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ABSTRACT

Motion effect on the measurement of stiffness on ultrasound 
elastography: A moving liver fibrosis phantom study

Hyun Joo Shin

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Myung-Joon Kim)

Purpose

The recommended method for measurement of tissue elasticity using 

ultrasound elastography is the breath-hold technique. However, for infants and 

young children, and even sometimes for adults, sustaining a breath-hold is not 

easy. To utilize the advantages of ultrasound elastography in these populations, 

it is essential to know how motion affects the measurement of elasticity.

Therefore, the purpose of this study was to evaluate the effect of motion on 

tissue elasticity measurement on ultrasound elastography using moving liver 

fibrosis phantoms.

Materials and Methods

Ultrasound elastography was performed with both convex and linear 

transducers of supersonic shear wave imaging (SSI) and acoustic radiation force 

impulse imaging (ARFI). Liver elasticity phantoms of custom-made stiffnesses 
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of 3.0 and 16.9 kPa were used, and the Orbital Shaker was used to make regular 

circular and horizontal motions. The elasticities were measured at depths of 2, 3, 

4, and 5 cm with measurements repeated 20 times for each depth. Motion 

velocities were 30 and 60 rpm with the phantoms in an upright position on the 

shaker to replicate the respiratory rates of children. To simulate different 

directional motion, we laid the phantoms on their side on the table of shaker at 

30 rpm. The Wilcoxon signed-rank test was used to compare values between 

moving and static status. The Mann-Whitney U and Kruskal-Wallis tests were 

used to compare the differences between moving and static status between all 

depths. The number of measurement failures was counted during the 

acquisitions.

Results

In SSI, the convex transducer was less affected by motion at 30 rpm 

with the 3 kPa phantom. At 30 rpm, SSI showed a tendency for elasticity values 

to increase during movement than in static status, regardless of the direction of

the motion. Otherwise, most values from SSI were different between moving 

and static status in the higher velocity motion (60 rpm), or in the higher stiffness 

phantom (16.9 kPa). In ARFI, when using the convex transducer, measurements 

made at 4 cm depth were less affected by motion. With the linear transducer, 

measurements made at 2 cm depth were less affected by motion when using the 

3 kPa phantom. There were frequent measurement failures using ARFI, 
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especially in moving status.

Conclusion

Motion affected the measurement of elasticity differently according to 

machine, phantom stiffness, acquisition depth, transducer, and velocity and 

direction of the motion. The convex transducer of SSI was more stable for the 

slowly moving (represents normal respiratory rates, except for neonates), low 

stiffness phantom (represents normal liver). However, using SSI, the values in 

moving status were significantly different in the higher velocity motion or in the 

stiffer phantom (such as in liver fibrosis), even though values could be easily 

obtained without measurement failures. With ARFI, measurements made at 

specific depths were shown to be more stable during motion according to which 

transducer was applied. However, there were frequent measurement failures 

using ARFI, especially in moving status. This study supported that the different 

setting was needed according to the purpose of examination and condition of 

the patients for measurement of elasticity. 

----------------------------------------------------------------------------------------

Key words : ultrasound, elastography, shear wave velocity, movement



4

Motion effect on the measurement of stiffness on ultrasound 
elastography: A moving liver fibrosis phantom

Hyun Joo Shin

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Myung-Joon Kim)

I. INTRODUCTION

Ultrasound elastography is a technique that measures tissue stiffness. It 

is widely used to quantitatively measure the stiffness of organs such as the liver, 

kidney and spleen for various clinical conditions.1-4 In addition, it is also used to 

evaluate tumor, and to differentiate malignant tumors from benign tumors using 

differences in cellular component and tissue stiffness.5-7 Ultrasound 

elastography has many benefits because it is noninvasive, simple to perform and

poses no risk of radiation exposure to both adults and children. However, 

measured values of ultrasound elastography can be affected by the type of 

machine or transducer chosen, the acquisition depth, and various clinical 

conditions of the patients themselves.8-10 Among them, one of the possible 

reasons for differences in elasticity values is the motions made by the patient.

Motion made by the patient is the most important factor to influence 

ultrasound examination results, especially for the abdominal organs. The term, 
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‘motion’ includes both voluntary and involuntary motions. Voluntary motion is 

more problematic for pediatric patients, as it takes longer to perform ultrasound 

examinations and younger patients have a harder time staying still. Involuntary 

motion, such as respiratory motion and cardiac and vascular pulsations, is more 

complicated in pediatric patients, because respiratory or heart rates are normally 

much faster in neonate and infants, compared to that of adults. For example, in

the healthy pediatric population, the normal respiratory rates range from 30-60 

breaths/min for infants, to 12-16 breaths/min for adolescents. Then, there are 

patients who are not part of the pediatric population, but for whom involuntary 

motion becomes a problem. Many adult patients have the same difficulties in 

holding their breath because of old age and cardiac or respiratory problems. 

