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The aim of the study was to compare the accuracy of shear wave elastography performed by ultrasonic scanners from different 
manufacturers and to develop the conversion coefficients to recalculate the stiffness values obtained with different instruments using a 
calibrated phantom.

Materials and Methods. A comparative analysis of the accuracy of stiffness measurements by shear wave point elastography was 
performed using three commercial ultrasonic scanners: Aixplorer (Supersonic Imagine, France), Acuson S2000 (Siemens, Germany), 
LOGIQ E9 (GE, USA), and the acoustic system Verasonics (Verasonics Inc., USA). The measurements were carried out using the calibrated 
phantom CIRS Model 049 Elasticity QA Phantom Spherical (Computerized Imaging Reference Systems Company, USA) that contained 
spherical inclusions of different stiffness.

Results. With all tested scanners, comparable stiffness values with deviations within the measurement error were obtained. For the 
less stiff spheres of type I and type II, the obtained values were consistent with to the phantom calibration. For the medium-stiff phantom 
matrix, the measured values were at the lower limit of the calibration range. With the stiff spheres of type III, we found values lower 
than those predicted by calibration; the deviation was less pronounced in the linear sensor of the LOGIQ E9 scanner.  In all sensors, 
this discrepancy increased along with increasing stiffness of the object. We developed formulas for recalculating the stiffness values for 
all tested scanners grouped by pairs. For example, for the pair of linear sensors Acuson S2000–Aixplorer, the conversion formulas of 
the Young’s modulus E and the shear wave velocity V are as follows: E(Aixplorer, kPa)=3.11·V2.06(Acuson S2000, m/s) and V(Acuson 
S2000, m/s)=0.58·E0.48(Aixplorer, kPa). 

Conclusion. All tested sensors and scanners have a comparable high accuracy of shear wave point elastography. The tested 
instruments are more accurate when measuring objects with low stiffness; as the stiffness increases, the deviations from the standard 
values become greater. The formulas proposed for recalculating the stiffness indices allow an accurate comparison between the shear wave 
elastography results obtained with different scanners. When used with the same object, the measured stiffness values increase in the row: 
Acuson S2000 → Aixplorer → LOGIQ E9.

Key words: shear wave shear elastography; ARFI-elastography; elastometry; Young’s modulus; shear wave velocity; Aixplorer; Acuson 
S2000; LOGIQ E9; Verasonics.
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Shear Wave Elastography on Ultrasonic Scanners from Different Manufacturers

Determination of stiffness of various biological objects 
by means of point shear wave elastography becomes 
an increasingly common diagnostic modality; this 
technology is used in most ultrasonic scanners from 
various manufacturers. The general physical principles 
of shear wave velocity measurement are detailed in the 
medical literature [1–4]; however, specific mechanisms 

for implementing this technology and methods for 
determining the stiffness are considered commercial 
secrets, which are not available for public access.

The lack of the relevant information raises a number 
of questions. How accurately is the tissue stiffness 
measured and calculated with scanners from different 
manufacturers? What technology is more accurate? How 
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significant is the discrepancy between the instruments? 
In addition, is it necessary to check the instrument 
accuracy before the measurement or compare the 
results obtained with different devices based on different 
modifications of elastography [5, 6]? These and similar 
questions are increasingly asked by ultrasound doctors; 
however, no clear answers are yet available. There are 
single reports [7] on the comparison between various 
shear wave elastography scanners.

One source of discrepancies between the results 
obtained with different scanners is the use of different 
representation parameters. In some instruments 
(e.g., Siemens), the result is presented as the shear 
wave velocity expressed in meters per second (m/s), 
while in others (Aixplorer) it is recalculated into the 
Young’s modulus E — the conventional physical index 
characterizing the stiffness (elasticity) of the media and 
measured in kilopascals (kPa). It is directly proportional 
to the product of the medium density ρ and the square of 
the shear wave velocity V:

E=3ρV2.                                 (1)

According to a simplified theory, the density ρ of 
any soft tissue is constant and equal to 1 g/cm3, which 
allows us to not take this index into account. However, 
this assumption is only relevant for the density of 
normal soft tissues. In malignant tumors or in fibrotic 
tissues, the ρ value may be significantly higher than 
1 g/cm3, which may impact the results obtained with 
different scanners. In such cases, the Young’ modulus 
automatically calculated by the scanner and the tissue 
stiffness presented in kPa may contain a considerable 
measurement error due to an inaccurate ρ value.

