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Differences in body composition between affected and nonaffected sides in
cerebral palsy football athletes: Preliminary findings
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Abstract: To verify the symmetry of body composition distribution in cerebral palsy (CP) football players with hemiparesis,
was carried out a cross-sectional study with17 football-7-a-side players with CP and hemiparesis, level I according to the
Gross Motion Function Classification System and as class 7 according to the International Federation of CP Football. The body
composition was evaluated, on both affected and nonaffected sides, by anthropometry and bioimpedance. As a result, fat free
mass weight, limb girths and limb muscular areas were significantly higher on nonaffected side. In addition, fat mass weight,
limb skinfolds and lower limb fat areas were significantly lower on nonaffected side, but the arm fat area are similar on both
sides. These findings suggested that physical requirements of training and competitions of 7-a-side-football allows the muscular
development in the non-affected side, however, they are not enough for the muscular development in the affected side to
reach a similar development to the non-affected side.
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Resumen: Para verificar la simetría de la distribución de la composición corporal en jugadores de fútbol con parálisis cerebral
(PC) y hemiparesia, se realizó un estudio transversal con 17 jugadores de fútbol 7 con PC y hemiparesia, nivel I según el Gross
Motion Function Classification System, y como clase 7 según la International Federation of CP Football. La composición
corporal se evaluó, tanto en el lado afectado como en el no afectado, mediante antropometría y bioimpedancia. Como
resultado, el peso de la masa libre de grasa, la circunferencia de las extremidades y las áreas musculares de las extremidades
fueron significativamente mayores en el lado no afectado. Además, el peso de la masa grasa, los pliegues cutáneos de las
extremidades y las áreas de grasa de las extremidades inferiores fueron significativamente menores en el lado no afectado, pero
el área de grasa del brazo es similar en ambos lados. Estos resultados sugirieron que los requisitos físicos del entrenamiento y
las competiciones de fútbol 7 permiten el desarrollo muscular en el lado no afectado, sin embargo, no son suficientes para que
el desarrollo muscular del lado afectado alcance un desarrollo similar al del lado no afectado.
Palabras clave: fútbol 7, deportes paraolímpicos, antropometría, bioimpedancia.

Introduction

Cerebral Palsy (CP) is described by Rosenbaum et
al. (2007) as «... a group of permanent disorders of the
development of movement and posture, causing activity
limitations, that are attributed to a non-progressive
disturbances that occur in the developing fetal or infant
brain. The motor disorders of CP are often accompanied
by disturbances of sensation, perception, cognition,
communication and behavior, by epilepsy and by
secondary musculoskeletal problems».

The most common clinical type of CP is the spastic
or pyramidal, which corresponds to 75% of CP cases,
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characterized by a deficient syndrome with hyperreflexia
and increased tone. Hemiparesis is the anatomical
classification present in 25 to 40% of the cases,
characterized by motor impairment mainly in a hemi
body usually with negligence (Baladi et al., 2007).

In Western countries, the incidence of CP is of 2 to
2.5 cases per 1000 live births being one of the most
frequent disorders during childhood (Rosembaum,
2014). In Portugal, data from The National Cerebral
Palsy Surveillance Program at five years of age, referring
to children born between 2001 and 2003, indicate an
incidence of 1.61 cases per 1000 live births (Virella et
al., 2018).

The prevalence of CP in adulthood has been
increasing, in part due, to the higher survival rates of
preterm and/or low birth weight infants and the
increased adult longevity, in this sense, it is estimated



- 417 -Retos, número 44, 2022 (2º trimestre)

that the prevalence of CP in adulthood is of 3 cases per
1000 live births (Tossi & Rosenbloom, 2014).

Although the incidence of CP in adult age has
increased, there are more researches in children with
CP than in adults.

Football-7-a-side or CP football, is one of the
paralympic modalities for people with CP and brain
injury, where the players are classified according their
impairment profile and to severity of their impairment
(Peña Gónzalez et al., 2021), and in Brazilian team, the
spastic hemiparesis is the most prevalent type of CP
among athletes (Andrade et al., 2005).

There are few studies in adult CP athletes and, to
our knowledge, there are only two studies that evaluated
CP football athletes with hemiparesis (Andrade et al,
2005), but none of them investigated the distribution of
body composition on the affected and nonaffected side.

