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Abstract
Study design Secondary analysis of a cross-sectional observation study.
Objectives To determine the relationship between skin ultrasound images and muscle damage in wheelchair basketball
athletes, using skin blotting examinations of the ischial regions.
Setting Community, Japan.
Methods Fourteen elite wheelchair basketball athletes were recruited. We obtained data regarding participants’ character-
istics. We undertook ultrasonographic images and quantitative skin blotting of the ischial region before and after training,
and after rest.
Results We identified Category II and III pressure injuries in 2 of the 12 participants. Structural features were classified into
four categories based on ultrasonographic features, namely, normal skin structure, unclear superficial and deep fascia, cloudy
fat layer, and fat infiltration and low-echoic lesion/anechoic lesions. The muscle-type creatinine kinase (CK-M) level
(median [interquartile range: IQR], 2.98 [2.80–3.47]) in the fat infiltration and low-echoic lesion/anechoic lesion group was
significantly higher (1.43 [1.41–1.49]) than in a nonfat infiltration and low-echoic lesion/anechoic lesion group after training
(p= 0.03). The interleukin-6 (IL-6) level (median [IQR], 23.5 [16.15–58.97]) in the fat infiltration and low-echoic lesion/
anechoic lesion group was significantly higher (1.94 [1.74–4.44]) than in the nonfat infiltration and low-echoic lesion/
anechoic lesion group after rest (mean difference=−25.4, 95% CI −61.1 to 10.7, p= 0.03).
Conclusions The combination of ultrasonographic images and skin blotting using CK-M and IL-6, could detect early deep
tissue damage in wheelchair athletes. These techniques could be potentially useful in the treatment and prevention of
pressure injuries.
Sponsorship This study was supported in part by YAMAHA Motor Foundation for Sports.

Introduction

Wheelchair basketball was included as a competitive sport
at the inaugural Rome 1960 Paralympic Games, and is a
popular sport for people with disabilities. Wheelchair bas-
ketball can be played by people with physical disabilities
that involve reduced function of the lower limb or paralysis
of the lower portion of the body due to several causes,
including spinal cord injury (SCI). Participation in sport,
including wheelchair basketball, has been reported to
improve psychological status, quality of life, and commu-
nity integration; [1, 2] however, wheelchair players risk
secondary disabilities such as pressure injuries (PIs) [3, 4].

A PI is a localized injury to the skin and/or underlying
tissue, usually over a bony prominence, as a result of
pressure, or pressure in combination with shear stress [5].
Risk factors in the development of a PI have previously
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been reported, and include activity limitation, mobility
limitation, increased friction and shear stresses, poor nutri-
tional status, skin moisture issues, increased body tem-
perature, an advanced age, a loss of sensory perception, or
SCI [5]. Wheelchair basketball athletes have additional risks
due to the often difficult and complicated physical perfor-
mance, thus increasing the risk of developing PIs. The
effects of PIs for wheelchair basketball athletes include
pain, discomfort, and infection [6, 7], and can also include
poor performance and an inability to participate in play and
retain their team position due to rehospitalization [8, 9].
Therefore, PI prevention for wheelchair basketball athletes
is important.

