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ABSTRACT

Objectives: This study aimed to detect the relationship between body mass index (BMI),
selective voluntary motor control (SVMC), and functional independence in children with
spastic diplegic cerebral palsy (CP) with levels II and III of gross motor function classification
system.

Article info:
Received: 10 Nov 2022
Accepted: 05 Sep 2023 .
Available Online: 01 Dec 2023 :  Methods: A total of eighty-four children with spastic diplegic CP, aged 6-9 years with a mean
: age of 7.09+0.68 participated in this correlational study. BMI, selective control assessment of
the lower extremity (SCALE), and pediatric functional independence measure (WEE FIM)
were used for the assessment of BMI, SVMC, and functional independence, respectively.

Results: The results demonstrated the presence of a positive strong significant correlation
between SCALE and WEE FIM, a negative strong significant correlation between WEE FIM
and BMI, and a negative moderate significant correlation between BMI and SCALE.

Discussion: Functional independence is significantly correlated with BMI and SVMC in
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palsy, Diplegia, Functional . recommended to be part of the evaluation of their functional independence in clinical settings
status, Motor disorders and research.
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Highlights

e There was a positive, strong, and significant correlation between spasticity and body mass index (BMI), and be-
tween functional independence and selective voluntary motor control (SVMC),

* There was a negative, strong, and significant correlation between spasticity and functional independence, between
spasticity and SVMC, and between functional independence and BMI.

e There was a positive, moderate, and significant correlation between BMI and the level of gross motor function, and
also between gross motor function level and spasticity.

* There was a negative, moderate, and significant correlation between the level of gross motor function and functional
independence and also between BMI and SVMC.

Plain Language Summary

The findings of the current study have shown relationships between body mass index (BMI), selective voluntary mo-
tor control (SVMC), and functional ability in children with diplegic CP. According to these results, BMI and SVMC
could be included in the evaluation of children with diplegic CP. Therapeutic intervention to improve SVMC should be

added when planning a program to promote the functional independence of children with spastic diplegia.

Introduction

erebral palsy (CP) is a disorder classified

clinically according to the predominant

motor syndrome and characterized by

abnormal posture, tone, and movement.

[1] The prevalence of CP in high-income
countries is about 1.6/1000 live births, while low-in-
come countries showed marked higher birth prevalence
[2]. Also, there is a higher prevalence of 60 to 150 per
1000 live births among preterm infants [3]. The most
prevalent type of CP is spastic diplegia which is com-
monly associated with prematurity [4]. Children with
spastic CP suffer from multiple neurological abnormali-
ties including muscle weakness, spasticity, and abnor-
mal movement pattern [1]. Abnormal movement pattern
occurs in children with spastic CP due to coordination
problems which are caused by extensor or flexor syner-
gies that interfere with isolated joint movement [5].

Selective voluntary motor control (SVMC) is an inte-
gral part of normal human motion and can independently
control joint movement. Reduced SVMC is defined as a
disturbance of the capability of isolating the muscle ac-
tivation in selected patterns due to voluntary movement
or posture demands [6] which means that a child with
impaired SVMC does not have the expected activation
pattern which is present in healthy children, either due to
lack or excessive muscle activity [7]. This is one of the
neuromuscular disorders associated with spastic CP and

commonly coexists with muscle weakness and spastic-
ity. All of the previously mentioned motor disorders are
related to the damage of the corticospinal tract and other
descending motor pathways, resulting in interruption of
the descending excitability and inhibitory signals lead-
ing to dysfunction [8, 9].

