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Effects of gel pad thickness on skin stiffness evaluation 
by ultrasonographic strain elastography in normal 
dogs

Sothavy Chhay1), Kiwamu Hanazono2,3,*), Jo Kitahara1), Ai Hori3), 
Kenjiro Miyoshi1,3), Takaharu Itami1,3), Daiji Endoh2) and 
Tetsuya Nakade1,3)

Abstract
Gel pads are commonly used for skin ultrasound examination; however, the effect of their thickness 
on the measured values is unknown. We investigated the effect of pad thickness on skin stiffness 
measurement in healthy dogs. The skin stiffness of the dorsal neck was measured using a durometer. 
Ultrasonographic strain elastography was performed with 5-, 10-, and 20-mm-thick pads. Among the 
strain ratios, muscle/skin (5 mm) showed a significantly positive correlation with skin stiffness. In the 
strain histogram, AREA (20 mm), CONTRAST (20 mm), MEAN (5, 20 mm), and STANDARD DEVIATION (20 
mm) were significantly correlated with skin stiffness. In conclusion, the thickness of the gel pad affects 
the measurements during skin ultrasonographic strain elastography.
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Introduction

Skin ultrasonography was first used in 
human medicine2) and has been widely used 
since then as a non-invasive and convenient 
technique to diagnose cutaneous neoplasia5,7) and 
inflammatory skin diseases8,21,26). This technique 
can also be used in veterinary medicine and has 
been reportededly useful for the diagnosis of 
cutaneous hemangiosarcoma and lymphangioma 
in horses23,16).

In human medicine, the relationship between 
skin stiffness and various skin diseases, such as 
inflammatory and neoplastic diseases, has been 
investigated9,24,28,30). One non-invasive method 
for evaluating skin stiffness is the durometer13). 
The durometer is constructed as follows: a push 
needle protrudes from the pressure surface of the 
durometer’s body, which is internally connected to 
a spring. Measurement is performed by pressing 
the push needle and pressure surface against the 
specimen’s surface, causing the push needle to 
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press into and deform the specimen with the force 
of the spring, which in turn generates a repulsive 
force in the specimen. When the pressure and 
repulsive force are in equilibrium, the needle’s 
depth of indentation is indicated as stiffness, 
using a range of 0 to 100 points; however, there 
is no physical unit for this. In human medicine, 
durometric measurements of the skin are highly 
correlated with skin stiffness3), which is why 
durometers are widely used to assess the severity 
of systemic scleroderma24,28).

Ultrasonographic strain elastography is a 
technique for imaging the relative displacement 
(strain) of tissue caused by the compression of 
the probe to determine tissue stiffness18). The 
basic material property evaluated by strain 
elastography is the elasticity of a material, 
described as the tendency of a material to resume 
its original size and shape after being subjected 
to a deforming force or stress. This change in 
size and shape is known as the strain17). Good 
elastograms can be obtained by generating 
sufficient strain in the region of interest (ROI), for 
which sufficient stress must be applied11).

In human medicine, ultrasonographic strain 
elastography has been evaluated as a method for 
differentiating between benign and malignant 
skin tumors9,30). Meanwhile, strain ratios have 
been used for various types of evaluations in 
human medicine such as diagnosis of breast 
cancer25,40),  pancreatic mass evaluation22), 
classification of liver fibrosis29,37), and prediction 
of optimal biopsy targets in prostate cancer 
diagnosis39). Additionally, strain ratios have 
also been used in diagnostic studies of human 
skin tumors, with malignant lesions showing a 
higher strain ratio (healthy skin/lesion) since 
they are typically harder than normal tissue9). A 
strain histogram can extract 11 kinds of texture 
features by using the histogram display function 
in the ROI of the elastogram and texture analysis 
using the gray level co-occurrence matrix19). 
Several human medical studies have attempted 
to infer the tissue structure and stiffness of 
the liver, thyroid, and skin using these texture 