The prevalence rates for PIs among wheelchair basket-
ball athletes have been reported to be between 27 and 68%
[10–12], whereas the prevalence of PIs in people with SCI
after 5 years has been reported to be 13% [13]. The risk of
PI development in wheelchair basketball athletes is higher
than that of their nonathletic counterparts. The high pre-
valence of PIs, including deep tissue injury (DTI), in
wheelchair basketball athletes may be attributable to undue
pressure or friction/shear stresses due to ‘stop and dash’
requirement of the sport, or to the heavy crashes that occur
during competition. Previous studies using ultrasonography
reported prevalence rates of 45% and 68% for DTI in elite
male and female wheelchair basketball athletes, respectively
[11, 12]. These studies were complete surveys conducted in
the male and female national teams, and images of the
sacral and ischial regions were analyzed. Other investigators
have reported that PI occurrence via visual inspection was
2%; however, in another study using ultrasonography, low-
echoic lesions were identified as DTI in 13% of study
participants with SCI [14]. A suspected DTI is defined as
“intact or nonintact skin with a localized area of persistent
non-blanchable deep red, maroon, or purple discoloration,
or epidermal separation revealing a dark wound bed or
blood-filled blister. Pain and temperature change often
precede skin color changes” [15]. However, it is not suffi-
cient to detect suspected DTI through an assessment of skin
appearance. In a clinical setting, ultrasonography can be
used to detect suspected DTI, and this has been especially
useful in observing unclear layered structures, hetero-
geneous hypoechoic lesions, and discontinuous fascia
within the subcutaneous fat tissue layer [16]. One study
showed tissue changes such as muscle atrophy or fat infil-
tration into the muscles of people with SCI [17]. However,
using ultrasonography alone, it is difficult to detect whether
skin tissue including adipose and muscle tissue in a DTI
area has actually sustained damage. Early detection of deep
tissue damage including damage to muscle tissue can likely
prevent PIs.

One simple and noninvasive method that can be used
instead of a histological biopsy examination is the skin

blotting method [18]. With this method, a negatively charged
nitrocellulose membrane is hydrated with normal saline, and
is attached to the skin surface for 10min. The membrane
attracts soluble protein from the inside of the attached skin
tissue. Immunostaining of the blotted membrane reflects the
pathophysiological status of the skin [19, 20]. Minematsu
et al. [18] demonstrated the detection of fluorescein-labeled
dextran released from implanted agarose gel in the dorsal skin
of mice. Their results showed that fluorescein-labeled dextran
from the subcutaneous adipose tissue could be detected 1 h
following attachment of the membrane to the skin surface
[18]. Evaluating the condition of local muscle using the skin
blotting method has previously been undertaken [21].
Therefore, we used this method to identify deep tissue
damage, including muscle tissue in the ischial region, in
wheelchair basketball athletes.

This study aimed to determine the relationship between
skin ultrasound images and muscle damage using a skin
blotting examination of the ischial region in wheelchair bas-
ketball athletes. We confirmed the relationship between skin
ultrasound images and muscle damage using a skin blotting
examination before and after training, and after rest.

Methods

Research design

We undertook a secondary analysis of a cross-sectional
observation study. The survey was conducted during a
training camp for elite Japanese male wheelchair basketball
athletes in November 2017.

Participants

The eligibility criterion was elite Japanese male wheelchair
basketball athletes, who participated in a training camp in
November 2017. Participants whom team staff considered
to have difficulties in joining the study, were excluded.

Study protocol

Researchers performed physical examinations and inter-
viewed participants. A wound, ostomy, and continence
nurse (WOCN) visually inspected and palpated the skin of
the ischial regions. A sonographer took ultrasonographic
images of the bilateral ischial tuberosities using ultrasono-
graphic diagnostic equipment. Finally, the WOCN and
researchers collected skin blotting samples from the uni-
lateral ischial region, where tissue damage was assessed by
the WOCN to be more severe than the contralateral ischial
region, in the morning (baseline) and at night (after training)
on the first day, and on the following morning (after rest).
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Measurements

Participant characteristics

Participant characteristics were obtained through interviews,
involving participants’ age, height, weight, cause of dis-
ability, duration of disease, assistive devices required for
daily life, the cushion type for daily activities/basketball
wheelchair use, wheelchair basketball participation history,
past history of a pressure injury, and any surgical history of
flap reconstruction for a pressure injury. One researcher
measured the triceps skinfold thickness (TSF) and the arm
muscle circumference (AMC) on the nondominant upper arm
of the athletes three times using a skinfold caliper (Abbott
Japan, Tokyo, Japan) and a measuring tape (Abbott Japan,
Tokyo, Japan), respectively, and the average was calculated.

