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Cerebral palsy (CP) is the most common motor disorder in childhood (47), with
birth prevalence rates close to 2 per 1000 (44). Ingram (32) published in 1966 the
following definition: 'CP is an inclusive term used to describe a number of
chronic, non-progressive disorders of motor function, which occur in young
children as a result of disease of the brain.' In spite of the wide variety of the
clinical picture, all cases of CP have an abnormal muscle tone and impaired
coordination of muscle action, resulting in inability to maintain normal balance,
perform normal purposeful movements and acquire normal skills (12). The spastic
form, characterized by a velocity-dependent increase in tonic stretch reflexes with
exaggerated tendon jerks (34), accounts for approximately two-third to threequarter of all children with CP (27).
Beside the disturbed development of motor skills, associated disorders such as
visual, hearing, and cognitive deficits, speech and language difficulties, epilepsy
and parietal sensory deficits frequently exist (3). Therefore, the management of
CP involves much more than that of a motor deficit. A team approach is needed,
the skills and experience of pediatrician, physiotherapist, speech therapist,
psychologist, teacher, ophthalmologist, ear, nose and throat and orthopedic
surgeon being combined to facilitate the child's optimal development (14).
Many potential insults to the immature brain may cause cerebral palsy.
However, often the cause is uncertain. The factors involved may be classified as
prenatal, perinatal, or postnatal (3,12,14,43,59). Prenatal factors include antepartum hemorrhage, toxemia of pregnancy, intra-uterine infections and cerebral
maldevelopment. Factors operating at the time of birth and in the newborn period
include difficult, prolonged and traumatic delivery, neonatal asphyxia, jaundice,
and hypoglycemia. Prematurity, postmaturity and multiple pregnancy are also
important factors. Trauma and infections of the nervous system (meningitis,
encephalitis, brain abscess) are among postnatal causes (14).

Negative spiral
Subjects with spastic CP have a distinctly subnormal aerobic power, anaerobic
power, and mechanical efficiency (ME) in comparison with healthy peers
(5,7,15,16,20,21,33,38-40,45). Directly measured maximal aerobic power is 10 to
30% lower than in controls (4,39,40). Children with moderate to severe CP have
values for anaerobic power 3 to 4 SDs below the normal mean (45). ME in CP
has been found to be about 15% (33,38), whereas ME in healthy controls is on
average 22-25% (5,38). Low muscle force has also been reported (15,18).
The low general fitness and reduced ME in CP is partly a direct consequence
of the motor disorder, but also low physical activity (PA) may be an important
causal factor. This low PA might also explain the frequently observed adiposity in
CP (2,9,15,22,24,48). Gradually then, a negative spiral may develop: hypoactivity
-> reduction in functional ability and increase in body fat —» further hypoactivity. Besides detrimental effects on the performance of activities, low PA may
also affect normal growth and increase the chance for developing coronary heart
disease (CHD) in later life.
Therefore, it can be hypothesized that increasing the level of daily PA in CP
children by special sports programs, may be a valuable therapeutic measure in
addition to the traditional rehabilitation programs. However, before introducing
such programs in the CP population, it has to be established whether and to what
extent hypoactivity exists in young CP children. It seems logical to assume that
CP children, and particularly the more severely affected, have low levels of daily
PA. However, a handicapped child with motor difficulties, experiences physical
strain no matter what gross activity he or she attempts. Therefore, total daily
energy expenditure (TEE) in these children may be higher than expected from
their activity pattern; even 'relative' hyperactivity may exist. Adding sports
programs to the traditional rehabilitation programs might then result in excess
activity and consequently overload of the handicapped locomotor system.
In young children with CP, comparison of the level of PA with that of healthy
peers has not been performed. The only study on PA we are aware of is that of
Bandini et al. (2) in CP adolescents (15-20 years). It was concluded that the ratio
of TEE to resting metabolic rate (TEE/RMR, an index for the level of daily PA)
in nonambulatory CP subjects was significantly lower than in healthy controls;
PA levels in ambulant CP adolescents were found to be normal. Since pre-adolescent children have more leisure time, and thus much more opportunities to be
physically active, it is of importance to evaluate whether lack of PA is common
among this age group.

Level of daily PA
TEE is usually divided into 3 major compartments: 1] basal, resting, or sleeping
metabolic rate (respectively BMR, RMR, SMR), 2] diet induced thermogenesis
(DIT), and 3] the energy costs of PA.

The terms BMR, RMR, and SMR all refer to energy exchange, measured under
similar, but nevertheless somewhat different conditions. BMR is defined as the
energy expenditure measured in the postabsorptive state under highly standardized
conditions (46) and accounts for 60-75% of TEE (49). RMR is the energy
expenditure required by the body in a resting state; SMR is defined as the energy
expenditure measured during a period of sleep. Differences measured between
BMR, SMR, and RMR in adults are small (29).
DIT is the increase in energy expenditure as a result of food intake (28), and
makes up about 10% of TEE (49). The increase in energy expenditure after food
ingestion is due to the energy cost of digestion, transformation and storage of the
ingested nutrients, and a facultative component resulting from stimulation of
sympathetic nervous system activity.
Energy expenditure for PA is the most variable factor contributing to TEE. In
inactive humans the energy expended on PA is about 15% of TEE, while this can
be 30% or even more in individuals who are regularly engaged in exercise.
In the present thesis, ratios of TEE to SMR and TEE to RMR were used as an
index for the level of daily PA. SMR was measured in a respiration chamber,
RMR was measured by means of a ventilated hood.

Measurement of TEE in CP
Measuring habitual daily PA is one of the most difficult tasks for the physiologist
(54). Obtaining information on habitual PA in young children is even more
complicated than in adults. In order to record movements of everyday life, the
child must be burdened with equipment for measuring a number of body
functions. However, the child's normal daily activities should not be hindered.
PA can be quantified by determining energy expenditure. At the moment, the
most promising field technique for measuring TEE is the doubly labeled water
(DLW) technique (50,60). It may bridge the gap between very precise but
restrictive methods such as the respiration chamber technique and most of the
current field methods which are liable to substantial errors (53). The technique
measures TEE over longer periods of time by assessing the difference in
disappearance rates of two stable isotopes, "*O and *H (35). The method is very
well applicable to children, because the disturbance is minimised to only drinking
a glass of water and the collection of some urine samples. However, for largescale application the method is limited because of the relatively high cost of a
single dose of doubly labeled water and the need of an expensive, highly sensitive
mass-spectrometer. Furthermore, the technique provides only an overall estimate
of energy expenditure for the entire observation period (54).
Heart rate (HR) monitoring is a simple and inexpensive method with little
encumbrance to the subject, especially with the new developments in microelectronics. Therefore, HR monitoring has become one of the most commonly
employed methods in PA studies in children (54). However, HR is not expected
to be a good parameter for the prediction of oxygen uptake in inactive subjects,

/
because of the influence of several factors (emotional stress, posture) on particularly the low ranges of the HR-oxygen uptake relation (13,17). Therefore, it might
be hypothesized that the HR method is unsuitable to predict TEE in CP children.
No studies are available concerning the validity of HR monitoring to predict TEE
in subjects with extremely low levels of daily PA.
.
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Measurement of body composition in CP
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In view of the higher risk for adiposity in CP (2,9,15,22,24,48) and concomitant
health risks (1,31), information on body composition in this population is of great
importance. Because the skinfold method (23,56) requires minimal subject
cooperation, is of low cost and technically simple, it may be appropriate to assess
body composition in CP children. The method seems to provide reasonably good
estimates of body composition in healthy children (19,56).
Based on the study of Berg and Isaksson (9), which suggests a higher
hydration of fat-free mass (FFM) in CP, and reports on osteoporosis of the bones
(11,55), it may be expected that the density of FFM in CP children may be lower
than in their healthy peers. As a consequence of this, available skinfold equations
derived for healthy children (23,56) may overestimate body fat (BF) in the CP
population.

Training studies in CP - effects on body fat, physical fitness, spasticity,
and mechanical efficiency (see also Table I).
Most of the studies on training effects in CP concern older age groups, study
populations are often heterogeneous and control groups are usually not included.
Furthermore, training programs often last for a period of about 4 to 10 weeks,
which may be too short to detect training-related changes.