features15,29,30,38).
In skin ultrasonography, a gel pad (i.e., 

standoff pad) is often used to clearly delineate 
the body surface and superficial layers. This is 
because the gel pad does not contain scatterers 
and is a medium that shows the skin structure 
by its adhesion to the skin and probe20,30,35). The 
usefulness of gel pads has been demonstrated 
for the evaluation of the body surface. The 
gel pads improved the visualization in cases 
where the vocal cords were difficult to observe 
due to calcification of the thyroid gland36). In 
ultrasonographic strain elastography, gel pads are 
also expected to normalize the applied pressure 
and improve the image quality of the skin 
surface10,20,35). However, the appropriate thickness 
of the gel pad for skin ultrasonographic strain 
elastography is not certain.

Our hypothesis is that the measurements 
obtained by strain ratio and strain histogram 
indicate skin stiffness; however, we speculate that 
the differences in the gel pad thickness may affect 
these measurements. The purpose of this study is 
to assess skin stiffness by ultrasonographic strain 
elastography with gel pads of various thicknesses, 
as well as to investigate how the thickness of the 
gel pad affected these assessments in dogs.

Materials and Methods

Animals
Our study was performed with 10 beagles: 

four intact females and six intact males. The 
age range was 5-9 years and body weight range 
was 9.0-13.1 kg. All dogs were considered 
clinically healthy based on the results of a clinical 
examination. The study design was approved 
by the Rakuno Gakuen University Animal 
Experiment Committee (Approval number: 
VH19B8). The dogs were held in the prone 
position, and all examinations were performed 
without sedation or anesthesia. 
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Measurement of skin stiffness by the measuring 
devices

Before ultrasonographic examination, the 
stiffness of the skin in all dogs was measured using 
a durometer (Digital Hardness tester type C, tip 
stroke: 0-2.5 mm; Euhong, China, Dayirenn). First, 
the dorsal neck region was shaved with a clipper 
and a 2-cm straight line was marked on the skin 
with a permanent marker pen. The durometer was 
used to measure skin stiffness of the neck region 
where the hair had been shaved. The durometer 
was carefully held and stabilized on the surface 
of the skin, and the measured values appeared 
as digital numbers (stiffness), which were then 
recorded. The stiffness was measured three times 
at one point on the marked line.

Ultrasonographic strain elastography
Ultrasound images were obtained with an 

imaging system (ARIETTA70; Hitachi, Japan, 
Tokyo) in which the dogs were held in sternal 
recumbency and the dorsal neck skin was 

visualized using a 13-MHz linear probe (L64; 
Hitachi, Japan, Tokyo). Ultrasonographic strain 
elastography images were scanned three times 
using the same transducer with 5-, 10-, or 20-mm-
thick pads (Echo Gel Pad; Yasojima, Japan, 
Kobe). The acoustic impedance and damping rate 
of these gel pads were 1.42 × 106 Pa·s/m and 3.5 
dB/cm at a frequency of 5 MHz, respectively. The 
5-, 10-, and 20-mm-thick pads were cut to fit the 
probe surface and were covered with a condom 
together with the probe (Fig. 1).

Fig. 1.
Attachment of the gel pad and application of the probe. The 
gel pad is attached to the probe at the tip and covered with a 
condom. Subsequently, the probe with the attached gel pad is 
placed on the skin of the neck without vibration.

Fig. 2.
Skin structure on B-mode image (A) and ROI settings for fat/
skin strain ratio (B), muscle/skin strain ratio (C), and strain 
histogram (D) on elastogram. A circular ROI was used for the 
strain ratio (B, C) and a square ROI was used for the strain 
histogram(D).
(A)The epidermis of the skin is the most superficial layer of the 

body and presents as a granular hyperechoic layer. The 
subcutaneous fat (F) is located beneath the skin and is 
observed as a multilayered hyperechoic layer. The muscle 
(M) lies below the subcutaneous fat and is hypoechoic. Gel 
pad (G) is observed as a uniform hypoechoic layer at the 
top of the image.

(B)In fat/skin strain ratio, the ROI of the skin (circular 
"S") and the ROI of the fat (circular "F") were set in the 
epidermis of the skin and subcutaneous fat, respectively.