Children with CP have less energy consumption, and
limited participation in physical activities compatible
with their age compared to their healthy peers. Thus, the
risk of obesity in these children is higher than in healthy
ones [10]. The prevalence of obesity in children with CP
who are ambulant has increased from 7.7% to 16.5%
in the last decade which affect negatively the general
health of these children [11]. Through the analysis of
body mass index (BMI) and waist-hip ratio, Bansal and
his colleagues suggest that children with CP have a high
rate of being overweight and are at risk of being obese,
particularly central obesity [12]. Fat mass can be as-
sessed by several tools such as hydrostatic weighing and
dual-energy x-ray absorptiometry which are valid tools
for measuring obesity. However, these tools have lim-
ited usage and are more invasive than BMI. So, BMI is
widely recommended by many institutions as the World
Health Organization (WHO) and the World Obesity Fed-
eration [13, 14].

The risk of becoming overweight or obese increases
throughout the range of dysfunction in children who
have mild to moderate motor disabilities [15]. Obesity
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is of particular concern to children with CP generally
because of the long-term health risks associated with
obesity and because of the potentially increased im-
pairment of functional mobility associated with obesity
[16]. Dixon magnetic resonance images showed a lower
intramuscular fat ratio in normal children compared to
children with spastic CP who can ambulate [17]. Also,
bioelectrical impedance analysis was used to estimate
fat-free mass in preschool children with CP, and altered
body composition was detected in these children across
functional capacities [18].

Former studies have shown the relationship between
lower limb SVMC and gait in children with CP [19,
20], and between health-related quality of life and BMI
[21], but no available studies are detected regarding the
relationship between BMI, isolated motor control, and
functional independence in children with diplegic CP.
The purpose of this study was to detect the relationship
between BMI, SVMC, and functional independence in
these children.

Materials and Methods
Study design and setting

This is an observational correlational study held at the
Faculty of Physical Therapy, Cairo University between
January 2022 and August 2022, carried out in the Out-
patient Clinic.

Sample size

G'Power statistical software, version 3.1 (Germany)
was chosen for estimating the sample size before the
study using effect size=0.3, f=0.2, and 0=0.05 which
were calculated from a pilot study, showed a total sample
size of 84 children for this study. Ninety children were
enrolled for prospective dropouts.

Participant recruitment and selection criteria

Initially, 90 children were enrolled and six children were
excluded: Two children had lower limb surgical opera-
tions, and four children quit before the assessment termi-
nation. A total of 84 children with spastic diplegic CP, (32
boys and 52 girls) get involved in this study. The partici-
pants were randomly selected from the Outpatient Clinic
at the Faculty of Physical Therapy, Cairo University.

Children diagnosed as spastic diplegic CP, whose
chronological age ranges from 6 up to 9 years, with
spasticity levels 1+ and 2 in the affected lower limbs as
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specified by the modified Ashworth scale (MAS), and
levels II and III of the gross motor functional classifi-
cation system expanded and revised (GMFCS E&R),
who were able to follow the given instructions during
the assessment were included in this study. Children who
had contractures of the lower limb joints were injected
with Botulinum toxin or any orthopedic surgery of the
lower extremities in the last 6 months before the study, or
who had epilepsy, were excluded from the study. Table
1 shows the characteristics of the participating children.

Testing procedures
Anthropometric measurements

A calibrated digital scale was used to measure chil-
dren’s weight and Harpenden Stadiometer to measure
their height. BMI was calculated as weight (kg)/height
(m?). Growth charts for children and adolescents with
ages ranging from 2-20 years were used to calculate the
percentile scores of BMI, which consider the child’s age
and sex. BMI was assigned, using these charts, to one
of four categories: Underweight, healthy, overweight, or
obese [22].

Selective control assessment of the lower extrem-
ity (SCALE)

The selective control assessment of the lower extremity
is a reliable and valid scale used for evaluating SVMC of
the toes, subtalar, ankle, knee, and hip joints in children
with spastic CP [23]. The isolated movements are evalu-
ated bilaterally. Scores of normal “2”, impaired “1”, or
unable “0” were given for each joint, 10 points for each
limb, with 20 points as a total maximum score. Children
were instructed to do specific isolated movements - re-
ported in the SCALE - at each joint using a 3-second
verbal count [23].

