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Abstract

Previous studies have reported on trunk muscle
strength of post-stroke patients with hemiplegia
yet the relationship between trunk muscle atrophy
and physical function is still unclear. The purpose
of this study was to determine the relationship be-
tween trunk muscle and physical functions by ex-
amining trunk muscles atrophy in post-stroke pa-
tients with hemiplegia. Eight patients with
hemiplegia (6 men, 2 women) and 10 age-similar
healthy controls were recruited (4 men, 6 women).
We made ultrasound measurements of muscle
thickness and muscle echo intensity of the exter-
nal oblique abdominis (EOA), internal oblique ab-
dominis (IOA), transverse abdominis (TrA), and
psoas major (PM). We also performed functional
tests for stroke with hemiplegia. TrA and PM mus-
cle thickness was significantly lower in patients
with hemiplegia than healthy subjects, and muscle
echo intensity was higher in patients with hemi-
plegia than healthy subjects. There was a signifi-
cant correlation between stroke impairment as-
sessment set (SIAS) score and muscle thickness of
the EOA, IOA, and TrA. TrA and PM muscles in
post stroke with hemiplegia showed significant at-

rophy with fatty and fibrotic changes compared to
healthy subjects. In addition, SIAS score may re-
flect the muscle thicknesses of EOA, I0A, and
TrA.

Introduction

Circulatory diseases are the third biggest cause
of long term stay in hospital; with stroke being the
longest stay among these diseases in Japan [1],
due to impairments from stroke, and elderly pa-
tients generally have a longer stay [2]. Increased
length of stay in hospital is caused not only by the
effects of hemiplegia from stroke, but also from
reduced physical function in aging.

Therapeutic exercise has been recommended by
stroke treatment guidelines to improve physical
function, such as gait, and Activities of Daily Liv-
ing (ADL) [3]. Treatment targets include upper,
lower extremities and trunk; improving trunk
function was especially important for ADL func-
tion [4].

Many studies have investigated the trunk mus-
cles of stroke patients with hemiplegia. Tanaka et
al. [5,6] reported that patients with hemiplegia had
weaker trunk flexors, extensors, and rotators com-
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pared to healthy subjects. Dickstein et al. [7] re-
ported reduced muscle activity of abdominal mus-
cles in patients with hemiplegia at rest in the
sitting position compared to healthy subjects. On
the other hand, there was no differences in the size
of superficial muscles such as rectus abdominis
(RA) and erector spinae in stroke patients with
hemiplegia compared to healthy subjects [8].
More recently, Ryan et al. [9] and Monjo et al. [10]
also reported quantitative and qualitative changes
on the paretic side with skeletal muscle atrophy
and increased fat within the muscle. However,
most studies focused on the superficial muscles of
the trunk and did not include specific deep mus-
cles of the trunk, which are especially important
for ambulation or ADLs. Identifying trunk muscu-
lar changes due to stroke, such as muscle atrophy,
might improve physical therapy intervention and
lead to reduce length of stay in hospital.

The purpose of this study was to identify the
differences in trunk muscle atrophy in patients
with hemiplegia to determine the relationship be-
tween the trunk muscles and physical function.

Materials and Methods

Eight hemiplegia patients (6 men and 2 women,
mean age 66.8 + 11.5 years) were recruited to this
study out of the 63 stroke patients admitted to the
Niigata rehabilitation hospital from July to De-
cember 2012. Exclusion criteria included signifi-
cant brain dysfunction, bilateral brain damage,
and obesity. Ten healthy individuals living in the
Niigata City neighborhood (4 men, 6 women,
mean age 65.3 + 8.4 years) were recruited as a
control group (Table 1).

Physical function of hemiplegia patients was
assessed with various evaluation tools. Gait func-
tion was assessed with the Functional Independ-
ence Measure (FIM). Trunk function was assessed
with the Stroke Impairment Assessment Set
(SIAS). Lower extremity function of the paralyz-
ed side was assessed with the Brunnstrom Recov-
ery Stage (BRS).