CP children with hemiparesis have different lean
mass values when the right and left sides are measured
by bioimpedance technique (Parker et al., 1993). In
adults with hemiparesis some authors show that the
affected side have a greater amount of subcutaneous
adipose tissue (Macedo et al., 2008), lower bone mine-
ral content in the upper limbs, and lower lean mass and
higher fat mass in the lower limbs (Macedo, 2008). Other
studies, in post-stroke spastic hemiplegic adults, reveals
that the wandering patients have greater amount of
adipose tissue in the affected upper limb, while
bedridden individuals present a greater amount of
adipose tissue throughout the affected side (Macedo et
al., 2012; Silva, 2013).

Based on the aforementioned studies one question
arises: If the level of mobility is related to different
patterns of body composition distribution, how will this
distribution occur in football-7-a-side players with
hemiparesis?

With this study we intend to verify the symmetry
of body composition distribution in football-7-a-side
players.

Material and Methods

Participants
Seventeen football-7-a-side players with CP and

hemiparesis were recruited from the only three teams
enrolled in the 2016 Portuguese National Championship
of Football-7-a-side (Futebol Clube do Porto A, Futebol
Clube do Porto B and Associação de Boccia Luís Silva -
Famalicão). The three teams had a total of 17 athletes
with hemiparesis and all accepted to participate giving

their written informed consent prior to the start of the
study.

All athletes were classified as level I according to
the Gross Motion Function Classification System
(GMFCS) (Hiratuka et al., 2010) and as class 7 according
to the International Federation of CP Football (IFCPF)
classification.

The criteria for inclusion were: (a) male athletes;
(b) age between 18 and 37 years; (c) CP with
hemiparesis; (d) at least two years of competitive
practice of football-7-a-side; (e) three times a week of
training.

Exclusion criteria: Athletes with BMI above 25.9
kg.m-2 and fat percentage above 20%, athletes with
hemiparesis due to sequela of other diseases other than
CP, athletes with monoparesis, triparesis, paraparesis,
diparesis and tetraparesis and athletes with ataxia,
athetosis, stiffness and dystonia that may interfere in
the evaluation.

All participants were volunteers and signed an
informed consent form before starting the study. The
protocols and procedures of this cross-sectional,
observational and analytical study followed the Helsinki
declaration principles and were approved by the Ethical
Committee of the Faculty of Human Kinetics of the
University of Lisbon (CEFMH no 7/2016)».

Procedures
Anthropometric measurements were taken

including body mass, height, eight skinfolds (biceps,
triceps, subscapular, iliac crest, supraspinale, abdomi-
nal, front thigh and medial calf), and three girths (arm
relaxed, mid-thigh and calf). Were used a digital scale
(Wiso-W939) and a portable stadiometer (WCS-Wood
Compact Body) to measure, respectively, body mass
and height, a scientific caliper (Cescorf-Mitutoya) to
obtain skinfolds, and an anthropometric tape (Rosscraft)
to measure girths. Each measurement was taken, from
the affected and nonaffected side, three times, in a sin-
gle day, before training and the mean value was used for
analysis. All anthropometric data were obtained
according to the International Society for the
advancement of Kinanthropometry (ISAK) standards
(Stewart et al., 2011) by one level 1 ISAK
anthropometrist.

Based on these data was calculated the body mass
index (BMI, kg/m2), the sum of 8 skinfolds, and the
muscular and fat areas of three regions (arm, thigh and
calf) using the equations proposed by Frisancho (2008).

The body composition was evaluated by
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bioimpedance analyzer (BIA) (Maltron BF-900). This BIA
measure the total resistance of the body by the passage
of an electric current of 500 to 800 microamps and 50
kHz, by means of a tetrapolar system, using two
electrodes in the dorsal region of the hand and two in
the dorsal region of the foot. Even though this BIA device
automatically provides results for percentage of fat mass,
percentage of recommended fat mass, body resistance
and basal metabolic rate, we only used the resistance
value (R) to calculate fat-free mass and fat mass (fat
mass = body mass - fat free mass), in the affected and
nonaffected side. To determine the fat-free mass we used
the equation proposed by Sun et al. (2003) (-10.678 +
0.652 Stature2 / R50 + 0.262 Body Mass + 0.015 R).
This equation was developed in the RJL-101 equipment
to evaluate males aged between 12 and 94 and was
validated using the four compartments technique
(Mialich et al., 2014). Rodrigues et al. (2001)
demonstrated that there is no statistically significant
difference when comparing the RJL-101 and Maltron
BF-900 devices and also demonstrated that of four
equipment compared, the Maltron BF-900 was the one
that presented the highest agreement and association
rates with the weighing hydrostatic.

