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Abstract. [Purpose] To observe the effect of daily standing, as indicated by gross motor function, on the quantity 
and quality of the thigh muscles in adults with severe cerebral palsy and to obtain data to determine an appropri-
ate intervention that will improve their quality of life. [Participants and Methods] Thirty-three adults with severe 
cerebral palsy participated in the study. We assessed the gross motor function using the GMFM-66-IS. We then 
evaluated the quadriceps muscle thickness and the rectus femoris muscle echo intensity using ultrasonography. 
We divided the participants into the standing and non-standing groups and then examined the correlations of the 
GMFM-66-IS score to muscle thickness and echo intensity. We calculated the difference in mean muscle thickness 
and echo intensity between the two groups using an independent t-test. [Results] Significant positive correlations 
were found between the GMFM-66-IS score and muscle thickness and echo intensity. In the group-specific analy-
sis, no significant correlation was found between echo intensity and the GMFM-66-IS score in either group. Muscle 
thickness and echo intensity were greater in the participants of the standing group. [Conclusion] Daily standing, as 
indicated by gross motor function, affected muscle thickness and echo intensity. Quantitative and qualitative data 
might need to be evaluated when assessing the muscles of adults with severe cerebral palsy using ultrasonography.
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INTRODUCTION

Cerebral palsy (CP) is defined as postural and motor impairment caused by a non-progressive lesion in the brain that 
develops during the fetal or infantile period and which is often associated with cognitive and communication deficits1). There 
is a positive correlation between the gross motor function and muscle strength in children with CP2), but it has been difficult 
to quantitatively measure muscle strength in children with CP with a low voluntary motor and cognitive function in the 
clinical setting. Recently, however, ultrasonography has been reported to be effective for estimating the muscle strength in 
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such children with CP3). Moreau et al.4) showed that the thickness of the vastus lateralis muscle measured by ultrasonography 
in children with CP with Level I–IV in the Gross Motor Function Classification System (GMFCS) was a highly accurate 
predictor of knee extension strength. This suggests that the measurement of the muscle thickness using ultrasonography may 
provide a means of estimating the muscle strength in individuals with CP who have a low voluntary motor and cognitive 
function. Ohata et al.5) reported significant positive correlations between the quadriceps muscle thickness and the Gross 
Motor Function Measure (GMFM)-66 and the selfcare and mobility items of the pediatric evaluation of disability inventory 
(PEDI), in children with CP (average age: 12.7 years). This indicates that the measurement of the quadriceps muscle thickness 
in children with CP can be a useful clinical assessment. The morphological assessment of muscles using ultrasonography is 
a useful method for estimating muscle strength, especially in children with CP who have severe voluntary motor and com-
munication deficits that make it difficult to measure muscle strength. However, there have been no reports on the relationship 
between the motor function and quadriceps muscle thickness in adults with severe CP who have very low motor performance. 
Furthermore, although there have been many reports on children with CP, very few reports have focused on adults with CP. 
Thus, the first aim of the present study was to investigate the relationship between the quadriceps muscle thickness and the 
gross motor function, focusing exclusively on adults with severe CP.

In a study of healthy elderly people, the correlation between quadriceps muscle thickness and knee joint extension strength 
was moderate6), making it difficult to explain muscle strength from muscle thickness values alone. Muscle strength involves 
not only the muscle mass and muscle morphology, but also neurological factors, such as the number of active motor units 
and recruitment frequency, and that there are non-contractile tissues within skeletal muscle, such as connective and fat tissue. 
The muscle thickness obtained by ultrasound included the muscle fibers and the non-contractile tissues inside muscle7, 8). It 
is therefore important to examine not only morphological data, such as muscle thickness, but also qualitative data, such as 
the concentration of non-contractile tissue in the muscle, when evaluating muscles on ultrasound images. The echo intensity 
of ultrasound images has been used to quantitatively measure the concentration of intramuscular fat7) and interstitial fibrous 
tissue8). A previous study demonstrated a strong correlation between the interstitial fibrous tissue content measured in muscle 
biopsy specimens and the echo intensity8). The skeletal muscle of children with CP has been shown to undergo qualita-
tive changes (i.e., increased connective and adipose tissue)9, 10). Pitcher et al.9) compared the echo intensity of the medial 
gastrocnemius muscle in 40 children with CP (GMFCS I–V) with children with typical development and found that the echo 
intensity of the medial gastrocnemius muscle was higher in children with CP. In addition, Battisti et al.10) studied the echo 
intensity of the lower triceps muscle in children with CP (GMFCS I–IV) who were 4–16 years of age and reported that a 
higher echo intensity tended to be observed with increasing disease severity. These reports suggest that the muscles may 
change qualitatively in individuals with CP depending on the severity of the disease. Although several reports have examined 
the relationship between the severity classification of the motor function and the echo intensity in individuals with CP, no 
reports have examined the relationship between the echo intensity and the detailed motor function, as assessed using the 
GMFM. Thus, this study also aimed to assess the concentration of non-contractile tissue in the muscles of adults with severe 
CP using the echo intensity and to examine the relationship between the echo intensity and the gross motor function.