(C)In muscle/skin strain ratio, the ROI of the muscle (circular 
“M”) was set in the muscle. The ROI of the skin (S) was 
set in the same way as with fat/skin.

(D)The ROI for the strain histogram (quadrangle “S”) was set 
in the epidermis only without comparison.
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We used the "minimal compression" method 
to obtain the vibration for ultrasonographic strain 
elastography4). In this method, the probe is placed 
perpendicular to the skin without conscious 
shaking and minimal pressure is applied. This 

method detects vibrational energy from both 
the vibrations caused by involuntary muscle 
contraction of the examiner's hand as well as 
the vibrations caused by the animals’ muscle 
contraction, and since the image does not move 

Table 1. Correlation between the strain ratios in each condition and skin stiffness values measured with a durometer

Strain ratio Gel pad Mean SD Median Range r p-value

fat/skin

5 mm 3.12 1.97 0.110 0.763

10 mm 2.67 4.72 -0.105 0.773

20 mm 2.51 1.95 0.182 0.615

muscle/skin

5 mm 9.23 7.75 - 22.19 0.745 0.026

10 mm 7.34 2.16 - 29.17 -0.252 0.449

20 mm 5.49 1.53 - 26.17 -0.117 0.726

*SD: Standard deviation for each measurement

Table 2. Correlation between the strain histogram parameters in each condition and skin stiffness values measured with a 
durometer

Strain histogram Gel pad Mean SD* Median Range r p-value

MEAN

5 mm 25.79 17.40 - 49.60 -0.696 0.037

10 mm 29.08 18.03 -0.391 0.264

20 mm 34.54 19.86 -0.725 0.018

STANDARD 
DEVIATION

5 mm 13.81 6.39 -0.578 0.080

10 mm 19.11 5.10 - 30.24 -0.217 0.548

20 mm 20.06 12.19 -0.813 0.004

AREA(%)

5 mm 97.03 71.00 -100.0 0.314 0.346

10 mm 92.26 57.01-100.0 0.106 0.788

20 mm 93.86 54.66 - 100.0 0.704 0.035

COMPLEXITY

5 mm 15.87 14.94 - 21.61 -0.511 0.125

10 mm 15.57 15.21 - 21.02 -0.068 0.839

20 mm 15.40 14.53 - 21.16 -0.419 0.209

SKEWNESS

5 mm 0.69 -0.06 - 1.79 0.062 0.854

10 mm 0.94 0.62 0.445 0.198

20 mm 0.95 0.57 0.112 0.759

KURTOSIS

5 mm 2.80 2.15 - 6.10 0.111 0.740

10 mm 3.80 1.62 0.350 0.321

20 mm 3.52 1.93 - 6.09 0.197 0.555

CONTRAST

5 mm 1.98 0.50 - 18.24 -0.289 0.386

10 mm 13.37 12.80 0.046 0.899

20 mm 8.16 0.61- 44.21 -0.720 0.031

ENTROPY

5 mm 1.99 0.26 -0.356 0.312

10 mm 2.05 0.46 -0.238 0.508

20 mm 2.13 0.50 -0.599 0.068

INVERSE 
DIFFERENCE 

MOMENT

5 mm 0.64 0.08 0.448 0.194

10 mm 0.62 0.38 - 0.80 0.019 0.956

20 mm 0.51 0.27 - 2.21 0.529 0.112

ANGULAR SECOND 
MOMENT

5 mm 0.04 0.02 - 0.30 0.259 0.438

10 mm 0.02 0.00 - 0.22 0.012 0.971

20 mm 0.04 0.00 - 0.33 0.160 0.631

CORRELATION

5 mm 0.99 0.01 0.039 0.915

10 mm 0.99 0.96 - 1.00 -0.326 0.328

20 mm 0.99 0.97 - 1.53 0.049 0.883

*SD: Standard deviation for each measurement
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at all, extremely detailed images can be obtained. 
For appropriate vibration, we checked the strain 
graph displayed on the screen and applied only 
data in the range of -0.3 to 0.31).