Pediatric functional independence measure (Wee-
FIM)

The pediatric functional independence measure (Wee-
FIM) is a reliable and valid scale used for evaluating
the daily life activities of children with CP [24]. The
reliability and feasibility of this scale were reported in
Egyptian children, although with different diagnoses
[25]. Evaluation can be supplemented by observation
of the child and an interview with the caregiver, with a
20-minute administration time. This scale assesses the
physical and cognitive ability of the child. It includes 6
domains of function which were evaluated in this study;
four of these are physical and two are cognitive. Items
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Table 1. Participants” baseline characteristic
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Variables MeanSD/No. (%)
Age (y) 7.09+0.68
32(38.1)
Gender 52(61.9)
Weight (kg) 23.7+2.81
Height (cm) 122.5+8.5
Healthy weight 32(38.1)
2 Overweight 8(9.5)
BMI (ke/m?) Obese 16(19)
Low weight 28(33.3)
Level 2 28(33.3)
GMFCS Level 3 56(66.7)
40(47.6)
MAS 44(52.4)

Mranian [ehabilitation Mournal

Abbreviations: BMI: Body mass index; GMFCS: The gross motor functional classification system; MAS: Modified Ashworth

scale.

are scored with a 7-point ordinal scale, with 7 meaning
complete independence and 1 meaning total dependen-
cy. Caregiver assistance is needed for scores of 1 to 5.
Higher scores indicate more independence with possible
scores ranging from 18 to 126 [26].

The gross motor function classification system ex-
panded and revised (GMFCS E&R)

The gross motor function classification system is a
valid and reliable classification that differentiates chil-
dren with CP depending on their gross motor abilities
and limitations [27]. It also showed high reliability for
its Arabic version [28]. It contains 5 levels [29]. The
distinction between different levels ranges from level I,
the highest gross motor function up to level V, the low-
est level, based on the need for assistive technology and
functional abilities rather than the quality of movement
[30]. Nearly 98% of children with diplegia are catego-
rized into Level I, II, or IIT [31]. Since children with Lev-
el I of GMFCS were more likely to have a healthy weight
[32], only levels II and III were included in this study.

Modified Ashworth scale (MAS)

The modified Ashworth scale is a widely accepted clin-
ical tool that is used to measure spasticity. It is a 6-point
ordinal scale with a grade score of 0, 1, 1+, 2, 3, and 4,
where a higher grade score indicates increased spasticity
[33]. According to the MAS scoring system, the selected
children were graded 1+and 2 which are the most avail-
able grades in the outpatient clinic during this study.

Statistical analysis

The relationship between BMI, SVMC, and the level
of functional independence in children with diplegic
CP was assessed using correlation analysis. The statisti-
cal package for the social sciences program, version 25
(IBM SPSS, Chicago, IL, USA) was used for analyses.
Descriptive statistics were expressed in numerical (n)
and percent (%) formats, and mean+tstandard deviation.
Spearman’s correlation coefficient was selected to detect
the relationships due to the ordinal nature of the data. A
correlation was considered significant at a P<(.05.

Results

In this study, 84 children with spastic diplegic CP were
selected. Table 1 displays the general characteristics
of the children participating in the study. There was a
positive, strong, and significant correlation between
MAS and BMI (rs=+0.677, P<0.001); between WEE
FIM total score and SCALE (rs=+0.718, P<0.001); be-
tween the physical dimension of WEE FIM and SCALE
(rs=+0.843, P<0.001); and between the cognitive dimen-
sion of WEE FIM and SCALE (rs=+0.904, P<0.001),
while there was a negative, strong, and significant
correlation between MAS and WEE FIM total score
(rs=-0.669, P<0.001), between MAS and the physi-
cal dimension of WEE FIM (rs=-0.712, P<0.001), be-
tween MAS and the cognitive dimension of WEE FIM,
(rs=-0.793, P<0.001), between MAS and SCALE (rs=-
0.830, P<0.001), between the cognitive dimension of
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Table 2. Correlation between BMI, SCALE, GMFCS, MAS, and WEE FIM