Skin structure changes

A sonographer took B-mode ultrasonographic images of
bilateral ischial tuberosities with ultrasonographic diagnostic
equipment using a linear-array (5–18MHz) transducer
(Noblus; Hitachi Aloka Medical, Ltd., Tokyo, Japan). Gain
and tissue depth for later quantitative image analysis were
maintained at constant levels. The athletes were placed in a
lateral position and a sonographer measured their skin/fat
layer and muscle layer. Finally, the sonographer, the WOCN,
and the researchers performed qualitative classification as per
the morphological texture of the skin structure changes. The
categories were generated by identifying similar morpholo-
gical textures, and were named accordingly. In addition,
ultrasonographic images of beef muscle (beef rump and
marbled beef muscle) samples were obtained by the sono-
grapher using the same ultrasonographic diagnostic equip-
ment for comparison with the players’ images.

Properties of histological deep tissue damage measured
using skin blotting (CK-M, IL-6)

A piece of nitrocellulose membrane (Bio-Rad, Hercules,
CA) was attached to the sampling site following hydration
with normal saline. A quantitative skin blotting examination
was performed to measure the muscle damage and the
inflammatory response at the ischial region in the partici-
pants [18, 19]. We selected muscle-type creatinine kinase
(CK-M) and Interleukin 6 (IL-6) as markers of muscle
damage. CK-M is related to muscle disruption, and peaks
between 24 h and 72 h after physical training [22]. IL-6 is
secreted from muscle tissue in response to an inflammatory
response [23].

A piece of nitrocellulose membrane (Bio-Rad, Hercules,
CA) was moistened with 50 uL of normal saline, and then
attached to the skin surface of the selected ischial region for

10 min with players lying in a prone position. The collected
samples were dried and stored at 4 °C until staining. The
staining and evaluating processes for CK-M and IL-6 were
blinded. The immunostaining procedure, using a vacuum-
driven immunodetection system (SNAP i.d. 2.0, Merck
Millipore, Billerica, MA), was as follows. The blotting
samples were divided into two pieces and blocked with
blocking solution (Blocking One, Nacalai Tesque, Kyoto,
Japan) for 10 min. The target proteins were detected through
a 10 min reaction time with primary antibodies, namely, the
rabbit polyclonal anti-CK-M antibody (dilution 1:300;
Proteintech Group, Inc., Rosemont, IL), and the rabbit
monoclonal anti-IL-6 antibody (dilution 1:500; Cell Sig-
naling Technology, Danvers, MA), followed by detection
through a 10 min reaction time with horseradish peroxidase
conjugated donkey anti-rabbit Ig (dilution 1:1000; Jackson
ImmunoResearch Laboratories, West Grove, PA). The dot
blot samples of the appropriate recombinant peptides, that
is, human recombinant CK-M (Proteintech, Rosemont, IL)
and human recombinant IL-6 (Cell Signaling Technology)
and their solvents, were prepared and simultaneously
stained as positive and negative controls. Immunoreactiv-
ities were visualized with chemiluminescent substrates for
peroxidase (Luminata Forte, Merck Millipore), and recor-
ded using a chemiluminescence imaging device (LumiCube
Liponics, Tokyo, Japan). The immunostaining images were
analyzed according to threshold values, which comprised
the mean +2 × the standard deviation of the negative con-
trol samples, and we calculated the percentage of the
positive area to the total area of samples using Image J
(National Institutes of Health, Bethesda, MD). The CK-M
value was determined as the relative value divided by the
CK-M value obtained before training. The IL-6 value was
used as the absolute value.

Analysis

Descriptive statistics for characteristics were calculated as
the median (interquartile range: IQR). Structural features of
ultrasonographic images were grouped according to the
presence or absence of low-echoic/anechoic lesions. A
Mann–Whitney U test was used to compare outcomes
between the two groups. A P value of <0.05 was considered
statistically significant. All statistical analyses were per-
formed using SPSS®24.0 for Windows® (SPSS Inc., Chi-
cago, IL, USA).

