and n are coefficients that depends on the geometry of tip of the (rigid) indenter, while E
and ν are the Young modulus and the Poisson coefficient of the membrane, respectively. However,
in our case, determining the values of g and n is not trivial since the indenter is not uniform being
formed by two concentric cylinders made of glass (i.e. the fiber itself in which the FBG is written)
and the external Hytrel coating. Moreover, it is important to underline that the above relationship
is valid only for indentation depth smaller than 10% of the total membrane thicknesses that is not
our case [35].

3.2. Tests on phantom tissue

Indentation experiments were also carried out on three different models of prostate tissues (shown
in Fig. 5) provided by 3B Scientific. More specifically, the prostate 1 mimics a benign but slightly
enlarged prostate (Fig. 5(a)), the prostate 2 simulates an early stage of carcinoma in which a single
compact nodule is palpable in the right upper quadrant (red circle in Fig. 5(b)); prostate 3 mimics
a carcinoma characterized by a lump that has enlarged and developed a compact external mass
on the surface of the prostate (Fig. 5(c)). Unfortunately, we do not have any kind of information
about the mechanical properties of the prostate phantoms.

Each prostate model was divided in three lines corresponding to three zones in which the
prostate is technically divided (apex, midgland and base). Seven indentation points were chosen
for each line according to the points sequence shown in Fig. 5. Some indentation points were
added in the case of prostate 2 and 3. The indentation depth was 3 mm for all the points except
for the points corresponding to the hard and visible carcinoma (points #5, 6, 8, 9 in Fig. 5(c))
that were indented with a depth of 1mm in order to avoid the sensor damage. Each test was
repeated 3 times so that the error bars shown in Fig. 5(g)-(i) represent the standard deviation over
3 measurements.

Figure 5(d), Fig. 5(e) and Fig. 5(f) show the sensorgrams (i.e. the wavelength shifts as a
function of time) pertaining to the indentation experiments. In the same figure, we also report
the measured force normalized with respect to the relative indentation depth.

In the case of (healthy) prostate 1, the ratio F/δ value is quite constant over all the analyzed
indentation points. The average and standard deviation are 0.21 N/mm and 0.016 N/mm,
respectively. The points relative to base right lateral and medial exhibit slightly larger values but
all below 0.25 N/mm, which corresponds to the maximum value registered for the 21 indentation
points. In the case of prostate 2, the ratio F/δ is quite constant (average and std dev are 0.2
N/mm and 0.080 N/mm respectively) except for point # 13 for which the ratio F/δ = 0.56 [N/mm].
This point is a clear indication of a diseased zone of the prostate. This trend is more evident
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Fig. 5. Phantom prostate models selected for the experimental tests: benign prostate
(a), early stage of carcinoma (b) and compact external mass on the surface (c) models.
Wavelength shift as a function of time for benign model prostate (d), for the early stage of
carcinoma (e) and for compact external mass on the surface (f) models. Ratio F/ δ as a
function of time measured during the indentation test of benign model prostate (g), of the
early stage of carcinoma (h) and compact external mass on the surface (i) models.

for prostate 3, where three points (#6, 8 and 9) exhibit values (1.97 N/mm, 1.72 N/mm, and
2.40 N/mm respectively) well above the average (that is 0.285 N/mm). Overall, these results
demonstrate that our sensor is able to discriminate between healthy and diseased zones of the
gland.

3.3. Tests ex vivo

In order to validate the developed probe in conditions very close to the final realistic scenario,
indentation experiments on real prostates obtained from radical surgeries of patients were also
performed (see Fig. 6). In particular, two prostates were here analyzed. The first one is a healthy
prostate obtained by a cystectomy surgery on a patient with a bladder cancer, while the second
one is a diseased prostate (Gleason score 8 according to the biopsy analysis performed before
the surgery) obtained by a radical prostatectomy surgery. In fact, Gleason score is a histological
grade of the single lesion and is positively correlated with the prostate local stiffness. [36]

The two prostates were indented 4 times along the above mentioned lines (apex, midgland and
base) corresponding to a total of 12 points. The indentation depth was fixed to 2 millimeters for
all the points. The measured sensorgrams are shown in Fig. 7(a) and Fig. 7(b) for the healthy
and diseased prostate, respectively. The force values were then obtained starting from the Bragg
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Fig. 6. Optical probe installed on a robotic arm during the ex vivo test of the diseased (a,b)
and healthy (c) prostate.

wavelength shifts evaluated as the difference between the point corresponding to fdz=0,05N
(magenta point) and the minimum value (red point).

Fig. 7. Sensorgrams returned by the optical probe during the healthy (a) and diseased (b)
prostate organs. (c) Ratio F/δ for ex vivo indentation of healthy and diseased organs in the
12 points mapped as (d)

The F/δ values pertaining to the healthy gland are shown as green line in Fig. 7(c) The
average values of the base, midgland and apex zone are 46 mN/mm, 61 mN/mm and 69 mN/mm,
respectively. It is worth noting that the increasing trend of the force as a function of the time is
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due to the fact that the indentation points move from the softer area of the prostate (i.e. the base,
up to a harder zone, i.e. the apex). In particular, the first 4 points are relative to the base that is
generally softer than the rest of the organ [37,38]. Moreover, the force values in the middle and
base regions exhibit an oscillating trend and a comparable average value. This means that an
eventual dehydration phenomenon is not so significant, also in view of the fact that the duration
of the whole experiment is only 12 minutes.