 Athletes allowed not to using diuretics for seven
days before the test; eating for, at least, four hours before
the test; drinking alcohol within 48 hours prior to the
test; performing strenuous physical activities in the 24
hours prior to the test. Furthermore, the athletes must
urinate at least 30 minutes before the test and remain
five to ten minutes resting in the supine position before
the test.

Statistical analysis
Descriptive statistics (mean and standard deviation)

were computed for all variables. Data were assessed
for normality with the Kolmogorov Smirnov test. The t-
test for paired samples was used to assess differences
between the affected and nonaffected side. All analysis
was performed with SPSS version 16.0. The alpha value
was set at P < 0.05.

Results

This study was designed as a cross-sectional survey
of Football 7-a-side-male athletes. The total sample
consisted of seventeen athletes with hemiparesis, which
corresponded to the total number of athletes with
hemiparesis enrolled in the 2016 Portuguese National
Championship of Football-7-a-side. Of these, we

excluded, two athletes that shows BMI above 25.9 kg.m-

2 and fat percentage over 20%, three athletes that have
less than two years of football practice; one athlete for
having edema in one of the lower limbs due to
orthopedic surgery sequel; and one athlete for
hemiparesis as a cranial trauma at age 14. This resulted
in a final sample of 10 players.

The mean age of the group was 25.6 ± 6.05 years,
ranging from 18 to 36 years, mean height was 174.7 ±
3.25 cm, ranging from 170.5 to 190.5 cm, the mean
body mass was 68.85 ± 6.22 kg, ranging from 61.2 to
84.3 kg and the mean BMI was 22.56 ± 2.02 kg.m-2,
ranging from 19,66 to 25.87 kg.m-2 (Table1).

The comparison between the affected and
nonaffected side (Table 2) shows significant differences
for limb skinfolds (biceps, triceps, front thigh, calf), sum
of eight skinfolds, limb girths (arm relaxed, thigh, calf),
and muscular and fat areas (arm, thigh, calf) with
exception of the arm fat area.

In relation to bioimpedance results, we found
significant differences for resistance, fat free mass and
fat mass, when compared the affected and nonaffected
sides (Table 3).

Table 1
Athletes characteristics
Athlete Age Mass 

(Kg)
Height 
(cm)

BMI 
(kg/m2)

Years of
Practice

Class Competition 
Level

Ashwort 
Scale

Side 
Affected

1 26 70.3 176.5 21.9 4 7 Internacional 1 e 2 Right
2 32 65.9 172 22.29 11 7 Nacional 1 e 2 Right
3 19 61.6 177 19.66 7 7 Internacional 1 e 3 Right
4 36 64.3 173.5 21.37 13 7 Internacional 1 e 1 Right
5 32 70.8 179 22.1 20 7 Internacional 1 e 3 Right
6 31 72.4 170.5 24.9 19 7 Nacional 1 e 2 Left
7 18 72.6 170.5 24.97 7 7 Internacional 1 e 2 Left
8 19 61.2 176 19.76 4 7 Nacional 1 e 3 Left
9 23 84.3 180.5 25.88 2 7 Nacional 1 e 3 Right

10 20 65.1 171.5 22.15 3 7 Internacional 1 e 3 Left
Mean 25.6 68.85 174.7 22.5 9 - - - -

SD 6.34 6.53 3.41 2.02 6.53 - - - -
SD-standard deviation; BMI-body mass index 

Table 2
Comparison of anthropometric variables between nonaffected and affected sides.

Skinfolds (mm) NAS AS p value
Biceps 3.34 4.09 0.003* 
Triceps 8.03 10.07 0.004*

Subscapular 9.27 9.76 0.327
Iliac Crest 14.13 14.02 0.903

Supraspinale 6.90 7.60 0.230
Abdominal 15.44 15.88 0.147
Front Thigh 12.81 15.49 0.003*
Medial Calf 7.30 9.57 0.004*

Sum 77.21 86.46 0.002*
Girth (cm) NAS AS p value

Arm (relaxed) 28.37 25.42 <0.001**
Thigh 54.1 50.37 <0.001**
Calf 36.97 33.69 <0.001**

Muscle area(cm2) NAS AS p value
Arm 53.48 39.73 <0.001**
Thigh 200.13 165.51 <0.001**
Calf 95.99 75.43 <0.001**

Fat area (cm2) NAS AS p value
Arm 10.96 12.08 0.104
Thigh 33.47 37.13 0.021*
Calf 13.20 15.31 0.033*

NAS= nonaffected side; AS= affected side; *significant at p<0.05; ** significant at p<0.001.

