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[Original Article]

TACTILE SENSOR IS USEFUL FOR ESTIMATING LIVER HARDNESS AND 
LIVER FIBROSIS COMPARED WITH ULTRASONOGRAPHY AND  

COMPUTED TOMOGRAPHY
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Abstract : Background/Aims : We examined whether conventional ultrasonography (US) and 
computed tomography (CT) were useful to evaluate liver hardness and hepatic fibrosis by comparing 
the results with those obtained by a tactile sensor using rats with liver fibrosis.
Methodology : We used 44 Wistar rats in which liver fibrosis was induced by intraperitoneal admin-
istration of thioacetamide. The CT and US values of each liver were measured before laparoto-
my. After laparotomy, a tactile sensor was used to measure liver hardness. We prepared Azan 
stained sections of each excised liver specimen and calculated the degree of liver fibrosis (HFI :  he-
patic fibrosis index) by computed color image analysis.
Results : The stiffness values and HFI showed a positive correlation (r=0.690, p<0.001), as did the 
tactile values and HFI (r=0.709, p<0.001).

In addition, the stiffness and tactile values correlated positively with each other (r=0.814, 
p<0.001). There was no correlation between the CT values and HFI, as well as no correlation be-
tween the US values and HFI.
Conclusion : We confirmed that it was difficult to evaluate liver hardness and HFI by CT or US ex-
amination, and considered that, at present, a tactile sensor is useful method for evaluating HFI.

Key words : Liver fibrosis, tactile sensor, ultrasonography, computed tomography.

INTRODUCTION

Recently developed and refined treatments for 
hepatocellular carcinoma (HCC) have improved sur-
vival rates in HCC patients1-5). While surgical re-
section still is the first therapeutic option to consider 
in patients with HCC6), surgery should be restricted 
to small tumors in patients with well-preserved liver 
function. Because HCC is related to hepatitis C vi-
rus infection in about 70% of patients in Japan, most 
HCC patients have some degree of liver dysfunction 

caused by chronic hepatitis or cirrhosis6). A number 
of methods have been developed for assessing liver 
function, particularly hepatic functional reserve7-9).　
In our hospital, these estimates have been helpful in 
choosing the type of operation, although we still oc-
casionally encounter postoperative hepatic decom-
pensation. Preoperative prediction of hepatic re-
generative activity might determine the ability of a 
cirrhotic liver to tolerate hepatectomy more accu-
rately10), however, a method has yet to be estab-
lished.
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117TACTILE VS. IMAGING FOR LIVER FIBROSIS ESTIMATION

Hatakeyama et al. reported that quantitation of 
hepatic fibrosis by automated image analysis could 
enable the prediction of postoperative hepatic regen-
erative activity after cirrhotic liver resection11).　
However, this method is limited by the need to ob-
tain a large liver biopsy specimen. Ono et al. re-
ported that a tactile sensor could reliably measure a 
factor that limits regenerative ability12), although this 
method can only be used intraoperatively.

In the present study, we compared conventional 
methods, ultrasonography (US) and computed to-
mography (CT), with a tactile sensor for the ability 
to accurately measure hepatic fibrosis in a rat model 
of liver fibrosis.

METHODOLOGY

Animals. Forty-four 5-week-old Wistar rats 
were housed at 26°C in individual cages with a 12h 
light-dark cycle at Aizu Central Animal Hospital.　
All animals were given water and rat chow (M.F.®, 
Oriental Yeast, Tokyo, Japan) ad libitum until the day 
before surgery.

Induction of  liver fibrosis. Liver fibrosis 
(chronic hepatitis or cirrhosis) was induced by intra-
peritoneal administration of thioacetamide (TAA, 
200 mg/kg, 3 times weekly) for 8 or 10 weeks in 31 
rats. Thirteen healthy control rats were given sa-
line instead of TAA according to the same schedule.　
We designated the 13 control rats as group A, 14 rats 
given TAA for 8 weeks as group B, and 17 rats given 
TAA for 10 weeks as group C.