To determine the accuracy of elastometry, two 
components are necessary. Firstly, it is a calibrated 
phantom for the determination of stiffness in the medium 
with known elastic characteristics. Secondly, one needs 
an experimental device with a wide range of settings for 
high-precision measurements, which can be used as a 
reference for comparison with other devices. In part, the 
present experiments based on these two components 
were run at the Laboratory of Biomedical Technologies, 
Medical Instrumentation and Acoustic Diagnostics at 
the Acoustics Department of the Lobachevsky State 
University of Nizhni Novgorod, where we used an 
experimental acoustic system with an open architecture 
(Verasonics) [8]. Another part of the experiments using 
commercial medical ultrasonic scanners was performed 
at the Privolzhsky District Medical Center of Federal 
Medico-Biologic Agency of Russia.

The aim of the study was to compare the accuracy 
of shear wave elastography performed by ultrasonic 
scanners from different manufacturers and to develop 
the conversion coefficients to recalculate the stiffness 
values obtained with different instruments using a 
calibrated phantom.

Materials and Methods. Shear wave elastography 
incorporates two interconnected technologies: point 

elastography and two-dimensional elastography. 
With point shear wave elastography (pSWE), shear 
waves arise due to an exposure to the radiation 
pressure caused by a strong focused ultrasonic pulse. 
Another name for this method, ARFI, comes from the 
abbreviation of “acoustic radiation force impulse” [9].

The principle of point elastography is that at an 
appropriate depth, a sufficiently high radiation pressure 
is created by an intense focused short acoustic pulse 
within a single ultrasonic beam. The energy of this 
pressure is transferred to the environment, where shear 
waves are generated and spread from the focus towards 
the periphery in the plane perpendicular to the scanning 
axis, just as circles on the water spread from the point 
where the stone falls [10, 11]. Then, after the initial pulse, 
the object (e.g., tissue) is scanned with conventional 
ultrasonic waves at short time intervals. The resulting 
signal reflects the displacement of the selected points 
of the medium from their original position caused 
by the initial shear wave. The signal also carries the 
information on the shear wave arrival time. Knowing the 
distance from the focus to a specific point and the arrival 
time of the shear wave, we can determine its velocity. 
The higher the stiffness of the medium, the higher the 
shear wave velocity. The method of point elastography 
allows accurate calculating of the tissue stiffness in the 
limited space where shear waves propagate. Therefore, 
the term “elastometry” is a legitimate synonym for the 
designation of this technology.

Further technical development of point elastography 
was achieved by creating two-dimensional shear wave 
elastography (2D-SWE) or supersonic shear wave 
elastography (sSWE). The latter name was given by 
the Supersonic Imagine Company (France) that first 
patented the method and implemented it by producing 
the Aixplorer ultrasonic scanner [12].

In this modification, the focal points of the radiation 
pressure are sequentially switched through the 
scanning depth in the zone of interest; each ultrasonic 
beam generates its own shear waves, similarly to point 
elastography. The speed of this switching considerably 
exceeds the speed of the shear waves transverse 
propagation. As a result, the front lines of shear 
waves from all focal points sum up into a single front 
with a conical surface (the Mach cone) propagating 
perpendicular to the scan axis through the entire depth 
of the zone of interest.

An ultrasonic scanner measures the shear wave 
velocity at all depths so to form a two-dimensional color 
elastogram where sections of different stiffness are 
encoded in different colors, which allows one to visually 
assess the elasticity of the area under examination; in 
addition, point elastography provides the measure of 
the stiffness index anywhere in the zone of interest. The 
method makes it possible to obtain qualitative images of 
the stiffness and to accurately quantify it.

