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Acoustic Radiation Force Impulse Imaging 
of the Liver: Measurement of the Normal 

Mean Values of the Shearing Wave  
Velocity in a Healthy Liver
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ABSTRACT
AIM:  To find the normal mean values of the liver elasticity/stiff-
ness by Acoustic Radiation Force Impulse (ARFI) Elastography 
in healthy subjects.

Material and Method:  This study was conducted on 137 
healthy subjects without any known liver pathology or a history 
of jaundice by using the Siemens Acuson S2000TM Ultrasound 
machine with a convex probe . A routine ultrasound was also 
performed in each case, and the subjects with fatty liver chang-
es or any other signs of a chronic liver pathology were excluded. 
In each subject, 10 measurements were taken and the median 
value of the 10 measurements was calculated, which was ex-
pressed in metres/sec (m/s). The inter quartile range method 
was used for the interpretation of the data.  Only the measure-
ments with an IQR of < 30% and a  Success Rate (SR) of >60% 

were considered. The measurements were taken at  1-2 cm 
depth from the liver capsule through an intercostal approach, 
with the subject lying in the decubitus position. The mean ARFI 
values and the mean values according to the age and gender of 
the subjects were evaluated.

Result:  Valid ARFI measurements were taken in 108/137 pa-
tients (78.83%). The mean value of the ARFI measurements 
in the normal individuals was 1.197±0.25 m/s.  There were no 
significant differences between the mean ARFI values in men 
vs women (1.195±.25 vs. 1.199±0.26m/s, p = 0.939), and also 
among the different age groups (p>0.05). 

Conclusion:  In our study, the mean liver elasticity value (shear-
ing wave velocity) which was obtained by ARFI in the healthy 
subjects was 1.197±0.25 m/s.  
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InTROduCTIOn
ARFI is an elastography method which is used to measure the liv-
er elasticity /stiffness for fibrosis. There are various elastography 
methods  which are used for assessing   liver fibrosis. They are, 
Transient Elastography (Fibro Scan) [1], Real-Time Tissue Elas-
tography, Acoustic Radiation Force Impulse (ARFI) [2] and MRI 
elastography [3]. Some of these techniques have already been 
well established, while others still have to prove their usefulness. 
ARFI is an ultrasound based, new non-invasive technique which 
is used to measure the tissue stiffness, it is the most reliable mea-
surement procedure for assessing the liver elasticity/ stiffness and 
it has reproducibility [4].

It is an acoustic radiation force-based imaging method that is 
provided by the conventional B-mode ultrasonography. It offers 
elastography with a flexible metering box at a variable depth, thus 
allowing the examination of a specific area. A focused ultrasound 
is used to apply a localized radiation force to small volumes of 
tissue (2mm3) [5]. The ARFI imaging involves the transmission of 
an initial ultrasonic pulse at diagnostic intensity levels to obtain 
a baseline signal for a later comparison. A short-duration (ap-
proximately 0.3 s), high-intensity, acoustic ‘pushing pulse’ is then 
transmitted by the same transducer, followed by a series of di-
agnostic intensity pulses, which are used to track the displace-
ment of the tissue which is caused by the pushing pulse. The 
response of the tissue to the radiation force is observed by using 

R
ad

io
lo

g
y 

s
ec

tio
n

the conventional B-mode imaging pulses, and it is possible to 
display the quantitative shear-wave velocity (SWV; meter/sec) of 
the ARFI displacement. This velocity (m/s) is proportional to the 
square root of the tissue elasticity. Because the velocity of the 
shear wave depends on the tissue stiffness, it is possible to apply 
the ARFI technology to elastography, in which the wave propaga-
tion speed is evaluated to study the viscoelastic properties of the 
target tissues [6]. This technology was named as “Virtual Touch 
Tissue Quantification” by SIEMENS. Previous reports have also 
referred to it as ARFI elastography or ARFI elastometry. The mea-
sured Shear-Wave Velocity (SWV) is an intrinsic calculation and 
a reproducible property of the tissue [7] and also, the procedure 
can be performed during a routine ultrasound examination.

Acoustic Radiation Force Impulse Elastography is used for the 
assessment of liver fibrosis, thyroid gland nodules, breast nod-
ules and, liver and kidney tumours, for the characterization of 
atherosclerotic plaques, as well as for monitoring the results of 
radiofrequency ablations.