Results

Fourteen male elite wheelchair basketball athletes were
recruited. Two athletes were excluded because of significant
edema identified in the ischial region and a lack of
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ultrasonographic images due to the excessive thickness for
linear-array transducers, and twelve participants were ana-
lyzed. Table 1 shows the participants’ characteristics. The
median age was 27 years (IQR, 23.5–31.0), the TSF and the
AMC were 8.3 (IQR, 6.0–13.7) mm and 35.5 (IQR,
33.2–36.5) cm, respectively, and ten athletes were identified
as having sensory disturbance. All athletes used wheelchairs
as assistive devices for daily life, and used urethane foam
cushions when in their basketball wheelchairs. Ten athletes
with sensory disturbance reported a past history of PIs. At
the time of this study, Category II and III PIs on the ischial
region were identified in two participants on visual
inspection (Fig. 1).

A total of 24 ultrasonographic images, obtained from
the bilateral ischial region in 12 participants, were col-
lected for qualitative analysis. Skin structural features
were classified into four categories, namely, normal skin
structure (three images), unclear superficial and deep
fascia (nine images), cloudy fat layer (six images), and fat
infiltration and low-echoic lesion/anechoic lesion (six
images) (Fig. 2). The normal skin structure category
showed skin structures that clearly distinguished the
dermis/epidermis, the subcutaneous tissue, and the muscle
layer. The unclear superficial and deep fascia category

identified superficial fascia in the subcutaneous tissue and
deep fascia in the muscle layer that were discontinuous or
unclear. A cloudy fat layer categorization indicated
unclear superficial fascia, with low contrast and rough
resolution. A fat infiltration and low-echoic lesion/anec-
hoic lesion categorization revealed a low-echoic/anechoic
lesion with fat infiltration into the muscle. This latter
finding confirmed deep tissue damage.

We took ultrasonographic images of beef rump and
marbled beef muscle samples, to understand the skin
structure changes in wheelchair basketball athletes. In the
ultrasonographic images of beef rump muscle, the super-
ficial fascia was clear. However, in the ultrasonographic
images of marbled beef muscle, the structures of the layers
were unclear and of low contrast (Fig. 3).

In the skin blotting results, the CK-M levels in all 12
participants decreased from after training to after rest. In
one participant, the CK-M level (3.5%) maintained a similar
level until after rest (3.2%). The IL-6 level varied after
training and at rest according to each individual (Fig. 4).

We analyzed the relationship between skin ultra-
sonography images and muscle damage using skin blotting.
The features classified according to the qualitative method
were divided into two groups, depending on the presence or
absence of deep tissue damage, namely, a fat infiltration and
low-echoic lesion/anechoic lesion group, and a nonfat
infiltration and low-echoic lesion/anechoic lesion group.
The CK-M level (median [IQR]), 2.98 [2.80–3.47]) in the
fat infiltration and low-echoic lesion/anechoic lesion group
was significantly higher (1.43 [1.41–1.49]) than that of the
nonfat infiltration and low-echoic lesion/anechoic lesion
group after training (Z=−2.19, p= 0.03) (Table 2). No
significant difference was found in the CK-M level after rest
or in the IL-6 level after training, (Z=−1.38, p= 0.17;
Z=−1.38, p= 0.17, respectively). The level of IL-6
(median [IQR], 23.5 [16.2–59.0]) in the fat infiltration and
low-echoic lesion/anechoic lesion group was significantly
higher (1.94 [1.74–4.44]) than that of the nonfat infiltration
and low-echoic lesion/anechoic lesion group after rest (Z=
−2.19, p= 0.03) (Table 2).

Table 1 Characteristics of participants.