Pitcher et al.9) reported that among CPs at the GMFCS I–V level, the echo intensity of the medial gastrocnemius muscle 
tended to be highest in GMFCS III. Pitcher et al.9) hypothesized that, based on the review by Gough et al.11), eccentric loading 
may promote increased fat and connective tissue in the muscle in children with CP. Consequently, eccentric loading during 
gait promoted the highest increase in connective tissue in the muscle of children with GMFCS III. The participants in this 
study had severe CP (GMFCS IV and V). They only have opportunity to undergo gait training during therapy, but some 
routinely stood with the use of handrails or with assistance during transfers and toileting movements. We hypothesized that 
whether individuals are standing in their daily activities may affect quantitative (thickness) and qualitative (echo intensity) 
states of muscles in adults with severe CP (GMFCS IV and V). Thus, the present study aimed to examine the effect of the 
opportunity to stand in daily activities on the quadriceps muscle thickness and the echo intensity of the rectus femoris.

The first purpose of this study was to investigate the relationships between the gross motor function and the quadriceps 
muscle thickness (sum of the rectus femoris and vastus intermedius muscle thickness) and the echo intensity of the rectus 
femoris measured from ultrasound images in adults with severe CP. The second was to examine the effect of the opportunity 
to stand in daily activities on the quadriceps muscle thickness and the echo intensity of the rectus femoris. The hypotheses 
to be tested in this study in adults with severe CP are as follows: 1) the greater the quadriceps muscle thickness, the greater 
the gross motor function; 2) the greater the echo intensity of the rectus femoris, the lower the gross motor function; 3) 
participants who have the opportunity to stand in daily activities have a greater quadriceps muscle thickness and the echo 
intensity of their rectus femoris was lower.

PARTICIPANTS AND METHODS

The participants included 33 of 37 adults with CP who were admitted to Kanazawa Disabled Children’s Hospital, in whom 
the severity of CP was classified as IV or V by the GMFCS-expanded and revised version (E&R)12). The GMFCS-E&R is a 
classification of the five levels of gross motor function in individuals with CP. This classification is the clinical gold standard 
assessment for the functional classification of individuals with CP10). In general GMFCS E&R12), level I indicates that the 
individual is not limited in mobility in daily activities; level II indicates that the individual is able to walk alone on level 
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ground but may use a cane or wheelchair for long distances or on inclines; III indicates that the individual is able to walk with 
a walker and sit with minimal external support; IV indicates that the individual may be able to move with a wheelchair for a 
limited range but is often transferred by a caregiver; V indicates that the individual requires extensive external support of the 
head and trunk to maintain posture, and self-mobility is only possible when the individual has mastered the use of a powered 
wheelchair. In this study, severe CP were defined as GMFCS IV and V; individuals with this classification generally do not 
have the ability to walk in daily life. The characteristics of the participants are shown in Table 1. The protocol of this study 
was approved by the Ethics Committee of Kanazawa Disabled Children’s Hospital (Approval No. 2019-1). Informed consent 
was obtained using an opt-out method. Families who did not provide their consent in this way were excluded from the present 
study. The experimental protocol was conducted in accordance with the Declaration of Helsinki.

The GMFM has been widely used for the assessment of activities in children with CP and has been shown to have good 
reliability and validity13). The GMFM-66 is a shortened version of the GMFM, with 66 test items identified by a Rasch 
analysis (the original GMFM included 88 items arranged in order of item difficulty)14). The GMFM-66 has been shown to 
have good validity and reliability, as well as the original GMFM14). Furthermore, Russel et al.15) developed the GMFM-66-IS 
(item sets), which shows high agreement with the GMFM-66 using a screening method. The GMFM-66 only includes 15–39 
items, allowing for shorter assessment in comparison to the GMFM-66 items15). In this study, GMFM-66-IS was used to 
assess gross motor function. The GMFM-66-IS was measured by a physiotherapist (TS) with 35 years of experience, and 
who was trained in the GMFM in Japan.