In the study of Berg (10), BF was increased significantly in CP children and
adolescents (7-21 years) after a training program of 5 months. Training programs
described in the study of Bar-Or et al. (4), showed no effects on BF. Dresen (22)
also did not find changes in BF in CP children (6-14 years) after training (10
weeks), but significant increases in BF were seen in CP children who did not
participate in a training program. It was therefore concluded that additional or
more intensive PA can prevent an increase in BF.
power
Several studies have indicated that predominantly aerobic training has pronounced
effects on aerobic power in CP subjects. Berg (8) studied the effects of training
(duration varying from 1.5 to 16 months) in severely handicapped CP children
and adolescents (7-25 years), and found increases in peak oxygen uptake from
10

10% to more than 25%. In a study of Bar-Or et al. (4) in CP adolescents (15-22
years), peak oxygen uptake was improved by 8% after a training program of 12
months. Lundberg et al. (36) found improvements of about 16% in CP adolescents (15-20 years) after 6 weeks of training. Fernandez and Pitetti (26) reported
increases in peak oxygen uptake of 13% and 17%, after an 8-week training
program in respectively ambulatory CP men (mean age 29.6 years) and ambulatory CP women (mean age 33.0 years). Wormgoor and Gierlings (61) also
reported significant improvements after a 4-week training program in CP adults
(20-40 years). Increases in peak oxygen uptake during arm cranking and cycling
were 2 1 % and 19% respectively.
Dresen (22), who studied the effects of intensification of the physical education
lessons and of one extra physical education lesson per week (duration 10 weeks)
in CP children (6-14 years), found no effects on aerobic power. Rintala and
Lyytinen (51) reported only slight improvements after a 4-month training program
in mildly affected CP children (7-11 years). However, children in their study had
been active in sports programs prior to the training study.

Significant gains in muscle strength (isokinetic) were found by MacPhail and
Kramer (increase in strength of knee flexors and extensors was 25% (41)) and
McCubbin and Shasby (increase in strength of elbow extensors was 59% (42))
after a strength-training program (8 and 6 weeks respectively) in children and
adolescents with CP (10-20 years). Also Damiano et al. (18) reported increases in
strength of the quadriceps muscle (isometric) of 47% to 140% after a 6-week
resistance training program. Effects of a 4-week, predominantly aerobic, training
program on isokinetic strength of the knee flexors and extensors in 20-40 year old
CP subjects, were found to be limited (61).

Wormgoor and Gierlings (61) found significant reductions of spasticity (as
measured by the Ashworth test) in the hips and knees after a 4-week training
program in CP adults (20-40 years). However, from the study it is not clear
whether this change is significantly different from the change in control subjects.
Also Bausenwein et al. (6) reported improvements in tone regulation, coordination
and maximal contraction (as measured by surface electromyography, EMG) after
one training (walking or cycling) in spastic CP children (8-15 years). Spira (57)
studied the effects of a 12-month training program on the H-reflex in 14 to 22
year old CP subjects. From the results it was suggested that a period of controlled
general activities may reduce spasticity of the lower limbs. However, when the
study population was enlarged and the follow-up extended to 12-30 months, the
results became equivocal (58). No reductions of spasticity (as measured by
surface EMG) were found by Rotzinger and Stoboy (52), after a one-year
trampoline exercise program in diplegic CP children (6-8 years). Also MacPhail
and Kramer (41) found no significant changes in spasticity (Ashworth test) after
an 8-week strength-training program in CP adolescents (12-20 years).
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No effects of training on ME have been found in the studies of Bar-Or et al. (4),
Ekblom and Lundberg (25), Lundberg and Pernow (37), and MacPhail and
Kramer (41) in CP children and adolescents (7-25 years). Dresen (22) reported
significant improvements in ME after intensification of the physical education
lessons in CP children (6-14 years). No effects were found with one extra
physical education lesson weekly.
•< !
N o studies are available on the effects o f training on level o f daily P A and
anaerobic performance in C P .
•
. j '

Outline of thesis
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Summarizing, from the literature the following major conclusions can be drawn:
1] Children with CP have a distinctly subnormal physical fitness and ME when
compared with healthy peers and adiposity is frequently observed. This may
partly be explained by low levels of daily PA. However, whether and to what
extent hypoactivity exists in young CP children has not been studied.
2] In case hypoactivity exists in CP, special sports programs which are tailored to
the residual ability of the child, might be effective in increasing the level of daily
PA and induce improvements in body composition, physical fitness, spasticity and
ME. No studies are available on the effects of physical training on level of daily
PA in CP children. Studies concerning training effects on body composition,
aerobic power, muscle strength, spasticity and ME in CP are not numerous and
controversial. Furthermore, most of these studies concern heterogeneous and older
age groups, training programs often last for a relatively short period, and control
groups are usually not included. No studies have been performed on effects of
training on anaerobic power.
3] HR monitoring has become one of the most commonly employed methods in
PA studies in children. Because the method is less accurate at low levels of daily
PA, it might be hypothesized that HR monitoring is unsuitable to predict TEE in
CP children. No studies exist on the validity of the HR method to predict TEE in
subjects with extremely low levels of daily PA.
4] Skinfold measurements seem to provide reasonably good estimates of body
composition in healthy children. However, because the density of FFM may be
lower in CP children than in healthy controls, it might be questioned whether
available skinfold equations derived for healthy children, are applicable in CP
children to determine body composition.
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7aWe /. Summary of training studies (most training programs are aerobic) nCP
Training program
Reference
Bar-Or et al. 1976(4)
Bausenwein et al. 1977 (6)
Berg 1970 (8)
Berg 1970 (10)
Damiano et al. 1995 (18)"
Dresen 1983 (22)
Dresen 1983 (22)
Ekblom & Lundberg 1968 (25)
Fernandez & Pitetti 1993 (26)
Lundberg et al. 1967 (36)
Lundberg & Pernow 1970 (37)
MacPhail & Kramer 1995 (41)"
McCubbin & Shasby 1985 (42)"
Rintala & Lyytinen 1988 (51)
Rotzinger & Stoboy 1974 (52)
Spira & Bar-Or 1975 (58)
Wormgoor & Gierlings 1989 (61)

Age
subjects (y)

Duration
(months)

Frequency
(h per week)

15-22
8-15
7-25
7-21
6-14
6-14
6-14
18-24
29-33
15-20
15-25
12-20
10-20
7-11
6-8
14-22
20-40

12
1 training
1.5-16
5
1.5
2.5
2.5
1.5
2
1.5
1.5
2
1.5
4
12
12-30
1

2x2

Training effects*
BF

Aerobic
power

Muscle
strength

Spasticity

+

ME
=

3 x 1/3
3 x 1/3
3 x?

t
1
2 x 1/2
2 x 1/2
2 x 1/2
2 x 1/2
3x3/4
3 x?
2x 1
?
2 x 1-1 >/4
7.5 - 17.5

- +
+
•••
•>'.

+ - 1

+
=
=

=

=§

+
+

'

'- '

'-

7'
.

--• \-,
+

;'••

=
=

+ :'
..:.=/+
•

•

'=

'

"p

+

—

" + increase; — decrease; = unchanged; =/+ slight improvement; " strength-training program
t intensification of school physical education lessons (2 per week); 1 one extra physical education lesson (3 per week); ' in controls increase in BF

}
5'

In the present thesis, each of these issues will be addressed. The studies described
are focussed on 6 to 13 year old CP children with spastic diplegia (lower limbs
are more affected than upper limbs, 30) and spastic tetraplegia (upper limbs are
affected in the same degree as or more severely than lower limbs, 30). Each child
has the same index number throughout the studies.
In order to determine whether special PA programs are needed in the CP
population, a study was conducted to assess the difference in the level of daily
PA between children with spastic CP and healthy controls. TEE in this part of the
thesis was determined by the doubly labeled water technique. The results of this
study are described in chapter 2.
Prior to the description of the training effects, the validity and reliability of
some of the used techniques is described (chapters 3 to 5). Chapter 3 reports on
the usefulness of the HR method to predict TEE in CP children. TEE estimated
from HR monitoring was compared with TEE determined by the doubly labeled
water technique. In chapter 4, BF estimated from skinfold measurements is
compared with BF determined from total body water measurement with the
deuterium dilution (DjO) technique. Measurements were performed in both CP
and healthy children. Chapter 5 describes the results of a study in which the
reliability of tests to determine aerobic power, anaerobic power and isokinetic
strength of the knee extensors and flexors was established (in both CP and
healthy children). Also, fitness parameters in the CP children were compared with
those in their healthy counterparts.
Effects of the training study (experimental controlled design) are presented in
chapters 6 to 9. In chapter 6 the general design of the training study and the
study population is described. The study lasted 2 years and included two 9-month
training programs, lasting from October till June/July. The first program was
rather strenuous, with four 45-min exercise sessions per week (during school
time). This high frequency was chosen to increase the chance of detecting training
effects. The second program was, with 2 sessions weekly, practically more
feasible. Training activities were aimed at exercise with large muscle groups.
Chapter 7 reports on the effects of training on the level of daily PA (TEE
estimated from HR) and fat mass (FM); chapter 8 on the effects on aerobic
power, anaerobic power, and isokinetic strength of the knee extensors and flexors;
chapter 9 on the effects on spasticity (during passive and active movements) and
ME (during cycling and arm cranking).
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Abstract
To assess whether school children with spastic cerebral palsy (CP) need extra
physical exercise to achieve sufficient levels of daily physical activity (PA),
activity levels of these children were compared with those of healthy controls.
Total daily energy expenditure (TEE) and sleeping metabolic rate (SMR) were
measured by the doubly labeled water (DLW) technique and respiration chamber
in children with spastic diplegia (5 boys and 5 girls; mean ± SD age 8.0 ± 1.4 y;
9 ambulant, 1 wheelchair-bound) and in healthy children (5 boys and 5 girls;
mean ± age 8.4 ± 1.0 y). TEE/SMR was used as an index for the level of daily
PA. TEE/SMR under normal daily conditions in the CP children (mean ± SD
1.56 ± 0.19) was significantly lower (p<0.05) than in their healthy peers (mean ±
SD 1.83 ± 0.23) and was similar to TEE/SMR in a room-sized chamber. We
conclude that children with spastic diplegia are considerably less active than their
healthy peers and recommend special PA programs in this population.