Four muscles, the external oblique abdominis
(EOA), internal oblique abdominis (IOA), trans-
vers abdominis (TrA), and psoas major (PM),
were assessed in patients with hemiplegia and
healthy subjects. Measurements of muscle thick-

Table 1. Basic information of hemiplegic and healthy subjects.

Item Hemiplegic group (n = 8) Control group (n = 10) P value
Age (year) 66.8 +11.5 65.3+84 0.743
Height (cm) 159.3+9.4 157.5+ 6.6 0.627
Weight (kg) 55.7+9.7 58.1+8.3 0.583
BMI (kg/m?) 21.8+2.4 233+2.1 0.172
Gender (M / F) (6/2) (4/6)
Type (Hemo / Infa) 7/1)
SIAS (Trunk) (4/5/6) (1/5/2)
BRS (L/E) (L /IV/ V) (2/4/2)
FIM (gait) (2/3/4/5) 2/2/21/2)
Duration of disease (Day) 99.3+53.5

Mean =+ SD.
Student’s t-test was used for statistical comparisons.

Body Mass Index (BMI), Cerebral Hemorrhage (Hemo), Cerebral Infarction (Infa), Stroke Impairment Assessment Set (SIAS), Brunnstrom

Recovery Stage (BRS), Functional Independence Measure (FIM).
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ness (MT) were obtained using ultrasound sonog-
raphy (prosound a6, HITACHI Aloka Medical,
Japan) with the B-mode method. Two probes were
utilized to obtain measurements: a 7.27 MHz line-
ar type for EOA, IOA, and TrA, and a 5 MHz lin-
ear type for PM.

In this study, MT was defined as the distance
between the superficial and deep hypoechoic fas-
ciae (Figure 1). Echo intensity (EI) of muscle was
measured by Image J [11,12], which is a free soft-
ware to analyze ultrasound images. EI was evalu-
ated by analyzing images displaying 256 grayscale
levels, with the EI of each muscle expressed as a
value between 0 (black) and 255 (white). The
same setting for gain and frequency were applied
for measurements performed on all muscles. To
measure El, it was necessary to determine the dis-

Figure 1. Ultrasound image of the trunk muscles.
From above External oblique abdom-
inis (EOA), Internal oblique abdominis
(IOA), Transverse abdominis (TrA).

1 : The muscle thickness definition is
that the enclosed region upper and
under muscle fascia.

tance to be analyzed and thus this included the full
distance of MT in this study (Figure 2).

All measurements of MT and EI were per-
formed by the same skilled and experienced phys-
ical therapist to minimize interobserver variations.
The locations to measure the abdominal muscle
group were determined between the navel and the
mid- axillary line as previously described by Gnat
et al. [13]. Subjects were positioned supine and the
probe was placed in the transverse plane. The PM
was measured at a position of 10 cm lateral to the
fourth lumbar spinous process in the prone posi-
tion. The angle of the probe was then adjusted to
optimize visualization of the image. We applied
the minimal contact pressure of the probe to iden-
tify all muscles to clearly identify the muscle fas-
cia. The MT measurement was made at the end of

56/56
' =16HzH

Figure 2. Ultrasound image of abdominal mus-
cles of a healthy subject.
From above External oblique abdom-
inis (EOA), Internal oblique abdominis
(IOA), Transverse abdominis (TrA).
The echo intensity of Internal oblique
muscle was measured as a range
which is surrounded by white.
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exhalation during quiet breathing.

Date of resting MT and EI of each muscle and
results from physical functional evaluation were
analyzed. Representative values of MT and EI
were calculated as the mean value of two measure-
ments in both hemiplegic and non-hemiplegic
sides. The statistical software used was R2.8.1.
The differences in MT and EI of each muscle be-
tween the hemiplegic and control group were ex-
amined using Student’s t-test or Mann- Whitney
U-test, and Welch’s t- test. Student’s t-test was
used when data were parametric, and the variances
were equal and Welch’s t-test was used when the
data were parametric, but the variances were not
equal. When neither was used, Mann-Whitney U
test was used. Relationships between MT and El,
and physical function were examined using the
Spearman’s rank correlation test. The statistical
significance level in all tests was set at P < 0.05.