A circular ROI was selected for the skin, 
subcutaneous fat, and muscle for the strain ratio 
evaluation. Subcutaneous fat-to-skin ratio (fat/
skin) and muscle-to-skin ratio (muscle/skin) were 
calculated (Fig. 2). The pixel values were shown 
in 256 color gradients according to the color 
mapping from blue (0) to red (255). The scale 
ranged from blue for the hardest component with 
the lowest strain to red for the softest component 
with the highest strain. For the strain histogram, 
a rectangular ROI was selected for the skin area 
(Fig. 2). The quantifiable characteristics of the 
strain histogram include the mean of the relative 
strain values (MEAN) and standard deviation 
of the relative strain values (STANDARD 
DEVIATION), area of low strain (AREA), 
complexity of the low strain area (COMPLEXITY), 
kurtosis of the strain histogram (KURTOSIS), 
skewness (SKEWNESS), contrast (CONTRAST), 
entropy  (ENTROPY) ,  inverse  d i f ference 
moment (INVERSE DIFFERENCE MOMENT), 
angular second moment (ANGULAR SECOND 
MOMENT), and correlation (CORRELATION) 
for the gray level co-occurrence matrix. These 
parameters were automatically calculated by the 

ultrasound system (Fig. 3).
MEAN is the mean value of the relative 

strain values in the ROI, and a small value 
indicates that a large number of hard regions 
were included. STANDARD DEVIATION is the 
standard deviation of the relative strain values in 
the ROI, and evaluates the variation in the strain 
values. AREA is the ratio of the area of the low 
strain regions, which increases as the number 
of low strain regions increases. COMPLEXITY 
is defined as the average complexity of the low 
strain region, which indicates how complex the 
contour is in relation to the area of the low strain 
regions. SKEWNESS is used as a measure of 
asymmetry and its value indicates the extent to 
which symmetric objects in the histogram are 
distorted, while KURTOSIS is the spread from 
the mean on the histogram. For factors associated 
with the gray level co-occurrence matrix, 
CONTRAST indicates the feature of textual 
variation, ENTROPY indicates the feature of 
textual randomness, INVERSE DIFFFERENCE 
MOMENT indicates the feature of textual 
homogeneity, ANGULAR SECOND MOMENT 
indicates the feature of textual homogeneity, and 
CORRELATION indicates the feature of textual 
directionality15,19,38). All elastography parameters 
were measured three times, and the average 
values were calculated.

 
Statistical analysis

The obtained data were analyzed using 
a free statistical software (R, a language and 
environment for statistical computing, version 
3.6.0, R Foundation for Statistical Computing, 
Vienna, Austria) for the Shapiro-Wilk normality 
test and commercially available software 
(Statmate III, ATMS, Tokyo, Japan) for the 
Pearson's correlation coefficient, Spearman's 
rank correlation coefficient, one-way analysis of 
variance, and the Kruskal–Wallis test.

If the measurements showed a normal 
distribution, the mean and standard deviation 
(SD) of the measurements were obtained; if they 
did not show a normal distribution, the median 

Fig. 3.
Strain histogram image. The B-mode image and histogram 
(bottom) are shown on the left of the screen, and the 
elastogram and strain graph are shown on the right. The 
bottom part of the screen shows each calculated feature.
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of the measurements and range were obtained. A 
parametric test was used for comparing data that 
followed a normal distribution, whereas a non-
parametric test was used for comparing data that 
did not follow a normal distribution.

To determine the correlation between the 
values measured by the durometer and values 
measured by ultrasound elastography, we used 
Pearson's correlation coefficient (parametric 
test) or Spearman's rank correlation coefficient 
(non-parametric test). One-way analysis of 
variance (parametric test) or Kruskal–Wallis test 
(non-parametric test) were used to determine 
significant differences among the gel pads. A p 
value of < 0.05 was considered significant.