Introduction

.

.

Disease often causes hypoactivity, which in turn leads to a reduction in functional
ability and further hypoactivity (2). A tendency to fatigue and weak muscles is
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characteristic of spastic cerebral palsy (CP) (4,5). Directly measured maximal
aerobic power of children and adolescents with CP is 10 to 30% lower than in
controls (2). An excess of body fat (BF) in children with CP has also been
reported (8,19).
Hypoactivity may partly cause this decreased physical fitness and sports programs might therefore be effective in children with CP. However, whether and to
what extent hypoactivity is a problem in young CP children is not clear. Because
of the probably high physiologic stress of ordinary functional activities, such as
ambulation, climbing stairs and wheelchair-driving, total daily energy expenditure
(TEE) in CP children might be higher than expected from their activity pattern; it
is possible that 'relative' hyperactivity may exist. Adding physical exercise to the
normal school activities and therapy program might then result in excess activity
and consequently reduce the functional abilitity of the child.
Bandini et al. (1) measured resting metabolic rate (RMR) and TEE in adolescents with CP, using a ventilated hood and the doubly labeled water (DLW)
technique; they concluded that the ratio of TEE to RMR in nonambulatory CP
subjects was significantly lower than in healthy controls. In young children with
CP, systematic comparison of physical activity (PA) with that of healthy controls
has not been done. Since pre-adolescent children have much more leisure time, it
is of importance to evaluate whether lack of PA is also common among this age
group. Therefore, the aim of the present study was to assess the difference in
daily PA between children with spastic CP (diplegia) and healthy school children
to determine whether special PA programs are needed in the CP population.

Subjects and methods
Subjects
Ten CP children (5 boys and 5 girls) with spastic diplegia (legs and feet more
affected than arms and hands, classification according to Hagberg (in Olow and
Berg, 18) and 10 healthy children (5 boys and 5 girls) volunteered to participate.
In 2 children, the diplegia was combined with ataxia. Nine CP children were
ambulant; one was wheelchair-bound. Seven CP children were day-students at the
elementary school at the children's rehabilitation center Franciscusoord (normal
intelligence and mild mental retardation); the other 3 CP children and all the
healthy children were from elementary schools in and around Maastricht (normal
intelligence). All children were Caucasian and between 6 and 10 years of age.
The children and their parents were informed of all aspects of the study and
written consent was obtained. The study was approved by the Medical Ethics
Committee of the University of Limburg.
Energy expenditure measurements
/>J wor/wa/ dai(y cond/7/ort.s (TEE,,,^) was measured using the doubly labeled
water (^Hj'^O) technique (15), which measures TEE over longer periods of time
20

activity
by assessing the difference in disappearance rates of two stable isotopes, "O and
-H. Measurements were performed in the spring, between April and June, during
a normal school period, according to the method described by Westerterp et al.
(33). Individually calculated doses (mixture of 5 atom percent 'HjO and 10 atom
percent HT'^O), which were expected to create an excess of about 350 ppm '*O
and 265 ppm ~H in the body water in the healthy children (3.9 g per L body
water) and about 300 ppm " O and 150 ppm ^H in the CP children (3.5 g per L
body water), were administered orally to the children in the evening, after a
baseline urine sample was collected. Different doses were used in the healthy
children and CP children because in the course of the study we found that lower
(and therefore less expensive) isotope doses were as accurate in the assessment of
TEE as the originally used relatively high doses. To avoid spillage of isotope due
to oral motor problems (CP children), a straw was used and children were asked
to drink the water slowly. After emptying the dosage bottle it was rinsed with 50
ml tap water which was consumed through the same straw. In none of the
children loss of isotope was observed. Further urine samples were collected on
day 1 in the morning after the first voiding, and in the evening at 19 h on days 1,
7, 8, 14 and 15. It was assumed that the children were in a steady state of body
composition during the two weeks of measurement. Isotopes in the urine samples
were measured in duplicate with an isotope ratio mass spectrometer (Aqua Sira,
VG Isogas, Middlewich, Cheshire, England). The "O analyses were reproducible
within 0.4 ppm and ^H within 0.2 ppm. Excesses of "O ranged from 304 to 348
ppm in the CP children and from 261 to 423 ppm in the healthy children.
Excesses of *H ranged from 153 to 174 ppm (CP group) and from 185 to 285
ppm (healthy group). Mean T E E ^ over 14 days was calculated using an estimated fixed respiratory quotient (RQ) of 0.85 and the equation (25):
fco2 = (N / 2.078) (1.01 ko - 1.04 ICH) - 0.0264 r ^
where r ^ = CC*2 production rate (mol/d), N = total body water (mol); k<, =
elimination rate '®O; k^ = elimination rate *H; r^ = correction factor for evaporative water loss, estimated by formula % = 1.05 N(kg - k^).
7"££ /« /aiora/ory co7tt//f/o/j.s (TEE^,) was measured in all the healthy children
and in 6 CP children (4 boys and 2 girls) during a 24h stay in a respiration
chamber. In 4 CP children it was not possible to perform 24h measurements
because they needed care or did not want to stay in the chamber for a day and
night. The respiration chamber (26), an open-circuit indirect calorimeter (14 m'),
was furnished with a bed, chair, table, TV, telephone, intercom and toilet. Air
temperature was maintained at 20 °C during the day and at 18 °C during the
night. The chamber was ventilated with fresh air at about 40 L/min. Volume of
the outgoing air was determined by means of a dry gas meter (Schlumberger type
G6, Dordrecht, The Netherlands) and gas was analyzed with a paramagnetic Oj
analyzer (Servomex type OA 184, Crowborough, England) and an infrared COj
analyzer (Hartman & Braun type URAS 3G, Frankfurt, Germany). An on-line
micro-computer controlled the gas sampling system and calculated TEE^
automatically according to Weir (31):
E (kcal) = 3.9 x O^ (L) + 1.1 x COj (L),
21
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where E = energy expenditure, O2 = oxygen consumption and CO, = carbon
dioxide production.
To make the daily programs as uniform as possible, activities such as board
games, drawing and watching TV were scheduled. Food was offered at libitum
according to the normal diet at fixed times.
/weta6o//c rate (SM?,) was measured in the 10 CP children and the 10
healthy children in the respiration chamber from 3.00 h to 6.00 h, when subjects
were asleep.
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Z,eve/ o/<fa/7y /M. The ratio of TEE to SMR was calculated and used as an index
for the level of daily PA in the calorimeter (TEE^/SMR) and under free-living
conditions (TEE^/SMR).
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we/g/i/ was obtained in the morning, before the children consumed any
food/drink and while wearing under-clothing, with an electronic balance (August
Sauter GmbH, Albstadt, Germany). CP children who were unable to stand upright
were measured while sitting on a chair, using the same balance.
were taken with subjects standing against a wall, or if
unable to stand, while lying on a bed with a wooden T-square or a flexible tape.
5 F was calculated from the mean total body water (TBW), measured
by '*O and "H dilution spaces, assuming that the "O dilution space = 1.01 TBW
and "H dilution space = 1.04 TBW (23), and that water is 76% (boys) and 77%
(girls) of the fat-free mass (FFM) (9).