Information on the opportunity to stand in daily activities was obtained by a questionnaire given to facility staff. Partici-
pants who routinely stood during activities of daily living such as transferring and toileting with caregivers were classified 
into the standing (ST) group and those who were unable to stand at all were classified into the non-standing (NST) group. 
If the participants had difficulty in maintaining standing posture with caregiver in actual daily activities even if they were 
able to stand shortly as part of training with physical therapists, they were classified into the NST group. The reason for this 
was that participants receive an average of three to four physical therapy per month, but those who can stand with a care 
giver will be standing significantly more often than those who cannot. One participant in the NST group was performing 
standing exercises as a physical therapy intervention. The other participants had not performed standing exercises, including 
the standing board intervention. Previous standing interventions were not tracked in this study. Those in the ST group had 
opportunity to stand in daily activities every day. None of the participants in this study were able to hold the standing position 
on their own, and all of the participants in the ST group required assistance or handrails to maintain the standing position. All 
of the participants in the ST group had a maximum knee joint extension angle of less than −10°, and none of them were able 
to achieve full knee joint extension in the standing position.

The muscle thickness of the quadriceps, fat thickness of the anterior thigh and the echo intensity of the rectus femoris (EI) 
were measured with a linear probe (L64, Hitachi, Tokyo Japan) using a B-mode ultrasound system (Noblus, Hitachi, Tokyo, 
Japan). In our study, one investigator (SE) performed the ultrasound measurements. During the blinded measurement, care 
was taken to maintain the participants in a standardized position. They were examined in the supine position with the knees 
flexed at 60° and feet on the bed. To ensure the reliability of comparing echo intensity between participants, the imaging 
settings were kept unchanged during all measurements. The probe was placed perpendicular to the long axis of the quadriceps 
muscle at the midpoint of the line connecting the superior anterior iliac spine and the proximal end of the patella. A sufficient 
amount contact gel was used to eliminate excessive compression due to probe pressure and resulting image distortions, and 
the ultrasound images were observed in real time. In accordance with the methods of the study of Young et al.7), images were 
taken three times on each side.

The ultrasound images were digitalized, and the images were created and analyzed with the ImageJ software program 
(Version 1.52a, National Institutes of Health, Bethesda, MD, USA). The muscle thickness of the quadriceps and the echo 

Table 1.  Participant characteristics

Mean age (SD), years 30.1 (11.3)
Mean height (SD), cm 147.6 (8.9)
Mean weight (SD), kg 37.4 (9.7)
Females: males 10:23
GMFCS level, n (mean age [SD])
Ⅳ 13 (33.1 [8.1]))
Ⅴ 20 (28.1 [11.4])
Type of cerebral palsy, n
Spasticity (bilateral) 21
Dyskinetic 6
Ataxia 6
GMFCS: gross motor function classification system.
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intensity of the rectus femoris were measured from the same image. The muscle thickness of the quadriceps femoris was 
defined as the distance between the upper edge of the femur and the lower edge of the ventral fascia of the rectus femoris, 
and the fat thickness of the anterior thigh was defined as the distance between the lower edge of the skin located just above 
the rectus femoris and the upper edge of the ventral fascia of the rectus femoris, respectively (Fig. 1). To evaluate the EI 
value, the contour of the rectus femoris muscle was extracted (Fig. 2), and a grayscale analysis of the extracted area was 
performed. The EI value was defined as the average value of all pixels in the selected area, quantified in 256 shades of gray 
from 0 to 255 (black=0, white=255). The mean values of the muscle thickness of the quadriceps, the fat thickness of the 
anterior thigh and EI (measured from three images) were taken as unilateral representative values. In this study, the average 
of the bilateral representative values was taken as the representative value for each participant. However, if only one side 
could be measured due to contracture or joint deformity, the unilateral value was taken as the representative value. It has been 
reported that EI values vary with subcutaneous fat thickness, even in the same muscle, and it is desirable to correct for this 
using a correction equation7). Thus, in this study, the EI values were corrected using the following equation, which differed 
according to gender7).