A recently published consensus recommended the breath-hold

technique for ultrasound elastography examinations.11 However, for infants and 

young children, and even sometimes for adults, sustaining a breath-hold for a 

few seconds is not easy - almost impossible. Therefore, to utilize the advantages 

of ultrasound elastography in these populations, it is essential to know how 

motion affects the measurement of shear wave velocities (SWVs). To our 

knowledge, there have been few studies which have focused on the effect of 

motion on the measurement of SWV.

Therefore, the purpose of this study was to evaluate the effect of 

motion on the measurement of SWV on ultrasound elastography, using moving 

liver fibrosis elastography phantoms.
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II. MATERIALS AND METHODS

1. Ultrasound elastography

To perform ultrasound elastography, two different machines were used. 

One was supersonic shear wave imaging (SSI, Aixplorer, SuperSonic Imagine, 

Aix-en-Provence, France). For SSI, 1-6 MHz low frequency convex and 2-10 

MHz high frequency linear transducers were used. SWVs were measured 20 

times each for 2, 3, 4 and 5 cm depths. A round region-of-interest (ROI) was 

drawn on the gray scale image of ultrasound, and the mean value in kPa was 

automatically presented as the representative value. The value was selected 

when the color within the ROI was homogeneous.

The second machine to be used was acoustic radiation force impulse 

imaging (ARFI, ACUSON S3000, Siemens Healthcare, Erlangen, Germany). 

For ARFI, 1-6 MHz low frequency convex and 4-9 MHz high frequency linear 

transducers were used. Measurements were repeated 20 times each for 2, 3, 4, 

and 5 cm depths. However, values were not obtained at 5 cm depth with the 

linear transducer, because the ROI box could not be positioned more than 4 cm 

deep with the linear transducer of the machine used. The mean value in m/sec 

was selected as the representative value for this machine. The values in m/sec 

were then converted to values in kPa using the equation; E = 3*(SWV)2, for 

which the E is Young’s modulus in kPa, and SWV is in m/sec.8,10 In addition, 

for ARFI, the number of measurement failures was counted during the total 20 
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repeats of measurement, and failure was assumed when measured values 

appeared as X.XX m/sec, instead of as any nominal values.

2. Phantoms and motion simulation

Liver fibrosis elasticity phantoms (The Shear Wave Liver Fibrosis 

Phantom, model 039, CIRS, Norfolk, Virginia, USA) of two known 

custom-made stiffnesses of 3.0 and 16.9 kPa were used. To simulate regular 

motion, the Orbital Shaker (SH30, 11.8" X 11.8" Platform with Timer, FinePCR, 

Korea) was used. This shaker is frequently used in laboratories to mix fluids 

because of its regular, horizontal and circular motion. 

First, the phantom was put on the table of the shaker in an upright 

position (1) at a velocity of 30 rpm. After that, the velocity was (2) increased to 

60 rpm with the phantom in the same position to replicate the diverse 

respiratory rates of young children. (3) Next, to simulate different 

anteroposterior directional motion toward the transducers, the phantom was laid 

on its side on the table of the shaker at a velocity of 30 rpm (Fig 1). Because the 

phantoms were cylindrical in shape, two sponges were put on each side of the 

phantom to secure it during motion. This attempt to replicate different 

directional motion was done because when performing real-life SWE for the 

liver, not only supero-inferior directional motion, but also antero-posterior 

directional motion is applied toward the transducers due to diaphragmatic 

motion. Even though the combined circular motion of the Orbital Shaker was 
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different from pure respiratory motion, we tried to imitate the diverse velocities 

and compound directions of continuous respiration as much as possible. 
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Figure 1. To simulate regular motion, the liver fibrosis elasticity phantoms of 3 

and 16.9 kPa were put on the table of the Orbital Shaker. (A) The phantom was 

put on the table in an upright position at the velocity of 30 rpm and at the 

increased velocity of 60 rpm, to measure the SWVs during horizontal circular 

motion in an effort to replicate the respiratory rates of children. (B) Next, the 

phantoms were laid on their sides on the table, to create different directional 

motion at the velocity of 30 rpm, in an effort to replicate different directional 

motion toward the transducers as is seen with respiration.
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3. Statistical analysis

Statistical analysis was done using SPSS version 20.0.0 (IBM Corp., 

Armonk, NY, USA). From the twenty measurements, median values with 

quartile 1 (Q1) and quartile 3 (Q3) were calculated for each condition. The 

Wilcoxon signed-rank test was used to compare the values between moving and 

static status for each depth. In addition, the Mann-Whitney U test and the 

Kruskal-Wallis test were used to compare the differences between moving and 

static status between all depths, to find out which depth was less affected by 

motion. The Dunn-procedure was used for the post-hoc analysis after the 

Kruskal-Wallis test. A p-value less than 0.05 was considered to be statistically 

significant.
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III. RESULTS

1. Comparison of the elasticities between moving and static status (Table 1)

A. With the phantoms in an upright position at the lowest velocity of 30 rpm

SWVs were not significantly different between moving and static 

status when the convex transducer of SSI was used on the 3 kPa phantom. In 

addition, with SSI, the elasticities in moving status tended to be higher than 

those in static status on both phantoms. 

