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Background and Purpose  The objective of this study was to identify 2-year longitudinal 
changes in the muscle thickness (MT) and echo intensity (EI) of the abdominal, thigh, and 
lower limb muscles in chronic stroke survivors.
Methods  This study included 15 chronic stroke survivors aged 74.1±9.9 years. The MT, EI, 
and subcutaneous fat thickness values of the following muscles on the paretic and nonparetic 
sides were assessed on transverse ultrasound images: rectus abdominis, external oblique, in-
ternal oblique, transversus abdominis, rectus femoris (RF), vastus intermedius, vastus latera-
lis (VL), vastus medialis, tibialis anterior, gastrocnemius, and soleus. The ultrasound mea-
surements were performed both at baseline and 2 years later. 
Results  After 2 years, the VL on the paretic side showed a significant decrease in MT (p= 
0.031) and increase in EI (p=0.002), whereas the RF on the nonparetic side showed a signifi-
cant decrease in EI (p=0.046). Correlation coefficient analyses showed that changes in MT (r= 
0.668, p=0.012) and EI (r=0.597, p=0.018) of the VL on the paretic side were significantly as-
sociated with a change in the body mass index.
Conclusions  The findings of this longitudinal study suggest that the VL on the paretic side is 
subject to deteriorations in muscle quantity and quality, and conversely that the RF on the non-
paretic side shows an improvement in muscle quality after 2 years in chronic stroke survivors. 
Keywords    stroke; muscle mass; intramuscular fat; ultrasound; body mass index.

Changes in Muscle Thickness and Echo Intensity in Chronic 
Stroke Survivors: A 2-Year Longitudinal Study

INTRODUCTION

Stroke induces sarcopenia and specific changes in the quantity and quality of muscle.1,2 Sev-
eral previous studies have found that the mass and quantity of muscle were significantly 
lower in the paretic lower limb than in the nonparetic limb.3-7 In addition, changes in mus-
cle quality, such as increased intramuscular fat content and fibrous tissue, were observed af-
ter stroke.1,2 Both the decreased muscle mass and changes in muscle quality were related to 
reduced muscle strength6,8 and loss of gait independence9 in chronic stroke survivors. There-
fore, both muscle quantity and quality play crucial roles in motor function changes in chron-
ic stroke survivors.

Cross-sectional studies have used computed tomography3,4 and ultrasonography7,9,10 to 
determine the changes in muscle quantity and quality in stroke survivors. The paretic side 
was found to exhibit negative changes in muscle quantity and quality compared with the 
nonparetic side or healthy controls, with these changes varying between different anatomi-
cal sites.7,10,11

It has also been reported that resistance training can increase muscle mass and decrease 
intramuscular fat in stroke survivors and healthy individuals.12,13 Longitudinal changes in 
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muscle quantity and quality need to be investigated at differ-
ent anatomical sites in order to ensure effective exercise ther-
apy in chronic stroke survivors. Hence, this study aimed to 
identify longitudinal changes in muscle quantity and quality 
of the abdominal, thigh, and lower limb muscles after stroke 
by using ultrasound.

METHODS

This longitudinal study recruited community-dwelling stroke 
survivors who were undergoing rehabilitation funded by the 
Japanese long-term-care insurance system in Hyogo Prefec-
ture from June to September 2017. The inclusion criteria were 
independent ambulation, at least 6 months after stroke, and 
unilateral stroke. The exclusion criteria were orthopedic or 
chronic pain conditions, dementia, or other neuromuscular 
diseases. 

Data were collected at baseline from 32 patients with chron-
ic stroke after they were informed about the study procedures 
and had provided written informed consent. Follow-up data 
were collected from June to September 2019 at the same place. 
Of the 32 participants included at baseline, 17 participants 
were lost to follow-up due to 2 refusing further participation, 
7 withdrawing from the rehabilitation program, and 8 becom-
ing ill. Follow-up data were collected from the remaining 9 
males and 6 females, who were aged 74.1±9.9 years with a 
height of 158.2±8.1 cm, weight of 56.1±7.1 kg, and latency 
of 71.8±54.3 months from the stroke onset at baseline. Paral-
ysis was assessed using Fugl–Meyer (LE-FM) evaluations of 
the lower extremities.14,15 The protocol was approved by the 
ethics committee of Kobe Gakuin University Graduate School 
(IRB No. HEB20151202-1).