Male corrected EI=[0.144 * (40 * fat thickness of the anterior thigh) + uncorrected EI] + 1.126
Female corrected EI=[0.062 * (40 * fat thickness of the anterior thigh) + uncorrected EI] + 7.901
SPSS ver. 26 (IBM Japan, Tokyo, Japan) was used for all of the statistical analyses. First, the Shapiro-Wilk test showed 

normality in all data (p>0.05).
The effects of the opportunity to stand in daily activities and gender on GMFM-66-IS, the muscle thickness of the quadri-

ceps femoris, the fat thickness of the anterior thigh and the corrected EI were examined by an independent t-test. The r value 
was calculated from the t-value and the degree of freedom (df) as an effect size of the t-test using the following equation.

 r=√ {t2 / (t2 + df)}
Correlations between age and the GMFM-66-IS, the muscle thickness of the quadriceps, the fat thickness of the anterior 

thigh and the corrected EI were examined using Pearson’s Productive Correlation Coefficient. Similarly, correlations between 
the GMFM-66-IS and the muscle thickness of the quadriceps, fat thickness of the anterior thigh and corrected EI were 
examined using Pearson’s product correlation coefficients.

If the GMFM-66-IS, the muscle thickness of the quadriceps, the fat thickness of the anterior thigh and the corrected 
EI differed significantly according to gender or the presence or absence of the opportunity to stand in daily activities, the 
correlations between the GMFM-66-IS and the muscle thickness of the quadriceps, the fat thickness of the anterior thigh and 
the corrected EI (by group) were examined using Pearson’s productive correlation coefficient. Fisher’s exact probability test 
was also performed to examine the proportion of participants in the ST and NST groups between the genders and between 
GMFCS levels, respectively. The significance level was set at 5%.

Fig. 1.  The muscle thickness of the quadriceps femoris 
and the fat thickness of the anterior thigh.

Solid and dotted lines indicate the muscle thickness of the 
quadriceps femoris and the fat thickness of the anterior 
thigh, respectively.

Fig. 2.  Extraction of the rectus femoris muscle range.
Solid lines indicate the internal margin of the fascia of the 
rectus femoris muscle, and the echo intensity (grayscale) 
was measured within the selected range.
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RESULTS

The mean values of the measured items in all participants are shown in Table 2. There were significant positive correla-
tions between the GMFM-66-IS and the muscle thickness of the quadriceps (r=0.72, p<0.01) and the corrected EI (r=0.47, 
p<0.01), but not between the GMFM-66-IS and the fat thickness of the anterior thigh (r=0.26, p=0.14).

The GMFM-66-IS (t=−5.10, p<0.01, r=0.68), the muscle thickness of the quadriceps (t=−4.08, p<0.01, r=0.59) and cor-
rected EI (t=−2.53, p=0.02, r=0.41) were significantly greater in the ST group in comparison to the NST group (Table 2). 
There was no significant correlation between GMFM-66-IS and the muscle thickness of the quadriceps in the ST group 
(r=0.56, p=0.95), while there was a significant positive correlation between both values in the NST group (r=0.56, p<0.01). 
There was no significant correlation between GMFM-66-IS and the corrected EI in either the ST group (r=0.21, p=0.57) or 
the NST group (r=0.30, p=0.16).

There were no significant gender differences in the muscle thickness of the quadriceps (t=0.27, p=0.79, r=0.05) and the 
GMFM-66-IS (t=−0.76, p=0.94, r=0.14); however, there were significant differences in the fat thickness of the anterior 
thigh (t=−4.79 p<0.01 r=0.65) and the corrected EI (t=−2.92, p<0.01, r=0.46), which were all significantly greater in female 
(Table 3). In males, there were significant correlations between the GMFM-66-IS and the muscle thickness of the quadriceps 
(r=0.71, p<0.01), the fat thickness of the anterior thigh (r=0.60, p<0.01), and the corrected EI (r=0.71, p<0.01). In females 
the GMFM-66-IS only showed a significant correlation with the muscle thickness of the quadriceps (r=0.74, p=0.01); it was 
not correlated with fat thickness of the anterior thigh (r=−0.30, p=0.927) or corrected EI (r=0.15, p=0.65).

No significant correlations were found between age and the GMFM-66-IS (r=0.16, p=0.38), the muscle thickness of the 
quadriceps (r=0.24, p=0.18), the fat thickness of the anterior thigh (r=0.30, p=0.09), or the corrected EI (r=0.21, p=0.24).