Statistical analysis
Data are expressed as mean ± SD. Comparisons between data were made using
the Wilcoxon test for paired observations and the Mann-Whitney U test for
unpaired observations (a=0.05). Regression techniques were used to assess the
relationship between SMR and FFM and between T E E ^ and FFM.
•.•...=

Results
There were no significant differences in characteristics between the CP boys and
CP girls (Table I). The healthy girls had significantly (p<0.05) more BF than the
healthy boys. Body mass index (BMI) in the CP boys was significantly (p<0.05)
higher than in the healthy boys, whereas the difference in BF between the CP and
healthy boys was not statistically significant (p=0.06). CP girls were significantly
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(p<0.05) fatter than the healthy girls, but BMI was similar in the girls of the two
groups.
/. Characteristics of the CP and healthy children
boys

girls

CP
(n=5)

Healthy
(n=5)

CP
(n=5)

Healthy
(n=5)

7.8 ± 1.6

8.4 ± 1.0

8.2 ± 1.2

8.4 ± 1.0

Height (cm)

125.5 ±11.4

133.3 ± 5.7

123.9 ± 11.3

133.0 ±3.2

Weight (kg)

31.0 ±9.3

27.8 ± 2.5

26.5 ± 6.7

28.3 ± 2.0

BMI* (kg/m*)

19.2 ± 2.5

15.7 ±0.9

17.0 ± 1.7

16.0 ± 1.4

TBW (L)

18.5 ±4.4

18.2 ± 1.6

14.6 ±2.3

17.4 ± 1.0

Fat (%)

20.0 ± 5.8

13.6 ±2.7

26.9 ± 6.3

FFM' (kg)

24.4 ± 5.8

24.0 ± 2.0

19.0 ±3.0

22.5 ± 1.3

78 ± 79

126 ± 81

48 ± 56

60 ± 0

Age (y)

Sports"
(min/wk)

t
§

t

20.2 ± 3.6

Values are mean ± SD
BMI: body mass index, TBW: total body water, FFM: fat-free mass. Sports: Organized sports
activities (outside school); t p<0.05, significantly different between CP and healthy; § p=0.06

SMR in the CP group ranged from 3.2 to 7.2 MJ/d and in the healthy group from
4.2 to 5.5 MJ/d. Mean SMR did not differ between the groups (4.6 ± 1.3 MJ/d in
the CP children and 4.7 ± 0.4 MJ/d in the healthy children). Respiratory quotients
during sleep were similar in the CP group (0.85 ± 0.05) and the healthy group
(0.84 ± 0.06). T E E ^ in the CP group ranged from 5.0 to 10.2 MJ/d and in the
healthy group from 6.9 to 11.3 MJ/d. On average, TEE,,^ was significantly
(p<0.05) lower in the CP children (7.0 ± 1.7 MJ/d) than in the healthy children
(8.5 ± 1.3 MJ/d).
Figures 1 and 2 show respectively the SMR:FFM and TEE^iFFM relationships in both the CP and healthy children. The lack of correlation in the healthy
children is probably due to the small range of FFM in these children (FFM in
healthy children varied from 19.9 to 27.8 kg, in CP children from 15.4 to 32.9
kg). Because regression points of the healthy children scattered round the
regression lines of the CP children, one regression equation was calculated for the
whole study population (CP and healthy children together) for the SMR:FFM
relation (SMR= 0.20545 FFM + 0.0030129; r=0.86, pO.OOl) and for the
TEE^:FFM relation ( T E E ^ = 0.30347 FFM + 0.94451; r= 0.73, p<0.001).
Because the x and y intercepts of these regressions did not differ significantly
from zero, energy expenditure (EE) was divided by FFM to make comparisons
between the CP and healthy children. SMR per kg FFM was similar in both
groups (0.21 ± 0.02 MJ/kgFFM-d' in the CP children and 0.20 ± 0.03
MJ/kgFFM -d"' in the healthy children). T E E ^ per kg FFM was 0.32 ± 0.03
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CVrapfer 2
tfg. 7. SMR versus FFM in 10 CP children and 10 healthy controls
SMR (MJ/d)
8
•

*CP
* Healthy
20

25

30

35

FFM (kg)
CP: SMR= 0.24009 FFM - 0.62522; r= 0.96 (p<0.001)
H: r= -0.11 (ns)

2. TEEj^ versus FFM in 10 CP children and 10 healthy controls
TEEdlw (MJ/d)

1

20

25

30

FFM (kg)
CP: TEEj,,= 0.29595 FFM + 0.58391; r= 0.93 (p<0.001)
H:r=0.19(ns)

24

35

Da/'/y /?/iys/ca/
MJ/kgFFM-d"' in the CP children and 0.37 ± 0.06 MJ/kgFFM-d' in the healthy
children (p=0.13).
Table II shows the calculated TEE to SMR ratios in the respiration chamber
and under normal daily conditions. TEE^/SMR was similar in the CP and healthy
children. TEEjJSMR in the healthy children was 25 ± 17% (range +1.8% to
+58.4%) higher (p<0.01) than TEE^/SMR, whereas TEE^JSMR and TEE^/SMR
in the 6 CP children did not differ (1.47 ± 0.07 and 1.46 ± 0.14 respectively).
TEE^JSMR ranged from 1.29 to 1.90 in the CP group and from 1.60 to 2.36 in
the healthy group, and was on average 15% lower (p<0.05) in the CP group than
in their healthy peers. The lowest TEE^/SMR (1.29) was found in the non-ambulant CP child. TEE^/SMR of the 9 ambulant CP children was 1.59 ± 0.18 and
was significantly (p<0.05) lower than TEE^ySMR of the healthy children. Four
CP children had T E E ^ to SMR ratios within the range of ratios in the healthy
children.
7aWe //. TEE to SMR ratios in the respiration chamber (TEE^/SMR) and under normal daily
conditions (TEEj^SMR) in CP and healthy children

CP

TEE../SMR

TEEjJSMR

1.46 ±0.14"

1.56 ± 0 . 1 9

10

t

Total

Healthy

10

1.47 ±0.09

1.83 ±0.23

10

1.57 ± 0.18

CP
Boys
Healthy

1.46 ±0.05

1.95 ±0.27
1.54 ±0.21

CP
Girls
Healthy

1.47 ± 0.12

1.71 ± 0.07

Values are mean + SD; ' TEE^SMR of these 6 children was (mean ± SD) 1.47 ± 0.07;
t p<0.05, § p<0.01,Up=0.08