Ultrasound measurements
The ultrasound measurements performed in this study have 

been described previously.7,11 Briefly, the following individ-
ual muscles on both the paretic and nonparetic sides were 
measured using B-mode ultrasound imaging (LOGIQ e, GE 
Healthcare UK, Chalfont, Buckinghamshire, England) with 
a multifrequency linear transducer operating at 8–12 MHz: 
rectus abdominis, external oblique (EO), internal oblique (IO), 
transversus abdominis, rectus femoris (RF), vastus interme-
dius, vastus lateralis (VL), vastus medialis, tibialis anterior 
(TA), gastrocnemius, and soleus.16-18 The measurement posi-
tion and site for each muscle are listed in Table 1. Two con-
secutive ultrasound images of each muscle were obtained. On 
the ultrasound images, muscle thickness (MT) was used as 
the indicator of muscle quantity, and echo intensity (EI) was 
used as the indicator of muscle quality. EI was evaluated us-
ing 256 grayscale analysis with Image-J (version 1.37, U.S. Na-
tional Institutes of Health, Bethesda, MD, USA), and was ex-
pressed as a value between 0 (black) and 255 (white). The 
regions of interest in which EI was measured included the 
individual muscles as much as possible while avoiding the 
surrounding muscle fascia.19,20 Unclear sections were exclud-
ed from the region of interest for EI measurements. In addi-
tion, the subcutaneous fat thickness (SFT) was assessed on 
each ultrasound image. The mean MT, EI, and SFT values 
calculated from the two obtained images were used in fur-
ther analyses. All ultrasound measurements both at baseline 
and 2 years later were made by the same investigator in or-
der to avoid interobserver variations.

Statistical analyses
We calculated the change in each of MT, EI, body mass index 
(BMI), and LE-FM score as the value after 2 years minus the 
baseline value. When data appeared to conform to a normal 
distribution on a histogram, this was confirmed using the Sha-
piro-Wilk test. The 2-year longitudinal changes in MT, EI, and 
SFT on both the paretic and nonparetic sides were compared 

Table 1. Measurement sites and positions for the trunk and lower limb muscles

Muscles Positions Measurement sites
Rectus abdominis Supine 3 cm lateral to the umbilicus

External oblique Supine 2.5 cm anterior to the mid-umbilicus line, at the midpoint between the inferior rib and the iliac crest

Internal oblique Supine 2.5 cm anterior to the mid-umbilicus line, at the midpoint between the inferior rib and the iliac crest

Transversus abdominis Supine 2.5 cm anterior to the mid-umbilicus line, at the midpoint between the inferior rib and the iliac crest

Rectus femoris Supine Midway between the anterior superior iliac supine and the proximal end of the patella

Vastus intermedius Supine Midway between the anterior superior iliac supine and the proximal end of the patella

Vastus lateralis Supine Midway between the great trochanter and lateral condyle of the tibia

Vastus medialis Supine 30% proximal between the great trochanter and lateral condyle of the tibia

Tibialis anterior Supine 30% proximal between the lateral malleolus of the fibula and lateral condyle of the tibia 

Gastrocnemius Sitting
Medial head of gastrocnemius at 30% proximal between the lateral malleolus of the fubula and the lateral  
  condyle of the tibia

Soleus Sitting 30% proximal between the lateral malleolus of the fibula and lateral condyle of the tibia 
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using paired t-tests for normally distributed data and the Wil-
coxon signed-rank test for nonnormally distributed data. The 
effect size was calculated as Cohen’s d for normally distributed 
data and as the correlation coefficient (r) for nonnormally 
distributed data.

Correlation analysis was performed to investigate the re-
lationship between MT and EI at baseline and at the 2-year 
follow-up. For MT and EI values that had changed signifi-
cantly after 2 years, the relationships between the changes in 
MT and EI values with those in BMI and LE-FM score were 
investigated. Spearman’s correlation analysis was applied to 
normally distributed data and Pearson’s product-moment 
correlation analyses was applied to nonnormally distributed 
data. The criterion for statistical significance was defined as 
p<0.05. Statistical analyses were performed using SPSS (ver-
sion 20.0, SPSS Japan Incorporated, Tokyo, Japan).

 
RESULTS

Table 2 lists the characteristics at baseline and at the 2-year fol-
low-up of all participants. The LE-FM score was significantly 
higher after 2 years than that at baseline (p=0.002), whereas 

the BMI was unchanged.
Tables 3 and 4 list the changes in MT and EI values on both 

the paretic and nonparetic sides between baseline and 2 years 
later. MT had decreased significantly after 2 years only for the 
paretic VL (p=0.021, Cohen’s d=0.52), while the EI value for 
the paretic VL increased significantly after 2 years (p=0.010, 
Cohen’s d=0.65). Conversely, the EI value for the nonparet-
ic RF significantly decreased after 2 years (p=0.046, Cohen’s 
d=0.50). None of the SFT values changed significantly over 
the 2-year study period. Fig. 1 presents ultrasound images of 
the paretic VL at baseline and 2 years later.