Fisher’s exact probability test showed that there was no significant gender difference in the ratio of the presence or absence 
of the opportunity to stand in daily activities (φ=0.50, p=1.00); however, there was a significant difference in the ratio for 
each GMFCS level. In comparison to adults with GMFCS V, a higher proportion of adults with GMFCS IV were classified 
into the ST group (φ=−0.68, p<0.01).

DISCUSSION

The positive correlation found between GMFM-66-IS and the muscle thickness of the quadriceps was similar to the 
findings of a previous study5). It has been reported that the muscle thickness of the quadriceps reflects the gross motor func-
tion, self-care, and mobility in daily life5, 16). The relationship between the muscle thickness of the quadriceps and the gross 
motor function in children with CP has been widely reported5, 17), but no studies have been limited to adults with severe CP 
(GMFCS IV and V). It was shown that the muscle thickness of the quadriceps was correlated with the gross motor function 
even in adults with severe CP who were unable to walk. Choe et al.17) reported a correlation coefficient of 0.59 between the 

Table 2. Effects of gender on GMFM-66-IS, muscle thickness of the quadriceps, fat thickness of the anterior thigh, and echo inten-
sity of the rectus femoris

Average (SD) Total ST group, n=10 NST group, n=23 p value Mean differ-
ence

95%CI
Lower Upper

GMFM-66-IS 27.62 (10.07) 37.78 (6.19) 23.20 (8.03) <0.01* 14.58 8.74 20.41
MTQ, cm 2.20 (0.73) 2.86 (0.73) 1.93 (0.54) <0.01* 0.92 0.46 1.39
FTA, cm 0.95 (0.61) 1.26 (0.52) 0.81 (0.61) 0.05 0.45 −0.08 0.9
Corrected EI 124.02 (21.64) 137.39 (16.46) 118.21 (21.30) 0.02* 19.18 3.71 34.65
*Significant difference between groups. SD: standard deviation; GMFM: gross motor function measure; MTQ: muscle thickness of 
the quadriceps; FTA: fat thickness of the anterior thigh; EI: echo intensity of the rectus femoris; CI: confidence interval.

Table 3.  Effects of standing on GMFM-66-IS, muscle thickness of quadriceps, fat thickness of the anterior thigh, and echo 
intensity of the rectus femoris

Average (SD) Female, n=12 Male, n=21 p value Mean differ-
ence

95%CI
Lower Upper

GMFM-66-IS 27.80 (10.85) 27.52 (9.88) 0.94 0.28 −7.27 7.83
MTQ, cm 2.16 (0.83) 2.24 (0.69) 0.79 −0.72 −0.62 0.48
FTA, cm 1.47 (0.54) 0.65 (0.44) <0.01* 0.82 0.47 1.17
Corrected EI 137.13 (15.75) 116.53 (21.23) <0.01* 20.6 6.23 34.96
*Significant difference between groups. SD: standard deviation; GMFM: gross motor function measure; MTQ: muscle thick-
ness of the quadriceps; FTA: fat thickness of the anterior thigh; EI: echo intensity of the rectus femoris; CI: confidence interval.
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rectus femoris muscle thickness and the GMFM-88 and Ohata et al.5) reported a correlation coefficient of 0.52 between the 
quadriceps muscle thickness and the GMFM-66. The high correlation of 0.72 between the quadriceps muscle thickness and 
the GMFM-66-IS in the present study may be because the inclusion criteria were strictly limited to adults with severe CP who 
did not have a gait function. The previous study included individuals with GMFCS I–V and a wide range of participants, and 
it was likely that there were other factors that affected the muscle thickness.

In the present study, there was no significant correlation between the quadriceps muscle thickness and GMFM-66-IS 
in the ST group, but there was a significant positive correlation between the two factors in the NST group. This may be 
because none of the participants in the ST group had a maximum knee joint extension angle of more than −10°, since the 
knee joint was semi-flexed in the standing position. Thus, flexion was always generated against the knee joint, and—as 
a consequence—quadriceps muscle activity was required to maintain the standing position. In the standing position, the 
demand for quadriceps muscle activity increases as the knee flexion angle increases19); thus, the standing load might increase 
the quadriceps muscle thickness. The scoring system of the standing item of the GMFM, which requires an independent 
standing ability to score, however, the participants in the ST group depended on assistance to stand. Thus, in the ST group, 
it was possible that quadriceps muscle thickness was not necessarily correlated with the GMFM-66-IS scores. On the other 
hand, in the NST group, the significant correlation between these factors may have been due to the differentiation in the 
quadriceps muscle thickness in participants in the NST group, due to gross motor function differentiation other than standing, 
such as rolling over and crawling.

