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Introduction

Prostate cancer is the second most common form
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of cancer found in men. A prostate biopsy is done 9. Fhantom:wiit: 20g Agar

to collect small tissue samples when the . Zj
prostate-specific antigen level in a person’s blood Z . 03
is elevated, or when an abnormality is found L%’ aka 0.2
during a person’s digital rectal exam. Trials' > N 0.1
suggest that magnetic resonance imaging (MRI) is 0 40

preeminent in prostate biopsies due to its ability Displacement (mm) 40 60

to differentiate between diseased and normal
Displacement (mm)

tissue accurately. However, recent studies suggest | ¢ phantom with 25g Agar
that MRI-guided prostate biopsies suffer from

inaccuracy due to stift anatomical structures, such Fig. 2. Total axial force and friction force exerted on

as the pelvic diaphragm, which causes major the tip of the needle during insertion into multiple

- ) : : homogen hantoms as a function of the needl
deflections?™“. In-vivo force measurement is omogeneous phantoms as a function of the needle

crucial for differentiating stiff structures and
potentially improving the needle placement
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tips displacement. The ficted straight line for:
A.isy = (2.65 * 103)x - 0.0353
B.isy = (3.82*103)x - 0.0492

accuracy. We developed and validated an 40 C.isy = 0.0434x - 0.165
attachable needle force sensor that is Displacement (mm)

MRI-compatible (ANFS-M) to achieve this goal.
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L~ e Flex in the strain gauge
' N, is expressed as the
change in electrical

E) | resistance (proportional
A to force). Fig. 3. We assume the following simple mathematical model to predict the thrust force on the needle:

Loosely 1§ | '
Attached! TS '} F=aD+bv+c

! where is the force (N), is the displacement of the needle tip from the entry point (mm), and is the Velocity of the
needle tip (mm/s). and are the Weighting factors for the displaeement and the Veloeity respeetively, whereas c is the

Relays data from the sensor. /\:ython code applies

1 \_ calibration curve, offset.
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Newtons, and plots it
as a function of time
" During the phantom punctures the displacement of the needle tip was found to be proportional to the
I force, as the deeper the needle entered in the phantom the more friction it faced. Additionally, the
Fig. 1. Design and force distribution of the ANFS-M force also depends on the velocity of the needle tip, though the relationship varies based on the

Validation: Our workine hvoothesis is that th stiffness of the phantom. In Fig. 3. A. & B. the pliability of the phantoms along with human instinct to
AR Qalol DU Working Hypothests 15 that the reduce speed when meet with a force caused velocity to be low when the force was high. In Fig. 3. C.

ANF S-M can differentiate tissues With different the greater stiffness allowed for more uniform velocities. Still, the ANFS-M differentiated the
stiffnesses. The ANFS-M was used in needle stiffness of the phantoms as evident by the steeper slopes for the phantoms made with higher

insertions into three homogeneous phantoms made concentrations of agar present in Fig. 2 & 3 (15g — 2.65 * 103 < 20g — 3.82*%10°3 < 25g — 0.0434).
from different concentrations of agar (0.0291/15g,

0.0385/20¢g, and 0.0483/25g) labeled accordingly as Ny | Re f erences
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15g, 208, and 25g. Prior to experimentation the load oo, o, B, P i L, s O et . s, S, il S, 0, S Gl 1,1
cell was calibrated through the use of known masses.
The displacement of the needle tip was recorded using :
an optical 3D tracking system (Polaris Vicra, Northern ' T
Digital Inc.). We used the force data collected by the
ANFS-M, along with the displacement and velocity to
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