CT.  Before laparotomy, each liver was 
scanned at intervals of 1 mm with the Subrina CT 
system (SHIMADZU, Kyoto, Japan). We measured 
CT values at 5 points in each liver, and calculated a 
mean13).

US. Before laparotomy, each liver was exam-
ined with the SSD-5500 US system (ALOKA, Tokyo, 
Japan). Ultrasonic diagnostic equipment creates an 
image by processing acoustic signals returning from 
tissues using a filter among others. It is thought 
that unprocessed acoustic signals have a possibility 
to represent tissue properties14). Therefore, we 
obtained raw resonance frequencies and defined as a 
US value.

Surgery. Laparotomy was performed under 
Somnopentyl (40 mg/kg) anesthesia, and liver hard-
ness and fibrosis was evaluated in the following 
manners.

Quantification of  liver hardness. Tissue 
stiffness values are calculated from the stress-strain 
behavior based on the degree of depression and the 

counter weight (Fig. 1). The tactile sensor (De-
partment of Electrical and Electronic Engineering, 
College of Engineering, Nihon University, Koriyama, 
Japan), which was developed to estimate liver hard-
ness, consists of a displacement transducer to pro-
duce a stress-strain curve of soft tissue, and a piezo-
electric tactile sensor to acoustically characterize 
the object. Tactile values were obtained in the fol-
lowing manner. In general, when a vibrating rod 
touches an object, its resonance frequency shifts due 
to the physical properties of the material. The tac-
tile sensor system is based on the contact compli-
ance15,16). The sensor probe consists of a piezoelec-
tric element and a vibration pickup element. When 
an alternating voltage is applied across its electrode, 

Stiffness value・・・Conventional parameter of hardness.  
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Fig. 1. Stiffness value.
Tissue stiffness value is the conventional parame-
ter of hardness. It is calculated from the stress-
strain behavior based on the degree of depression 
and the counter weight.
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Fig. 2. The tactile sensor system.
(a) The system based on the contact compliance 
method. The sensor probe consists of a piezo-
electric element and a vibration sensor. A 3-mm 
diameter nylon hemisphere is attached to the free 
end of the piezoelectric element.
(b) Object hardness is measured by the tactile sen-
sor (the tactile values), and is expressed as the 
change in frequency, Δf=fx – f0 , which is the differ-
ence between the resonance frequency of the 
points to which the sensor is applied (fx), and the 
non-contact resonance frequency of the tactile 
sensor (f0).
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the feedback circuit system is oscillated at the reso-
nance frequency of the piezoelectric element (Fig. 
2). When the probe is pressed against an object, 
the resonance frequency varies with the acoustic 
impedance of the object.　Object hardness is mea-
sured by the tactile sensor, and the output or change 
in frequency is represented as a tactile value. 
(Δf=fx−f0). Specifically, a tactile value refers to the 
difference between the resonance frequency at the 
point to which the sensor is applied (fx) and the non-
contact resonance frequency of the tactile sensor (f0).　
At laparotomy, we measured liver hardness at 3 
points on each liver using the parameters of stiffness 
and regarded the averaged value of the 3 points as a 
tactile value.

Histopathologic study. Representative 
blocks from each excised liver specimen were pre-
pared. After routine paraffin-wax processing, sec-
tions were stained with hematoxylin and eosin for 
light microscopic assessment of liver damage. A 
hepatic fibrosis index (HFI) then was calculated as 
follows to quantify the degree of liver fibrosis.　
Azan-stained sections were prepared, in which fi-
brotic tissue was stained blue. Percent fibrosis 
(relative extent of the blue area) was determined by 
computed color image analysis (Image-Pro Plus ver-
sion 4.5, Media Cybernetics., Silver Spring, MD, 
USA). For each rat, the area of fibrotic tissue was 
measured in 5 randomly selected fields, and the av-
erage was expressed as a percentage representing 
the HFI11) (Fig. 3).

Statistical analysis. Results were ex-
pressed as the mean followed by range. Differenc-
es in means between the two groups were assessed 
by the Student’s t test, and correlations between 
variables were analyzed using Pearson’s correlation 
coefficient. P values less than 0.05 were consid-
ered significant.