This study was approved by the Ethics Commit-
tee of Niigata University of Health and Welfare
(Approval No:17261-111002). Written informed

consent was obtained from all subjects before col-
lecting any data. All examinations were performed
in private room to protect the patient’s privacy due
to exposing their body part to measure MT and EIL

Results

In the hemiplegic group, MT of TrA (p = 0.042)
and PM (p = 0.021) was significantly lower than
the control group. However, there was no signifi-
cant difference in the MT of the EOA and I0A
between the two groups (Table 2).

In the hemiplegic group, EI of TrA (p = 0.001)
and PM (p = 0.018) was significantly higher than
the control group. There was no significant differ-
ence in EI of the EOA and IOA between goups
(Table 3).

There was a positive correlation between phys-
ical function as measured by STAS and MTes of
the EOA (r=0.77, p=0.03), IOA (r=0.87, p =
0.005), and TrA (r = 0.83, p = 0.009). However,
there was no correlation between muscle EI of the
trunk muscles and physical function (Table 4, 5).

Table 2. The comparison of muscle thickness in the control and hemiplegic groups.

Hemiplegic group (n = 8) Control group (n = 10) P value
EOA 472 +£0.91 433+147 0.528
I0A 7.90 +1.46 8.25+232 0.724
TrA 3.68+1.39 5.12+1.96 0.042
PM 38.1+£598 43.9+4.74 0.021

unit: mm, mean + SD.

Student’s t-test and Mann-Whitney’s U-test were used for statistical processing.
External oblique abdominis (EOA), Internal oblique abdominis (IOA), Transvers abdominis (TrA), Psoas major (PM).

Table 3. Comparisons of muscle echo intensity between the control and hemiplegic groups.

Hemiplegic group (n = 8) Control group (n = 10) P value
EOA 64.7 £8.45 70.8 £17.7 0.414
I0A 562+ 11.1 50.3+5.98 0.236
TrA 32.1+11.3 15.0+£5.10 0.001
PM 63.6 + 3.81 54.5 +8.90 0.018

unit: pixel, mean + SD.

Student’s t-test and Weltch’s t-test were used for statistical processing.

External oblique abdominis (EOA), Internal oblique abdominis (IOA), Transvers abdominis (TrA), Psoas major (PM).
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Table 4. Relationships between trunk muscle thickness and physical function in hemiplegia. (n = 8)

EOA I10A TrA PM BRS SIAS (trunk) FIM (gait)

EOA 0.64* 0.78* 0.14 0.39 0.77* 0.59
I0A 0.75% 0.59 0.23 0.87** -0.05
TrA 0.56 0.47 0.83** 0.40
PM 0.43 0.43 -0.44
BRS 0.27 0.32
SIAS (trunk) 0.25
FIM (gait)

*:p<0.05, ¥*: p<0.01
The above table show the correlation coefficient.
Spearman’s rank correlation test was used statistical processing.

External oblique abdominis (EOA), Internal obliwue abdominis (IOA), Transvers Abdominis (TrA), Psoas Major (PM), Brunnstrom
Recovery Stage (BRS), Stroke Impairment Assessment Set (SIAS), Functional Independence Measure (FIM).

Table 5. Relationships between trunk muscle echo intensity and physical function in hemiplegia. (n = 8)

EOA 10A TrA PM BRS SIAS (trunk) FIM (gait)
EOA 0.46 -0.07 -0.32 0.51 0.66 0.28
10A 0.79%* -0.89* 0.12 -0.09 -0.28
TrA -0.71%* -0.46 -0.41 -0.40
PM -0.12 -0.04 0.48
BRS 0.41 0.07
SIAS (trunk) 0.38
FIM (gait)
*p<0.05

The above table show the correlation coefficient.
Spearman’s rank correlation test was used statistical processing.

External oblique abdominis (EOA), Internal obliwue abdominis (IOA), Transvers Abdominis (TrA), Psoas Major (PM), Brunnstrom
Recovery Stage (BRS), Stroke Impairment Assessment Set (SIAS), Functional Independence Measure (FIM).