In this study, we used a single calibrated phantom with 
the known stiffness characteristics to test and compare 
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Figure 1. Verasonics acoustic system:
(1) power supply, (2) control unit, (3) computer, (4) monitor, (5) phantom and ultrasonic sensor

four different scanners, as follows: Aixplorer (Supersonic 
Imagine, France) with convex — XC6-1 (1–6 MHz 
frequency range), linear — SL15-4 (4–15 MHz) and 
cavity — SE12-3 (3–12 MHz) multifrequency sensors; 
Acuson S2000 (Siemens, Germany) with convex — 
4C1 (1–4.5 MHz) and linear — 9L4 (4–9 MHz) sensors; 
LOGIQ E9 (GE, USA) with convex — C1-5-D (1.8–
5 MHz) and linear — 11L-D (4.2–11 MHz) sensors, as 
well as the Verasonics acoustic system (Verasonics 
Inc., USA) with an open architecture and the L7-4 
linear sensor with a specified operating frequency of 
5 MHz. The scanners Acuson S2000, LOGIQ E9 and 
Verasonics are based solely on point elastography, while 
Aixplorer — explores both point and two-dimensional 
shear wave elastography.

The Verasonics system is a universal ultrasound 
device (Figure 1), designed to study the elastic 
properties of various biological or artificial objects, 
to optimize algorithms for the processing of acoustic 
signals and to develop the most informative settings 
for scanners. The major advantage of the system is its 
openness, i.e., the ability to change the parameters of 
ultrasonic waves over a wide range (for example, the 
number of radiating and receiving channels — from 
128 to 256, the carrier wave frequency — from 1 to 
15 MHz, the power of ultrasound — up to 1,000 W) and 
to program these parameters to meet the tasks and the 
objectives. The received echo signals are recorded by 
the instrument and are available for post-processing in 
the form of arrays of numerical data. The entire scenario 
of sending pulses, receiving and processing data, as 
well as constructing an image is programmed by the 
user in MATLAB.

In the present study, the system was set up according 
to the standard settings used in commercial ultrasound 
scanners. Unlike the Verasonics acoustic system, 

the ability to change the parameters of the generated 
ultrasound signal is limited to variations in the signal 
intensity within a safe range, as well as to post-
processing of the received echo signals. The rest of 
the technical characteristics of the ultrasonic waves are 
constant and may in part be a commercial secret.

The study was performed using the calibrated 
polymeric phantom CIRS Model 049 Elasticity QA 
Phantom Spherical (Computerized Imaging Reference 
Systems Company, USA), intended to be used as a 
reference object in measuring the stiffness of various 
elastic media. The phantom has the form of a rectangular 
block sized at 20×15×10 cm that contains a uniform 
matrix (background) with 2 rows of spherical inclusions 
of different stiffness, 10 and 20 mm in diameter located 
at depths of 15 and 35 mm, respectively (Figure 2).

The phantom is made of the Zerdine polymer with 
acoustic properties that are not sensitive to fluctuations 
of ambient temperature or to compression of the 
sensor, and are as close as possible to the acoustic 
characteristics of human soft tissues: the ultrasound 
propagation velocity is 1,540±10 m/s, the attenuation 
coefficient is 0.5±0.05 dB/cm·MHz, and the density is 
1.04 g/cm3. The spherical inclusions inside the phantom 
have four different degrees of stiffness (I–IV) with 
known and calibrated values of the Young’s modulus, as 
indicated in the accompanying documentation (Table 1).

We compared the stiffness indices of spherical 
inclusions of type I–III since none of normal or 
pathological tissues has the stiffness close to the type 
IV values.

From the place of its origin, the shear waves 
propagate in all directions within the plane perpendicular 
to the scanning axis. To produce a measurable stiffness 
the waves have to pass a certain distance within the 
object. This distance should be long enough to measure 
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T a b l e  1
Stiffness of the spherical inclusions: calibration values

Young’s modulus (kPa)

Type I Type II
Homogeneous 

matrix  
(background)

Type III Type IV

10.0±4.0 13.0±4.0 28.0±7.0 58.0±10.2 111.0±18.0

Figure 3. Correct (1) and incorrect (2, 3) positions of the 
control volume in the spherical inclusion during point 
shear wave elastography measurements

15 mm

Type I

Homogeneous matrix

10 mm35 mm

20 mm
Type II Type III Type IV

b

Figure 2. Appearance (a) and location of the spheres 
inside the polymer phantom (b) CIRS Model 049 Elasticity 
QA Phantom Spherical (USA)

а

Figure 4. Relationship between the control volume and the 
spherical inclusion diameter: correct with a diameter of 
20 mm (1) and incorrect with a diameter of 10 mm (2)

а b

Figure 5. Determination of stiffness of the spherical inclusion using the shear wave velocity with the Acuson S2000 
scanner (a) and using the Young’s modulus with the Aixplorer scanner (b)
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the shear wave velocity in every direction; otherwise the 
device may produce some average velocity calculated 
from the total data obtained in this area (Figure 3).