When using the convex transducer of ARFI, elasticity values were 

unexpectedly not obtained in 2 and 3 cm depths of the 3 kPa phantom. In 4 cm 

depth using the convex transducer of ARFI, the values were not significantly 

different between moving and static status, regardless of phantom stiffness. In 

addition, the values were not different for the 2 cm depth of the 3 kPa phantom 

with the linear transducer and the 2 cm depth of the 16.9 kPa phantom with the 

convex transducer of ARFI. There was no tendency for velocities to increase in 

moving status compared to static status using ARFI. Other values were all 

significantly different between moving and static status using SSI and ARFI.

B. Increasing velocity to 60 rpm with the phantoms in an upright position

Most of the values from SSI were significantly different between 

moving and static status, except for those attained at 3 cm depth of the 3 kPa 
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phantom with the linear transducer and at 2 cm depth of the 16.9 kPa phantom 

with the convex transducer. 

Using ARFI, the values were also not different between moving and 

static status for the 2 cm depth of the 3 kPa phantom with the linear transducer

and for the 2 cm depth of the 16.9 kPa phantom with the convex transducer. 

There was no tendency for velocities to increase in moving status compared to 

static status for both SSI and ARFI.

C. With the phantoms laid on their sides at the velocity of 30 rpm

The values attained with the use of the convex transducer of SSI were 

not significantly different between moving and static status in all depths of the 3 

kPa phantom, as were the values found with the phantom in an upright position. 

In comparison, most of the values found with SSI for the 16.9 kPa phantom 

were significantly different according to transducer and depth. Values tended 

being higher in moving status, compared to those of static status using SSI, 

similar to the trend observed when the phantoms were in an upright position. 

Using ARFI, the values were not significantly different for the 4 cm 

depth using the convex and linear transducers on the 3 kPa phantom. In addition, 

the values were not different for the 2 cm depth of the 3 kPa phantom with the 

linear transducer, and for the 3 cm depth of the 16.9 kPa phantom with the 

convex transducer in ARFI.
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Table 1. Comparison of the elasticities between moving and static status

Method Phantom Transducer
Depth 
(cm)