Discussion

The purpose of this study was to identify the
atrophy of trunk muscle, as well as determine the
relationship between trunk muscle and physical
function in stroke patients with hemiplegia.

In the hemiplegic group, MT of the TrA and PM
was lower, and EI of the TrA and PM was higher
than the control group. The MT was correlated
with the amount of the adipose-fibrous tissue in
the musculoskeletal system, suggesting that high-
er values of EI in muscle indicate greater atrophy
with adipose-fibrous tissue mass in musculoskele-
tal system [14]. Therefore, these data suggest that

the TrA and PM of patients with hemiplegia exhib-
its not only more muscle atrophy but also adi-
pose-fibrous tissue changes compared to control
subjects of the same age group.

Local muscles of the trunk, such as the PM or
the lumbar multifidus control the fine-tuning of
the positions of adjacent vertebrae. The TrA and
the IOA are also considered as local muscles due
to their connection through the thoracolumbar
fascia. Unlike the local muscles, the global mus-
cles like the RA and the EOA, are important for
torque production and general trunk stability due
to their indirect attachment to the spine [15,16].
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Also, type Il fibers are greater in the RA, I0A,
and EOA [17]. Verdijk LB et al. [18] reported
that atrophy in senescent muscle is characterized
by specific Type Il muscle fiber atrophy. Also,
the trunk muscle of elderly people has been char-
acterized with higher EI [19] and lower muscle
strength [20]. Disuse of muscles such as in a
spinal injury patient were characterized with se-
vere atrophy of both Type I and Il muscle fibers
[18]. On the other hand, histochemical analysis
of muscle fibers from hemiplegic stroke patients
indicate either selective type II fiber atrophy,
both type I and Il muscle fiber atrophy, or muscle
fibers of normal size [21-23]. Therefore, the mus-
cle atrophy observed in post-stroke patients with
hemiplegia might be associated with both aging
and disuse.

The reasons for atrophy and higher EI of the
deep trunk muscles in stroke patients with hemi-
plegia are likely due to lower muscle function and
physical activity. One study of paralyzed muscle
function reported that muscle activity is lower due
to paralysis, causing a reduction in intramuscular
blood flow and thus resulting in lower muscle me-
tabolism [24]. Moreover, the lower metabolism
will increase the changes in adipose and fibrous
tissue in the muscle, resulting in changes to the
muscle fibers [25]. In addition, the superficial
trunk muscles are utilized more in bed activities or
ambulation resulting in continuation of lower ac-
tivity level in the deep trunk muscles. At standing
or sitting, TrA is activated with MF and PM for
lumbar lordosis and pelvic anterior tilt [26], but
many patients with post-stroke hemiplegia display
lumbar kyphosis and pelvic posterior. Moreover,
the functional pattern has small variations [27] but
large differences in global and local muscle activ-
ity in hemiplegic patients.

On the other hand, we determined a significant
correlation between MT of the EOA, IOA, and
TrA, and SIAS score regarding a relationship be-
tween trunk muscles and physical function. The
SIAS is a reliable evaluation tool to assess the
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physical function of stroke patients as recom-
mended by stroke practice guidelines [3,28] and is
frequently used in clinical practice. Trunk assess-
ment of SIAS includes two categories: upright
posture and abdominal muscle strength. Evalua-
tion includes the ability to maintain an upright
posture and abdominal strength, in which a subject
is able to raise their trunk to the upright position
from 45-degree backward angle against manual
resistance during sitting at the edge of a bed. The
TrA, which is recognized to correlate with SIAS,
has different muscle performance aspects depend-
ing on muscle insertion [29]. The overall function
of the TrA is to control abdominal pressure [30]
and maintain an upright posture [31]. On the other
hand, the IOA and EOA attach to the superficial
area of the TrA and contribute to abdominal mus-
cle strength with RA. No study has reported the
relationship between the SIAS and trunk muscles,
but we believe that trunk assessment of SIAS re-
flects these roles of the trunk muscles.

