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Relationship Between Functional Level and
Muscle Thickness in Young Children
With Cerebral Palsy
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Department of Rehabilitation Medicine, Bundang Jesaeng General Hospital, Seongnam, Korea

Objective To investigate the relationship between functional level and muscle thickness (MT) of the rectus
femoris (RF) and the gastrocnemius (GCM) in young children with cerebral palsy (CP).

Methods The study participants were comprised of 26 children (50 legs) with spastic CP, aged 3-6 years, and 25
age-matched children with typical development (TD, 50 legs). The MT of the RF, medial GCM, and lateral GCM
was measured with ultrasound imaging. The functional level was evaluated using the Gross Motor Function
Measurement-88 (GMFM-88), Gross Motor Function Classification System (GMFCS), and based on the mobility
area of the Korean version of the Modified Barthel Index (K-MBI). The measurement of spasticity was evaluated
with the Modified Ashworth Scale (MAS).

Results We note that the height, weight, body mass index, and MT of the RF, and the medial and lateral GCM were
significantly higher in the TD group (p<0.05). There was a direct relationship between MT of the RF and medial
GCM and the GMFM-88, GMFCS, and mobility scores of the K-MBI in individuals with early CP. In addition,
we have noted that there was a direct relationship between MT of the lateral GCM and the GMFM-88 and
GMECS. Although there was a tendency toward lower MT with increasing MAS ratings in the knee and ankle, the
correlation was not statistically significant.

Conclusion In young children with CP, MT of the RF and GCM was lower than in age-matched children with TD.
Furthermore, it is noted with confidence that a significant positive correlation existed between MT and functional
level as evaluated using the GMFM-88, GMFCS, and mobility area of K-MBI.
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INTRODUCTION

Cerebral palsy (CP) is defined as “a group of permanent
disorders of the development of movement and posture,
causing limitations to activity, that are attributed to non-
progressive disturbances that have occurred in the devel-
oping fetal or infant brain” [1]. Overall we have noted that
a decline in activity leads to muscle weakness, muscle
atrophy, and muscle shortening, all of which can further
cause activity limitations.

The muscle strength is generally impaired in individu-
als with spastic CP [2-5]; the muscle weakness results in
reduced functional ability in these individuals [6-8]. The
selective motor control and cognitive problems typical
of this disorder make it difficult to quantify the muscular
strength of individuals with CP; therefore, research has
been targeted towards muscle morphology and structure
in CP [9,10]. There is subsequent consistent evidence to
suggest that the size of the muscles in the paretic limbs,
as indicated by muscle volume, cross-sectional area, and
thickness, is therefore reduced compared to both normal
developing muscles and non-paretic muscles [10]. The
deficits in muscle size in CP are likely to increase as the
infant gets older [11]. The cycle of disuse and inactivity
in children and adolescents with CP is often made per-
manent by the progressive development of weakness and
contractures, leading to the onset of a significant progres-
sive disability over the patients’ lifespan [9,11].

A previous report suggested that changes in the muscle
structures are related to motor function in older children,
adolescents, and adults with CP [12-14]. Furthermore,
this relationship is also reported to be associated with
muscle thickness (MT) in older children and adolescents
with CP, which enables quantitative muscle evaluation,
showing a direct positive relationship with activity [10,12].
However, it remains unclear when the structure of the
muscle begins to change in children with CP, and how
the changes of the muscle progress with time. In addi-
tion, there is little information that is known about the
influence of the muscle structure on motor function in
young children with CP.

The aim of this study was to investigate the significant
relationship between functional level and MT in young
children with CP.

MATERIALS AND METHODS

Subjects

Children with spastic CP who were admitted to, or who
had visited, our hospital facility were recruited for this
study upon fulfilling the following inclusion criteria: (1)
the participant was diagnosed with spastic CP and (2) the
participant was aged 3 to 6 years old. The exclusion cri-
teria for this study were as follows: (1) CP combined with
muscular disease, (2) previous history of muscle trauma,
(3) previous history of surgical intervention of the lower
extremities, and (4) previous history of chemodenerva-
tion therapy within 6 months.