Correlation analyses revealed that EO on the nonparetic 
side at baseline and TA on the nonparetic side at the 2-year 
follow-up were significantly correlated with MT and EI. The 
changes in MT and EI for the paretic VL and those in EI for 
the nonparetic RF were not significantly associated with each 
other. In addition, the changes in MT and EI for the VL on 
the paretic side were significantly associated with BMI chang-
es (r=0.668, p=0.012 for MT; r=0.597, p=0.018 for EI) but not 
with changes in the LE-FM score (Fig. 2). The changes in EI 
for the nonparetic RF were not significantly associated with 
changes in BMI or the LE-FM score.

 
DISCUSSION

To the best of our knowledge, this study is the first to investi-
gate longitudinal changes in the individual MT and EI values 
of chronic stroke survivors. The primary findings of this study 
were that the VL was the only paretic muscle exhibiting de-
creases in muscle quantity and quality during the 2-year ob-
servation period. In addition, these changes were significantly 
and positively correlated with BMI changes, suggesting that 

Table 2. Characteristics from baseline to the 2-year follow-up

Baseline Follow-up p
Age (yr) 74.1±9.9 76.1±9.9 -

Sex (male/female) 21/11 9/6 -

BMI (kg/m2) 22.4±2.6 22.4±2.7 0.967

LE-FM score 14.7±4.4 16.3±4.2 0.002

Latency (month) 75.5±61.4 99.5±61.4 -

Data are presented as mean±standard deviation.
BMI, body mass index; LE-FM, lower extremity Fugl–Meyer.

Table 3. Changes in muscle thicknesses at baseline and at the 2-year follow-up (n=15)

Muscle
Paretic side (cm) Nonparetic side (cm)

Baseline Follow-up p Change (%) Effect size Baseline Follow-up p Change (%) Effect size
RA 0.72±0.15 0.72±0.16 0.961 0.00±0.15 (-2.3) 0.00* 0.74±13.8 0.72±0.15 0.567 -0.02±0.13 (-4.3) 0.14*

EO 0.39±0.13 0.44±0.14 0.074 0.06±0.11 (11.1) 0.39* 0.41±0.12 0.43±0.12 0.536 0.02±0.09 (1.4) 0.17*

IO 0.64±0.20 0.62±0.21 0.683 -0.02±0.11 (-4.7) 0.12† 0.60±0.13 0.61±0.18 0.910 0.01±0.10 (-0.9) 0.22†

TrA 0.27±0.05 0.29±0.08 0.629 0.03±0.09 (3.5) 0.13† 0.27±0.07 0.28±0.06 0.530 0.01±0.05 (3.4) 0.17†

RF 1.71±0.32 1.56±0.38 0.132 -0.61±0.36 (-15.8) 0.45* 1.74±0.33 1.78±0.32 0.715 0.04±0.43 (-0.3) 0.13*

VI 1.22±0.31 1.20±0.30 0.691 -0.02±0.30 (-5.1) 0.12† 1.67±0.47 1.47±0.39 0.177 -0.20±0.52 (-19.6) 0.47*

VL 1.58±0.32 1.40±0.37 0.021‡ -0.18±0.27 (-18.5) 0.52* 1.92±0.36 1.74±0.39 0.072 -0.18±0.36 (-14.1) 0.49*

VM 1.25±0.33 1.17±0.33 0.289 -0.08±0.28 (-13.9) 0.25* 1.47±0.22 1.41±0.26 0.344 -0.06±0.22 (-5.9) 0.26*

TA 1.79±0.21 1.73±0.25 0.544 -0.05±0.33 (-5.4) 0.27* 1.90±0.20 1.85±0.27 0.640 -0.04±0.35 (-4.7) 0.22*

Gas 1.32±0.39 1.18±0.26 0.112 -0.13±0.30 (-6.0) 0.43* 1.41±0.39 1.34±0.27 0.164 -0.14±0.33 (-6.9) 0.37†

Sol 1.44±0.18 1.37±0.27 0.401 -0.07±0.31 (-9.4) 0.31* 1.58±0.29 1.57±0.30 0.947 -0.01±0.33 (-3.3) 0.04*

Data are presented as mean±standard deviation.
*Effect size calculated as Cohen’s d; †Effect size calculated as correlation coefficient (r); ‡statistically significant.
EO, external oblique; Gas, gastrocnemius; IO, internal oblique; RA, rectus abdominis; RF, rectus femoris; Sol, soleus; TA, tibialis anterior; TrA, transver-
sus abdominis; VI, vastus intermedius; VL, vastus lateralis; VM, vastus medialis.
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both MT and EI for the VL on the paretic side increase with 
BMI.