Discussion
Height and weight of the healthy children in this study are representative of the
Dutch population (21). The CP children tended to be smaller and were fatter than
their healthy peers, in agreement with previous reports (8,19,27). Because of the
relatively long interval between the administration of DLW and the urine
sampling (12-14 hours), BF as determined from TBW may be an underestimation
of the actual BF due to gradual dilution of the isotope enrichment (17). However,
in healthy adults, the overnight protocol has been shown to give the same results
as hydrodensitometry (17).
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Both CP children and healthy children had gymnastic or swimming lessons at
school on average 2 times per week (45 min). Although there are no reference
values regarding organized sports activities in The Netherlands, we have no
indications that the level of sports activities of the group of healthy children
differs from the norm.
The intercepts of the SMR:FFM relation in the present study did not differ
from zero, in agreement with findings of Weinsier et al. (30) in healthy infants
and preschoolers. SMR (in absolute units and per kg FFM) did not differ between
the CP group and healthy group. Therefore, the increased tone of spastic muscles,
which also exists during sleep (11), has no measurable effect on SMR. Wakoh et
al. (29) measured basal metabolic rate (BMR) in 11 children with different types
and degrees of spasticity. In 9 children, EE was far below the value expected for
their age. Bandini et al. (1) found a significantly lower RMR in adolescents with
spastic quadraparesis than in control subjects. However, metabolic rates in both
the study of Wakoh et al. (29) and Bandini et al. (1) were not normalized for
body size and composition.
The DLW technique has been validated in adults (20) and infants (32), and is
well suited to measure TEE in children, especially in children with handicaps,
because all that is required is drinking a glass of labeled water and the collection
of some urine samples (22). Using a fixed RQ for the calculation of EE over
longer periods of time has been shown to produce minimal error (error in
estimation is 1% for each 0.01 unit deviation) (24).
The T E E ^ measured in the healthy children is in good agreement with TEE<,^
data of 7 and 9 year old children living in Northern Ireland (16) and in England
(6). Most nutritional studies in CP children are based on dietary intakes, and often
report low daily energy requirements (but with great inter-individual variations)
(3,8,10,12-14,19). The results of the present study, in which free-living energy
expenditure was measured directly with DLW, confirm this low energy requirement in young children with spastic CP. Per kg FFM, differences between the CP
and healthy children were not statistically significant, in agreement with previous
reports (8.10).
The TEE to SMR ratio is an expression of the amount of energy expended
above resting and represents the energy spent on activity and the thermic effect of
food (34). Because there are no indications that diet-induced thermogenesis
differs between CP and healthy children, differences in TEE to SMR ratios
between the two groups are probably due to differences in levels of PA.
TEE^/SMR did not differ between the CP children and the healthy children,
indicating that levels of PA in a room-sized chamber are similar in CP and
healthy children. TEE^/SMR measured in the present study is similar to ratios
found in healthy adults during a stay in a respiration chamber (28).
in the healthy children was on average 25% (p<0.01) greater than
, in agreement with results found in healthy adult males (age 25-61 y)
(28). In the CP children, TEEjJSMR did not differ from TEE^/SMR. Apparently, children with spastic diplegia are, in contrast with healthy subjects, not more
physically active under free-living conditions than in a room-sized chamber.
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Bandini et al. (1) reported a 30% lower TEE^/RMR in non-ambulant CP adolescents than in healthy controls, but no differences were found in TEE^/RMR
between ambulant CP adolescents and their healthy peers. In the present study,
the lowest T E E ^ S M R was found in the wheelchair-bound child, but
TEE^/SMR of the ambulant CP children was also significantly lower than in
their healthy controls. This discrepancy between the findings of the present study
and that of Bandini et al. (1) may be explained by the fact that levels of daily PA
in healthy children gradually decrease with increasing age (7). Differences in PA
between CP and healthy subjects may thus be smaller during adolescence than in
childhood.
We conclude that, even at young ages, ambulant children with spastic diplegia
are considerably less active than their healthy peers. Habitual activity patterns in
these children, including physical education classes and physical therapy, are not
intense enough to achieve optimum levels of daily PA. It is to be expected that
CP children who are more severely affected than the children of this study, and
not able to ambulate, will have even lower levels of daily PA. Besides detrimental effects on activities of daily life, the low levels of PA in CP children may also
reduce the effectiveness of rehabilitation programs, in which a great deal of
surgical, physiotherapeutic and educational effort is invested. We recommend
increasing the daily PA in CP children by special sports programs, adjusted to the
residual ability of each child, to give them opportunities for more normal growth
and development.
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Abstract
The aim of the study was to assess whether heart rate (HR) monitoring is suitable
to estimate total daily energy expenditure (TEE) in spastic cerebral palsied (CP)
children, who are known to have very low levels of daily physical activity (PA).
TEE predicted from HR recording (TEE^, measured over 2 or 3 days) was
therefore compared with TEE measured by doubly labeled water (TEE,^
measured over 14 days) in 9 children with spastic diplegia/tetraplegia (mean ± SD
age 10.7 ± 1.6 y). At group level, there was no difference in TEE,,,^ (7.4 ± 2.1
MJ/d) and TEE^ (7.4 ± 2.2 MJ/d). Spearman correlation between both methods
was 0.88 (p<0.001). Individual estimates of TEE^ ranged from -16.9% to
+20.0%, with 5 TEE,,, values within + 10% of T E E ^ . It was concluded that also
in children with low levels of daily PA, HR monitoring (3 sampling days is
preferable) can provide a close group estimate of TEE. At individual level, the
method is not suitable.

Introduction
Physical activity (PA) is generally considered to be an important factor in the
growth and development of children and adolescents (17). Also the relevance of
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PA to clinical pediatrics has been gaining increasing attention, be it in diagnosis,
prevention, management or etiology (2).
Measuring daily PA is one of the most difficult tasks for the physiologist (11)
and probably even more difficult in children than in adults. A problem encountered in measuring PA is the presence of contradictory aims. On the one hand it
is desirable to record the normal daily movements of a child, which usually
means that the subject must be burdened with equipment for measuring a number
of body functions. On the other hand, the child's normal daily activities should
not be hindered (17).
PA can be quantified by determining energy expenditure (EE). At the moment,
the doubly labeled water (DLW) technique seems to be the most accurate lowinterference technique for measuring total daily energy expenditure (TEE).
However, for large-scale application the method is limited because of its cost.
Furthermore, the technique provides only an overall estimate of EE for the entire
observation period (17).
Heart rate (HR) monitoring is a simple and inexpensive method with little
inconvenience to the subject, especially with the new developments in microelectronics. Therefore, HR monitoring has become one of the most commonly
employed methods in PA studies in children (17). There are, however, certain
disadvantages in using this method of prediction: the relationship between HR
and oxygen consumption (VO2) is dependent upon the type of exercise (8) and,
furthermore, the method is less accurate at low levels of PA because of the
influence of several factors (emotional stress, posture) on the HR-VO2 relation
(4,7). Disadvantages of the HR method have been established in adults with
metabolic disorders (7), healthy adults (4-6,8,14,21,22,24) and healthy children
(9,15).
Children with spastic cerebral palsy (CP) have very low levels of daily PA (3).
Therefore, it might be hypothesized that the HR method is unsuitable to predict
TEE in these children. The aim of the present study was to compare HR monitoring with the DLW technique for the measurement of TEE in children with
spastic CP. As far as we know, no studies exist concerning the validity of HR
monitoring to predict TEE in a group of subjects with such low levels of daily
PA, as children with spastic CP are known to have.