There was a significant positive correlation between GMFM-66-IS and the corrected EI in all participants as a group, 
which was contrary to the hypothesis. In other words, in adults with severe CP (GMFCS IV and V), those with a higher 
gross motor function showed a greater amount of intramuscular noncontractile tissue. Pitcher et al.9) suggested that the echo 
intensity of the medial gastrocnemius muscle in children with CP was highest in GMFCS III and decreased with increasing 
severity in GMFCS IV and V. The result that participants with severe CP who had lower motor function had lower corrected 
EI values may have partially supported the report of Pitcher et al9). In other hand, the correlation found between the corrected 
EI and the GMFM-66-IS may be a spurious correlation. In this case, it suggested that the ST group with higher motor 
function may simply have had a higher EI value. This hypothesis was also supported by the fact that there was no significant 
correlation between the GMFM-66-IS and the corrected EI in the two groups when the ST and NST groups were examined 
separately. The results of this study do not allow us to discuss this mechanism in detail. However, there is no doubt that a high 
load is placed on the rectus femoris muscle due to inadequate extension of the knee joint during standing18). Hence, it is pos-
sible that the overload damaged the muscle fibers, that the damage was not adequately repaired, and that the damaged muscle 
fibers were replaced by fat or connective tissue. In fact, muscle satellite cells, which play an important role in the process 
of muscle tissue repair19), have been shown to be reduced in children with CP20). The effect of standing on the qualitative 
state of the muscle has been largely unexplored and requires further study. The results of this study suggest that the standing 
position may well affect the qualitative status of the rectus femoris muscle; thus, it may be necessary to evaluate qualitative 
data (echo intensity) in addition to quantitative data (muscle thickness) when performing ultrasound imaging assessments of 
the muscles of individuals with CP.

Maintaining the standing position has been reported to have various benefits in children and adults with CP, including 
increased bone mineral density of the spine21), decreased modified Ashworth scale, improved passive range of motion with 
dynamic standing posture maintenance using a posture-holding device called the Innowalk22), increased hamstring muscle 
length, and reduced caregiver assistance23). In addition to these benefits reported in previous studies, the possibility of muscle 
qualitative changes caused by standing as suggested in the present study must be taken into account when making decisions 
on whether or not to provide standing intervention for individuals with severe CP. However, there is a paucity of studies on 
muscle qualitative changes, and it is not possible to draw any definitive conclusions in this study as to whether the qualitative 
changes in muscle are negatives or positives, and future research is expected to clarify the meaning of these changes.

In general, the concentration of noncontractile tissue in the muscle tends to increase with age6). However, the results of the 
present study did not show a significant correlation between age and EI. It has been reported that there was no significant cor-
relation between age and the EI levels in children with CP9), and the results of the present study in adults with CP were similar 
to those in children. For individuals with CP, the EI levels seem to be unrelated to age; however, certain daily activities, such 
as the opportunity to stand with caregivers in daily activities, can influence the muscle EI, especially in adults with severe CP.

The present study showed that among adults with severe cerebral palsy, the subcutaneous fat thickness of the anterior thigh 
and corrected EI were significantly greater in females than in males. Thus, the effect of gender on EI in adults with CP was 
clear and similar to the differences found in healthy participants24). The gender ratio did not differ between the ST and NST 
groups according to the results to Fisher’s exact probability test. Thus, the difference in EI between the ST and NST groups 
was not influenced by gender.

In this study, the participants were divided into two groups, the ST and NST groups; however, the sample size after the 
division was small and the statistical power was low. Secondly, since the participants in this study were limited to those 
with severe CP (GMFCS IV and V), the relationship between motor function and muscle thickness and the echo intensity 
in individuals with less severe CP (GMFCS I–III). In addition, in this study, conclusions were limited to the rectus femoris 
and vastus medialis muscles, in order to reduce the time required to complete the assessments. Other muscles should be 
investigated in the future.
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This study suggested the following: 1) in adults with severe CP, those with a greater quadriceps muscle thickness had a 
higher gross motor function. 2) In adults with severe CP, higher GMFM-66-IS scores were associated with a higher echo 
intensity of the rectus femoris; however, these relationships may have been influenced by the the opportunity to stand with 
caregivers in daily activities. Although there are still few studies on the muscle echo intensity in adults with CP, it is desirable 
to perform both quantitative and qualitative evaluations of the muscles using ultrasound imaging.
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