This study was approved by the Ethics Review 
Committee for Animal Experimentation of Fukushi-

ma Medical University.

RESULTS

Histopathologic findings. The rats in 
group A had normal liver histology on light micros-
copy and an HFI of 0.39% (0.14% to 0.74%). On 
the other hand, the rats treated with TAA exhibited 
varying degrees of hepatic fibrosis, showing more 
extensive hepatic fibrosis than any other healthy 
rats. The group B rats showed the histologic ap-
pearance of chronic hepatitis and an HFI of 7.74% 
(1.86% to 16.10%). The group C rats showed fea-
tures of macronodular cirrhosis and an HFI of 
11.80% (3.80% to 19.98%) (Fig. 4). The mean HFI 
was significantly different between the groups 
(p<0.005 between the groups A and B, p<0.005 be-
tween the groups A and C, and p=0.012 between 
the groups B and C) (Fig. 5).

Liver hardness. Group A had a mean stiff-
ness value of 0.35 g/cm (0.26 to 0.51), group B had a 
mean value of 0.42 g/cm (0.29 to 0.59), and group C 

Fig. 3. Hepatic fibrosis index.
Azan stained images were transferred to a PC and 
processed by binarization. Hepatic fibrosis index 
was then calculated by computed color image anal-
ysis.
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Fig. 5. HFI of each group.
There was a significant difference in HFI between 
each group (p<0.005 between groups A and B, and 
between groups A and C. p=0.012 between 
groups B and C).
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Fig. 4. Azan staining of each group.
(A) Group A had normal liver histology. (B) 
Group B showed the histologic appearance of 
chronic hepatitis. (C) Group C showed the fea-
tures of macronodular cirrhosis.
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had a mean value of 0.44 g/cm (0.32 to 0.60). The 
mean stiffness value was significantly different be-
tween the groups A and C (p=0.009) (Fig. 6). Re-
garding tactile values, group A had a mean value of 
−473.5 (−589.2 to −332.4), group B had a mean 
value of −404.6 (−638.9 to −294.4), while group C 
had a mean value of −375.4 (−578.0 to −255.9).　
The mean tactile values differed significantly be-
tween the groups A and C (p=0.011) (Fig. 7).

CT value. Group A had a mean CT value of 
76.53 HU (70.34 to 81.26), while group B had a mean 
value of 74.76 HU (66.38 to 83.40) and group C had a 
mean value of 72.51 HU (66.40 to 81.52). The 
mean CT value differed significantly between the 
groups A and C (p=0.015).

US value. Group A had a mean US value of 
16.41 (6.92 to 23.71), while group B had a mean val-
ue of 14.99 (8.35 to 25.09) and group C had a mean 
value of 16.62 (5.49 to 27.88). The mean US value 
did not differ significantly between the groups.

Liver hardness and HFI. Stiffness values 
and the HFI showed a positive correlation (r=0.690, 

p<0.001) (Fig. 8), as did the tactile values and HFI 
(r=0.709, p<0.001) (Fig. 9).

In addition, stiffness and tactile values correlat-
ed positively with each other (r=0.814, p<0.001) 
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Fig.6 Fig. 6. Stiffness value of each group.
There was a significant difference in stiffness val-
ue between groups A and C (p=0.009).
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Fig.7 Fig. 7. Tactile value of each group.
The tactile value showed a significant difference 
between groups A group and C (p=0.011).
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Fig.8 Fig. 8. Correlation between stiffness values and HFI.
The stiffness values and the HFI showed a posi-
tive correlation (r=0.690, p<0.001).
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Fig. 9. Correlation between tactile values and HFI.

The tactile values and the HFI showed a positive 
correlation (r=0.709, p<0.001).
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Fig.10 Fig. 10 Correlation between stiffness values and tac-
tile values.
The stiffness values and the tactile values showed 
a positive correlation (r=0.814, p<0.001).
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(Fig. 10).
CT value and liver hardness. No correla-

tion was evident between the CT values and either 
stiffness values or tactile values.

CT value and HFI. No correlation was 
found between the CT values and HFI (Fig. 11).