The age-matched children who attended our hospital
affiliated day care center who were noted with typical
developing muscles, were recruited for this study as con-
trols (typical development [TD] group). The participants
were able to walk independently; potential participants
were excluded if they had a history of lower leg injury
or any other developmental disorder affecting the lower
limbs.

An ethical approval was granted by the Institutional
Review Board and Ethics Committee of Bundang Jesaeng
General Hospital (No. RM17-02). As all of the children in
this study were younger than 18 years of age, an informed
consent form and agreement was obtained from their
parents for participation of their children in the study.

Measurements

On initial examination, the height and weight of each
participant was measured and recorded.

The thickness of the rectus femoris (RF), medial gas-
trocnemius (GCM), and lateral GCM muscles was mea-
sured with a B-mode ultrasound imaging device (LOGIQ
E9; General Electric Healthcare, Milwaukee, WI, USA),
using a 6-15 MHz linear transducer. The MT was defined
as the longest distance between the upper muscular fas-
cia and the lower muscular fascia that was visible on the
image [15]. The transverse image was used to measure
the thickness of the RF and GCM (Fig. 1). In the trans-
verse image of the RF muscle, the probe was positioned
at 50% of the distance between the anterior superior iliac
spine and the superior border of the patella. The par-
ticipants rested comfortably in the supine position with
the knee joint near the natural resting position of 10°;
furthermore, a towel roll was placed under the knee as
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Fig. 1. Ultrasonographic measurement of muscle thickness: the longest distance between the upper muscular fascia
and the lower muscular fascia. These figures show transverse images of (A) RF, (B) medial GCM, and (C) lateral GCM.
RE rectus femoris; GCM, gastrocnemius.

required for positioning or to aid in comfort and muscle
relaxation. The transverse images of the GCM muscle
were taken at 25% of the tibial length from the popliteal
fossa. The subjects were positioned prone on the exami-
nation table, with their feet hanging over the edge en-
abling a resting ankle position. During the measurement,
extreme care was taken to maintain the study individuals
in a standardized position. The pressure of the transduc-
er was kept to a minimum by using a generous amount
of contact gel, and by observing the measured real-time
ultrasonic images as noted, to eliminate distortion of the
skin and subcutaneous tissues due to excess compression
[15]. All MT measurements were performed by the same
rehabilitation physician.

The activity limitations of the participants were evalu-
ated by the Gross Motor Function Classification Sys-
tem (GMFCS), Gross Motor Function Measurement-88
(GMFM-88), and mobility area by the Korean version of
the Modified Barthel Index (K-MBI). The spasticity in the
knee extensors and ankle plantar flexors in both legs was
assessed with the Modified Ashworth Scale (MAS) by a
single physician.

The GMFM-88 is a criterion-referenced observational
measure for the assessment of children with CP [16]; it
consists of 88 items grouped into five dimensions: lying
and rolling; sitting; crawling and kneeling; standing; and
walking, running, and jumping. The scale was therefore
proposed to quantitatively evaluate gross motor func-
tion of the participants. The score for each dimension is
expressed as a percentage of the maximum score for that
dimension as analyzed in this study. The total score is
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calculated by averaging the percentage scores across the
five dimensions, range from 0 to 100.

During the GMFM-88 evaluation, the GMFCS was also
assessed. The GMFCS was developed by the Palisano et
al. [17] study to classify the degree of gross motor impair-
ment of children with CP into five levels. The distinction
that is noted and established between each level is based
on the ability to move and the need of supporting devices.

The K-MBI was used to assess activity and participation
levels. We note that generally compared to other evalua-
tion tools, it is widely used due to its simplicity of evalua-
tion, accuracy, speed, consistency, and ease of statistical
processing of analyzed data and information [18]. The K-
MBI consists of 10 areas of functioning, and scores indi-
cate the degree of independence. The application of the
K-MBI in children might be limited, although it is used
as a criterion to determine the disability level of infants
and children with brain lesions because, the K-MBI was
originally designed to assess the daily living of adults.
However, it has discriminative power in the evaluation of
ambulation or wheelchair, transfer, and stair climbing of
infants and children of CP [19]. In this case, we only used
the mobility area including the ambulation or wheel-
chair, transfer, and stair climbing scores, ranging on a
measured scale from 0 to 40.

