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 Abstract– Previous studies have demonstrated that the 

stiffness of cancerous cells reflects their pathological stage and 

progression rates, with increased cancerous cell stiffness 

associated with increased aggressiveness. Therefore, the elasticity 

of the cancerous cells has the potential to be used as an indicator 

of the cancer’s aggressiveness. However, the sensitivity and 

resolution of current palpation and imaging techniques are not 

sufficient to detect small cancerous tissues. In previous studies, 

we developed a tactile-based device to map with high resolution 

the stiffness of a tissue section. The purpose of this study is to 

evaluate this device using different tissues (BPH, Cancer and PZ) 

collected from human prostates. The preliminary results show 

that the tactile device is sensitive enough to tell the differences of 

the stiffness of different tissues. The results also disclosed the 

factors (humidity, temperature and tissue degradation) which 

could dramatically affect the results of stiffness mapping. The 

tactile technology described in this paper has the potential to help 

disclose the underlying mechanical mechanisms that lead to 

increased stiffness in prostate tumors. 
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I. INTRODUCTION 

The wide spread use of prostate specific antigen (PSA) 

testing and transrectal ultrasound (TRUS)-guided needle biopsy 

dramatically improved the detection rate of early prostate cancer 

[1, 2]. The TRUS-guided 12-core biopsy technique has become 

the gold standard method for obtaining histological samples [2]. 

Two essential tasks in prostate cancer biopsies are locating any 

cancerous cells that are present and identifying the 

aggressiveness of cancer. The purpose of this study is to develop 

tools to help pathologists identify the aggressiveness of cancerous 

cells found in prostate cancer biopsies.  

There are two physiological factors that could potentially 

provide this extra information. The first is metabolic activity. The 

second is the mechanical stiffness, which reflects the pathological 

stage and progression rates. Increased tissue stiffness is 

associated with increased cancer aggressiveness [3-5]. This 

property has already been used extensively for prostate screening, 

as palpation (during a digital rectal exam) has been an effective 

way to detect a tumor in vivo. This increased stiffness (or 

reduced elasticity) extends down to individual cancer cells[6, 7] 

and/or the extracellular matrix (ECM) which clusters and binds 

the cells together to form tissues [8], and can be used as an 

indicator of the prostate cancer aggressiveness. Advanced 

imaging technologies, including in vivo ultrasound and MRI 

elastography, can differentiate cancerous tissues that have elastic 

properties that are distinct from the normal tissues. However, the 
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resolution and sensitivity of those imaging techniques are not 

sufficient to detect small islands of cancerous cells [9-12]. 

In this study, we evaluated a previously designed tactile 

mapping device using different tissues (BPH, Cancer and PZ) 

collected from human prostates. The preliminary results show 

that the tactile device is sensitive enough to tell the differences of 

the stiffness of different tissues. The results also disclosed the 

factors (humidity, temperature and tissue degradation) which 

could dramatically affect the results of stiffness mapping. The 

tactile technology described in this paper has the potential to help 

disclose the underlying mechanical mechanisms that lead to 

increased stiffness in prostate tumors. 

 

II. METHODS 

A. Tactile device 

As shown in Fig. 1, The tactile sensor consisted of a glass 

probe (5 µm, 10 µm, 20 µm or 100 µm) and a PZT sensor. When 

the glass probe touched the bio-specimen, the changes of the 

resonance frequency detected by the PZT sensor were measured 

to characterize the elasticity of the bio-specimen. The tactile 

sensor and a conventional CCD camera were mounted on a 3D 

manipulator that moves 1 µm per step for point-by-point 2D 

stiffness mapping. A sample chamber for sample holding was 

equipped with a heater and a temperature sensor. A LabVIEW 

program was developed to control the 3D manipulator and the 

heater and to read stiffness and temperature.  

 
Fig. 1 2D stiffness mapping system. 

B. Tissue sample preparation 

In conventional biopsy procedure, the 18-gauge prostate 

needle specimens are harvested using standard TRUS guided 12-

core biopsy. The specimens are cut into three 6mm segments and 

sliced longitudinally into thin 5~20µm slices (Fig. 2 a). Three 

slices are selected for formalin fixation and Hematoxylin and 

Eosin (H&E) stain.  

Tissue slices acquired using conventional biopsy sectioning 

techniques are inevitably deformed and distorted. Our pilot 

experiments show that the deformation and distortion could make 

it very difficult to map the stiffness of the slices. In addition, it 
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will be very difficult to register the stiffness images with the 

distorted H&E stained microscopic image accurately. We 

therefore adapted transverse slice technique as shown in Fig. 2 

(b) to minimize the tissue deformation. 