The device is unable to determine whether the wave 
propagates inside the object or outside it. It calculates 
and displays the values of the maximum and minimum 
velocities (Young’s modulus) and/or some mean value 
based on averaging all values obtained within a certain 
distance (in all directions) from the focus of shear wave 
generation. This algorithm is installed in the software of 
all scanners, regardless of the manufacturer, possibly 
with some technological or mathematical differences 
concerning the numerical calculations; the latter factor is 
a commercial secret, not disclosed by the manufacturer.

The above technical features require some 
adjustment of the reference object and the measurement 
method. Therefore, for our study, we chose larger 
spheres of 20 mm in diameter with the measurement 
zones located in the central parts of the spheres. These 
adjustments made it possible to obtain correct values of 
the shear wave velocity or the Young’s modulus precisely 
inside the sphere without involving the surrounding 
matrix (Figure 4). With each scanner, we carried 5 
measurements of the shear wave velocity 
in each sphere; as a result the mean 
values and their standard deviations were 
determined (Figure 5). The shear wave 
velocity in the matrix itself was measured 
at a sufficient distance from the spheres.

Results and Discussion. At the first 
stage of the study, we measured and 
compared the stiffness values obtained 
with the phantom when the convex and 
linear scanners were used (Table 2).

With all the above convex and linear 
sensors, comparable stiffness values 
with differences within the measurement 
errors were obtained. For spheres of type 
I and II (low stiffness values), the results 
were fully consistent with the respective 
calibration (passport) values. For the 
medium-stiffness matrix (background) 
of the phantom, the measured values 
were at the lower limits of the calibration 
range. With the high stiffness spheres 
of type III, the measured values were 
considerably lower than those obtained in 
the calibration; these deviations were less 
pronounced for the linear sensor of the 
LOGIQ E9 scanner. For all tested sensors, 
this discrepancy versus the calibration 
values increased with increasing stiffness 
of the phantom spheres.

Using the Aixplorer scanner, we 
compared the accuracy of determining the 
stiffness of the spheres as measured with 
the abdominal, linear or cavity sensors 
(Table 3). For the elastic spheres of type 

I and II and the phantom matrix, all sensors showed 
practically identical and highly accurate results. In the 
experiment with the stiff spheres of type III, all sensors 
showed underestimated values with no differences 
between the sensors. For the super-stiff spheres of 
type IV, we found a significant underestimation of the 
measured values with significant differences between 
the sensors.

In our opinion, the obtained results can be explained 
by the fact that the manufacturing companies optimize 
their elastometry scanners so to accurately measure 
stiffness within the range similar to that in biological 
objects; the highest levels of accuracy and reproducibility 
are achieved for the range of 7.0–33.0 kPa.

At the second stage of the study, we developed the 
formulas to recalculate the stiffness values obtained 
with different scanners. The formulas have been derived 
from the measurement data processed within Excel 
tables (see Tables 2 and 3); the presented equations are 
based on the linear and quadratic trend lines and allow 
determining the quantitative relationships between the 
readings produced by different ultrasonic scanners. The 
recalculation factor for the Young’s modulus values is a 

T a b l e  2
Stiffness values obtained in elastometry with various devices

Scanner name/
sensor type

Young’s modulus (kPa)

Type I Type II
Homogeneous 

matrix  
(background)

Type III

Convex sensors

Aixplorer/XC6-1 8.42±0.38 11.08±0.90 23.13±0.62 32.18±1.06

Acuson S2000/4C1 7.16±0.43 11.67±0.78 20.12±1.10 29.28±2.10

LOGIQ E9/C1-5-D 9.67±0.35 11.94±0.69 22.53±0.74 35.62±3.15

Linear sensors

Aixplorer/SL15-4 7.05±0.21 11.20±0.48 20.59±0.21 33.19±1.61

Acuson S2000/9L4 6.66±0.71 10.11±0.69 20.56±0.31 28.35±2.21

LOGIQ E9/11L-D 8.35±0.89 11.26±0.54 23.25±0.25 45.78±3.85

Verasonics/L7-4 6.38±0.31 10.24±0.58 23.15±0.35 28.12±2.68

T a b l e  3
Stiffness values obtained in elastometry with different sensors  
of the Aixplorer scanner