Statistical analysis

The statistical software SPSS version 18.0 for Windows
(SPSS Inc., Chicago, IL, USA) was used for statistical
analysis of the data. An independent t-test was used to
determine the differences between the CP and the TD
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groups. The relationship of MT with age and body mass
index (BMI) was assessed utilizing a Spearman rank coef-
ficient, and the differences in sexes were subsequently
compared using an independent t-test. The correlations
between the MT and functional level (GMFM, GMFCS,
mobility scores of K-MBI) were assessed by partial cor-
relation coefficients adjusted for age and BMI. A Mann-
Whitney U-test was used to determine a difference in MT
between the CP and TD groups, depending on age. The
significance level was set at p<0.05.

RESULTS

Characteristics of participants

The present study included 50 legs from 26 children
with spastic CP, of which 14 male and 12 female. The
mean age of the participant group was 50.57+10.26
months. The TD control group consisted of 50 legs from
25 age-matched peers (mean age, 49.50+11.38 months).
Table 1 demonstrates comparisons of the anthropometric
measurements between the CP and TD groups. The CP
and TD groups did not significantly differ by age (p>0.05);
however, height, weight, BMI, and MT of RF and the me-
dial and lateral GCM were significantly higher in the TD
group (p<0.05).

The characteristics of the CP group are shown in Table
2. Regarding the types of CP, 12 subjects had spastic

Table 1. Comparison of anthropometric measurements
between the CP and TD groups

CP group TD group
(n=26) (n=25)

Age (mo) 50.57+10.26 49.50+11.38
Sex

Male 14 12

Female 12 13
Height (cm)* 103.50+8.14 108.12+6.33
Weight (kg)* 17.16£4.90 19.29£3.30
BMI (kg/m?*)* 14.98+1.98 16.46£1.76
MT (mm)

Rectus femoris* 12.14+1.68 14.33+£1.91

Medial GCM* 8.32+1.80 9.79+1.33

Lateral GCM* 6.89+0.94 8.44+1.14

Values are presented as meantstandard deviation.
CP, cerebral palsy; TD, typical development; BMI, body
mass index; MT, muscle thickness; GCM, gastrocnemius.
*p<0.05 by independent t-test between CP and TD.

quadriplegia, 2 had spastic hemiplegia, and 12 had spas-
tic diplegia. According to the GMFCS, 6 subjects were at
level I, 5 were at level II, 5 were at level III, 3 were at level
IV, and 7 were at level V. Twenty-one of the subjects had
no history of Botox injections, 3 subjects had undergone

Table 2. Characteristics of participants with CP

Characteristic CP group (n=26)

Diagnosis

CP, spastic quadriplegia 12

CP, spastic hemiplegia 2

CP, spastic diplegia 12
GMECS level

I 6

I 5

111 5

v 3

A% 7

GMFM-88 (100)
Mobility score of K-MBI (40)

52.07+32.97 (1-92)
12.74+10.61 (0-38)

Spasticity (MAS)
Knee extensor
GO 4
Gl 26
Gl+ 18
G2 2
Ankle plantar flexor
GO 0
Gl 22
Gl+ 20
G2 8
Number of Botox injections®
0 21
1 3
2 2
AFO
Use 23
Non-use 3

Values are presented as meantstandard deviation or
number.

CP, cerebral palsy; GMFCS, Gross Motor Function Clas-
sification System; GMFM-88, Gross Motor Function
Measure-88; K-MBI, Korean version of Modified Barthel
Index; MAS, Modified Ashworth Scale; AFO, ankle foot
orthosis.

“All Botox injections had done more than 6 months prior
to this study.
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a Botox injection once previously, and 2 subjects had un-
dergone Botox injections twice previously. All of the Bo-
tox injections had occurred more than 6 months prior to
this study. In addition, there were 23 subjects who used
an ankle foot orthosis (AFO), whereas 3 subjects did not
use an AFO.