SSI
ARFI

moving static p-value moving static p-value

(1) 30 rpm

3 kPa

Convex

2 2.1(1.9-2.5) 2.0(1.9-2.0) 0.064

3 2.2(1.9-2.6) 2.0(1.6-2.3) 0.140

4 2.3(2.1-2.7) 2.1(1.9-2.5) 0.154 1.8(1.6-2.2) 1.4(1.4-5.4) 0.198

5 2.5(1.7-3.0) 2.0(1.7-2.6) 0.148 1.8(1.5-2.7) 1.5(1.3-1.5) 0.002

Linear

2 2.2(2.1-2.9) 1.6(1.5-1.8) <0.001 1.8(1.6-2.1) 1.5(1.4-4.4) 0.717

3 2.3(2.1-2.7) 1.6(1.5-1.7) <0.001 1.6(1.3-1.9) 1.4(1.3-1.4) 0.006

4 2.8(2.3-3.5) 1.6(1.6-1.7) <0.001 2.1(1.6-2.6) 1.8(1.5-1.9) 0.021

5 5.0(3.6-6.0) 1.6(1.5-1.8) <0.001

16.9 kPa

Convex

2 13.6(12.8-15.3) 12.1(12.0-12.2) 0.001 11.9(9.6-13.1) 12.0(11.9-12.1) 0.616

3 14.8(13.2-16.9) 10.8(10.7-11.0) <0.001 9.9(6.7-11.7) 12.0(11.9-12.5) 0.001

4 13.1(11.9-16.5) 10.8(10.8-10.9) 0.002 11.2(5.0-18.3) 13.1(13.0-13.2) 0.550

5 16.0(13.7-17.8) 10.2(10.2-10.4) <0.001 2.2(1.8-5.3) 12.4(11.9-12.6) <0.001

Linear

2 10.8(10.4-11.6) 9.8(9.8-9.8) <0.001 4.7(3.5-7.5) 9.6(9.5-9.7) <0.001

3 11.6(11.1-12.9) 9.9(9.9-9.9) <0.001 2.7(2.0-4.4) 9.5(9.2-9.7) <0.001

4 15.1(12.7-18.0) 10.3(10.2-10.3) <0.001 2.6(1.5-4.7) 5.4(5.2-6.2) 0.021

5 15.6(12.7-22.2) 10.3(9.7-11.1) <0.001

(2) 60 rpm 3 kPa
Convex

2 1.4(1.1-1.6) 2.0(1.9-2.0) <0.001

3 1.4(1.2-1.5) 2.0(1.6-2.3) <0.001

4 1.4(1.2-1.6) 2.1(1.9-2.5) <0.001 1.6(1.3-1.8) 1.4(1.4-5.4) 0.023

5 1.5(1.4-1.7) 2.0(1.7-2.6) 0.002 1.5(1.3-1.6) 1.5(1.3-1.5) 0.275

Linear 2 1.3(1.2-1.4) 1.6(1.5-1.8) 0.002 1.8(1.5-2.4) 1.5(1.4-4.4) 0.702
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3 1.6(1.3-2.0) 1.6(1.5-1.7) 0.750 1.4(1.4-1.6) 1.4(1.3-1.4) 0.038

4 2.3(1.8-2.8) 1.6(1.6-1.7) 0.002 1.7(1.3-2.1) 1.8(1.5-1.9) 0.481

5 3.6(2.4-5.2) 1.6(1.5-1.8) <0.001

16.9 kPa

Convex

2 12.9(11.4-15.2) 12.1(12.0-12.2) 0.086 10.7(9.6-13.3) 12.0(11.9-12.1) 0.232

3 13.1(11.6-14.6) 10.8(10.7-11.0) <0.001 8.4(7.1-11.1) 12.0(11.9-12.5) <0.001

4 14.1(11.6-17.0) 10.8(10.8-10.9) <0.001 5.9(3.7-12.0) 13.1(13.0-13.2) 0.001

5 17.7(15.7-20.3) 10.2(10.2-10.4) <0.001 2.2(1.5-3.3) 12.4(11.9-12.6) 0.002

Linear

2 12.4(10.9-14.0) 9.8(9.8-9.8) 0.001 3.7(1.6-7.5) 9.6(9.5-9.7) <0.001

3 12.8(11.5-14.1) 9.9(9.9-9.9) <0.001 5.8(4.0-7.6) 9.5(9.2-9.7) <0.001

4 15.2(13.7-18.4) 10.3(10.2-10.3) <0.001 2.6(1.7-6.2) 5.4(5.2-6.2) 0.006

5 21.1(15.8-25.2) 10.3(9.7-11.1) <0.001

(3) 
Phantom 
laid on its 

side

3 kPa

Convex

2 1.9(1.7-2.1) 2.0(1.9-2.0) 0.643

3 2.1(1.7-2.7) 2.0(1.6-2.3) 0.268

4 2.2(2.0-2.7) 2.1(1.9-2.5) 0.303 1.6(1.5-1.8) 1.4(1.4-5.4) 0.126

5 2.3(1.7-2.9) 2.0(1.7-2.6) 0.266 1.6(1.4-2.1) 1.5(1.3-1.5) 0.004

Linear

2 1.8(1.3-2.3) 1.6(1.5-1.8) 0.304 1.6(1.6-2.0) 1.5(1.4-4.4) 0.837

3 1.8(1.5-2.9) 1.6(1.5-1.7) 0.055 1.8(1.6-2.0) 1.4(1.3-1.4) <0.001

4 2.3(1.8-3.1) 1.6(1.6-1.7) <0.001 1.8(1.4-2.4) 1.8(1.5-1.9) 0.526

5 3.8(2.6-5.0) 1.6(1.5-1.8) <0.001

16.9 kPa

Convex

2 12.8(11.2-14.1) 12.1(12.0-12.2) 0.117 9.0(7.9-11.9) 12.0(11.9-12.1) 0.008

3 13.2(12.8-14.4) 10.8(10.7-11.0) <0.001 10.9(9.8-13.2) 12.0(11.9-12.5) 0.279

4 15.8(14.3-17.1) 10.8(10.8-10.9) <0.001 7.9(4.7-14.1) 13.1(13.0-13.2) 0.021

5 19.2(15.3-22.0) 10.2(10.2-10.4) <0.001 9.8(2.7-13.9) 12.4(11.9-12.6) 0.067

Linear
2 11.1(10.4-11.9) 9.8(9.8-9.8) <0.001 3.5(1.7-7.8) 9.6(9.5-9.7) <0.001

3 13.1(11.3-14.5) 9.9(9.9-9.9) <0.001 5.0(3.8-8.6) 9.5(9.2-9.7) <0.001
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4 15.7(13.2-18.1) 10.3(10.2-10.3) <0.001 2.1(1.6-5.0) 5.4(5.2-6.2) 0.006

5 19.1(15.0-25.8) 10.3(9.7-11.1) <0.001

The values are presented as median (Q1-Q3) in kPa.
P-values were obtained using the Wilcoxon signed-rank test, and marked boldly if the value was larger than 0.05.
The values attained in 2, 3 cm depths of the 3 kPa phantom using the convex transducer of ARFI were unexpectedly not obtained during the experiment, and 

measuring elasticities at 5 cm depth using the linear transducer of ARFI was impossible with our machine. 
Abbreviations: SSI supersonic shear wave imaging; ARFI acoustic radiation force impulse
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2. Evaluation for the depth less affected by motion (Table 2)

Using the convex transducer of SSI on the 3 kPa phantom, the 

differences between moving and static status were not significantly different 

between all depths, regardless of the velocities and directions of the motion 

(p=0.982, 0.795, 0.587, respectively). In other conditions with SSI, the 

differences were shown to be lower in 2-3 cm depths. 