 
Fig. 2. (a) Conventional longitudinal sectioning. (c) Transverse sectioning will be 

used in this study. (d) A prostate sample with blue ink stained edge and four 

additional ink marks. Our pilot experiments showed that the blue ink remained 

after the formalin fixation and H&E stain.  

  

In addition, we stained the edge of the transverse slices and 

put several ink marks in them (Fig. 2 c), in order to compare the 

stiffness images with the conventional optic microscopic images.  

 
 

III. RESULTS 

A. Stiffness of the different tissues (BPH, Cancer and PZ) 

Firstly, we did the coarse scanning of the samples with a 

lower resolution (20µm).  The results show that the average 

stiffness of the BPH, cancer and PZ are very similar. However, 

the boxplot of the stiffness distribution of the cancer is very 

different from those of the BPH and PZ (Fig. 3), because of some 

hard nodules in the cancer sample. We then did some high-

resolution scanning on the nodules (5µm/step and 10µm/step). 
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Fig. 3 (a) The box plot of the tactile/stiffness of the BPH, cancer and PZ. The 

step/resolution of the mapping is 20µm. (b) 3D views view of a typical nodule 

(resolution: 5µm and 10µm respectively). The diameter of the nodule is about 

100µm. 

 

B. Effects of dehydration on the stiffness of the samples 

Then, an area in the cancer was scanned repeatedly to test 

effects of the dryness on the stiffness measurement. Figure 2 

shows that the stiffness of the scanned area only has some small 

drifts in the first 74 minutes. The stiffness increased significantly 

after 74 minutes. One-way ANOVA with Tukey’s multiple 

comparison test was performed to compare the differences 

between the stiffness of the last 7 trials (from 49 min to 102 min). 

The results show that there is no significant difference between 

the five trials from 49 min to 74 min. The stiffness increased 

significantly after 74 min (P<0.001). But the changes of the 

stiffness after 74 min are not very big (80min: ↑4.4; 102 min: 

↑6.1). 
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Figure 2 The effects of the dryness on the stiffness of the cancer. 

X-axis is the time. Y-axis is the boxplot of the stiffness in a small 

area (20×20 pixels, 20µm/pixel). The temperature was fixed to 

40ºC during the test. The same area was matched exactly by the 

computer and measured repeatedly. 

 

C. Effects of temperature on the stiffness of the samples 

Then, we tested the changes of stiffness of the cancer under 

different temperatures. The results (Figure 4) show that the 

stiffness of the sample starts to increase when the temperature is 

increased to about 45ºC.  

 

   
(c) 

(a) 

 
(b) 

8516



 

30º 30º 40º 40º 50º 50º 50º 50º 40º 40ºC
0

10

20

30

40

14' 7' 15' 7'7'

6'

6'

14'

6'
6'

Temperature (ºC)

T
a

c
ti

le
/s

ti
ff

n
e

s
s

 
(a) 

Figure 4 The effects of the temperature on the stiffness of the 

prostate cancer. X-axis is the temperature. Y-axis is the boxplot 

of the stiffness in a small area (20×20 pixels, 20µm/pixel). The 

same area was matched exactly by the computer and measured 

repeatedly. The time spent during each scanning/heating are 

marked on the top of each plot.  

 

D. Effects of tissue degradation on the stiffness of the samples 

Then, we tested the stiffness of BPH, cancer and PZ samples 

repeatedly with time intervals ranging from several hours to 

several days (Figure 3). We manually matched the same area for 

scanning each time. But the manual matching may not be very 

accurate.  

Figure 3 shows that the stiffness of all the samples has a 

trend to increase with time. The decreases in the forth trial of 

BPH and the fifth trial of the cancer may caused by the inaccurate 

manual matching. Figure 3 also shows that the stiffness of the 

cancer has a bigger deviation than those of the BPH and PZ in the 

first four trials (cancer: 2.854, 1.522, 1.963, 3.015; BPH: 1.319, 

1.563, 1.684, 1.551; PZ: 1.619, 1.759, 2.586, 3.165). 
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(c) 

Figure 3 The effects of the degradation of the stiffness of (a) 

BPH, (b) cancer and (c) PZ samples. X-axis is the index of trails. 

Y-axis is the mean and STD of the stiffness in a bigger area 

(50×50 pixels, 20µm/pixel). The elapsed times were marked on 

the top of each bar plot.  

 

IV. CONCLUSIONS AND DISCUSSION 

Preliminary studies identified some technical problems that 

must be overcome. (1) Water on the surface of the sample can 

change the resonance frequency of the tactile sensor and cause 

measurement errors. One solution is to dry the surface of the 

sample using a 0.22 µm micro-pore filter paper. (2) To avoid 

damaging the fragile tactile probe, our LabVIEW program steers 

the 3D manipulator very carefully and slowly. It takes about 0.5 

second to scan one single point and about 4 hours to scan a 1mm 

diameter area with a 5µm resolution. However, the thin tissue 

slice dehydrates very quickly when it is exposed to air. The pilot 

studies show that the stiffness of the tissue sample changed 

significantly after being exposed to 40 ºC air for 71 minutes.  