N= 12

Age (years) 27 (23.5–31.0)

Height (cm) 172.8 (164.3–176.3)

Weight (kg) 63.2 (56.8–68.8)

Triceps skinfold thickness (mm) 8.3 (6.0–13.7)

Arm muscle circumference (cm) 35.5 (33.2–36.5)

Cause of disability Spinal cord injury 8 (66.7)

Spinal tumor 1 (8.3)

Spinal Bifida 1 (8.3)

Lower limb amputation 2 (16.7)

Duration of disease (years) 14.5 (10.0–18.3)

Sensory disturbance 10 (83.3)

Assistive device for daily life Wheelchair 12 (100.0)

Prosthetic foot 2 (16.7)

Cushion Daily
wheelchair use

Air cell 7 (58.3)

Gel 1 (8.3)

Urethane foam 4 (33.3)

Basketball
wheelchair use

Urethane foam 12 (100.0)

Wheelchair basketball (years spent playing) 8.0 (6.0–11.3)

History of pressure injuries 10 (83.3)

Flap reconstruction for pressure injury 3 (25.0)

Median (interquartile range)/N (%).

Fig. 1 Cases with pressure injuries (PIs). One athlete had a Category
II PI on the left ischial region and another athlete had a Category III PI
on the right ischial region.
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Typical Ultrasonographic images
Number of 

images

Normal skin structure 3

Unclear superficial and deep facia 9

Cloudy fat layer 6

Fat infiltration and low-echoic lesion/anechoic 

lesion

6

Fig. 2 Classification of tissue changes in the ischial region using ultrasonography.

c. Beef rump muscle d. Marbled beef musclea. Able-bodied individual b. Athlete with spinal cord injury

Fig. 3 Ultrasonographic images. a The skin layer structure in ultra-
sonographic image of an able-bodied individual is clear. b The muscle
layer is not able to be distinguished from the fat layer in this

ultrasonographic image of an athlete with SCI. c This ultrasonographic
image of beef rump muscle shows clear superficial fascia. d This
ultrasonographic image of marbled beef muscle shows fat infiltration.

A B C D 
E F G H 
I   J   K   L    

A B C D 
E F G H 
I   J   K   L    

After training After rest After training After rest

Fig. 4 Changes in tissue damage using skin blotting. CK-M and IL-
6 were calculated as the proportion of positive area (PPA) (N= 12).
PPA= (pixels of positive area for each protein)/(pixels of analyzed
area of nitrocellulose membrane). The CK-M value was used as the
relative value divided by the CK-M value obtained before training.

A–D, F Solid lines show the changes in values in the athletes with
ultrasonographic images categorized as fat infiltration and low-echoic
lesion/anechoic lesion. E, G–L Dotted lines show the changes in
values in the athletes without ultrasonographic images categorized as
fat infiltration and low-echoic lesion/anechoic lesion.
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Discussion

This is the first study to investigate the relationship between
skin structure changes and properties of deep tissue damage,
involving muscle tissue of the ischial region in elite Japa-
nese male wheelchair basketball athletes. The level of CK-
M after training and the level of IL-6 after rest in the fat
infiltration and low-echoic lesion/anechoic lesion group
showed significantly higher values than those in the nonfat
infiltration and low-echoic lesion/anechoic lesion group
after training.

Six of 24 images (25%) of the ischial region showed
features of deep tissue damage among the participants. The
findings concerning the fat infiltration and low-echoic
lesion/anechoic lesion group in this study were similar to
DTI findings in a previous study using ultrasonography
[24]. The fat infiltration and low-echoic lesion/anechoic
lesion group showed the following findings: an unclear
layered structure, a hypoechoic lesion, discontinuous fascia,
and a heterogeneous hypoechoic area. In our study, four
ischial regions, excluding two ischial regions with PIs,
showed no suspected DTI. The National Pressure Ulcer
Advisory Panel [25] has defined DTI as “intact or nonintact
skin with a localized area of persistent non-blanchable deep
red, maroon, purple discoloration, or epidermal separation
revealing a dark wound bed or blood-filled blister” (p. 594).
Kanno et al. reported that a normal area on inspection and
palpation showed a low-echoic lesion [14]. Therefore,
ultrasound examinations should be performed early to
detect the deep tissue damage for wheelchair basketball
athletes.