Using the linear transducer of ARFI on the 3 kPa phantom, the 

differences between moving and static status were not significantly different 

between all depths, regardless of the velocities and directions of the motion 

(p=0.201, 0.920, 0.077, respectively). When using the the convex transducer of 

the ARFI on the 16.9 kPa phantom, the most of the differences were small in 2 

cm depth. However, when using the linear transducer of ARFI on the 16.9 kPa 

phantom, the differences were shown to be small in 4 cm depth. 
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Table 2. Evaluation of the depth less affected by the motion 

Method Machine Phantom Transducer
Difference (moving-static)

Overall
P-value

Post-hoc (Dunn-procedure) p-value 

Depth 2cm Depth 3cm Depth 4cm Depth 5cm
2cm vs. 

3cm
2cm vs. 

4cm
2cm vs. 

5cm
3cm vs. 

4cm
3cm vs. 

5cm
4cm vs. 

5cm

30 rpm

SSI

3 kPa
Convex 0.1(-0.1, 0.6) 0.2(-0.3, 1.0) 0.2(-0.1, 0.8) 0.0(-0.2, 1.3) 0.982

Linear 0.7(0.4, 1.3) 0.6(0.5, 1.1) 1.2(0.7, 1.9) 3.2(1.8, 4.5) <0.001 >0.999 0.329 <0.001 0.170 <0.001 0.001

16.9 kPa
Convex 1.5(0.8, 3.3) 4.5(2.6, 6.3) 2.2(1.2, 5.7) 5.8(3.5, 7.6) 0.001 0.025 0.588 0.001 0.540 0.802 0.043

Linear 1.0(0.6, 2.0) 1.7(1.2, 2.9) 4.8(2.5, 7.7) 6.6(2.0, 12.2) <0.001 0.847 0.003 0.001 0.073 0.024 >0.999

ARFI

3 kPa
Convex 0.0(-3.4, 0.4) 0.3(0.1, 1.2) 0.016

Linear 0.1(-2.3, 0.4) 0.2(0.0, 0.5) 0.2(-0.1, 1.1) 0.201

16.9 kPa
Convex 0.0(-2.4, 1.0) -2.1(-5.6, -0.3) -2.1(-8.0, 5.3) -9.7(-10.6, -6.9) <0.001 0.382 0.495 <0.001 >0.999 0.012 0.008

Linear -5.0(-6.0, -2.2) -6.7(-7.3, -5.0) -3.2(-4.1, -1.7) <0.001 0.030 0.037 <0.001

60 rpm

SSI

3 kPa
Convex -0.7(-0.9, -0.3) -0.6(-1.0, -0.2) -0.6(-1.0, -0.5) -0.4(-1.1, -0.1) 0.795

Linear -0.4(-0.6, -0.1) -0.1(-0.3, 0.4) 0.7(0.1, 1.2) 2.0(0.9, 3.5) <0.001 0.271 <0.001 <0.001 0.038 <0.001 0.162

16.9 kPa
Convex 0.8(-0.5, 3.0) 2.5(0.7, 3.8) 3.3(0.7, 6.2) 7.4(5.3, 9.9) <0.001 0.610 0.208 <0.001 >0.999 0.002 0.010

Linear 2.9(1.1, 5.0) 2.9(1.6, 4.2) 4.9(3.4, 8.0) 11.1(6.1, 14.5) <0.001 >0.999 0.088 <0.001 0.063 <0.001 0.108

ARFI

3 kPa
Convex -0.5(-3.6, 0.1) 0.1(-0.1, 0.3) 0.019

Linear 0.1(-1.1, 0.5) 0.1(0.0, 0.2) 0.0(-0.4, 0.6) 0.920

16.9 kPa
Convex -1.2(-2.4, 1.3) -3.8(-5.1, -1.6) -7.2(-9.4, -1.2)

-10.0(-10.5, 
-8.9)

<0.001 0.252 0.006 <0.001 0.521 0.001 0.096

Linear -5.6(-8.0, -2.0) -3.7(-5.5, -2.1) -2.7(-3.9, 0.0) 0.015 0.196 0.006 0.257



18

Phantom 
laid on its 

side

SSI

3 kPa
Convex -0.1(-0.3, 0.1) 0.2(-0.3, 0.8) 0.1(-0.4, 0.8) 0.2(-0.2, 0.6) 0.587

Linear 0.2(-0.5, 0.6) 0.1(-0.2, 1.3) 0.6(0.2, 1.7) 2.0(1.2, 3.3) <0.001 >0.999 0.085 <0.001 0.453 0.001 0.063