The median score of the GMFM-88 and mobility area
of K-MBI were 52.07+32.97 (range, 1-92) and 12.74+10.61
(range, 0-38), respectively.

Relationship between the muscle thickness and the
gross motor function

There was no significant difference in MT between
males and females (p>0.05).

In the CP group reviewed, the age of the participants
showed a significant correlation with the MT of the RF
(r=0.446, p=0.001), medial GCM (r=0.373, p=0.001), and
the lateral GCM (r=0.406, p=0.001), respectively. The BMI
also showed a significant correlation with the MT of the
RF (r=0.582, p<0.001), medial GCM (r=0.567, p<0.001),
and the lateral GCM (r=0.546, p=0.001), respectively.
Therefore, the measurements of the age and BMI of par-
ticipants were used as adjusting variables in this study.

Table 3 demonstrates the direct relationship between
the thickness of each muscle with the GMFCS, GMFM-

88, and mobility scores of the K-MBI in individuals with
early CP.

MT of the RF significantly correlated with the GMFM-
88 score (r=0.592, p<0.001). There were also significant
correlations between the MT of the RF and both GMFCS
(r=-0.553, p<0.001), and the mobility scores of the K-
MBI (r=0.493, p<0.001). MT of the medial GCM showed a
significant correlation with the GMFM-88 score (r=0.351,
p=0.017). There were also significant correlations also
between the MT of the medial GCM and both GMFCS
(r=-0.494, p=0.007), and mobility scores of the K-MBI
(r=0.325, p=0.031). MT of the lateral GCM showed a sig-
nificant correlation with the GMFM-88 score (r=0.344,
p=0.019) and GMFCS (r=-0.382, p=0.039). However, the
MT of the lateral GCM showed no significant correlation
with the mobility scores of the K-MBI (r=0.201, p=0.062).

Although there was a tendency towards a lower RE,
medial GCM, and lateral GCM MT with increasing MAS
ratings in knee (r=-0.241, r=-0.214, and r=-0.226, respec-
tively) and ankle (r=-0.235, r=-0.226, and r=-0.218, re-
spectively), the correlations were not statistically signifi-
cant (p>0.05).

Comparison CP and TD groups depending on age
Fig. 2 demonstrates the height, weight, and MT of the

Table 3. Relationship between MT and GMFCS, GMFM-88, K-MBI, and spasticity

Correlation coefficient (r) with MT

Medial GCM

Lateral GCM

Rectus femoris
GMFCS -0.553 (p<0.001)*
GMFM-88 0.592 (p<0.001)*

Lying, rolling 0.482 (p<0.001)*
Sitting 0.537 (p<0.001)*
0.570 (p<0.001)*
0.597 (p<0.001)*
Walking, running, jumping 0.578 (p<0.001)*
K-MBI 0.493 (p<0.001)*
0.431 (p=0.001)*
Transfer 0.437 (p=0.001)*
Stairs 0.391 (p=0.007)*
-0.241 (p=0.096)

Crawling, kneeling
Standing

Ambulation or wheelchair

Spasticity of knee extensor

Spasticity of APF

-0.235 (p=0.152)

-0.494 (p=0.007)*
0.351 (p=0.017)*
0.343 (p=0.020)*
0.348 (p=0.018)*
0.329 (p=0.026)*
0.370 (p=0.011)*
0.348 (p=0.024)*
0.325 (p=0.031)*
0.321 (p=0.030)*
0.314 (p=0.042)*
0.293 (p=0.047)*

-0.214 (p=0.139)

-0.226 (p=0.126)

-0.382 (p=0.039)*
0.344 (p=0.019)*
0.396 (p=0.007)*
0.384 (p=0.008)*
0.297 (p=0.048)*
0.294 (p=0.046)*
0.289 (p=0.038)*
0.201 (p=0.062)
0.183 (p=0.263)
0.179 (p=0.207)
0.161 (p=0.231)

-0.226 (p=0.119)

-0.218 (p=0.124)

MT, muscle thickness; GCM, gastrocnemius; GMFCS, Gross Motor Function Classification System; GMFM-88, Gross
Motor Function Measure-88; K-MBI, Korean version of Modified Barthel Index; MAS, Modified Ashworth Scale; APF,

ankle plantar flexor.