Sensor type

Young’s modulus (kPa)

Type I Type II
Homogeneous  

matrix  
(background)

Type III Type IV

Convex, XC6-1 8.42±0.38 11.08±0.90 23.13±0.62 32.18±1.06 53.35±0.91

Linear, SL15-4 7.05±0.21 11.20±0.48 20.59±0.21 33.19±1.61 61.18±2.73

Cavity, SE12-3 7.18±0.22 9.97±0.57 20.87±0.67 32.74±2.65 72.81±9.31
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linear function, whereas the recalculation for both the 
Young’s modulus E and the shear wave velocity V is 
quadratic.

In the mathematical terms, the simplest task was 
a comparison between the results obtained with the 
linear sensors of the Acuson S2000 scanner and the 
Verasonics acoustic system, since both instruments 
measured the shear wave velocity directly:

V(Acuson S2000, m/s)=
=1.04·V(Verasonics, m/s)–0.07;                (2)

V(Verasonics, m/s)=
=0.95·V(Acuson S2000, m/s)+0.09.            (3)

As can be seen from the above formulas, the 
differences in the calculations turned out to be minimal 
and did not exceed the measurement error; so with the 
identical settings, the Acuson S2000 can be considered a 
clinical analogue of the Verasonics device. The obtained 
data indicate good reproducibility of the measurements 
and emphasize that the results can be easily compared 
by direct calculation of shear wave velocity.

The Verasonics acoustic system, used in physical 

experiments on shear waves in various media, confirmed 
the high accuracy of the Acuson S2000 clinical scanner. 
Since this acoustic system is experimental and not used 
in clinical practice, the conversion formulas for it are of 
more theoretical value.

For linear sensors of the Acuson S2000 and Aixplorer 
scanners, the recalculation of the shear wave velocity 
V and the Young’s modulus E, based on the quadratic 
relation of these parameters, is expressed by the 
following equations:

V(Acuson S2000, m/s)=0.58·E0.48(Aixplorer, kPa);    (4)

E(Aixplorer, kPa)=3.11·V2.06(Acuson S2000, m/s).    (5)

As we can see, the obtained formula for conversion 
(5) is close to the classical expression (1) but the 
proposed corrections allow us to compare the values 
with a higher accuracy.

For the linear sensors of the Acuson S2000 and 
LOGIQ E9 scanners, the conversion formulas were as 
follows:

V(Acuson S2000, m/s)=0.64·E0.42(LOGIQ E9, kPa);  (6)

E(LOGIQ E9, kPa)=
3.06·V2.28(Acuson S2000, m/s). (7)

Graphically, formulas (5) and (7) 
for the shear wave velocity V (of the 
Acuson S2000 scanner) conversion 
into the Young’s modulus E (of the 
Aixplorer and LOGIQ E9 scanners) 
are shown in Figure 6. If, however, 
the shear wave velocity (obtained 
with the Acuson S2000 scanner) 
is first converted into the Young’s 
modulus by formula (1), then it 
can be converted to the Young’s 
moduli (for the linear sensors of the 
Aixplorer and LOGIQ E9 scanners) 
using the formulas presented in 
Table 4. These relationships can 
also be represented graphically: 
Figure 7 shows the conversion 
graphs of the Young’s moduli (of 
the LOGIQ E9 scanner) to the 
corresponding index (of the Aixplorer 
and Acuson S2000 scanners).

As it follows from Table 4, the 
direct and inverse formulas in the 
pairs Acuson S2000–Aixplorer and 
Verasonics–Aixplorer, as well as in 
the pairs Acuson S2000–LOGIQ E9 
and Verasonics–LOGIQ E9 are very 
similar, since the recalculation into 
the Young’s modulus is based on the 
shear wave velocities measured with 
instruments, similar in their technical 
implementation of elastometry. 