16.9 kPa
Convex 1.1(-0.9, 2.0) 2.3(2.0, 4.5) 5.0(3.5, 6.2) 9.0(4.8, 11.7) <0.001 0.080 <0.001 <0.001 0.321 0.001 0.145

Linear 1.3(0.6, 2.5) 3.1(1.4, 4.6) 5.2(2.9, 7.8) 9.5(5.2, 15.6) <0.001 0.624 0.006 <0.001 0.211 0.004 0.514

ARFI

3 kPa
Convex 0.0(-3.8, 0.3) 0.2(0.0, 0.7) 0.025

Linear 0.1(-3.0, 0.6) 0.4(0.3, 0.7) 0.0(-0.4, 0.5) 0.077

16.9 kPa
Convex -3.0(-4.1, -0.4) -1.3(-2.4, 1.2) -5.1(-8.4, 1.0) -2.4(-9.4, 1.5) 0.200

Linear -5.9(-8.1, -1.8) -4.4(-5.8, -0.9) -3.2(-4.0, -0.6) 0.005 0.136 0.002 0.182

The values are presented as median (Q1-Q3) in kPa. P-values were obtained using the Kruskal-Wallis or Mann-Whitney U test.
The values in 2, 3 cm depths of the 3 kPa phantom using the convex transducer of ARFI were unexpectedly not obtained during the experiments, and measuring elasticities at
5 cm depth using the linear transducer of ARFI was impossible with our machine. Abbreviations: SSI supersonic shear wave imaging; ARFI acoustic radiation force impulse



19

3. Measurement failure (Table 3)

There was no measurement failure using SSI during moving and 

static status. However, when using ARFI, values were unexpectedly not 

obtained in 2 and 3 cm depths of the 3 kPa phantom with the convex 

transducer and higher failure rates were observed during the twenty repeat 

measurements of the acquisitions. In addition, there were frequent 

measurement failures using ARFI, especially in moving status. 
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Table 3. Measurement failure during the twenty repeats of acquisition using 

ARFI

Method Phantom Transducer Depth
ARFI

moving static

30 rpm

3 kPa

Convex

2 >20 >20
3 >20 >20
4 10 0
5 4 0

Linear
2 20 1
3 8 0
4 13 0

16.9 kPa

Convex

2 0 0
3 3 0
4 6 0
5 11 0

Linear
2 25 0
3 9 0
4 25 0

60 rpm

3 kPa

Convex

2 >20 >20
3 >20 >20
4 8 0
5 0 0

Linear
2 16 1
3 2 0
4 14 0

16.9 kPa

Convex

2 0 0
3 0 0
4 7 0
5 10 0

Linear
2 13 0
3 4 0
4 8 0

Phantom 
laid on 
its side

3 kPa

Convex

2 >20 >20
3 >20 >20
4 12 0
5 0 0

Linear
2 17 1
3 3 0
4 10 0

16.9 kPa

Convex

2 1 0
3 1 0
4 4 0
5 4 0

Linear
2 13 0
3 0 0
4 11 0

Abbreviations: ARFI acoustic radiation force impulse
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IV. DISCUSSION

We frequently encounter many patients who have difficulties in 

sustaining breath-holds during ultrasound examinations. The pediatric 

population - neonates, infants and young children - have a hard time holding 

their breath for even a brief amount of time. Ultrasound elastography has 

many benefits for these patients.12 For example, ultrasound elastography can 

be simply used to evaluate liver fibrosis stage in biliary atresia, metabolic 

liver disease and steatohepatitis, without need for biopsy.12-14 Moreover, many 

adults also have difficulties in holding their breath during the repeated 

measurements of elasticities. Elder patients and patients who have cardiac and 

respiratory problems might also have trouble holding their breath. Therefore, 

to take advantage of the entire benefits of ultrasound elastography, it is crucial 

to know the effects of continuous motion, such as respiratory and cardiac 

motions, on elasticity measurement. In addition, knowledge on the effect of 

motion on different machines, transducers and acquisition depths is useful to 

fully understand and interpret examination results. 