US value and liver hardness. No correla-
tion was demonstrated between the US values and 
either the stiffness values or tactile values.

US value and HFI. No correlation was not-
ed between the US values and HFI (Fig. 12).

DISCUSSION

Liver resection is most effective in various 
therapies for patients with HCC. However, surgi-
cal treatment of cirrhotic patients is associated with 
considerable risk6). Although a number of methods 
for assessing liver function, especially hepatic func-

tional reserve, have been developed7-9) we occasion-
ally encounter liver failure after liver resection even 
if preoperative estimation is performed using these 
methods. Therefore, we consider that the assess-
ments of other parameters such as hepatic regenera-
tion are needed in addition to hepatic functional re-
serve when planning surgery.

It has been reported that transforming growth 
factor-β (TGF-β), which promotes liver fibrosis and 
suppresses the growth of hepatocytes, is related to 
the development of liver cirrhosis17). Hatakeyama 
et al. focused on the degree of liver fibrosis in which 
TGF-β played a key role to estimate the capacity of 
the cirrhotic liver to tolerate hepatectomy, and per-
formed an experiment using rats with liver cirrhosis.　
They found that the HFI, which was calculated by 
the Azan-staining method and computed color image 
analysis, predicted liver regenerative activity11).　
However, the limitation of this method is the need to 
obtain a large block of liver by biopsy.　Hatakeyama 
et al. investigated the quantification of liver hardness 
of cirrhotic rats using a new tactile sensor. The re-
sults indicated that it was possible to measure liver 
hardness (tactile values) rapidly and accurately with 
the sensor, and the tactile values showed a highly 
significant correlation with HFI and liver regenera-
tive activity12,18).　Furthermore, Hatakeyama et al. 
reported that tactile values had a highly significant 
correlation with HFI in clinical cases19). However, 
it is impossible to measure liver hardness before op-
eration.

CT and US are used for the examination of the 
liver in general. CT images reflect the differences 
of radiolucency between tissues20) and US images 
reflect the differences of acoustic impedance be-
tween tissues14). Radiolucency and acoustic imped-
ance are considered to be related to tissue proper-
ties. Therefore, we investigated the usefulness of 
CT and US for evaluating liver hardness. In this 
study, the stiffness values and HFI showed a posi-
tive correlation, as did the tactile values and HFI.　
This therefore reconfirmed that the tactile sensor 
was useful for the measurement of HFI which had 
highly significant correlation with hepatic regenera-
tion activity.

In this study, we used US values as a parameter 
of acoustic impedance. Ultrasonic diagnostic equip-
ment creates an image by processing acoustic sig-
nals returning from tissues using a filter among oth-
ers. It is thought that unprocessed acoustic signals 
have a possibility to represent tissue properties. In 
this study, therefore, we obtained raw resonance fre-
quencies as a quantitative value of US. However, 
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there was no correlation between the US values and 
HFI. This study did not demonstrate that US was 
useful for evaluating hepatic fibrosis. There is no 
report that evaluated hardness by US value to date.　
We consider that it is difficult to evaluate the liver 
hardness by only US value. So, we will try the de-
velopment of new theory system.

We used CT values as a parameter of radiolu-
cency. The CT values were obtained by digitizing 
the radiolucency of tissues and were considered to 
be dependent on the properties of tissues. In the 
pilot study, CT values and stiffness values showed a 
positive correlation in various tissues. However, in 
this study, there was no significant correlation. The 
program used by the CT device may have affected 
the CT values. In other words, emphasis on the 
outline for making images clearer might have influ-
enced the results of this study. We might have 
gained different results had we had raw CT val-
ues. Regardless, we consider that, at present, it is 
impossible to evaluate liver hardness and HFI with 
CT and US values alone.

CONCLUSION

We reconfirmed the usefulness of a tactile sen-
sor for the measurement of HFI. In addition, we 
confirmed that it was difficult to evaluate liver hard-
ness and HFI by using CT or US examination. We 
consider that a tactile sensor is useful method to 
date to effectively evaluate HFI.
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