*p<0.05 by partial correlation coefficients adjusted by age and body mass index.
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Fig. 2. Height, weight, and muscle thickness of the RF,
medial GCM, and lateral GCM in cerebral palsy (CP) and
typical development (TD) groups depending on age. (A)
Height, (B) weight, (C) MT of RE, (D) MT of medial GCM,
and (E) MT of lateral GCM. RF, rectus femoris; GCM,
gastrocnemius; MT, muscle thickness. *p<0.05 by Mann-
Whitney U-test independent t-test between CP and TD
groups.

smaller MT of the RF and GCM (p<0.05), independently.
The results demonstrated that the deficits in MT in CP
are likely to increase as the children grow older, and the
differences in MT will be expected to gradually increase
during growth.
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DISCUSSION

To the best of our knowledge, this is the first study to
indicate a relationship between MT and motor function
in young children (aged 3-6 years) with CP. The results
demonstrated a direct relationship between MT of the RF
and the GMFCS, GMFM-88, and the measured mobility
scores of K-MBI in young children with CP. In previous
studies, significant relationships have been found to ex-
ist between muscle morphological parameters, strength,
and function in older children, adolescents and adults
with spastic CP. The research of Ohata et al. [12] indicat-
ed a significant relationship between quadriceps MT and
activities evaluated by the GMFM-66 and the Pediatric
Evaluation of Disability Inventory (PEDI) in older chil-
dren and adolescents with CP; the thickness of the quad-
riceps femoris muscle was suggested to be a useful quan-
titative muscular evaluation in CP. The study of Moreau
et al. [13] demonstrated a strong relationship between the
thickness of the vastus lateralis and knee extensor volun-
tary strength in children aged 7-19 years old with spastic
CP. Furthermore, the study of Ohata et al. [14] suggested
that the MT of the quadriceps femoris, longissimus, and
triceps surae muscles were significantly different accord-
ing to the GMFCS level. The similar findings in the pres-
ent study showed that MT is related to functional level in
young children with spastic CP, as have been confirmed
and noted in previously studies in late childhood, adoles-
cent and adult CP.

In the present study, the MT of the RF and the GCM was
found to be significantly lower in children who were 3 to
6 years old with CP than in age-matched children with
TD (Table 1). The study of Malaiya et al. [20] reported that
the medial GCM is shorter and smaller in the paretic limb
of older children with CP (mean age, 8 years) than in age-
matched TD children; which typified a 35% reduction in
medial the GCM muscle volume which was observed. In
addition, a study by Barber et al. [11], suggested a 22%
reduction in the medial GCM muscle volume in children
with CP (mean age, 4 years). We began to postulate at
which point in time the structure of the muscle begins
to change in children with CP, and how those changes
in muscle structure progress with time. Overall, we cre-
ated and organized classifications depending on age and
comparisons of CP with TD (Fig. 2). The results of this
study demonstrated that there were no significant dif-
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ferences between the MT of the RF and GCM in CP and
TD children aged 3 years old. However, we noted in this
study that MT was significantly reduced in 4, 5, 6 years
old with CP compared TD, independently. These results
can be assumed that there is little difference at a young
age, but the difference of MT with CP from TD group
progress over time during the growth spurt due to muscle
weakness and disuse atrophy. In addition, these differ-
ences were further associated with gross motor func-
tion; therefore, at the time of the growth spurt, suitable
exercise interventions including concentrated training
of muscle strengthening may be required. However, we
have noted that the number of subjects of 3 years old with
CP in this study were smaller than other age group, and
they had relatively higher motor function (GMFCS level
I or IT). Therefore, we note that it is difficult to generalize
about the time frame at which point the MT had begun
to change. Further studies for large sample sizes and cov-
ering heterogenicity will be required to generalize this
result, and make further predictions and assumptions on
the topic.