E(LOGIQ E9, kPa)=3.06·V 2.28(Acuson S2000, m/s)

E(Aixplorer, kPa)=3.11·V 2.06(Acuson S2000, m/s)

Acuson S2000, velocity (m/s)
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Figure 6. Graphic representation of the formulas for recalculating the shear 
wave velocity V from the Acuson S2000 scanner to the Young’s modulus E  
of the Aixplorer and LOGIQ E9 scanners
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T a b l e  4
Formulas for converting the Young’s moduli in linear sensors

Direct formula (kPa) Inverse formula (kPa)
Е(Acuson S2000)=0.85·Е(Aixplorer)+1.17 Е(Aixplorer)=1.16·Е(Acuson S2000)–1.04
Е(Verasonics)=0.86·Е(Aixplorer)+1.49 Е(Aixplorer)=1.08·Е(Verasonics)–0.40
Е(Acuson S2000)=0.56·Е(LOGIQ E9)+3.93 Е(LOGIQ E9)=1.66·Е(Acuson S2000)–5.15
Е(Verasonics)=0.56·Е(LOGIQ E9)+4.48 Е(LOGIQ E9)=1.53·Е(Verasonics)–3.82
Е(Aixplorer)=0.68·Е(LOGIQ E9)+3.03 Е(LOGIQ E9)=1.45·Е(Aixplorer)–4.03
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The conversion formulas for the 
Aixplorer–LOGIQ E9 pair have 
a slightly different numerical 
expression since both scanners first 
display the readings in kilopascals of 
the Young’s modulus.

Similarly, based on the data 
in Table 2 we have determined 
formulas for the conversion of the 
Young’s moduli applicable to the 
convex sensors (Table 5).

Experimental measurements 
using a calibrated phantom and 
calculating the conversion formulas 
can be performed with different 
ultrasonic scanners adapted for 
point shear wave elastography. As a 
result one can create a unified table 
for the recalculation of the Young’s 
modulus values (or the shear wave 
velocity values) for all medical 
ultrasound scanners designed for 
point elastography. The necessity 
and importance of this procedure are 
undeniable since elastography has a 
recognized diagnostic value and has 
been increasingly used in clinical 
practice. We evidence a greater 
number of operating scanners 
in clinics as well as a greater 
number of their manufacturers. 
Despite the uniform physical basis 
of elastometry, the technical implementations of this 
technique vary from a manufacturer to a manufacturer, 
which inevitably leads to discrepancies between the 
results obtained with different scanners and necessitates 
the use of recalculation formulas.

The difference between the corrected numerical 
values and the initial ones can be significant and 
can impact the diagnostic results for liver fibrosis as 
expressed according to the Metavir score. This notion 
can easily be verified by entering different numerical 
values of the Young’s modulus in the recalculation 
formulas, Tables 4 and 5, and calculating the stiffness 
values for different scanners.

We found that the measurement deviations increased 
with increasing stiffness, which, in the case of the liver, 
could produce overestimated values of the liver fibrosis. 
Based on the primary measurements (see Table 2) 
and the conversion formulas (see Tables 4 and 5), we 
propose the following sequence of scanners according 
to the increasing values of stiffness measured in the 
same object: Acuson S2000 → Aixplorer → LOGIQ E9.

Conclusion. The tested scanners Aixplorer, Acuson 
S2000, LOGIQ E9 and the experimental acoustic 
system Verasonics have a comparably high accuracy 
of shear wave point elastography as applied to stiffness 
measurements. The signal frequency and the shape 

of the sensors do not make differences in the sensor 
accuracy. All tested sensors and scanners are oriented 
to measuring objects with low stiffness values; there 
the greatest accuracy of measurements is achieved. 
As the stiffness increases, deviations from the standard 
values also increase. The formulas developed here for 
recalculation of the stiffness values allow one to correctly 
compare the shear wave elastography data obtained 
with different scanners.
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T a b l e  5
Formulas for converting the Young’s moduli in convex sensors

Direct formula (kPa) Inverse formula (kPa)
Е(Acuson S2000)=0.88·Е(Aixplorer)+0.61 Е(Aixplorer)=1.12·Е(Acuson S2000)–0.47
Е(Acuson S2000)=0.82·Е(LOGIQ E9)+0.79 Е(LOGIQ E9)=1.21·Е(Acuson S2000)–0.61
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Figure 7. Graphic representation of the formulas for converting the Young’s 
moduli from the LOGIQ E9 scanner to the Aixplorer and Acuson S2000 scanners
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