Subjects and methods
Subjects
Nine CP children (5 boys and 4 girls) with spastic diplegia (n=6) or spastic
tetraplegia (n=3) volunteered to participate as subjects. All children were between
8 and 13 years of age and were attending the elementary school at the children's
rehabilitation center Franciscusoord in Valkenburg (normal intelligence and mild
mental retardation). Three children were ambulant; 6 children were wheelchairbound. All children were Caucasian and participated in a 9-month sports program
with 45-min aerobic exercise sessions (cycling, wheelchair-driving, running) two
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times per week. The children and their parents were informed of all aspects of the
study and written consent was obtained. The study was approved by the Medical
Ethics Committees of the University of Limburg and the Cooperating Rehabilitation Centers Limburg.
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TEE was measured using the doubly labeled water technique (TEE,,^). This
technique measures TEE over longer periods of time by assessing the difference
in disappearance rates of two stable isotopes, '*O and ^H (13). Measurements
were performed in the spring from April to June, during a normal school period.
Individually calculated doses of ^Hj'*O, which were expected to create an excess
of about 300 ppm "O and 150 ppm *H in the body water, were administered
orally to the children in the evening of day 0, after collecting a baseline urine
sample. To avoid spillage of isotope due to oral motor problems, a straw was
used and children were asked to drink the water slowly. After emptying the
dosage bottle, it was rinsed with 50 ml tapwater which was consumed through the
same straw. In none of the children loss of isotope was observed. Further urine
samples were collected on day 1, 8 and 15 in the morning after the first voiding
and before going to bed at night. Isotope abundances in the urine samples were
measured with an isotope ratio mass spectrometer (Aqua Sira, VG Isogas,
Middlewich, Cheshire, England). The "O analyses were reproducible within 0.4
ppm and "H within 0.2 ppm. Excesses of '*O and ^H ranged from 282 to 388 ppm
and from 136 to 178 ppm respectively. Mean T E E ^ over 14 days was calculated
using an estimated fixed respiratory quotient (RQ) of 0.85 and the equation (20):
reo2 = (N / 2.078) (1.01 ko - 1.04 k,,) - 0.0264 r ^
where r , ^ = CO, production rate (mol/d), N = total body water (mol); kg =
elimination rate '®O; k^ = elimination rate *H; r^ = correction factor for evaporative water loss, estimated by formula r^ = 1.05 N(ko - k,,).
Heart rate monitoring
HR was monitored during the isotope-measurement period with a Sport Tester or
Sport Tester PE3000 (Polar Electro, Kempele, Finland). The HR transmitter was
attached to the chest with two disposable pregelled electrodes or if possible with
an electrode belt. Plasters were used to consolidate the attachment. The receiver
was worn on the wrist, with the function keys masked. Pulse was recorded at 1min intervals. Data were retrieved via an interface unit and microcomputer.
Sampling days included two school days (one with physical training during
school time and one without) and one weekend day. HR was measured during
waking hours; EE at night was assumed to be equal to resting metabolic rate
(RMR). Because of malfunction of some HR recorders, a number of measurements was too short to estimate TEE from HR. However, all children had > 2 d
of complete HR recordings and 4 subjects completed 3 d.
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Each subject was individually calibrated under standardized conditions to establish the relation between HR and VO,. In the ambulant children, 4 calibration
points were obtained by simultaneous measurements of HR and VO, during
sitting, standing, and cycling on a mechanically braked ergometer (Universal
Ergostat Fleisch, Metabo, Epalinges, Switzerland) at 30% and at 70% of their
previously determined peak aerobic capacity. VOj was measured using a mask
connected to a Jaeger EOS-sprint analyzer (Jaeger Nederland, Breda, The
Netherlands) and heart rates were taken from an ECG monitor. A preliminary
equilibration period of 2 min was allowed for each activity, followed by a 4-min
sampling period. The calibration point for each activity was computed as the
mean of the 4-min sampling period of the HR and VO,. In the wheelchair-bound
children, 2 calibration points were obtained: during sitting and during arm
cranking. Arm cranking tests were performed on the Fleisch ergometer with 1
arm, while the children were sitting in their own wheelchair beside the ergometer.
It turned out to be impossible to perform VO, measurements while cranking with
two arms, because, when sitting behind the ergometer, the distance between
cranks and face was so small that the cranks constantly hit the tube that
connected the mask with the analyzer. Children performed the arm cranking tests
at about 30% of their peak aerobic capacity for work with 2 arms. It was impossible to measure HR and VO, at higher intensities, because, when the resistance
was increased, the children lowered their cranking speed and showed no increases
in HR and VO,.
rate
In all the subjects, RMR was determined under standard conditions in a comfortably warm room by an open-circuit ventilated hood system (Oxycon Beta,
Mijnhardt, The Netherlands). The children arrived by car at the university
between 7:30 and 8:15 AM, having fasted for 12 hours. They were transported to
the ventilated hood room in wheelchairs. After a period of 5 min bed rest, RMR
was measured during 20 min while the children were watching TV or listened to
stories (supine position). RMR was calculated according to the formula of Weir
(25).
o/energy ex/?em/;7ure 6y //ie /iea/7 rate
TEE was calculated from HR (TEE,,,) using a modification of the method of Saris
(18), as was validated by Spurr et al (22). This requires the definition of a
'FLEX' HR for each subject, above which there is a strong relation between HR
and VO,, and below which the two variables are rather poorly correlated.
In the present study, FLEX HR in the ambulant children was defined as the
mean of the highest HR for the standing activity and the lowest HR of the
exercise activities. EE during rest was calculated as the mean VO2 of lying
(ventilated hood), sitting, and standing. EE for periods of the daytime when the
HR was < FLEX HR, was calculated on basis of this mean VO,. When HR was
above FLEX HR, EE was derived from the minute-by-minute recorded HR and
the subject's calibration curve obtained on the bicycle. In the wheelchair-bound
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children, FLEX HR was defined as the mean HR for sitting. For periods of the
daytime when the HR was < FLEX HR, EE was calculated on basis of the mean
VO, of lying (ventilated hood) and sitting; when the HR was above the FLEX
HR, EE was calculated from the HR recordings and the individual calibration
curves obtained from HR and VO^ measurements during sitting and arm cranking.
TEE^r was computed by summing the estimated EE from HR (using an energy
equivalent of 20.50 kJ/L) and adding EE at night (=RMR).
Body composition
Body weight and total body water (TBW) were measured at the start of the
experimental period and redetermined at the end.
Body weight was obtained in the mornings of day 1 and day 16, before
consuming any food/drink and while wearing under-clothing, with an electronic
balance (August Sauter GmbH, Albstadt, West-Germany). Children who were
unable to stand upright, were measured while sitting on a chair, using the same
balance.
At the start of the experimental period, TBW was assessed by analysing the
urine samples collected on the evening of day 0 (baseline sample) and on the
morning of day 1 after the first voiding. At the end of the experimental period,
i.e. before going to bed at night on day 15, a ^HjO (deuterium) dilution was
orally administered to the children, after emptying the bladder (baseline urine
sample). The dosage was expected to create an excess of 100 ppm ^H. A second
urine sample was collected on day 16 in the morning, after the first voiding.
TBW from deuterium dilution (DjO) was calculated as the deuterium dilution
space divided by 1.04, to account for the overestimate of TBW due to proton
exchange which occurs between the tracer and nonaqueous hydrogen of body
solids (12). Percentage body fat (BF) was calculated from TBW, assuming that
water is 75% (boys) and 76% (girls) of the fat-free mass (FFM) (10).
Height measurements were taken once during the experimental period. Subjects
were measured while standing against a wall, or if unable to stand independently,
while lying on a bed with a wooden T-square or a flexible tape. Physical characteristics of the subjects are presented in Table I.

Statistical analysis
Comparisons between data were made using the Wilcoxon test for paired observations (a=0.05). Agreement between methods was assessed with the method of
Altman and Bland (1). Dispersion between HR sampling days was expressed as
the coefficient of variation (CV). Bivariate correlations were performed by
Spearman's rank order correlation (rj).
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CAop/er 3
7aA/e /. Characteristics of the 9 cerebral palsied children

Age(y)
Weight (kg) •£•.:•:<

,;; :

Height (cm) " '

'""

>;

Mean ± SD

range

10.7 ± 1 . 6

8-13

38.6 ± 12.0

' / <:

138.9 ± 10.4

30.2-71.6

" ',

130.0-166.0

'''

TBW* (L)

19.3 ±6.1

13.8-35.7

FFM'(kg)

25.5 ± 8.0

18.2 - 47.0 «>--" --.b-r>f{

Fat(%)

33.8 ±6.1

25.2-44.1

BMI*(kg/m')

19.6 ±2.6

....

..;,..

16.6-26.0,,,^,^,,

' TBW: total body water; ' FFM: fat-free mass; * BMI: body mass index
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Individual results of the HR monitoring and the D L W method are presented in
Table II. Four children completed 3 days (one weekend day and two school days)
of HR recording; four children completed only two school days and one child had
one complete school day and one weekend day. Because the C V in TEE,,,,
between the sampling days was relatively small ( 5 % , mean TEE,,, = 7.1 MJ/d;
pooled SD = 0.35 MJ/d), the average (unweighted) TEE,,, of the sampling days
was used for comparison with T E E ^ . Daytime HR was 15.6 ± 1 8 . 1 % above
(p=0.07) sitting HR (range - 1 3 . 3 % to +42.9%). FLEX HR was on average 4.0 ±
12.9% lower (ns) than daytime HR (range -27.6% to +15.3%). On average, the
children spent 54.1 ± 3 2 . 0 % of the daytime at HR > FLEX HR. There was no
significant correlation between percentage of time spent above F L E X H R and the
discrepancy between HR monitoring and the D L W method, nor between level of
daily PA (calculated as T E E ^ / R M R ) and the discrepancy between the methods.
At group level, there was no difference in T E E ^ and TEE,,,. Spearman correlation between both methods was 0.88 (p<0.001). Individual estimates of TEE,,,
ranged from - 1 6 . 9 % to +20.0% (-2.1 MJ/d to +1.8 MJ/d), with 5 (=56%) TEE,,,
values lying within ± 10% of TEE^,^. Intra-individual differences between the
methods were larger (p=0.05) in the children with 2 sampling days (13.5 + 6.3%)
than in the children with 3 sampling days (5.9 ± 5.8%). In 6 children, TEE,,, was
lower than corresponding T E E ^ . There was no statistically significant difference
in TEE,,, of the school day with a training session and the school day without training (n=8). Spearman correlation between TEE^, of the two school days was 0.98
(p<0.001). There was also no significant difference in TEE,,, of the school days
and the weekend day, but this comparison could only be made in 5 children.
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ToA/e //. Total energy expenditure (TEE) estimated from heart rate (HR) monitoring (TEE,,) and
from doubly labeled water (TEE,,,J in 9 cerebral palsied ichildren
HR

" "

'•••.'•

-

^

'

•

'

"

.

^

"

:

.

A TEE*

Daytime'
Ata/mm

FLEX

A/VW/J

77

110

105

11.3

9.5

+18.9

1.61

; 5»

82

94

93

10.3

12.4

-16.9

1.68

11

76

105

76

8.4

7.0

+20.0

1.08

12

103

92

103

4.2

5.0

-16.0

1.19

13

92

108

92

5.8

6.2

-6.5

1.15

15

113

98

113

6.0

6.1

-1.6

1.04

17

98

109

98

7.1

6.9

+2.9

1.15

18

87

98

87

6.0

6.2

-3.2

1.19

20'

74

94

100

7.1

7.5

-5.3

1.41

xiSD

89+13

101+7

96+10

7.412.2

7.412.1

-0.9112.4

1.2810.22

Nr

IV

Sitting

TEE,,*

RMR'

average HR over the sampling days (numbers 1,5,11,13,20: 2 sampling days, numbers
12,15,17,18: 3 sampling days); ' ATEE = (TEE*, - TEE^)/TEE^ x 100; * TEE^/RMR: index
for level of daily physical activity, RMR: resting metabolic rate;' ambulant
In Figure 1, the difference in TEE between HR monitoring and the DLW method
is plotted against the average measurement according to Altman and Bland (1).
There was no significant relation between the difference and the average.
Fig. 7. Difference in total daily energy expenditure (TEE) determined by the doubly labeled
water method (TEE,,,,,) and heart rate monitoring (TEE,,) versus average TEE
TEEHR - TEEDLW

