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Development of a Palpation Sensor for Detecting
Prostatic Cancer and Hypertrophy
(Optimum Structural Design of Sensor)

Seiji CHONAN, Zhong Wei JIANG, Yoshikatu TANAHASH],
Mami TANAKA and Takuji KATO

This paper is concerned with the development of a palpation sensor for detecting the prostatic
cancer and hypertrophy. The sensor is a layered medium with two polyvinylidene fluoride (PVDF)
films embedded in the matrix rubber block. The temporal mean values, /) and I, of absolute voltage
signals from the polymer films are calculated and their ratio I,/ L is used as the sensor output. First,
the fundamental characteristics of sensor are examined on a rectangular sensor with a plane surface.
Then, the surface geometry of sensor is designed so that the sensor output clearly extracts the
features on the stiffness of the materials. Finally, a compact cylindrical sensor which is inset in the
doctor’s forefinger is presented and its characteristics as a palpation sensor are studied experimen-
tally. Some representative clinical data on the hardened and normal prostate glands are also
presented.
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Fig. 1 Palpation sensor with convexes.

Tig. 2 Photograph of Palpation sensor with con-

vexes.
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Fig. 3 Experimental setup for measuring fundamen-
tal characteristics of sensor.
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Table 1 Young’s Modulus.

Specimen Young’s modulus
4.7 % 10° N/m?
1.5 % 10° N/m?

4.9 x 10° N/m?

Sponge rubber

Plastic foam

Vulcanized rubber
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Fig. 4 Output of sensor with convexes. (O=Sponge
rubber (20mm), A=sponge rubber (3mm), @

=plastic foam (20mm), X =vulcanized rubber
(20mm).
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Fig. 5 Trequency distribution on output ratio I;/I,.

, Sponge rubber (20mm);
, sponge rubber (3mm);

, plastic foam (20mm);
, vulcanized rubber (20mm) .
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Fig. 6 Probability density on variable Ii/L,.
, Sponge rubber (20mm);
""""" , sponge rubber (3mm);
—— =~ plastic foam (20mm);
, vulcanized rubber (20mm) .
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Fig. 7 Variation of probability  density.
, Sponge rubber (20mm);
"""" , sponge rubber (3mm);

— — ==, plastic foam (20mm);

, vulcanized rubber (20mm).
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Table 2 Mean p and standard deviation o of I, /1.

0.005 < I, < 0.010

Specimen I o
Sponge rubber(20mm) | 0.579 | 0.155
Sponge rubber(3mm) 0.837 | 0.159
Plastic foam(20mm) 1.65 | 0.360
Vulcanized rubber(20mm) | 1.65 | 0.425
0.010 < I, < 0.015

Specimen f o
Sponge rubber(20mm) | 0.633 | 0.153
Sponge rubber(3mm) 1.034 | 0.108
Plastic foam(20mm) 1.932 | 0.176
Vulcanized rubber(20mm) | 2.108 | 0.314
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Fig. 8 Variation of probability
0.01<13<0.015.
, Sponge rubber(20mm) placed on

density  for

sponge rubber of 25mm; ~------ , sponge
rubber(3mm) placed on sponge rubber of
25mm; — — — —, plastic foam(20mm) placed
on sponge rubber of 25mm; , vulcan-

ized rubber(20mm) placed on sponge rubber

of 25mm.
0.02 T .
o
o © 3
o o
o
w00l o ° ]
. A H .
0 0.005 0.01
Ly

Fig. 9 1I; versus I on mesurements of prostate
glands (clinical test).
@, Patients B and F as "Hard”; O, patients
A,CD,E,G,H,l and J as "not hard”.
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