Our previous cross-sectional study found that the decrease 
in MT and increase in EI were greatest in quadriceps muscles 
among the paretic muscles compared with the nonparetic 
side.7 The results of the current longitudinal study support 
those of that cross-sectional study, and suggest that the VL 
could be more susceptible to loss of muscle mass and the ac-
cumulation of both fat and other noncontractile tissues with-
in the muscle than are the other quadriceps muscles over the 
time course of stroke. There are previous reports that adipose 
differentiation is promoted in association with muscle atro-

phy.21 The findings of the present study suggest that in chronic 
stroke survivors, atrophy of the VL on the paretic side occurs 
over time and is accompanied by an increase in intramuscu-
lar fat.

It is particularly noteworthy that the EI value of the non-
paretic RF decreased significantly over 2 years while the MT 
of that muscle did not change. EI changes with advanced ag-
ing22 or with osteoarthritis progression23 reportedly occur ear-
lier than those in MT. The MT of the nonparetic RF might in-
crease over >2 years. Because the MT did not change in the 
present study, the relative proportion of actual contractile tis-
sues within the RF might increase with decreases in fat and 

Fig. 1. Changes in muscle thickness and echo intensity. VL, vastus lateralis. 

Paretic VL at baseline Paretic VL at follow-up

Table 4. Changes in echo intensity at baseline and at the 2-year follow-up (n=15)

Muscle
Paretic side (a.u.) Nonparetic side (a.u.)

Baseline Follow-up p Change (%) Effect size Baseline Follow-up p Change (%) Effect size
RA 94.6±20.1 103.3±29.7 0.233 8.7±26.2 (3.2) 0.36* 93.5±19.7 101.6±22.5 0.057 8.1±14.6 (6.2) 0.40*

EO 86.2±22.9 87.5±14.8 0.782 1.3±16.8 (1.7) 0.07* 92.6±9.7 82.6±13.1 0.055 -9.9±19.7 (-17.8) 0.50†

IO 74.0±17.2 76.6±18.5 0.440 2.5±11.8 (1.4) 0.15* 77.6±17.2 74.7±12.6 0.200 -2.8±7.6 (-3.1) 0.19*

TrA 73.8±20.4 77.6±20.1 0.563 3.77±17.7 (1.7) 0.20* 74.4±13.8 73.1±12.4 0.562 -1.3±8.3 (-2.1) 0.10*

RF 78.0±12.9 74.0±13.8 0.184 -4.0±10.8 (-6.9) 0.32† 73.2±12.6 64.8±20.0 0.046‡  -8.3±14.2 (-20.4) 0.50*

VI 87.5±9.8 86.1±12.7 0.524 -1.5±12.4 (-3.0) 0.18† 75.9±10.1 74.1±9.1 0.515 -1.8±10.0 (-3.4) 0.19*

VL 69.8±15.2 78.1±15.5 0.010‡  8.2±8.4 (10.2) 0.65† 64.9±21.6 61.6±16.2 0.561 -3.2±17.2 (-7.5) 0.16†

VM 77.6±19.4 74.9±18.0 0.491 -2.8±14.5 (-5.8) 0.15* 70.4±16.6 63.8±13.8 0.107 -6.6±17.2 (-14.9) 0.45*

TA 66.4±14.5 64.2±11.8 0.539 -2.1±12.7 (-4.9) 0.16* 63.5±11.9 59.3±11.9 0.314 -4.2±15.1 (-11.6) 0.37*

Gas 71.8±11.0 71.5±11.5 0.923 -0.3±11.5 (-1.9) 0.03* 61.5±15.1 60.2±13.7 0.760 -1.2±14.9 (-5.0) 0.09*

Sol 73.2±9.2 70.0±7.9 0.301 -3.1±10.9 (-5.4) 0.38* 61.7±12.4 65.5±10.3 0.639 3.8±18.0 (2.9) 0.35*