(MJ/d)
+2SD

Mean

-2SD

4

6

8

10

12

(TEEDLW + TEEHR) / 2 (MJ/d)

Relative bias -0.07 MJ/d; estimate of error 1.09 MJ/d

37

In order to assess whether HR monitoring is suitable to estimate TEE in children
with very low levels of daily PA, TEE predicted from HR was compared with
TEE measured by DLW in 9 children with spastic CP.
The ratio of T E E ^ to RMR (= index for the level of daily PA) in the CP children was 1.28 ± 0.22 (Table II). Although different methods were used to assess
PA, comparison with studies in healthy children indicates that the CP children are
considerably less active than healthy children (PA levels in healthy children in the
Netherlands (3) and Northern Ireland (15) were found to be respectively 1.83 ±
0.23 and 1.77 ± 0.21). The low PA in the CP children is in agreement with our
previous study in diplegic CP children (3).
The DLW method has been validated in adults (16) and infants (26) and is
considered to be the gold standard for measurements of EE. Using a fixed RQ for
the calculation of EE over longer periods of time, has been shown to produce
minimal error (error in estimation is 1% for each unit RQ) (19). The Sport Tester
PE3000 has been validated against ECG heart rates in children in laboratory and
field settings (23). It was concluded that the device provides valid readings of
children's HR across a wide range of exercise involving upper- and lower-body
movements.
Because of earlier measurements, the children of the present study were
familiar with the calibration procedure. Therefore, the calibration was not an
event of high excitement for them. In spite of this, 2 children (Table II, numbers
12,15) had a high HR during sitting (was even higher than daytime HR), probably
still due to emotional stress during the calibration.
In the ambulant CP children, the calibration activity for the active part of the
HR-curve was cycling. No significant difference was found in the HR-VOj
relationship between walking on a treadmill and cycling in 6 ambulant CP
children (including the ambulant children of the present study) measured in our
laboratory.
The low T E E ^ to RMR ratio in the CP group (1.28 ± 0.22, Table II) seems to
be in contrast with the mean HR during daytime (101 bts/min) and the percentage
of the daytime spent at HR > FLEX HR (54.1%): in healthy, more active children
(PA index = 1.77 ± 0.21) in Northern Ireland (15), mean daytime HR and
percentage of daytime spent at HR > FLEX HR were respectively 104 bts/min
and 41.3%. However, both studies cannot be compared properly because the
slopes of the regression lines between HR and VOj may differ between CP and
healthy children and the definition of the FLEX HR differs between the studies.
The T E E ^ to RMR ratios in 2 CP children (numbers 11 and 15, Table II)
were extremely low. These children were severely affected, but the measured
ratio in these children may be an underestimation of their actual ratio. Possibly,
these children were not fully 'at rest' during the RMR measurement.
Because of the low levels of daily PA in CP children, it is to be expected that
the HR method is less suitable in these children than in healthy children with
relatively high activity levels or adults with intermediate levels. The limited
number of calibration activities at different intensities that are possible in severely
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//ear/ rate mo/i/tor/ng /o assess energy
affected wheelchair-bound children and the fact that, for practical reasons, no
calibration points could be obtained for wheelchair-driving and arm cranking had
to be performed with one arm, might further decrease the accuracy of the HR
method in CP children. However, the results of the present study do not confirm
this hypothesis. At group level, HR monitoring resulted in a good prediction of
TEE. Individual TEE,,, and TEE^, discrepancies ranged from -16.9% to +20.0%,
but are similar to discrepancies found in healthy children and adults (Table III).
Apparently, the low activity level in CP children and the limitations in calibration
activities, do not result in poorer accuracy of the HR method in CP children than
in healthy subjects. No significant correlation was found between percentage of
time spent at HR > FLEX HR or TEE^, to RMR ratio and the discrepancy
between TEE,,, and T E E ^ . This may be due to the small number of subjects.
However, from the studies presented in Table III, also no tendency can be seen
that the level of PA is a limiting factor in the accuracy of predicting TEE from
HR.
///. Validation studies (using doubly labeled water (dlw) or indirect calorimetry (cal) as
reference method) of heart rate monitoring for the estimation of total daily energy expenditure
(TEE) in healthy subjects
Study

N

Age (y)

Mean activity
level'

Mean *TEE' (%)
(range)

% of subjects
within ±10%

Spurr et al,
1988 (22)

22

18-66

TEE,j/BMR =1.52

+2.5 (-15 to+20)

68

Ceesay et al,
1989 (6)

20

17-36

TEE^/BMR =1.64

-1.2 (-11 to+11)

85

Schulz et al,
1989 (21)

6

20-30

TEEjJRMR =1.94

-12.7 (-29 to+7)

64

Livingstone
et al, 1990
(14)

14

17-46

TEEjJBMR =1.86

+2.0 (-22 to+52)

64

Livingstone
et al, 1992
(15)

11
9
10
6

7
9
12
15

TEEjJBMR
TEE<JBMR
TEEjJBMR
TEEjJBMR

-3.5 (-17 to+19)
-9.2 (-14 to-1)
-1.5 (-14 to+10)
+3.5 (-5 to+13)

36
56
90
83

Emons et al,
1992 (9)

16

7-11

TEE^/SMR =1.43

+10.4 (-23 to+35)

38

7-10

TEEjJSMR =1.85

+12.3 (-12 to+42)

44

Emons et al,
1992 (9)

=1.67
=1.95
=1.70
=1.74

' BMR: basal metabolic rate, RMR: resting metabolic rate, SMR: sleeping metabolic rate
•
= (TEE,, - T E E ^ J H - E E , ^ x 100

Saris (17) suggested that one of the inaccuracies of the minute-by-minute HR
method might be due to a slower return of HR to resting levels than the return of
VO, after bouts of activity. It may be possible that the relatively few bouts of
activity in CP children, compensate for the possibly decreased accuracy of the
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HR method due to low activity levels and limitations in calibration activities in
this group.
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In conclusion, results of the present study indicate that the HR method can
provide a close group estimate of TEE in spastic CP children with extremely low
levels of daily PA (3 sampling days is preferable). Apparently, in contrast with
what was expected, low PA does not necessarily result in poor accuracy of the
HR method. The method is limited in the prediction of TEE in individuals, but in
comparison with the expensive DLW method, HR monitoring seems to be the
most suitable method in large-scale activity studies to predict TEE for groups
with reduced PA (for example in rehabilitation research).
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Abstract
The aim was to assess whether body fat (BF) can be predicted adequately from
skinfold measurements in comparative studies between spastic cerebral palsied
(CP) children and healthy controls. The deuterium dilution technique (DjO) was
used as reference method. In contrast with what was expected, %BF as predicted
from skinfolds was considerably lower (with 6 to 8 %BF, p<0.001) than %BF
determined by DjO in CP children (n=22, 10.0 ± 1.5 y), whereas in healthy
children (n=10, 8.4 ± 1.0 y) this was not seen. A proportionally large internal fat
depot and a different distribution of subcutaneous fat in CP children may be
responsible for this. It was concluded that skinfold measurements are not suitable
to predict BF in comparative studies between CP and healthy children.

Introduction
Information about body composition in children with spastic cerebral palsy (CP)
is of great importance in relation to the higher risk of overweight in these
children (5,6,9,12, 19) and concomitant health risks (2,15). A variety of methods
is available to assess body composition, all with their own advantages and
limitations (18). However, only a few methods are suitable in CP children for
research or clinical practice, because they require minimal subject cooperation,
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are of low cost and technically simple, and because they are portable. These
methods include the measurement of skinfolds (11,24), which seems to provide
reasonably good estimates of body composition in healthy children (10,24).
However, as far as we know, no studies exist concerning the validity of this
method to predict body fat (BF) in children with spastic CP. I ilO">
?* <•'?- '••
Berg and Isaksson (4) found a reduced body cell mass and increased total body
water (TBW) and extracellular water in spastic CP children. Low physical activity
(PA), malnutrition and paresis of muscle groups were suggested as possible
causes of the abnormal body composition. Osteoporosis of the bones is common
in CP (especially in the severely involved patients), due to lack of the stress of
weight-bearing, poor nutritional status, and anticonvulsant use (7,22). Therefore,
the density of the fat-free mass (FFM) in CP children may be lower than in
healthy children, and it might be hypothesized that available skinfold equations
derived for healthy children (11,24) overestimate BF in CP children.
The aim of the present study was to assess whether BF can be predicted
adequately from skinfold measurements in comparative studies between CP and
healthy children. The deuterium dilution (DjO) technique was used as reference
method.