The data pertaining to the diseased prostate are shown in Fig. 7(c) as a blue line. In this case,
the F/δ values are significantly higher over the whole surface. This result is coherent with the
biopsy, that confirms a diffused tumor over the whole gland. Specifically, the average value of
the base, midgland and apex zone are 106 mN/mm, 128 mN/mm and 127 mN/mm, respectively.
Overall, the average F/δ of the diseased prostate (120 mN/mm) is about 2 times larger than that
pertaining to the healthy one (59 mN/mm).

Finally, we tried to compare the achieved results with those reported in the previous works.
Indeed, the results pertaining to previous prostate indentation experiments are presented in terms
of Young modulus. The Young modulus E can be derived from Eq. (1), considering the case of a
cylindrical flat tip indentation [39] with n=1 and g=2Rf (Rf=0,45mm is the probe radius):

E =
F · (1 - ν2)
2 · Rf · δ

. (2)

As mentioned before, this expression is valid only if the prostate is perfectly elastic and the
rigidity of our indenter is several order of magnitude larger than that of the biological tissue. By
substituting the values in the above equation (ν=0.5 in our case) we find that the average value of
E for the healthy and diseased prostates are 50 kPa (±11 kPa) and 101 kPa (±15 kPa) respectively.
These results are consistent with those previously obtained in indentation experiments [1],
although there is a marked variability in the results depending on testing techniques and disease
state of the prostate tissue. The resolution in measuring the elastic modulus can be derived
from Eq. (2) by considering that the resolution in measuring the force F is 1mN. However,
the relationship between E and F depends on the indentation depth δ. In other words, we
obtain different resolutions for elastic module as a function of the indentation depth. Larger
indentation depths give rise to best (smaller) resolution, and specifically 0.86, 0.43 and 0.28
kPa for indentation depths of 1, 2 and 3 mm respectively. It is important to underline that the
evaluation of the elastic modulus of biological tissues is not trivial, and the estimated values
strongly depends on the technique used to determine it [40]. However, in a clinical scenario, we
envision the use of the ratio between the force and the indentation depth as reliable indicator to
discriminate between healthy and diseased areas of the prostate. Actually, the above mentioned
ratio contains all the measured data that would be used to calculate the Young Modulus. In this
respect, our preliminary results sound promising.

So far, only preliminary tests were performed, and further experiments are necessary to assess
the validity of our technique for the clinical practice. Although the results achieved so far look
very promising, a larger number of indentation points is strictly necessary to mitigate the risk
that the mechanical heterogeneity within the prostate could result in misleading measurement.

Our system is intended to be used only with a robotic arm since it is necessary to have a
stable control on the indentation depth, avoiding manual vibrations that would cause significant
measurements errors. Indeed, a non-perpendicular contact between the probe and the tissue
would affect the measure of the stiffness, due to the presence of a shear component to the force
relative to the sensor. In order to make the probe less sensitive to indentation angle, the optical
fiber tip can be suitably modified to create microspheres by means of low cost approaches [41].
Eventually, an additional six-axis force-torque sensor could be mounted at the end-effector
of the manipulator; by measuring the torque generated during the measurement in case of a
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non-orthogonal contact, a zero-torque control would bring the probe orthogonal to the surface
undergoing the inspection.

At this stage, the developed probe does not provide information about the surface texture of the
prostate, although this parameter is inherently subjective. However, information about the surface
roughness could be in principle derived from the analysis of the sensorgram (cfr. Figure 7(a) and
(b)), and in particular by analyzing the optical signal in the time windows in which the admittance
control takes place. In fact, the admittance control was developed just to circumvent the problem
related to the surface non-uniformity, with the aim to determine the contact point between the
probe and the prostate. Indeed, strong differences in the optical signal between adjacent points at
the admittance control times stand for different contact points indicating high non-uniformity.

Finally, it is worth noting that the biological changes which determine the increase of the
prostate stiffness (increase in cellular density and collagen content) occur from the early stage
of the tumor development [9,42]. Associations between increasing cancer stage and increasing
stiffness have also been extensively reported [43]. In this respect, our sensor allows to analyze a
very small section of the prostate (i.e. an area of about 0.6 mm2), thus opening the way to novel
diagnostic tools for early stage cancer detection.

4. Conclusions

In this work, we have presented an optical fiber probe for mechanical characterization of prostatic
tissue. The optical probe is made of a customized FBG used to measure the force acting on its tip
during the indentation of specific tissue points with a sensitivity of about 1 nm/Newton. The probe
is suitably integrated on a robotic arm that allows achieving a fully controlled movement. The
developed probe was first validated on both silicone membranes and phantom tissues mimicking
different stages of the prostatic carcinoma. Successively, ex vivo tests on real prostates obtained
from patients were carried out. Preliminarily results demonstrate that our system is able to
discriminate between healthy and diseased prostatic glands. Further experiments are needed
to assess the capability of our device to distinguish among different Gleason score level of
carcinoma. Overall, our results lay the foundation for the development of an optical fiber probe
to be directly integrated into biopsy needles to perform in vivo mechanical measurements of
the prostatic tissue. Our device should not be seen as alternative but instead complementary to
the traditional techniques currently used for prostate cancer screening. In particular, our system
could become a powerful tool to guide and improve the transrectal biopsy technique through the
expression of mechanical characteristics of the tissue, otherwise not obtainable during biopsy.
The small dimensions (probe diameter of 0,9mm) may allow achieving unprecedented levels
of spatial resolution making possible, in principle, to identify sub millimeter sized prostatic
carcinoma arising at the early stages.
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