ARFI is a non-invasive alternative to a liver biopsy for the evalu-
ation of Liver fibrosis. A liver biopsy is still recommended as the 
gold standard method for determining the fibrosis stage, the 
prognosis and the therapeutic indications in patients with chronic 
liver disease. However, a liver biopsy is an invasive procedure 
which is associated with a risk of serious complications. Approxi-
mately 1–3% of the patients require hospitalization for the com-
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plications, and a quarter of them report pain after a percutaneous 
liver biopsy. The diagnostic accuracy of liver biopsy for assessing 
liver fibrosis is influenced by the quality of the biopsy samples. In 
addition, there are several absolute or relative contraindications 
to the liver biopsy, which include severe coagulopathy [8].
In order to differentiate  a normal liver from  a fibrotic liver, the 
normal range of the liver elasticity measurements must be estab-
lished. The aim of this  study was to define the normal shearing 
wave velocity values in a healthy liver.

MATeRIAlS And MeThOdS 
One hundred and thirty seven subjects without any known liver 
pathology or a history of liver disease, underwent the acoustic ra-
diation force impulse imaging tissue quantification. The subjects 
with fatty liver or an enlarged spleen at ultrasound were excluded. 
This study was approved by the local ethics committee and the 
patients’ informed consent was obtained for the investigations.

In each subject, the liver elasticity was measured by means of ARFI 
in the right liver lobe, 1-2 cm below the liver capsule, by an inter-
costal approach, with the patient lying in the left lateral decubitus, 
with minimal scanning pressure being applied by the operator, while 
the patients were asked to stop breathing for a moment, in order 
to minimize the breathing motion. Care was taken not to include 
any blood vessels or billiary structures. The ARFI measurements 
were performed by using the Virtual Touch issue Quantification 
software. In each patient, valid ARFI measurements were  made in 
the liver and the median values were calculated, the results being 
expressed in metres/second (m/s).  

Our data analysis was performed by the hospital’s statistician by 
using the Inter Quartile Range (IQR) [9]. The IQR is used in statistics   
for finding the difference between the biggest and the smallest val-
ues in the middle 50% of the data. It is the measure of the vari-
ability, which is based on dividing a data set into quartiles, where 
the quartiles divide a rank order data set into four equal parts. The 
values which divide each part are called the first, second and the 
third quartiles and they are denoted as Q1, Q2 and  Q3.  IQR is 
difference between Q3 and Q1.

For the normally distributed data, the arithmetic mean and the 
standard deviation are used. For the data which is not normally 
distributed, the median with the data range are used. Therefore, 
the range is an informative tool which is used as a supplement to 
the other measures such as standard deviation.

The ARFI measurements were numeric variables and so the mean 
and the standard variations were calculated. The mean ARFI val-
ues and the mean values according to the age and gender were 
evaluated.

ReSulTS
Our study group comprised of 137 subjects and their mean age  
was 34.139±10.674 years. There were  40 females and 97 males 
(the ARFI values ranged between 0.23 and 2.98 m/s). One hun-
dered eight patients (78.83%) had valid ARFI measurements with an 
IQR of <30% and an SR of ≥60% (35 women and 73 men, whose 
mean age was 34.5±9.53 years). Only in 8 subjects (5.83%), we 
could not obtain 10 valid measurements, and in 21 (15.32%) pa-
tients, the IQR and the SR criteria were not fulfilled [Table/Fig-1].

The mean shearing wave velocity value which was determined by 
ARFI in the healthy subjects with an IQR of <30% and an SR of ≥ 

60% was 1.197 ±0.25 m/s. The ARFI values ranged between 0.23 
and 2.98m/s.

We did not find significant differences between the mean ARFI val-
ues in men vs. women (1.195±0.25 vs. 1.99± 0.26 m/s, p=0.939) 

[Table/Fig-1]: Distribution of Median of ARFI values in Healthy 
Population-According to the Age Group.