 
Results

The mean skin stiffness value measured with 
the durometer in the 10 dogs was 8.98 ± 0.87 
points (mean±SD). The ultrasound elastography 
images for each gel pad are shown in Fig. 3. 
Elastograms with inadequate colorization in 
the ROI were found in 36.67% of under 5 mm, 
50% of under 10 mm, and 90% of under 20 mm 
thick pads. Table 1 shows the strain ratios and 
correlation between the strain ratios and skin 
stiffness. The muscle/skin ratio demonstrated 
a significantly positive correlation with skin 
stiffness for the under 5-mm-thick pad (r = 0.745, 
p = 0.026). However, the fat/skin ratio did not 
correlate with skin stiffness for any of the pads. 
The correlations between the strain histogram 
and skin stiffness are shown in Table 2. According 
to the results, AREA (20 mm: r=-0.704 p=0.035), 
CONTRAST (20 mm: r=-0.720, p=0.031), MEAN 
(5 mm: r=-0.696, p=0.037; 20 mm: r=-0.725, 
p=0.018), and STANDARD DEVIATION (20 mm: 
r=-0.813, p=0.004) showed significant correlations 
with skin stiffness. The greatest number of 
correlations were found with the 20-mm-
thick pad. No significant difference was found 
between the gel pads for any of the ultrasound 
elastography values.

Discussion

In this study, the muscle/skin ratio with a 
5-mm-thick pad showed a significantly positive 
correlation with skin stiffness, while the muscle/
skin ratios with the other pads demonstrated no 
correlation. Strain elastography was performed 
with the transducer compressed perpendicular 
to the skin surface; this approach requires stable 
pressure or stable compression by the operator to 
maintain the good quality of elastography31). As 
the thickness of the gel pad increased, there was 
an increasing trend in the percentage of images 
with uncolored areas indicating insufficient 
stress deep in the muscle of the ROI. In general, 
gel substances have a shock-absorbing effect14). 
As the thickness of the gel pad increases, it may 
result in the generation of less-than-optimal 
stress in the deep region. Moreover, if these 
gel pads were cut to fit the width of the probe, 
they may undergo buckling, thus generating 
insufficient stress.

In breast elastography, fat tissue has been 
used as a comparator for lesions (FLR: fat-to-
lesion strain ratio) 31). However, in this study, no 
significant correlation was found between the fat/
skin ratio and skin stiffness. Ambroziak et al.3) 
reported that the subcutaneous tissue contains a 
mixture of soft distorted adipose tissue and hard 
less distorted connective tissue, which makes 
the distortions less homogeneous. It also reduces 
the reproducibility of ultrasound elastography in 
cases with thick layers of fat3). Therefore, the lack 
of a significant correlation between the fat/skin 
ratio and skin stiffness in the present study may 
be due to the inconsistent distortion of the adipose 
part of the subcutaneous tissue.

In a study of human skin tumors, MEAN 
was the most direct measure of strain within 
the lesion as a diagnostic parameter30).  In 
addition, Morikawa et al. found in a study of liver 
fibrosis that liver stiffness showed a negative 
correlation with the MEAN, while showing 
positive correlations with the AREA, STANDARD 
DEVIATION, and COMPLEXITY30). In this study, 
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skin stiffness demonstrated negative correlations 
with the MEAN, STANDARD DEVIATION, and 
CONTRAST, while showing positive correlations 
with the AREA. The smaller the MEAN, the more 
hard regions are included in the ROI15). On the 
other hand, AREA indicates the area of the low 
strain regions in the ROI; therefore, it increases 
with an increase in the low strain regions. 

Consequently, an increase in the AREA indicates 
greater stiffness15). These facts support the finding 
that the MEAN decreases, and AREA increases, 
with increasing skin stiffness.