The findings concerning fat infiltration detected in this
study appeared similar to that of the marbled beef muscle
sample, in which superficial fascia was unclear, and the area
of subcutaneous and muscle tissues showed high intensity
and tissue deformation. A previous study investigating
anatomical features reported that the amount of muscle
tissue in individuals with SCI was less than that of healthy
people [26]. All the participants with fat infiltration and
low-echoic lesion/anechoic lesions in this study had SCI.

However, ultrasonographic images in participants with
lower limb amputation showed clear layer structures.
Therefore, the ultrasonographic features in this study were
attributable to the deformation and invasion of adipose
tissue into muscle tissue, with accompanying muscle atro-
phy, related to dysfunction caused by lower body paralysis.
These structural changes may reduce tissue tolerance to
external pressures in wheelchair basketball athletes
with SCI.

The level of CK-M after training and the level of IL-6
after rest using skin blotting in the fat infiltration and low-
echoic lesion/anechoic lesion group, were significantly
higher than in the nonfat infiltration and low-echoic lesion/
anechoic lesion group after training. These findings sup-
ported our hypothesis. As mentioned previously, the fat
infiltration and low-echoic lesion/anechoic lesion group
showed evidence of discontinuous fascia and skin defor-
mation that included a mixture of subcutaneous tissue and
muscle. A previous study has reported that there was a
significant association between gluteal muscle damage with
subcutaneous edema and inflammation, and serum CK
levels [27]. Hence, CK-M level markers obtained after
training, and IL-6 level markers obtained after rest on the
ischial region using skin blotting may indicate muscle
damage. In the clinical setting, an assessment in combina-
tion with the CK-M and IL-6 level tests could identify
muscle damage that requires an adequate rest time, and an
appropriate selection of daily activity/basketball wheelchair
cushions for controlling pressure, or vibration therapy to
promote the blood supply [28]. Therefore, we propose a
combined examination of ultrasonographic images and skin
blotting using CK-M and IL-6 markers for early detection
of deep tissue damage in wheelchair athletes.

The scope of this study was limited by its small sample
size, which may have decreased its statistical power. It is
also possible that the sample was not reflective of all
wheelchair athletes. Despite these limitations, the mea-
surement error was reduced by performing ultrasonography,
skin blotting, and staining of the skin blotting membrane by
individual specialists.

Table 2 The relationship
between the pattern of fat
infiltration and low-echoic
lesion/anechoic lesion and tissue
damage. (N= 12).

Ultrasonographic image of fat infiltration and
low-echoic lesion/anechoic lesion

Z P

Yes (n= 5) No (n= 7)

CK-M after training 2.98 (2.80–3.47) 1.43 (1.41–1.49) −2.19 0.03

CK-M after rest 1.06 (1.05–1.41) 0.94 (0.89–0.99) −1.38 0.17

IL-6 after training 27.7 (17.68–61.33) 6.61 (4.45–16.36) −1.38 0.17

IL-6 after rest 23.5 (16.15–58.97) 1.94 (1.74–4.44) −2.19 0.03

Median (interquartile range).

The CK-M value was used as the relative value divided by the CK-M value obtained before training.

The value of IL-6 was used as the absolute value.

Ultrasound images and muscle damage in athletes 1027



Conclusion

The levels of CK-M after training and IL-6 after rest using
skin blotting in a fat infiltration and low-echoic lesion/
anechoic lesion group were significantly higher than in a
nonfat infiltration and low-echoic lesion/anechoic lesion
group. A combination of ultrasonographic images and skin
blotting using CK-M and IL-6 markers could help ensure
detection of early deep tissue damage including muscle
damage in wheelchair athletes and, therefore, prevent PI
progression.

Data availability
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study are available from the corresponding author on rea-
sonable request.
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