
Introduction
Prostate cancer is the most prevalent type of cancer 
among men.1 According to the US Vital Statistics Center 
report in 2017, 22% of deaths were due to cancer, with 
prostate cancer, after lung cancer, as the second leading 
cause of cancer deaths in men in the United States.1-3 
Early diagnosis of prostate cancer could have a significant 
impact on men’s health because of early diagnosis, 
accompanied by proper treatments, enables a 5-year 
relative survival rate as high as 100%.1, 2 Although prostate 
cancer commonly appears in men who are in their 1960s, 
the studies showed that one-third of men have histological 
evidence for prostate adenocarcinoma in their 1940s.4 
The formation of tumors in prostate tissue is associated 

with several factors such as age, race, diet, heredity, and 
environment.5

Prostate-specific antigen levels (PSA)  in human blood 
and rectal examination (DRE) are conventional methods 
of a prostate cancer diagnosis. A prostate biopsy is usually 
carried out through trans-rectal ultrasound imaging 
guidance (TRUS).6,7 According to the studies on prostate 
cancer, early biopsies did not lead to prostate cancer 
diagnosis in a significant number of people with this 
disease, or due to TRUS error, small tumors that were in the 
prostate tissue and did not need any treatments diagnosed 
as malignant tumors. In recent years, new methods such 
as shear wave elastography, vibro-elastography, vibro-
acoustography, magnetic resonance, and artificial tactile 
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techniques have used to detect the presence of the mass in 
the prostate tissue.

The application of 3D shear wave elastography for 
clinical prostate cancer detection was proposed by Shoji 
et al.8 In their research, they used ultrasound pulse 
pressure to create shear waves in tissues, and they utilized 
this pulse as a means to measure tissue elasticity, which 
required trans-rectal guidance of the pulse to the prostate 
tissue. In this method, sensitivity, specificity, positive 
prediction, and negative prediction improved by 70%, 
98%, 91%, and 92% in prostate tissue, respectively, and 
prostate lesions elasticity significantly correlated with 
Gleason score.8  Alizad et al  and Mitri et al examined 
the application of vibro-acoustography in prostate tissue 
imaging and pointed out that the VA may use in clinical 
in-vivo prostate imaging.9,10

There are also several neural simulations studies11-20; 
however, artificial tactile sense and its applications widely 
used for mass detection. Using artificial tactile, Peng et 
al measured the stiffness of different prostate tissues 
and concluded that this method is capable of reporting 
the stiffness of different tissues.21 A robotic system with 
sweeping palpation and needle biopsy was invented by 
Ahn et al to detect prostate cancer.22,23 The system designed 
to be capable of simultaneous tactile examination and 
biopsy. The results of ex-Vitro studies on human prostate 
and artificial tissue showed that this method had 81% 
accuracy in the stiff mass detection.22,23

Given that the formation of cancerous masses is a sign 
of excessive reproduction of the cells, and that based on 
the conducted studies, most cancerous masses formed in 
the peripheral zone, accumulation of cells in the prostate 
tissue increases the number of blood vessels in the 
prostate tissue, which in turn results in the accumulation 
of nerves in the given area.24,25 Therefore, neural 
stimulation of the prostate tissue and the tissue response 
to the stimulation can be an alternative method for 
standard clinical examinations that are unable to detect 
tumors in early stages. This study examines the difference 
between normal and cancerous prostate tissue response 
to the simple and vibro-neural stimulation. In all previous 
studies, all mass detection in the prostate tissue was done 
through the rectum and via elastography and artificial 
tactile methods, whereas this study aims to detect the 
presence of a mass in the prostate tissue through the 
perineum with neural stimulation 