To speed up the 2D stiffness mapping, we plan to rewrite the 

LabVIEW control program to optimize the 3D manipulator 

steering. We will also develop fast scanning algorithms by 

combining a 20µm resolution coarse scan and a 5 µm resolution 

fine scan. We will achieve a 10~20 times faster scanning speed 

using these methods. In addition, an environment control system 

with high temperature stability (< 0.05°C/24h) and zero air flow 

(SASAM® ECS, Kibero Inc.) will be adapted to slow down the 

dehydration of the samples.  
 
 

V. REFERENCES 

 

 

[1] M. K. Brawer, "Prostate-specific antigen: current 

status," CA Cancer J Clin, vol. 49, pp. 264-81, Sep-Oct 

1999. 

[2] K. K. Hodge, J. E. McNeal, M. K. Terris, and T. A. 

Stamey, "Random systematic versus directed ultrasound 

guided transrectal core biopsies of the prostate," J Urol, 

vol. 142, pp. 71-4; discussion 74-5, Jul 1989. 

[3] S. E. Cross, Y. S. Jin, J. Rao, and J. K. Gimzewski, 

"Nanomechanical analysis of cells from cancer 

patients," Nat Nanotechnol, vol. 2, pp. 780-3, Dec 2007. 

[4] M. Zhang, P. Nigwekar, B. Castaneda, K. Hoyt, J. V. 

Joseph, A. di Sant'Agnese, E. M. Messing, J. G. Strang, 

D. J. Rubens, and K. J. Parker, "Quantitative 

characterization of viscoelastic properties of human 

prostate correlated with histology," Ultrasound Med 

Biol, vol. 34, pp. 1033-42, Jul 2008. 

[5] K. Hoyt, B. Castaneda, M. Zhang, P. Nigwekar, P. A. di 

Sant'agnese, J. V. Joseph, S. J., D. J. Rubens, and P. 

K.J., "Tissue elasticity properties as biomarkers for 

prostate cancer," Cancer Biomark. , vol. 4, pp. 213-25, 

2008. 

[6] G. Zhang, M. Long, Z. Z. Wu, and W. Q. Yu, 

"Mechanical properties of hepatocellular carcinoma 

cells," World J Gastroenterol, vol. 8, pp. 243-6, Apr 

2002. 

[7] Z. Z. Wu, G. Zhang, M. Long, H. B. Wang, G. B. Song, 

and S. X. Cai, "Comparison of the viscoelastic 

properties of normal hepatocytes and hepatocellular 

carcinoma cells under cytoskeletal perturbation," 

Biorheology, vol. 37, pp. 279-90, 2000. 

[8] S. Suresh, "Biomechanics and biophysics of cancer 

cells," Acta Biomater, vol. 3, pp. 413-38, Jul 2007. 

8517



 

[9] K. Kamoi, K. Okihara, A. Ochiai, O. Ukimura, Y. 

Mizutani, A. Kawauchi, and T. Miki, "The utility of 

transrectal real-time elastography in the diagnosis of 

prostate cancer," Ultrasound Med Biol, vol. 34, pp. 

1025-32, Jul 2008. 

[10] F. G. Mitri, B. J. Davis, J. F. Greenleaf, and M. Fatemi, 

"In vitro comparative study of vibro-acoustography 

versus pulse-echo ultrasound in imaging permanent 

prostate brachytherapy seeds," Ultrasonics, vol. 49, pp. 

31-8, Jan 2009. 

[11] T. Miyagawa, M. Tsutsumi, T. Matsumura, N. 

Kawazoe, S. Ishikawa, T. Shimokama, N. Miyanaga, 

and H. Akaza, "Real-time elastography for the diagnosis 

of prostate cancer: evaluation of elastographic moving 

images," Jpn J Clin Oncol, vol. 39, pp. 394-8, Jun 2009. 

[12] L. Pallwein, F. Aigner, R. Faschingbauer, E. Pallwein, 

G. Pinggera, G. Bartsch, G. Schaefer, P. Struve, and F. 

Frauscher, "Prostate cancer diagnosis: value of real-time 

elastography," Abdom Imaging, vol. 33, pp. 729-35, 

Nov-Dec 2008. 

 
 

8518


	MAIN MENU
	CD/DVD Help
	Search CD/DVD
	Search Results
	Print
	Author Index
	Keyword Index
	Program in Chronological Order