WEE FIM WEE FIM WEE FIM
Variabl isti MA MF ALE
ariables Statistics S GMFCS (Total) (Physical) {Cognitive) SC
rs
MAS p 1
rs +0.539
GMFCS b 0.001" 1
WEE FIM rs -0.669 -0.540 1
(total) P 0.001° 0.001"
WEE FIM rs -0.712 -0.531 +0.803 1
(physical) P 0.001" 0.001" 0.0001"
WEE FIM rs -0.793 -0.660 +0.752 +0.837 1
(cognitive) P 0.001" 0.001" 0.001" 0.001"
SCALE rs -0.830 -0.707 +0.718 +0.843 +0.904
P 0.001" 0.001" 0.001" 0.001" 0.001" 1
BMI rs +0.677 +0.530 -0.607 -0.537 -0.460 -0.484
P 0.001" 0.032" 0.001" 0.001" 0.001" 0.001"

Mranian Eehabilitation Mournal

Abbreviations: BMI: Body mass index; SCALE: Selective control assessment of the lower extremity; WEE FIM: Pediatric func-
tional independence measure; MAS: Modified Ashworth scale; P: Probability value; Rs: Spearman correlation coefficient.

"P<0.05.

WEE FIM and GMFCS(rs=-0.660, P<0.001), between
SCALE and GMFCS (rs=-0.707, P<0.001), and between
WEE FIM total score and BMI (rs=-0.607, P<0.001) as
presented in Table 2.

In addition, there was a positive, moderate, and signifi-
cant correlation between MAS and GMFCS (rs=+0.539,
P<0.001) and between BMI and GMFCS (rs=+0.53,
P<0.032). There was a negative, moderate, and signifi-
cant correlation between GMFCS and WEE FIM total
score(rs—-0.540, P<0.001), between GMFCS and the
physical dimension of WEE FIM (rs=-0.531, P<0.001),
between BMI and SCALE(rs=-0.484, P<0.001), be-
tween BMI and the physical dimension of WEEFIM
(rs=-0.537, P<0.001), and between BMI and the cogni-
tive dimension of WEE FIM (rs=-0.460, P<0.001), as
presented in Table 2.

Regarding the WEE FIM scale, there was a positive,
strong, and significant correlation between the WEE
FIM total score with its physical and cognitive dimen-
sions (rs=+0.803, P<0.001), (rs=+0.752, P=0.001) re-
spectively, and between the physical and cognitive di-
mensions of WEE FIM scale (rs=+0.837, P<0.001), as
presented in Table 2.

Discussion
Children with spastic diplegia have disabilities of the

lower extremities resulting in dependency on their func-
tional daily activities. Spasticity, muscle weakness, and

activity limitations contribute to a lack of isolated mo-
tor control, limitations in their daily living activities, and
obesity in some children [34, 35]. The findings of this
study showed a significant correlation between BMI,
SVMC, functional independence, gross motor function,
and spasticity in the participating children.

Many studies suggest different mechanisms by which
children with CP are liable to become obese. One such
mechanism is that children with CP often are premature
babies which is associated with obesity [36]. In addition,
children with CP face unique difficulties in the issues
related to physical activity and functional ability. So,
it is not surprising that children with CP have a higher
prevalence of overweight and obesity compared to their
normal peers, especially the ones who can walk [21,
37]. In parallel with these studies, this study showed a
significant negative correlation between functional inde-
pendence and BMI.

The body composition of CP is affected by dietary
components and also non-nutritional aspects such as im-
paired mobility, atypical movement patterns, motor im-
pairment severity, and type of CP, that affect obesity. Ka-
ratekin et al. [38] mentioned that normal children had a
lower obesity rate when compared to ambulant children
with CP. In addition, they found that gross motor func-
tion was significantly associated with BMI and weight.