CONTRAST shows concentration differences 
in the texture features19); however, its clinical 
significance in the strain histogram is not clear15,38). 
In normal skin, skin stiffness is dependent on the 
water content, and as the water content decreases, 
skin stiffness increases27,33,34). Ceramides, as a 
component of the lipid matrix in the interstitium, 
play an important role in water retention in the 
epidermis, and their loss results in reduced water 
content of the skin12). It has been reported that 
the ceramide content of the skin varies among 
humans32). A decrease in skin hydration due to 
low ceramide content may increase skin stiffness, 
while a decrease in the interstitial components 
may reduce the concentration differences in the 
elastogram. However, since histological evaluation 
was not performed in the present study, we could 
not postulate the relationship between skin 
stiffness and tissue structure.

On the other hand, STANDARD DEVIATION, 
which was positively correlated with the liver 
stiffness in a previous report29), showed a negative 
correlation with skin stiffness in our study. 
STANDARD DEVIATION has been reported 
to indicate tissue heterogeneity15). Morikawa et 
al. reported that liver fibrosis is characterized 
by an increase in the liver tissue stiffness and a 
concurrent increase in the stiffness variability, 
or STANDARD DEVIATION, as the fibrosis 
progresses29). Thus STANDARD DEVIATION  
was thought to be positively correlated with liver 
fibrosis. The present study used normal skin 
tissue, and the change in stiffness was not related 
to fibrosis. Therefore, the mechanism may be 
different from what has been reported previously. 
The reason for the negative correlation with 
STANDARD DEVIATION for the under 20-mm-
thick pad may be that the harder the skin, the 
lower the absolute value of strain in the ROI, and 
the more difficult it is to recognize small areas 
of strain due to attenuation. Thus, STANDARD 
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Fig. 4.
Ultrasonographic strain elastography image of the dorsal 
neck skin under a 5-mm-thick pad (A), 10-mm-thick pad (B), 
and 20-mm-thick pad (C). Areas of the skin (S), fat (F), and 
muscle (M) are indicated by bars. Under the 5-mm-thick 
pad, almost the entire ROI is colorized; however, non-colored 
areas (arrowhead) are seen locally under the 10-mm-thick 
pad with multiple areas under the 20-mm-thick pad. The 
skin area tends to appear bluer and more uniform under the 
5- and 10-mm-thick pads than under the 20-mm-thick pad 
(A-C). Under the 20-mm-thick pad (C), a slope is formed on 
the skin surface due to compression (arrow).
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DEVIATION showed a negative correlation with 
skin stiffness.

The most significant correlations were found 
for the under 20-mm-thick pad. However, there 
are no clear studies to support this result. The 
depth of the lesion has been reported to not 
affect the assessments with the strain histogram 
in breast tumors6). Conversely, it has been 
recommended that the ROI should be set at least 
20 mm deeper than the liver coat because the 
liver surface appears hard (blue) in the strain 
histogram due to compression29). In fact, the 
5-mm-and 10-mm-thick pads tended to show 
harder (blue) skin and higher AREA in this study 
(Table 2, Fig. 4). These results suggest that a 20 
mm distance from the surface of the probe may be 
required to obtain the skin strain histogram using 
a gel pad in this condition. The extent to which 
the thickness of the gel pads correlated with skin 
stiffness was different for the strain ratio and 
strain histogram. The reason for this discrepancy 
may be the fact that the strain ratio is a relative 
assessment performed using deep muscle and fat 
as comparators, whereas the strain histogram is 
based on skin only.

The main limitation of this study is the 
small number of cases. Only 10 conscious beagle 
dogs were included in the study. Breed, age, sex, 
and muscle tension differences were not taken 
into account. In addition, we cannot completely 
guarantee that we were able to accurately 
measure skin stiffness because we were unable 
to develop a skin stiffness tester specifically for 
dogs and substituted a commercially available 
durometer. Likewise, we have not been able 
to fully determine the meaning of the strain 
histogram because we did not  perform a 
histological examination of the skin. Moreover, 
the suitable gel pad thickness may also vary with 
the components of the gel pad and the ultrasound 
device. In addition, inter-examiner errors were 
not considered in this study. Therefore, it is not 
possible to completely determine the appropriate 
gel pad thickness based on the results of this 
study alone.

In conclusion, the thickness of the gel pad 
affects the measurements when performing skin 
ultrasonographic strain elastography.
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