Materials and Methods
Study Design
Simple and Neural stimulation on normal and cancerous 
prostate tissue and the reaction of the tissues used to 
investigate the presence or absence of the mass. Since 
the prostate tissue is symmetrical and the characteristics 
of forming cancerous masses are similar to the prostate 
tissue,26 to analyze the neural stimulation velocity and 

frequency on the tissue, neural stimulation applied to the 
prostate gland at 0, 5, and 10 Hz with different velocities. 
Once again, it was placed on the spherical zone of the 
prostate gland; and the conditions of the previous states 
repeated. Each test was conducted three times with 
10-minute intervals. The test results analyzed by SPSS 16 
software and the mathematical relationships governing 
the soft tissue obtained as the output

The Device Design 
The instrument used for conducting experiments on 
tissues is Neural Stimulation Device (NSD) (Figure 1). 
Bending load cell (MBL FUTEK, USA), DC motor (Ezi-
servo FASTECH, Korea), pressure sensor (MBL), encoder 
(HP, USA), micro switch, and probe are the components 
of the instrument. It designed for 1cm displacement and 
loading velocities of 5, 8, and 11 mm/s at 0, 5, and 10 Hz 
frequencies. Standard methods calibrate it.

Study Population 
The study prospectively recruited 5 patients with serum 
PSA levels of 5.0-18.0 ng/mL who suspected of having 
prostate cancer and 5 volunteers without any prostate 
diseases. All subjects gave their informed consent for 
inclusion before participating in the study. 

Result and Discussion
This study used a neural stimulation system to apply 
vibrational and straightforward stimulation with five 
and 10 Hz frequencies on normal and cancerous prostate 
tissues and studied the different responses of the 2 tissues. 
The maximum force imposed by the prostate tissue to 
the device probe, the residual displacement after neural 
stimulation, as well as the amount of energy dissipation 
in the tissue investigated as the main variables in the 

Figure 1. NSD and its Components for Applying Simple and 
Vibro-neural Stimulation on the Tissue.
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feasibility study of the cancerous mass detection. Also, the 
probe location for applying neural stimulation was studied 
as a parameter to enhance mass detection accuracy.

The Effect of Maximum Force Applied to the Probe
The results showed that the maximum force applied 

to the probe by the cancerous tissue is higher than the 
force applied the normal tissue in both vibrational and 
straightforward stimulation because of the cancerous 
tissue has larger elastic modulus due to the tumors in it 
(Figures 2 and 3).

The comparison of force-displacement figures in 
the cancerous tissue showed that by amplifying the 
stimulation frequency from 0 to 10 Hz, the diagram slope 
increases, indicating that enhanced frequency of neural 
stimulation would increase mass detection possibility by 
20% in the prostate tissue. By displacing the probe from 
CZ (Central Zone) to PZ ( Peripheral Zone), the accuracy 
of the cancerous mass detection increased by 15%.

The Effect of the Stimulation Velocity
Regarding the fact that the prostate tissue is viscoelastic, 
and that in viscoelastic materials, stiffness is a function 
of stimulation velocity, the result showed that in case 
of surface masses, with increased velocity of simple 

stimulation, the stiffness difference of normal and 
cancerous tissues decreased from 14% to 8% and from 8% 
to 4%, respectively. As a result, the most optimal velocity 
is 5 mm/s, which enhances mass detection accuracy by 
14% compared to other states.

In the case of deep masses, simple neural stimulation 
is not capable of mass detection. Thus, vibro-neural 
stimulation was used. The result showed that by amplifying 
the speed from 5 mm/s to 8 mm/s, the possibility of mass 
detection increased by 40%. By increasing the frequency 
from 5 to 10 Hz in vibrational stimulation at 5 mm/s, 8 
mm/s, and 11 mm/s velocities, the detection accuracy 
increased by 12%, 22%, and 13%, respectively.

The Effect of Residual Displacement
Since the prostate tissue is a viscoelastic material and 
has the properties of elastic and viscous materials 
simultaneously, the loading and unloading curves do not 
overlap, and as a result, a residual strain always remains 
in such materials. Given that residual displacement 
represents residual strain in the force-displacement 
graph, at the same stimulation velocity and in different 
probe locations, residual displacement in the cancerous 
tissue is perceived to be lower than that of the normal 
tissue, indicating that the viscosity of the cancerous tissue 
is less than the normal one. It has also observed that with 
increased stimulation velocity, the amount of residual 
displacement in the cancerous tissue has increased from 
3.8% to 7.9% and from 7.9% to 8.38%, which means that 
with increased stimulation velocity, the viscosity of the 
phantom enhances as well. Consequently, it is more likely 
that the mass can detect at a lower velocity (Figure 4).