Data are presented as mean±standard deviation.
*Effect size calculated as Cohen’s d; †Effect size calculated as r; ‡statistically significant.
a.u., arbitrary units; EO, external oblique; Gas, gastrocnemius; IO, internal oblique; RA, rectus abdominis; RF, rectus femoris; Sol, soleus; TA, tibialis an-
terior; TrA, transversus abdominis; VI, vastus intermedius; VL, vastus lateralis; VM, vastus medialis. 
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connective tissues. Unfortunately, the reason for the lack of 
significant changes in the MT and EI of the RF on the paretic 
side or of the VL on the nonparetic side remains unclear. Fur-
ther studies are needed to clarify the mechanism underlying 
the muscle-specific differences in changes in MT and EI in 
the quadriceps femoris based on neurophysiological and ki-
nesiological factors.

The negative change in the paretic quadriceps (decreased 
MT and increased EI of the VL) and the positive change in 
the nonparetic quadriceps (decreased EI of the RF) probably 
represented long-term compensatory strategies in the non-
paretic lower limb during daily activities. Physical activity has 
been reported to be associated with the muscle quantity and 
quality of the quadriceps femoris in older adults24 and stroke 
survivors.7,25 Therefore, asymmetry caused by long-term com-
pensation contributes to overactivity of the nonparetic leg 
muscles and disuse of the paretic leg muscles, thereby affect-
ing the muscle quantity and quality in chronic stroke survi-
vors. The present study did not evaluate the weight distribu-
tion between the limbs or the muscle activity during standing 
and walking, and so further studies are needed to clarify the 
relevance of these aspects.

Changes in both the MT and EI values of the paretic VL 
were positively associated with changes in BMI. In a longi-
tudinal study involving 1,678 older adults, Delmonico et al.26 
found that 5-year changes in both the cross-sectional area and 
muscle fat infiltration of the thigh measured using computed 
tomography appeared to be positively associated with body 
weight changes. In another longitudinal study, multiple re-
gression analyses identified age, weight change, and baseline 
weekly physical activity as predictors of changes in fat mass,27 
while the group with increased body weight had increased 
fat mass.27 These findings suggest that there is a positive re-
lationship between weight gain and increased fat mass. Those 
results might be consistent with the present finding of longi-

tudinal changes in the intramuscular fat being positively as-
sociated with those in BMI in chronic stroke survivors. Aka-
zawa et al.28 suggested that preventing weight loss helps to 
improve outcomes (including a lower EI) in chronic stroke 
survivors. However, the results of our longitudinal study in-
dicate that increased EI might occur even without weight loss. 
Therefore, preventing body weight loss might not always be 
effective in maintaining EI in stroke survivors. 

The mean LE-FM score of the participants in this study im-
proved significantly by 1.6 points over 2 years, whereas they 
experienced a loss of MT and an increase in EI of the paretic 
VL. The improvement in the LE-FM score was probably at-
tributable to the rehabilitation services that they received at 
the daycare center. However, Pandian et al.29 indicated that a 
change in LE-FM score of 6 points is the smallest that is clin-
ically significant in chronic stroke survivors, and so the in-
crease in LE-FM score of only 1.6 points in our participants 
would not have been clinically beneficial.

The present study had some limitations. First, the study in-
cluded only a small number of participants and had a rela-
tively high dropout rate. Compared with the follow-up co-
hort, although there were no differences in the LE-FM score, 
MT, or EI of the quadriceps on both sides, the baseline age 
tended to be lower (p=0.085) at baseline than in those who 
did not participate in the follow-up assessment. Second, se-
lection bias might have occurred because the participants in 
this study were recruited while receiving rehabilitation ser-
vices funded by the Japanese long-term-care insurance sys-
tem. Third, we only measured the LE-FM score as an indica-
tor of physical function, and not muscle strength. To clarify 
the relationship of longitudinal changes in MT and EI with 
those in physical function in stroke survivors, muscle strength 
and other function-related parameters should be measured 
in the future.

In conclusion, 2-year longitudinal negative changes in mus-
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cle quantity and quality occurred in the paretic VL, whereas 
a positive change occurred in the muscle quality of the non-
paretic RF. In addition, the 2-year changes in the muscle quan-
tity and quality of the VL on the paretic side were positively 
associated with that in BMI, while BMI remained unchanged 
over this 2-year period. These findings suggest that evalua-
tions and exercise should focus on the paretic VL among the 
abdominal and lower limb muscles. In addition, the VL should 
be cautiously evaluated because changes in the quantity and 
quality of that muscle may occur even when BMI remains 
constant in chronic stroke survivors.
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