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Background: Shear Wave Elastography (SWE) is a recent non-invasive method for determining liver
stiffness. SWE is a two-dimensional elastography technique in which an amplitude-modulated beam
of focused ultrasound is used to generate shear waves which are then transmitted by the transducer
to the region of interest (ROI), where the propagation speed of shear waves is measured. The
present study is the first attempt to measure the normal range of liver stiffness using SWE in a
healthy population from North India and to study the effect of age, gender, and BMI on the liver
stiffness values in the healthy population. Methods: This cross-sectional observational study was
conducted in the Department of Radiodiagnosis and Imaging, Government Medical College, Jammu
on 117 healthy subjects without any known liver pathology or history of any liver disease. B-Mode
Ultrasound scan, followed by SWE Examination was performed on all subjects using SAMSUNG
RS80EVO using CA1-7A convex array probe with a frequency of 1 to 7 MHz. Results: Successful
results were obtained in 98.2%. The mean value of liver stiffness in 115 healthy subjects was 4.74
± 0.91 kPa, and the 95% confidence interval was 4.58-4.91 kPa. (Range: 2.7-7.8 kPa). There were
no statistically significant differences in liver stiffness values regarding age, gender and BMI in the
healthy population (all p> 0.05).
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Introduction
Shear wave elastography (SWE) is a non-invasive
quantitative method to measure liver elasticity. Liver
fibrosis is characterized by an increase in the
deposition of extracellular matrix in the liver and the
liver becomes stiffer than normal. An accurate
assessment of the degree of fibrosis is essential for
the management of liver fibrosis and cirrhosis.
Successful detection of fibrosis at an early stage is
extremely important to improve the prognosis of
these patients as mild to moderate fibrosis is
reversible whereas cirrhosis is generally irreversible
[1]. Earlier liver biopsy was considered the gold
standard method for measurement of fibrosis;
however, there are more chances of sampling error
due to small tissue samples. In addition, liver biopsy
is invasive, costly, has a risk of bleeding and there
are more interobserver variations [2,3].

Presently the research focus is on the development
of non-invasive methods of assessment of liver
fibrosis. Transient Elastography using FibroScan is
the most widely used method for the measurement
of liver stiffness. However, there are many
limitations like difficulty in obese patients, variations
in operator experience and it is a one-dimensional
technique. Shear Wave Elastography (SWE) is a
recent method for determining liver stiffness. The
society of Radiologists in Ultrasound has arrived at a
consensus for using elastography in the assessment
of liver fibrosis [4]. SWE is a two-dimensional
elastography technique in which an amplitude-
modulated beam of focused ultrasound is used to
generate shear waves which are then transmitted by
the transducer to the region of interest (ROI),
where the propagation speed of shear waves is
measured.

Elasticity is calculated by using Young’s Modulus
E=3ρc2, where E is the elasticity, ρ is density and c
is the shear wave speed [5,6]. Shear waves travel
faster in stiffer tissues and loss of elasticity
corresponds to the amount of fibrosis. Many studies
have evaluated liver stiffness in diffuse liver
diseases [7]; however, few studies are available to
define the SWE values of liver stiffness in the
healthy population. The present study is the first
attempt to measure the normal range of liver
stiffness in a healthy population from North India
and to study the effect of age, gender and Body
Mass Index (BMI) on the liver stiffness

Values in the healthy population. The present study
aimed to determine the normal range of liver
stiffness in healthy individuals and to study the
effect of age, gender, and BMI on liver stiffness.

Material and Methods
This cross-sectional observational study was
conducted in the Department of Radiodiagnosis and
Imaging, Government Medical College, Jammu on
117 healthy subjects without any known liver
pathology or history of any systemic or liver
disease. Subjects with abnormal liver function tests
or fatty liver on ultrasound examination were
excluded from the study. The study was initiated
after approval from the Institutional Ethics
Committee. A detailed history was taken and a
clinical examination was done. Informed consent
was taken from the patients. The various
parameters viz., age, sex, weight, height, and BMI
were recorded for each subject at the time of the
study. B-Mode Ultrasound scan was performed on all
subjects using SAMSUNG RS80EVO using CA1-7A
convex array probe with a frequency of 1 to 7 MHz.
SWE examination was performed on all 117 subjects
using the same scanner and transducer. The
subjects fasted 4 hours prior to the scan. Imaging
was done with subjects in the left lateral decubitus
position with their right arm raised overhead. They
were required to hold their breath for a few seconds
during the examination. The intercostal approach
was used for the placement of the transducer. The
B- Mode image was optimized to get the best
acoustic window. Region of interest (ROI) was
placed in the right lobe of the liver perpendicular to
the liver capsule, approximately 2 cm beneath the
Glisson's capsule, and large blood vessels, bile
ducts, and rib shadows were avoided. The SWE
image was frozen and the elastic modulus in kPa
and shear wave speed in m/s was automatically
calculated within the ROI. At least 10 valid
measurements were taken with an interquartile
range ratio of less than 30% and a Reliability
Measurement Index (RMI) of >0.2. The median liver
stiffness was recorded and expressed in kPa. (Fig
1).

To study the effect of age, gender, and BMI on liver
stiffness, the subjects were divided into six age-
groups: < 20 years, 20-29 years, 30-39 years, 40-
49 years, 50-59 years, and >59 years; three
categories according to WHO Expert
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Consultation 2004[8]: underweight <18.5; normal
weight 18.5-24.9; overweight >24.9; and two
gender categories: males and females. Statistical
analysis was done using SPSS 17.0 version and
PAST 4.0 version. Statistical significance was set at
0.05 (two-tailed).