However, this study has some limitations which
warrant discussion. One major limitation is the
relatively small number of subjects, likely due to
the strict exclusion criteria set in this study, which
ensured that the ability of subjects to ambulate and
have higher brain dysfunction. Thus, it is possible
that the small number of subjects may influence
the results. In addition, the degree of paralysis and
the level of activities of daily living (ADL) of the
subject are unequal. Future research is needed
with an expanded cohort to address these limita-
tions.

In conclusion, we found muscle atrophy of the
TrA and PM in patients with hemiplegia. A High
EI due to adipose-fibrous tissue changes were also
found in patients with hemiplegia. The SIAS score
was related to the MT of the trunk muscle group
except for the RA; therefore, it is important to im-
plement physical therapy intervention to the trunk
muscle group in post-stroke patients.



Niigata Journal of Health and Welfare Vol.19, No.1

Acknowledgements

We would like to express our deepest apprecia-
tion to all those who helped us complete this study.
Special thanks to Naritoshi Sato, Masaru Kanda,
Hideaki Onishi (Niigata University of Health and
Welfare Research Center for Locomotive Syn-
drome Prevention) and Mario Rodriguez (San
Joaquin Valley Rehabilitation) for their practical
and technical assistance including English proof-
reading.

Conflicts of Interest
There are no conflicts of interest to declare.

References

1. Ministry of Health, Labour and Welfare; 2017.
Patient survey. Available from: https://www.
mhlw.go.jp/toukei/saikin/hw/kanja/17/index.
html (accessed Mar 16, 2019) (in Japanese)

2. Ohtake M, Tashiro H, Izawa T, et al. A study
on a screening questionnaire to support early
discharge at special functioning hospitals. B
Yamagata Univ Ms. 2008; 26: 11-23. (in Jap-
anese)

3. The Japanese stroke society. Japanese guide-
lines for the management of stroke 2015. 1st
ed. Tokyo: Kyowa kikaku; 2015; 281-291.

4. Ezure A, Harada S, Ozawa Y, et al. Relation-
ship between trunk function and ADL of
hemiplegic stroke patients. Soc Phys Sci.
2010; 25: 147-150, doi: org/10.1589/rika.25.
147.

5. Tanaka S, Hachisuka K. Muscle strength of
trunk flexion-extension in post-stroke hemi-
plegic patients. Am J Phys Med Rehabil.
1998; 77: 288-290. (in Japanese)

6. Tanaka S, Hachisuka K. Trunk rotatory mus-
cle performance in post-stroke hemiplegic pa-
tients. Am J Phys Med Rehabil. 1997; 76:
366-369. (in Japanese)

7. Dickstein R, Shefi S, Marcovitz E, et al. Antic-
ipatory postural adjustment in selected trunk
muscles in post stroke hemiparetic patients.

10.

11.

12.

13.

14.

15.

16.

17.

Arch Phys Med Rehabil. 2004; 85: 261-267,
doi: org/10.1016/j.apmr.2003.05.011.

Kotake T, Dohi N. Study of trunk and lower
extremity muscles in the hemiplegics due to
cerebrovascular accidents using CT findings.
Jap J Rehabil Med. 1991; 28: 607-612. (77)
(in Japanese)

Ryan AS, Dobrovolny CL, Smith GV, et al.
Hemiparetic muscle atrophy and increased in-
tramuscular fat in stroke patients. A Phys Med
Rehabil. 2002; 83: 1703-1707, doi: 10.1053/
apmr.2002.36399.

Monjo M, Fukumoto Y, Asai T, et al. Muscle
thickness and echo intensity of the abdominal
and lower extremity muscles in stroke survi-
vors. J Clin Neurol. 2018; 14: 549-554, doi:
org/10.3988/jcn.2018.14.4.549.

Schneider C, Rasband W, Eliceiri K. MIH im-
age to image J: 25 years of image analysis.
Nature Met. 2012; 9: 671-675, doi: 10.1038/
nmeth.2089.

Abramoff M, Magelhapes P. Image processing
with image J. Bio Int. 2004; 11: 36-42.