Tabela 3
Comparison of bioimpedance variables between affected and nonaffected sides.

Bioimpedance NAS AS p value
Resistance (R) 479.1 607.6 <0,001**

Fat free mass (Kg) 58.70 52.84 <0,001**
Fat mass (Kg) 10.15 16.01 <0,001**

NAS= nonaffected side; AS= affected side; ** significant at p<0.001.
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Discussion

The purpose of the present study was to verify the
symmetry of body composition distribution in football-
7-a-side players with hemiparesis.

Several studies have shown that muscular deficits
can alter the deposit of fat in the affected extremities,
resulting in unreal body composition (Hildreth et al.,
1997; Macedo et al., 2008; Macedo, 2008; Parker et al.,
1993; Runciman et al., 2016; Silva, 2013).

 In people with spastic hemiplegia after stroke, the
comparison between the affected and nonaffected sides
demonstrated different results according to the
functionality of the people. In ambulatory people,
significant statistical differences are observed only in
the biceps and triceps skinfolds (Macedo et al., 2012).
On the other hand, in those with spastic hemiplegia
post-stroke, significant statistical differences were
observed between the affected and nonaffected sides in
all skinfolds analyzed (biceps, triceps, subscapular,
axillary-middle, pectoral, abdominal, suprailiac, thigh
and calf) and percentage of fat (Silva, 2013).

In adults with CP and spastic hemiplegia, one study
showed statistically significant differences between the
biceps, triceps, pectoral, supra-iliac, and medial calf
skinfolds, and between the fat percentage estimated by
the Guedes and Jackson-Pollock equations (seven and
three skinfolds), when comparing the affected and
nonafeccted sides. It also showed that the difference
between the skinfolds and between the percentage of
fat of the affected and nonaffected sides is higher than in
the control group (Macedo et al., 2008).

As expected, our results in football-7-a-side athletes
with hemiparesis confirmed the previous findings. We
verify that limb skinfolds (biceps, triceps, front thigh)
and sum of the trunk and limbs skinfolds are significantly
smaller in the affect side in comparison with the
nonaffected side. Although fat areas, determined by the
Frisancho equation, were smaller in the affected limb,
there were only significant differences in lower limb
(thigh and calf).

Silva (2013) found significant differences in the
percentage of fat obtained by bioimpedance between
the dominant and non-dominant sides in post-stroke
spastic hemiplegia patients. Similarly, data of our study
showed significantly smaller fat mass, using
bioimpedance, in the nonaffected side.

In contrast with our results, Runciman et al. (2016)
did not found statistically significant differences in fat
mass between the affected and nonaffected sides, in six

paralympic athletes with CP and hemiparesis, using dual-
energy X-ray absorptiometry (DEXA). However, they
found that both the upper and the lower limb fat free
soft tissue mass were significantly lower on the affected
side compared to the nonaffected side. We also found
significantly lower values for fat free mass, limb girths
and limb muscular areas on the affected side.

Although the BMI was used only for characterization
of sample and two athletes was excluded from the
research that shows BMI above 25.9 kg.m- 2 and fat
percentage over 20%, the mean BMI of athletes with
hemiparesis (22.56 ± 2.02) was similar to the BMI found
by Gorla et al. (2018) in Brazilian football-7-a-side
athletes of all classes (22.8 ± 2.24).

The limitations of the study include a small sample
size, since there were only three teams enrolled in the
National Championship of Portugal in 2016 and the
absence of a control group of people with sedentary
hemiparesis. To assess body composition, were not use
a gold standard technique but two techniques used in
clinical practice (anthropometry and bioimpedance). It
is suggested to conduct future studies with a larger
number of football-7-a-side players with CP and
hemiparesis that includes a control group of individuals
with inactive CP and hemiparesis to verify the effect of
practice of football-7-a-side on the distribution of body
composition.

Conclusion

These preliminary findings showed asymmetries in
fat and fat free mass distribution between the affected
and nonaffected side in football-7-a-side athletes with
hemiparesis. Fat mass, assessed by bioimpedance and
anthropometry, was lower in nonaffected side, contrary
fat free mass and muscular areas were higher. These
findings suggested that physical requirements of training
and competitions of 7-a-side-football allows the muscu-
lar development in the nonaffected side, however, they
are not enough for the muscular development in the
affected side to reach a similar development to the non-
affected side.
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