There have been a few studies which have focused on the effect the 

breathing method has on the measurement of tissue stiffness. Goertz et al.15

studied the influence of specific breathing maneuvers while measuring liver 

elasticity using ARFI, and concluded that there were no significant 

differences of elasticity between deep inspiration, deep expiration and during 

the Valsalva maneuver. Karlas et al.16 measured spleen stiffness in two 
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different respiratory positions, including breath-hold after expiration and deep 

inspiration. They found that deep inspiration increased spleen stiffness in both 

healthy and cirrhotic subjects, and mentioned that standardization of the 

respiratory position was necessary.16 However, these two studies focused on 

the effects of specific breathing maneuvers after breath-holds. To our 

knowledge, there has been no study about the effect of continuous motion on 

the measurement of elasticity, such as continuous respiratory motion or 

cardiac pulsation. In addition, the Society of Radiologists in Ultrasound stated 

that a shallow breath-hold was needed to obtain the best ultrasound 

elastography examination results, which means that patients have to hold their 

breath for a few seconds.11

In this study, we attempted to simulate respiratory motion by using 

different velocities and directions of motion toward the transducers. The 

effect of motion on elasticity measurement was different according to the 

machine. In SSI, first, when motion was applied on the lower stiffness 

phantom (3 kPa in our study, which represented normal liver stiffness) at a 

lower velocity (30 rpm), the convex transducer of SSI was less affected by 

motion, regardless of the acquisition depth and the direction of the motion. 

Second, for the lower velocity motion, elasticity values showed a tendency to 

increase during movement than during static status on SSI, regardless of the 

direction of the motion. Third, most of the elasticity values changed in 

moving status when the velocity or stiffness was increased to 60 rpm or to 
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16.9 kPa (the phantom which represented fibrosis of the liver). Fourth, the 

differences between moving and static status were small in 2-3 cm depths, 

except for the convex transducer of SSI on 3 kPa phantom which showed no 

significant differences between all depths.

When using ARFI, we first found that the linear transducer at 2 cm 

depth of the 3 kPa phantom was less affected by motion, regardless of the 

velocity and the direction of the motion. Second, during the lower velocity 

motion (30 rpm), the convex transducer at 4cm depth on the 3 kPa phantom 

was less affected by motion, regardless of the direction of the motion. Third, 

the differences between moving and static status on 16.9 kPa phantom were 

small in 2 cm depth using convex, and 4 cm depth using linear transducers, 

except for the linear transducer on 3 kPa phantom which showed no 

significant differences between all depths.

Therefore, we could assume that, in SSI, the convex transducer is

more stable for slowly moving subjects with lower stiffness. Even though 30 

rpm was the lowest velocity that was applied in this study, most respiratory 

motion is within 30 breaths/min for the general population, with neonates 

being the exception. Therefore, we could conclude that most respiratory 

motion will not influence elasticity values when using the convex transducer 

of SSI on the lower stiffness phantom. Because we only used 3 and 16.9 kPa 

preset phantoms, further studies are needed to know which cutoff stiffness is 

the most appropriate for the convex transducer to produce stable results. In 
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addition, when the values in moving status were within normal range 

according to liver fibrosis grade, the values in static status were also within 

normal range using SSI. However, the values in moving status were 

significantly different in the higher velocity motion or in the fibrotic liver 

when using SSI, even though the values were obtained without measurement 

failures. Gennisson et al.17 also mentioned that SSI was slightly sensitive to 

motion because of its ultrafast imaging speed, despite the acquisition of the 

values being done in less than 30 milliseconds. 

For ARFI, there were specific depths that were more stable during 

motion. When using the convex transducer, the 4 cm depth was less affected 

by motion. With the linear transducer, the 2 cm depth was less affected by 

motion when the phantom stiffness was 3 kPa. In a stiffer background, the 

convex transducer minimized differences between moving and static status in 

the 2 cm depth, and the linear transducer was better at minimizing the 

differences in the 4 cm depth. However, it was not easy to obtain nominal 

values itself in ARFI in moving status, which was different from SSI.

In the most recent study using only convex transducer of SSI showed 

that the liver elasticities were similar between free breathing and apnea status 

in homogeneous liver parenchyma of patients, and the values were not 

different between static and moving status using phantom18. These results 

were constant as in our study, using convex transducer of SSI in the lower 

stiffness phantom at the lower velocity motion. They found out the apnea 
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influenced by Valsalva maneuver could lead to increased elasticity values 

than in moving status. Combined with our results, we could also concern that 

the results with apnea affected by Valsalva maneuver would be more 

inaccurate, which is the more frequent situation in pediatric patients while 

forced breath-holding. In addition, our study demonstrated more various 

effects of motion on linear transducer, ARFI, and about different types of 

motions which were not considered in the study.

There are several limitations in this study. First, this study was an 

experimental phantom study. We used 3 and 16.9 kPa phantoms to represent 

the normal and fibrotic range of liver stiffness. However, the heterogeneity of 

liver parenchyma can also affect measurements of elasticity in moving status, 

and these two specific values (3 and 16.9 kPa) could not represent the entire 

normal and fibrotic range of liver stiffness. But we wanted to know how 

continuous motion affected the measurement of stiffness using a uniform 

elasticity phantom and decide to replicate regular motion using the shaker for 

our initiative study. Second, there were limitations in using the shaker to 

simulate regular motion, such as respiration. It was not easy to find, or to 

make a machine that had movements identical to respiratory motion. However, 

this study was meaningful because it was an initial attempt to evaluate the 

effect of continuous regular motion itself on the measurement of SWVs by 

applying different velocities and directions of motion. Further studies are 
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needed to apply the results in actual clinical practice, and to standardize the 

conditions of examinations.