Figure 1:(a) Shearwave Measurements
indicating liver stiffness measured in kPa, the
depth of region of interest, and the Reliable
Measurement Index (RMI). 

Figure 1:(b) Shear wave profile graph for
calculating median liver stiffness.

Results
SWE examination was performed on 117 healthy
subjects. Successful results were obtained in 115
cases (62 males and 53 females) with a success
rate of 98.2%, as 2 subjects were not able to do
successful breath control. The mean value of liver
stiffness in 115 healthy subjects was 4.74 ± 0.91
kPa, and the 95% confidence interval was 4.58-4.91
kPa. The range was 2.7-7.8 k Pa.

Influence of age: The value of liver stiffness for
healthy adults in each age group is shown in Table
1. The p-value was 0.163, so the difference among
various age groups was not statistically significant.
(Fig 2)

Table 1: SWE values (kPa) in different age
groups

Age (in years) n Mean±SD 95% CI

<20 13 4.34±0.73 3.90-4.78

20-29 37 4.61±0.77 4.36-4.87

30-39 31 5.02±1.06 4.64-5.42

40-49 17 4.81±0.99 4.30-5.32

50-59 9 4.42±0.74 3.86-4.99

>59 8 4.95±1.04 4.09-5.81

Figure 2. Liver stiffness according to different
age groups

Influence of Gender: The mean shear wave
elastography values for males and females are
shown in Table 2. The difference was not statistically
significant (p-value: 0.097) (Fig 3)

Table 2: SWE value (kPa) in different gender
groups

Gender n Mean±SD 95% CI

Male 62 4.84±0.91 4.60-5.07

Female 53 4.64±0.90 4.40-4.89

Figure 3. Liver stiffness according to gender

Influence of BMI: The characteristics of liver
stiffness among the different BMI groups are shown
in Table 3. The p value was 0.084 which was not
statistically significant (Fig 4)

Table 3: SWE value (kPa) in different BMI
groups

Body mass index (BMI) n Mean±SD 95% CI

<18.5 20 4.63±1.03 4.14-5.11

18.5-24.9 78 4.68±0.86 4.49-4.87

>24.9 17 5.19±0.90 4.73-5.65
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Figure 4: Liver stiffness according to BMI

Discussion
In the present study, liver stiffness was successfully
measured in 115 subjects using shear wave
elastography, with a success rate of 98.2%. This is
comparable to the study by Huang Z et al 2014 [9].
in which the success rate was 98.6%. So, the shear
wave elastography can be used successfully to
measure liver stiffness as compared to transient
elastography in which the rate of uninterpretable
results is around 20% [10], and Acoustic Radiation
Force Impulse (ARFI) elastography in which valid
measurements were found in around 78.83% [11].

The mean value of liver stiffness in the present
study was found to be 4.74 ± 0.91 kPa. The results
are similar to that studied by Z Haung et al
2014[9]. in which they calculated liver stiffness
using SWE and found the mean stiffness to be
5.10±1.02 kPa. Similarly, Mulabecirovic et al
2018[12]. revealed a normal liver stiffness of
4.1±0.8 kPa using SWE. In the studies by Madhok
et al 2013[11] and Popescu et al 2011[13], the
normal mean liver stiffness using ARFI was
1.197±0.25 m/s and 1.15±0.21m/s respectively.
Various studies performed using transient
elastography have found mean liver stiffness to be
4.4 kPa [14] ,3.2 to 8.5 kPa [15], 1.08 m/s [16].

In the present investigation, it was found that liver
stiffness was not significantly affected by age of the
subjects, which is consistent with the previous
studies [9,16]. in which there was no influence of
age on liver elasticity values. Similarly, Popescu et

Al 2011[13], Sirli et al 2013[17], and Fung et al
2013[18]. did not find any statistically significant
relationship between age and liver elasticity values.

In the present study, liver stiffness was unaffected
by the BMI of the subjects. Similar results were
obtained in studies done by Kim et al 2010 [16],
Popescu et al 2011[13], Sirli et al 2013[17]. and Z
Huang et al 2014 [9]. where no relation was
observed between BMI and liver stiffness. However,
Das et al 2012[15] found liver stiffness to be higher
in both lean and obese individuals.

No statistically significant differences were noted in
the liver stiffness between healthy males and
females in the present work. This is similar to the
studies done by Madhok et al 2013[11]. in which no
difference was noted between males and females.
Similarly, Popescu et al 2011 [13]. and Sirli et al
2010[17]. also found no difference in liver stiffness
between healthy males and females. Higher liver
stiffness was reported in males by several
researchers [9,14,18].

Conclusion
SWE is a non-invasive and effective method for the
measurement of liver stiffness. The mean value of
liver stiffness in the north Indian population was
4.74 ± 0.91 kPa, with no statistically significant
effect of age, gender and BMI in a healthy
population. The present study indicates the
importance of the fact that the values of liver
stiffness are not universal. This variation can be
attributed to different geographic localities,
nationalities of the populations, and even the
different sample sizes.

Author’s Contribution: Dr Namrita Dhar, Dr Ishan
Gupta, and Dr Kulbhushan Gupta contributed
equally to the conduct of the study and in the
preparation of the manuscript.
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