In vibro-neural stimulation, it has observed that the 
value of residual displacement in the normal tissue is 
higher than the cancerous tissue, and it has observed 
that the highest percentage of difference between the two 
types of the tissues is at the medium velocity (26%), and 
when the velocity increases to 11 mm/s, the probability 
of detection error increases. Although at 8 mm/s velocity Figure 2. . Force-Displacement Curves of Simple and Vibro-

neural Stimulation for the Cancerous Tissue at 5 mm/s.

Figure 3. Force-Displacement Curves of Simple and Vibro-neural 
Stimulation for the Normal Tissue at 5 mm/s.

Figure 4. Residual Displacement of Normal and Cancerous 
Tissues at Simple Stimulation at Different Velocities and 
Probe Locations. Vertical and horizontal axes show residual 
displacement (mm) and velocity (mm/s), respectively..
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mass detection is independent of the probe location, the 
accuracy of mass detection in PZ probing is 23% higher 
than CZ probing (Figure 5). The amount of residual 
displacement is one of the features that can be considered 
equivalent to the physician’s tactile sense when touching 
the tissue and to the degree of tissue deformability

The Effect of Energy Dissipation
The area under the force-displacement curve (F-D) 
represents energy dissipation. Regarding measuring 
the area under these curves and comparing them, it has 
concluded that the area under the cancerous tissue is 
less than the normal tissue, indicating that the normal 
tissue has more viscosity than the cancerous tissue, which 
means it has a lower elastic modulus. The results of the 
area under force-displacement graph showed that at 
the same simple stimulation velocity and varied probe 
location, the percentage of energy dissipation difference 
is more significant in PZ, and with increased stimulation 

velocity in both probing states, the percentage of energy 
dissipation difference is reduced by 17%, 9% respectively, 
indicating that low velocity is more suitable in detecting 
surface masses (Figure 6).

In vibrational stimulation, it has observed that at the 
speed of 8 mm/s, the difference between the energy 
dissipation in the massed and non-massed tissue with 
different probe locations was approximately the same, 
and the energy dissipation was 20% and 24% higher than 
the 5 mm/s and 11 mm/s velocities, respectively (Figure 
7).

Conclusion
This study took a new step in measuring tissue stiffness 
concerning the force the tissue applies to the probe, and 
because stiffness varies in normal and mass-containing 
tissues, this method can be accompanied by biopsies to 
increase the detection power. Vibrational stimulation 
is not required for surface mass detection, and low 
stimulation velocity can detect by this method, but 
to detect deep masses. It is necessary to increase the 
stimulation velocity and to create vibration. Future studies 
will examine the effect of increased frequency of the 
applied neural stimulation as well as decreased noise in 
the test process. By improving the accuracy of the neural 
stimulation device, this system can apply to detect hard 
materials such as tumors and malignant tissues.
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Figure 5. Residual Displacement of Normal and Cancerous 
Tissues in Vibro-neural stimulation at 10 Hz at Different 
Velocities and Probe Locations. Vertical and horizontal 
axes show residual displacement (mm) and velocity (mm/s), 
respectively.

Figure 6. Energy Dissipation of Normal and Cancerous Tissues 
in Simple Stimulation at Different Velocities and Probe Location. 
Vertebral and horizontal axes show energy dissipation and 
velocity (mm/s), respectively..

Figure 7.Energy Dissipation of Normal and Cancerous Tissues 
in Vibro-neural  Stimulation at Different Velocities and 
Probe Locations. Vertebral and horizontal axes show energy 
dissipation and velocity (mm/s), respectively.
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