Gnat R, Saulicz E, Miadowicz B. Reliability
of real-time ultrasound measurement of trans-
versus abdominis thickness in healthy trained
subjects. Eur Spine J. 2012; 21: 1508-1515,
doi: 10.1007/s00586-012-2184-4.

Pillen S, Ramon M, Macheil J, et al. Skeletal
muscle ultrasound: Correlation between fi-
brous tissue and echo intensity. Ultrasound
med. 2009; 35: 443-446, doi: 10.1016/j.ultr-
asmedbio.2008.09.016.

Bergmark A. Stability of the lumbar spine. A
study in mechanical engineering. Acta Orth
Sca. 1989; 230: 20-24.

Hodges PW, Moseley GL. Pain and motor
control of the lumbopelvic region: effect and
possible mechanisms. J Electromyogr Kinesi-
ol. 2003; 13: 361-370.

Haggmark T, Thorstensson A. Fibre types in
human abdominal muscles. Acta Physiol
Scand. 1979; 107: 319-325.

43



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

44

Running head: Differences in trunk muscle between elderly people with and without post-stroke hemiplegia

Verdijk LB, Dirks ML, Snijders T, et al. Re-
duced satellite cell Numbers with spinal cord
injury and aging in human.Med Sci Sports
Exer. 2012; 44: 2322-2330, doi: 10.1249/
MSS.0b013e3182667c2e.

Kitamura T, Sato N. Muscle thickness change
of the trunk muscles associated with aging.
Niig J Phys Ther. 2015; 18: 7-12. (in Japa-
nese)

Gomez T, Beach G, Cooke C, et al. Normative
database of the isokinetically measured trunk
muscle strength. J clin rehabil. 1997; 6: 414-
416.

Ddstrom L. Selective changes in the size of
red and white muscle fibers in upper motor
lesion and parkinsonism. J Neurol Sci. 1970;
11: 537-550.

Scelsi R, Lotta S, Lommi G, et al. Hemiplegic
atrophy: Morphological findings in the anteri-
or tibial muscle of patients with cerebral vas-
cular accidents. Acta Neuropathol. 1984; 62:
324-331.

Dietz V, Ketelsen U, Berge W,et al. Motor unit
involvement in spastic paresis. J Neurol Sci.
1986; 75: 89-103.

Landin S. Muscle metabolism during exercise
in hemiparetic patients. Clin Sci Mol Med.
1977; 53: 257-2609.

Saltin B, Landin S. Work capacity, muscle
strength and SDH activity in both legs of
hemiparetic patients and patients with Parkin-
son’s disease. Scan J Clin and Labo. 1975; 35:
531-538.

Donald AN. Kinesiology of the musculoskel-
etal system. Foundations for Rehabilitation.
2nd ed. Japan: Ishiyakusyuppan; 2012; 433-
438.

Sato F, Tomita M. Uno J. Analysis of trunk
movement of hemiplegic patients: Relation-
ship among trunk movement during sitting
and standing activities and ADL ability. Jap
Soc Phyis. 1993; 20: 230-237, doi: org/10.150
63/rigaku.KJ00003127547. (in Japanese)

28.

29.

30.

31.

Sonoda S. Reliability and validity of stroke
impairment assessment set (SIAS) (2): The
items comprise the trunk, higher cortical
function, and sensory function and effective-
ness as outcome predictor. Jap J Rehabil Med.
1995; 32: 123-132, doi: org/10.2490/jjrm196
3.32.123. (in Japanese)

Urguhart DM, Barker PJ, Hodges PW,et al.
Regional morphology of the transversus ab-
dominis and obliquus internus and externus
abdominis muscles. Clin Biomech. 2005; 20:
233-241.

Darren JB, Peter BO. The effect of resisted
inspiration during an active straight leg raise
in pain-free subjects. J Elect Kine. 2010; 20:
313-321, doi: 10.1016/j.jelekin.2009.05.003.
Urquhart DM, Barker PJ. The transversus ab-
dominis and obliquus internus and externus
abdominis muscles. Clin Biomech. 2005; 20:
233-241.