V. CONCLUSION

In conclusion, motion affected the measurement of elasticity 

differently according to machine, phantom stiffness, acquisition depth, 

transducer, and velocity and direction of the motion. Even though measuring 

elasticity in static status is precise, we cannot avoid situations in which values 

need to be measured in moving status. Through this initiative experimental 

study, the convex transducer of SSI was found to be more stable for slowly 

moving subjects, as would be seen in respiration, with the normal range of 

stiffness. However, the values in moving status were significantly different in 

the higher velocity motion or in a fibrotic background using SSI, even though 

the values were easily obtained without any measurement failures. For ARFI, 

more stable measurements were found in several specific depths during 

motion for both transducers. However, there were frequent measurement 

failures using ARFI during motion. This study supported that the different 

setting was needed according to the purpose of examination and condition of 

the patients for measurement of elasticity. More efforts are necessary to 

standardize conditions so that the effect of motion can be minimized during 

measurements of elasticities. Attempts to do so, as with our study, will lead to 

wide application of ultrasound elastography in patients who have difficulties 
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in holding their breath during ultrasound examinations, including pediatric 

patients.
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ABSTRACT (IN KOREAN)

탄 초 에 간 탄 도 측 시 움직 주는 향에

한 동 간 화 형 한

<지도 수 >

연 학 학원 학과

신현주

탄 초 사 하여 간 탄 도 측 함에 어 가

는 숨 참 상태에 탄 도 측 하는 것 다. 

하지만 아 환 에 어 러한 실 가능한

경우가 많 , 나 가 많거나 질병 는 경우에도 호흡

참는 어 운 경우가 많아 탄 초 에 한

고 다. 그러므 본 연 에 는 동 간 화 형

하여 탄 초 한 간 탄 도 측 시 움직

주는 향 알아보고 하 다.

재료

탄 초 는 supersonic shear wave imaging (SSI)과 acoustic radiation 

force impulse imaging (ARFI) 사 하 고, 각각에 곡 형

탐촉 사 하 다. 간 화 형 3.0과 16.9 kPa 탄 도

가진 형 사 하 고 규칙 원형 수평 움직

현하 하여 Orbital Shaker 사 하 다. 탄 도는 각 형 2, 

3, 4, 5cm 에 움직 는 상태 상태 각각 20회씩

측 하 다. 아 상 호흡 수 현하 하여

shaker 에 형 운 채 각각 30, 60 rpm 도 움직

주어 탄 도 측 하 고, 다 향 움직 현하 하여

shaker 에 형 눕힌 채 30 rpm 도 움직 주어

탄 도 측 하 다. 움직 는 상태 상태에 측 한
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탄 도 수치 간 비 하여 Wilcoxon signed-rank test

사 하 고, 각 간에 움직 과 상태 탄 도 차

비 하 하여 Mann-Whitney U test Kruskal-Wallis test

사 하 다. 또한 각 계에 탄 도 측 시 측 실 횟수

확 하 다. 

결과

SSI에 곡 탐촉 는 3 kPa 형 30 rpm 도 움직 때

움직 에 가 게 향 았다. 하지만 60 rpm 도

가시키거나 16.9 kPa 형 사 하 때 측 탄 도는

움직 과 상태 값 하게 차 가 는 것

나타났다. 

ARFI는 3 kPa 형 사 하 때, 곡 탐촉 경우 4 cm, 

형 탐촉 경우 2 cm 가 움직 에 가 향 게 는

것 확 었다. 하지만 ARFI 경우, 특히 움직 는 상태에

탄 도 측 시 측 실 가 흔하게 나타났다. 

결

초 계, 간 도, 측 , 탐촉 움직

도나 향에 따라 움직 는 상태에 탄 도 측

상태 달라지는 결과 보 다. SSI 곡 탐촉 는 상

호흡 수 움직 과 상 간 도 탄 도

형에 는 움직 에 하여 안 것 나타났다. 하지만

SSI 경우 간 형 가 가하거나, 움직 도

가시키는 경우 움직 는 상태 탄 도가 상태

하게 차 나는 결과 보 다. 

AFRI 경우 사 는 탐촉 에 따라 움직 에 안 가

달랐다. 하지만 움직 는 상태에 특히 측 실 가 많 결과

보 다. 러한 결과는 검사하고 하는 나 환 상태에 따라

다 측 환경 하는 필 함 하 다. 

--------------------------------------------------------------------------------------

핵심 는 말: 초 , 탄 도, 움직


