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Abstract— Typically, conventional transrectal ultrasound 

(TRUS) imaging of the cancer tissue is hypoechoic in echo 

texture. However, TRUS does not reliably distinguish between 

cancerous and non-cancerous tissue in the prostate. In the 

present study, sound speed of prostate needle biopsy specimens 

were measured by ultrasound speed microscope (USM) to 

construct a database for interpreting clinical TRUS images. 

Biopsy specimens were formalin-fixed and sectioned 

approximately 5 m in thickness. They were mounted on glass 

slides without cover slips. The ultrasonic transducer with the 

central frequency of 120 MHz was mechanically scanned over 

the specimen to measure sound speed distribution. Echo 

intensity of TRUS images were qualitatively classified into three 

categories; hyperechoic, iso-echoic and hypoechoic areas. Sound 

speed was 1596.9 ± 28.2 m/s in hyperechoic, 1571.2 ± 35.8 m/s in 

iso-echoic and 1562.6 ± 35.1 m/s in hypoechoic area, respectively. 

However, echo intensity showed no significant relationship to 

malignancy of prostatic tissue. Echo intensity of TRUS is 

significantly affected with tissue components and USM findings 

would provide important information for interpretation of 

TRUS images. 

I. INTRODUCTION 

YPICALLY, the prostatic cancer tissues proven by 

histological examination were hypoechoic in transrectal 

ultrasound (TRUS) imaging. Areas of moderate echogenicity 

were found to be secondary to ingrowth of tumor into the 

central area of benign hyperplastic tissue [1]. However, 

TRUS does not reliably distinguish between cancerous and 

non-cancerous tissue in the prostate; therefore, TRUS-guided 

biopsies simply use typically well-imaged anatomical 

structures, such as the interface between the gland and 

periprostatic fibroadipose tissues, as a spatial reference for 

placing core needles in the gland. Recently, new methods of 

tissue-type imaging that are based on spectrum analysis of 
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echo signals and that utilize artificial neural networks for 

classification offer better reliably distinguishing cancerous 

lesions from non-cancerous tissue in the prostate than 

conventional echography [2]. 

The ultrasonic properties of various tissues and cells have 

been investigated by scanning acoustic microscopy (SAM) 

since 1980s [3-13]. SAM provides basic data for 

understanding clinical ultrasound images with lower 

frequency ultrasound. Recently, ultrasound speed microscope 

(USM) which measures two-dimensional distribution of 

sample thickness and sound speed has been used for medicine 

and biology. USM uses a single pulsed wave instead of burst 

waves used in conventional SAM systems [14-17]. In the 

present study, sound speed of core-needle biopsied prostate 

tissues are measured by USM and the relation between 

echogenicity and sound speed of prostate tissue is discussed. 

II. METHODS 

A. Instrumental Setup 

An electric impulse was generated by a high speed 

switching semiconductor. The start of the electric pulse was 

within 400 ps from excitation, the pulse width was 2 ns, and 

the pulse voltage was 40 V. The electric pulse was input to a 

concave transducer with the copolymer of vinylidene fluoride 

and trifluoroethylene P(VDF-TrFE) used as the active 

element. The aperture diameter of the transducer was 1.2 mm, 

and the focal length was 1.5 mm. The center frequency was 

120 MHz, the bandwidth (-6 dB) was 60-170 MHz, and the 

pulse repetition rate was 10 kHz. The diameter of the focal 

spot was estimated to be 15 m at 100 MHz by taking into 

account the focal distance and sectional area of the 

transducer. 

 
Fig. 1 shows a block diagram of the USM for biological 
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Fig. 1.  Block diagram of ultrasound speed microscope (USM) 
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tissue characterization. Saline (0.9%) was used as the 

coupling medium between the transducer and the specimen. 

Temperature was maintained as 20 C during whole 

measurements. The reflections from the tissue surface and 

those from the interface between the tissue and glass were 

received by the transducer and were introduced into a 

Windows-based PC with a fast digitizer card (Acqiris 

DP1400, onboard memory 16MB, Geneva, Switzerland). The 

frequency range was 500 MHz, and the sampling rate was 2 

GS/s. Eight consecutive values of the signal taken for a pulse 

response were averaged in order to reduce random noise. 

The transducer was mounted on an X-Y stage driven by a 

XY-scan controller with a microcomputer board that was 

controlled by the PC through RS232C. The both X-scan and 

Y-scan were driven by linear servo motors and the position 

was detected by an encoder. The scan was controlled to 

reduce the effects of acceleration at the start and deceleration 

at the end of the X-scan. Finally, two-dimensional 

distributions of ultrasonic intensity, speed of sound, 

attenuation coefficient and thickness of a specimen 

measuring 2.4×2.4 mm were visualized using 300×300 pixels. 

The total scanning time was 63 s. 

B. Signal Analysis  

Fig. 2 shows the schematic illustration of reflections. The 

distance from the transducer to the glass surface was 1.5 mm. 

Reflected wave contained two components of reflections 

from the surface of the tissue (Sfront) and the interface between 

the tissue and glass (Srear). The phase of the waveforms from 

the tissue and glass were standardized by a reflection from the 

glass (Sref) of the same scanning line. 

Denoting the standardized phase of the reflection wave at 

the tissue surface as front, the standardized phase at the 

interference between the tissue and the substrate as rear, 
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where d is the tissue thickness, co is the sound speed in 

coupling medium and c is the sound speed in the tissue.  