Oftedal et al. [16] added that children with GMFCS
levels II-V have a higher body fat percentage than those

AL-NemrA. BMI, SVMC, and Function in CP. IRJ. 2023; 21(4):743-750.
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children with GMFCS level I, which is consistent with
the positive significant correlation between GMFCS
E&R and BMI in this study. So, it is important to mea-
sure and follow BMI during the evaluation and rehabili-
tation of children with diplegic CP when the goal is to
improve their functional independence and gross motor
functions.

A higher BMI is associated with diminished execu-
tive functions and a thinner prefrontal cortex in children
[39]. Meo et al. [40] observed significant impairments
in cognitive functions in markedly obese students. This
comes in agreement with the results of this study which
reported a negative significant correlation between BMI
and the cognitive dimension of WEE FIM.

The response to physical activity in children with CP
may vary by the motor impairment degree and the type
of the disorder. So, in contrast to the results of this study
which showed a positive significant correlation between
GMFCS E&R and BMI, Arshad and Arora [41] showed
a negative correlation. This can be illustrated by includ-
ing all five levels of GMFCS E&R in their study, not
only levels I and III.

Being active is more difficult for children with CP
who have more severe motor affection than children
who have mild impairment. They may have cognitive,
perceptive, behavioral, or communication disorders in
addition to disorders of muscle tone and strength, that
negatively affect their functional ability in different ways
[42]. This supports the results of the current study which
found a negative significant correlation between gross
motor function level with both functional ability and
SVMC. Arruda et al. [42] added that in addition to the
reduction in muscle strength and high muscle tone, other
factors can likely explain more affected functional abil-
ity among children with greater motor impairment such
as skeletal muscle deformities and more frequent use of
medications. This can illustrate the negative significant
correlation between functional independence with both
spasticity and gross motor function level in this study.

Reduced selective motor control and increased resis-
tance to joint movement are important factors that in-
fluence gross motor function. Noble et al. [8] found a
positive significant correlation between gross motor
function and selectivity (r=0.901), and a negative signifi-
cant correlation between gross motor function and MAS
(r=-0.691), which are in agreement with the results of
this study.

LIranian [siehabilitationBlournal

Children with CP often have low or normal muscle
tone at the beginning of their life which increases in most
children up to 5 years of age [43]. For this reason, chil-
dren’s age in this study was selected to start from 6 years.

Selective motor control disorders are affected by brain
damage and are difficult to improve. Thus, SVMC is an
important factor that affects motor function in children
with CP. In this study, there was a negative strong corre-
lation between SCALE scores and levels of gross motor
function which is similar to findings of previous stud-
ies of SVMC in children with CP which reported that
SCALE is strongly and significantly correlated with
GMFM scale in children with bilateral CP [44, 45].

Conclusion

This study shows a significant relationship between
BMI, SVMC, and functional independence in children
with spastic diplegia. These results could have a remark-
able future effect in educational, experimental, and clini-
cal settings. This study provides evidence that BMI and
SVMC impairments should be included while study-
ing and clinically evaluating children with diplegic CP.
Therapeutic intervention of SVMC should be carefully
considered when planning a program to increase the
functional independence of children with spastic diple-
gia. Also, regular height and weight measurement is an
important factor in the rehabilitation programs that aim
to increase functional abilities in these children.

Limitations

The study included only children with diplegic CP,
which may restrict the findings’ generalizability to other
types of CP. The study included only children with GM-
FCS E&R levels II and I1I, excluding severely disabled
children which may limit the findings’ generalizability
to other levels of GMFCS E&R. The study used MAS
to assess spasticity, which has been questioned for its va-
lidity. More advanced measurements of spasticity, such
as electromyography, may provide more accurate assess-
ments of spasticity. Finally, the study did not account for
the effects of medication use on the study outcomes,
which may have confounded the results.

Ethical Considerations
Compliance with ethical guidelines
Children were only allowed to be included in this study

after having a signed written consent form from their par-
ents. The clinical trial registration number of this study
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