[Table/Fig-2]:  Distribution of Mean/SD ARFI values in Healthy
 Population-According to the Gender

[Table/Fig-4]: Age group wise distribution of mean ARFI values

[Table/Fig-5]: Gender wise distribution of mean ARFI values

[Table/Fig-3]: Distribution of Mean/SD ARFI values in Healthy 
Population-According to the Age Group

age Group Frequency Mean value

20-30 45 1.192±0.24

30-40 42 1.184±0.26

40-50 15 1.262±0.23

50-60 3 1.20±0.24           

60-70 3 1.106±0.24

Gender Frequency Mean value sd

Male 73 1.195 0.25

Female 35 1.199 0.26
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are required to establish the normal ARFI measurements and to 
establish  their place in the diagnosis of patients with chronic dif-
fuse liver diseases.

COnCluSIOn

In our study, the mean LS value which was obtained by ARFI 
in the healthy subjects was 1.197 m/s, and we did not find sig-
nificant differences between the mean ARFI values in men vs. 
women and among the different age groups.
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[Table/Fig-2], [Table/Fig-3] and also among the different age groups 
[Table/Fig-4], [Table/Fig-5]. 

In our group, 21 subjects (15.32%) had ARFI values which were 
higher than the mean value of 1.195±0.25m/s and measured 
1.252 to 1.276±0.24m/s.

dISCuSSIOn
There are only few published data regarding the normal range of 
the shearing wave velocity in healthy subjects. 

A recent study which was published by Alina Popescu et al., [10] 
used the interquartile range for the data evaluation  in 82 subjects  
with a mean age group of 34 years and it showed that the nor-
mal mean Liver Stiffness (LS) /elasticity by the ARFI Shear Wave 
Velocity(SWV) in the healthy subjects was 1.15 m/s(range 0.69 
-1.6m/s). A study which was published by Horster et al., [11] 
showed that the mean ARFI  shearing wave velocity in a group of 
68 healthy volunteers, with a mean age of 28  years was 1.19 m/s 
(range  0.77-1.63). This was similar to our study results, 1.195m/s 
(range 0.23 and 2.98 m/s). Both the authors also showed that the 
age and gender did not influence the ARFI shearing wave velocity. 
The same was also observed in our study. 

 The intercostals approach had the highest success rates (97.2%), 
while the skin-liver distance significantly influenced the ARFI SWS  
.The best correlation with fibrosis (which was obtained by a liver 
biopsy), was obtained for the measurements which were made at 
1-2cm (with a success rate of 95.5%) and at 2-3 cm ( with a suc-
cess rate of 85.6%) below the capsule and so the best place for 
the ARFI determination would be 1-2 cm below the capsule [12] 
. Goertz et al obtained a mean LS value of 1.09 m/s (range 0.79-
1.32 m/s) in a group of 20 subjects without any liver pathology 
and Fierbinteanu-Braticevici [13] et al., obtained a mean value 
of 1.18 m/s.  Friedrich-Rust et al., [14] had performed the ARFI 
measurements in 20 healthy volunteers in the right liver lobe, 
through the intercostals space at 2cm below the liver capsule, 
with 10 valid values for each patient. The median SWV which was 
measured was 1.10 m/sec, with a mean value of 1.13±0.23 m/
sec and a  range of 0.85-1.42 m/sec.

Gallotti et al., [15] measured the elasticity of various abdominal 
organs by ARFI elastography in 35 healthy subjects and obtained 
a mean value of 1.59 m/s for the liver, which was higher than the 
values  which were obtained in the other studies. Grgurevic et al., 
[16] established a SWV cut-off value of 1.3 m/s for the healthy 
liver, that could reliably differentiate between the healthy and the 
non-cirrhotic HCV patients.

We also considered like Alina Popescu et al, that only the mea-
surements with an IQR of <30% and an SR of ≥60% should be 
validated.

The published data regarding the value of ARFI in predicting the 
severity of liver fibrosis tried to established cut-off values for the 
different stages of fibrosis. In the study of Lupsor et al., [17], the 
cut-off values (m/s) which were predictive for each fibrosis stage 
were 1.19 (F≥1), 1.34(F≥2), 1.6((F≥3) and 2.00 (F4). Friedrich-
Rust et al showed the following mean values for the different fi-
brosis stages: F0- 1.16 ± 0.17 m/sec, F1- 1.18±0.18 m/sec, F2 
-1.34±0.34 m/sec, F3- 1.75±0.51 m/sec and F4 -2.38±0.74 m/
sec. From these data, we observed that the mean SWV value 
which was obtained by us for the normal subjects   was close to 
the cut-off values for F1 . Further large studies on healthy subjects 
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