Thickness is obtained as 
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Finally, sound speed is calculated as 
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After determination of the thickness, attenuation of 

ultrasound at 120 MHz was then calculated by dividing 

amplitude by the thickness. 

C. Sound Speed and Reflection 

Generally, density ρ and sound speed c determine the 

characteristic acoustic impedance Z of the material as 

cZ   

On the assumption that the interface between two fluid-like 

media (medium a and medium b) is infinite and plane, the 

relative reflected sound power, in dB, can be determined by 

the specific acoustic impedance of each medium as 
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(Pr: sound power reflected at interface, Pi: incident sound 

power, Za: acoustic impedance of medium a, Zb: acoustic 

impedance of medium b) 

D. Prostate Biopsy Tissues 

Prostate tissue was obtained by TRUS guided biopsy. All 

biopsy results were reviewed and assigned a Gleason score. 

All patients involved in this study (n=29) provided written 

informed consent. Biopsied specimens from patients were 

fixed by 4% formaldehyde overnight, and embedded in 

paraffin by using standard processing for histology. The 

paraffin blocks were stored in a refrigerator at 5 C. The 

samples for the acoustic microscopy were de-paraffinized 

without staining for acoustic microscopy. The neighboring 

section for USM was stained with Hematoxylin-Eosin 

staining for optical microscopy.  

E. Transrectal Ultrasound (TRUS) 

TRUS images were obtained by a conventional ultrasound 

machine (ALOKA, SSD3500, Tokyo, Japan) and a transrectal 

ultrasound probe with the central frequency of 5.0 MHz. Echo 

movie was recorded on VHS video tape during core-needle 

biopsy procedures. All the ultrasound parameters were 

maintained at the same setting. Echo image was captured by a 

frame grabber for semi-quantitative analysis of echo intensity. 

Echogenisity was classified into three categories; 

hyperechoic, iso-echoic and hypoechoic areas compared to 

the intensity in normal appearance region. 

 

III. RESULTS 

Fig. 3 shows an example of the TRUS image showing high 

intensity echo (A), histology (B) and USM image (C) of the 

biopsied sample. The sound speed is 1580 m/s and the tissue 

was proven as moderately differentiated adenocarcinoma. Fig. 2.  Schematic illustration of the reflections at tissue and glass 
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 Fig. 4 shows an example of the TRUS image showing 

mixture of high and low intensity echo (A), histology (B) and 

USM image (C) of the biopsied sample. The histology was 

proven as poorly differentiated carcinoma. 

 

Fig. 5 shows a scattered graph of the sound speed 

categorized by echo intensity. 106 regions from 29 patients 

were plotted. Mean and standard deviation value of the sound 

speed was 1596.9 ± 28.2 m/s in hyperechoic area, 1571.2 ± 

35.8 m/s in isoechoic area and 1562.6 ± 35.1 m/s in 

hypoechoic area, respectively. These values showed 

significant difference between each other (p<0.05, 

Mann-Whitney's U test). 

 

 
Fig. 6 shows the bar graph showing mean and standard 

deviation of sound speed in each cancer type and tissue 

components of the normal prostate. The sound speed of 

well-differentiated tubular adenocarcinoma was significantly 

lower than those of moderately differentiated 

adenocarcinoma or poorly differentiated adenocarcinoma 

(p<0.05, Student’s T-test), but the difference was much 

smaller than the difference between tissue type (for example, 

interstitial tissue and cystic tissue).  
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Fig. 4.  Poorly differentiated adenocarcinoma. (A) TRUS image, 

(B) optical image, (C) USM image 

Fig. 5.  Scattered graph of the sound speed categorized by echo 

intensity. 

Fig. 6.  Bar graph of the sound speed in cancer and tissue type. 
Well: well-differentiated tubular adenocarcinoma 

Mod: moderately differentiated adenocarcinoma 

Poor: poorly differentiated adenocarcinoma 
Fib: fibrosis 

Tub: normal tubular structure 

Cyst: cystic lesion 

Inf: inflammation 

Fig. 3.  Moderately differentiated adenocarcinoma. (A) TRUS 

image, (B) optical image, (C) USM image 
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IV. DISCUSSION 

USM has enabled the measurement of sound speed at 

microscopic level. Values of the specific acoustic impedance 

depend on the sound speed because the density of the 

biological soft tissues does not differ significantly. Although 

the properties of the high frequency focused ultrasound used 

in USM measurement may be different from that used in 

lower frequency TRUS device, the sound speed strongly 

influenced TRUS echogenicity. The sound speed of the 

interstitial tissue was higher than the normal tubular structure 

or cystic lesion. Benign prostate hypertrophy often showed 

hyperechoic echo in TRUS and high sound speed in USM 

image. In such case, the tissue contains much fibrosis and less 

tubular structure. 

In the present study, TRUS and needle biopsy procedures 

were performed in routine clinical settings. Thus, the TRUS 

image was qualitative. Quantitative TRUS and sound speed 

measurement by USM should be compared to understand the 

mechanisms of echogenicity in the future.  

V. CONCLUSIONS 

Ultrasound speed microscope (USM) was equipped in 

order to assess the echogenicity in TRUS images. The results 

indicate sound speed of the tissue strongly influenced the 

echogenicity while smaller differences were observed 

between benign and malignant tissues. These results help 

understanding the intensity and texture of prostate cancer in 

clinical diagnosis. 
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