The correlations of MT and motor function are reviewed
and comprehensively evaluated in this study. However, it
is not clear whether the MT determines the activity level,
or if the incidence of an impaired gross motor function
leads to muscle atrophy. Although the perinatal brain le-
sion of CP is not progressive, it results in secondary mus-
cular pathologies such as reduced muscle volume and
muscle belly length [10]. The mechanisms behind the
development and progression of muscle weakness and
contracture corresponding to aged-related impaired mo-
tor function in individuals with CP are complex, but the
results are attributable that the combination of altered
neural mechanisms and muscular factors, which are re-
lated [4,10]. Muscle weakness is not caused by reduced
muscle size alone, but also by reduced muscle activation
and the situation or case of increased co-activation [21].
Therefore, the degree of muscle development may have
determined the level of motor function in the early stages
of CP.

We examined the RF and the GCM group of muscles.
The quadriceps femoris are particularly important for
transitioning from sitting to standing, ascending and
descending stairs, and for antigravity control during
the stance phase of gait, among other functional activi-
ties [22]. The quadriceps and GCM muscles, as weight-
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bearing muscles, are the most affected by inactivity and
disuse in humans due to their antigravity function [23,24].
Therefore, it is possible that the muscle architecture is
altered in these same muscles in a child with CP, because
of an associated muscle disuse and low activity levels
noted in the participants. This suggestion is supported
by the finding of the largest correlation coefficient that is
found to have existed between the GMFM and standing
(r=0.597) in the present study.

In this study, a significant relationship occurred be-
tween MT and functional level, except between the later-
al GCM and the K-MBI. It was considered that the lateral
GCM was seen as significantly much thinner than the
medial GCM, and the distribution range was relatively
small.

We note that the 2D B-mode ultrasonography is easy,
quicker, and simpler when used to perform this review
and analysis, when compared with magnetic resonance
imaging and computed tomography. The measurements
of MT using 2D ultrasonography exhibited excellent reli-
ability in evaluating the children and adolescents with
CP [9,25]. In agreement, the previous studies have shown
that measurements of MT obtained using 2D ultrasonog-
raphy are useful for estimating muscle volume in differ-
ent muscle groups [9,25,26]. Looking at the results of di-
rect relationship the MT and motor function, it has been
noted that the measurements of the MT with ultrasonog-
raphy may be helpful evaluating the level of function in
young children, with CP whom measurement of muscle
strength is difficult due to cognitive and selective motor
control problems.

This study has reviewed and recognized some specific
limitations. First, we performed measurements on only
one standardized area per muscle; it has been shown
that muscle architecture can vary throughout its length
[9,27]. Second, the study was limited to evaluate MT in
the participant population. We noticed that other muscle
structures, such as muscle fascicle length and the pen-
nation angle, were not therefore evaluated; however, the
measurement of muscle volume is a good predictor of
the maximal force generating capacity [28], and is related
to MT [14]. Third, the study was limited to the review
and study of the RF and GCM muscles; therefore, the re-
lationship between other muscles including hamstring
and iliopsoas and motor function in young children with
spastic CP remains unclear at this time. The fourth limi-

tation is the small sample size of the participant popula-
tion. A larger sample size may provide greater power for
examining the relationships between MT and functional
level in study participants, to show associative outcomes
that can be expected or predicted in general populations.

In conclusion, we offer and note that this study demon-
strated that a positive correlation has occurred between
the MT of the RF and GCM, and the functional level
in young children with CP. In young children with CP,
MT was thinner than in age-matched children with TD.
Consequently, we understand that the differences in MT
gradually increase in children aged 4-6 years old, after
the growth spurt. Therefore, we confidently suggest that
muscle strengthening exercises in the lower extremities,
including the quadriceps femoris and GCM muscles,
should be undertaken to facilitate muscle growth in
young children with CP. We therefore postulate that this
would prevent muscle atrophy and increase functional
level, activity, and participation in their daily lives.
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