Subjects and methods
Subjects
Twenty-two CP children (11 boys and 11 girls) with spastic diplegia (n=18, legs
and feet more affected than arms and hands) and spastic tetraplegia (n=4, greater
affliction of the upper part of the body than of the lower part) and 10 healthy
children (5 boys and 5 girls) volunteered to participate. Half of the CP population
was ambulant; the other half was wheelchair-bound. All children were between 7
and 13 years of age. Nineteen CP children were day-students at the elementary
school at the children's rehabilitation center Franciscusoord in Valkenburg
(normal intelligence and mild mental retardation); the other 3 CP children and the
healthy children were from elementary schools in and around Maastricht (normal
intelligence). Twenty CP children were Caucasian; one CP child was born in Sri
Lanka and one child had a Moroccan background. The healthy children were all
Caucasian. The children and their parents were informed of all aspects of the
study and written consent was obtained. The study was approved by the Medical
Ethics Committees of the University of Limburg and the Cooperating Rehabilitation Centers Limburg.
Body composition measurements

•

'

we/g/tf was obtained in the morning, after voiding and before consuming
any food/drink while wearing under-clothing, with an electronic balance (August
Sauter GmbH, Albstadt, West-Germany). CP children who were unable to stand
upright, were measured while sitting on a chair, using the same balance.
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were taken with subjects standing against a wall, or if
unable to stand while lying on a bed, with a wooden T-square or a flexible tape.
rfi/utt'on. TBW was measured by DjO. Individually calculated doses,
which were expected to create an excess of about 100 ppm "H (CP group) and
265 ppm ~H (healthy group, participated in a study to determine total daily energy
expenditure over a 2-week period) in the body water were administered orally in
the evening, after collecting a baseline urine sample. To avoid spillage of isotope
due to oral motor problems (CP children), a straw was used and children were
asked to drink the water slowly. After emptying the dosage bottle it was rinsed
with 50 ml tap water which was consumed through the same straw. In none of
the children loss of isotope was observed. Samples of urine of the next morning
(second voiding) were used for the in duplo determination of the isotopic enrichment with an Isotope Ratio Mass Spectrometer (Aqua Sira, VG Isogas Ltd,
Middlewich, Cheshire, England). The *H analyses were reproducible within 0.2
ppm. Isotopic excesses ranged from 92 to 114 ppm "H in the CP group and from
185 to 271 ppm ^H in the healthy group. TBW from DjO was calculated as the
deuterium dilution space divided by 1.04, to account for the overestimate of TBW
due to proton exchange which occurs between the tracer and nonaqueous hydrogen of body solids (14). Percentage BF (%BFD2O) was calculated from TBW
using age-related water proportions of FFM as suggested by Fomon et al. (13)
(76% and 77% for healthy boys respectively healthy girls, and 75% and 77% for
CP boys respectively CP girls).
Four skinfold measurements (triceps, biceps, subscapular
and suprailiac) were taken twice on the non-dominant side of the body with a
Harpenden caliper which recorded to the nearest 0.1 mm. Skinfold measurements
were performed in both groups of children by the same investigator. The mean of
the 2 measurements was used as representative value for each site. Two different
equations (derived for healthy children) were used to predict BF from skinfold
thicknesses:
A] Equations of Durnin and Rahaman (11) (skinA), which are based on estimates
of fatness derived from the two-component model of hydrodensitometry (assumes
a constant composition of FFM):
-boys: y = 1.1533 - 0.0643 x
-girls: y = 1.1369 - 0.0598 x, where y = body density (kg/L) and x is the logarithmic value of the sum of the 4 skinfolds in mm. Percentage BF was calculated
from body density, using the Siri equation (23):
%BFskmA = [ (4.95 / density) - 4.5 ] • 100
B] Equations of Slaughter et al. (24) (skinB), which are based on estimates of
fatness derived from a multicomponent model (takes into account TBW and bone
mineral in addition to body density):
-boys: % B F ^ ^ B = 1.21(triceps + subscapular) - 0.008(triceps + subscapular)^ - 1.7
-girls: % B F J ^ B = 1.33(triceps + subscapular) - 0.013(triceps + subscapular)* - 2.5.
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Statistical analysis
Comparisons between data were made using the Wilcoxon test for paired observations and the Mann-Whitney U test for unpaired observations (a=0.05). Agreement between methods was assessed with the method of Altman and Bland (1).
Regression techniques were used to examine the relationship between water
content of the body and sums of skinfolds. Bivariate correlations were performed
by Spearman's rank order correlation (r,.) or Pearson's product moment correlation
(r)•
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Physical characteristics of the CP and healthy group are presented in Table I. The
CP children were significantly older (p<0.01) than the healthy children and had a
significantly higher body weight (p<0.05) and body mass index (p<0.01). There
were no differences in physical characteristics between the boys and girls within
each group.
7aMe /. Physical characteristics of the study population
Healthy
(n=10)
5d, 59
Age (y)

8.4 ± 1.0

Height (cm)

133.1 ±4.6

Weight (kg)

28.0 ± 2.3

BMI (kg/nr)'

15.8 ± I.I

CP
(n=22)
l i d , 119

' "''
*

10.0 ± 1.5
137.5 ±9.5

t
*

35.3 ± 10.0
18.3 ±2.9

Values are mean ± SD; • p<0.01; t p<0.05, ' BMI: body mass index

TBW was 19.0 + 5.0 L in the CP children and 18.0 ± 1.4 L in the healthy
children (ns). Per kg body weight, TBW was significantly (p<0.001) lower in the
CP group (0.54 ± 0.06 L/kg) than in the healthy group (0.64 ± 0.04 L/kg).
%BFi,2o was 28.6 ± 8.0 in the CP children and 15.9 ± 5 . 1 in the healthy children
(pO.OOl). There was no significant difference in "/oBF^o between the ambulant
CP children and wheelchair-bound CP children.
Mean sums of 4 skinfolds and 2 skinfolds (triceps and subscapular) were significantly (p<0.01) higher in the CP children (39.8 ± 13.0 mm and 22.3 ± 6.4 mm
respectively) than in the healthy children (25.3 + 7.4 mm and 14.2 ± 3.5 mm
respectively). Sums of 4 skinfolds ranged from 17.4 to 65.4 mm in the CP group
and from 16.9 to 43.6 mm in the healthy group. Sums of 2 skinfolds ranged from
10.6 to 32.6 mm and from 9.3 to 22.3 mm in respectively the CP and healthy
group. Regression lines between water per kg body weight and sums of 4 and 2
skinfolds are presented in respectively Figures 1 and 2. In both the CP and
healthy children, sums of skinfolds were negatively correlated with water per kg
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/. Body water (L/kg) as measured by deuterium dilution (D,O) versus sum of 4 (triceps,
biceps, subscapular, suprailiac) skinfolds (mm) in 22 CP and 10 healthy children
OJ

^I!i

Body water
0.75

I nl
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•'
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Regression lines are different (p<0.05) between CP and healthy; CP: y= -0.0035849x + 0.68495, r= -0.81 (p<0.001);
healthy: y= -0.0041965x + 0.74934, r= -0.85 (p<0.001)
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2. Body water (L/kg) as measured by deuterium dilution (DjO) versus sum of 2 (triceps,
subscapular) skinfolds (mm) in 22 CP and 10 healthy children
Body water (L/kg)
0.75
— CP
0.70

-^Healthy

0.65
0.60
•

0.55 h
0.50

•

0.45
0.40
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35

sum 2 skinfolds (mm)
Regression lines are different (p<0.05) between CP and
healthy; CP: y= -0.0072897x + 0.70499, t= -0.80 (p<0.00l);
healthy: y= -0.0084253x + 0.76298, r= -0.81 (p<0.01)
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body weight, but the regression lines differed significantly (p<0.05) between the
groups. In the CP children, sums of skinfolds were related to a lower water per
kg body weight and thus to higher body fatness than comparable sums of skinfolds in the healthy children.
In Table II, %BF as determined by the skinfold method and D^O is shown. In
the healthy children, % B F ^ ^ was significantly (p<0.05) higher with 1.5 ± 1.6
%BF than %BFD,O- The difference between "/oBF^o and % B F ^ ^ was not
statistically significant. In the CP children, both "/oBF,.^ and %BF^^g were
significantly (p<0.001) lower than %BFD-,Q with 6.1 ± 4.3 %BF and 8.4 ± 4.9
%BF respectively. These discrepancies were even more pronounced in the
wheelchair-bound children than in the ambulant CP children: %BF,.,^ was 3.7 ±
3.5 %BF and 8.5 ± 3.5 %BF lower than %BF,,2o in respectively the ambulant CP
group and wheelchair-bound group (p<0.05) and "/oBF..,.^ was respectively 5.5 ±
4.4 % and 11.3 ± 3.3% lower than "/oBF^o (p<0.01). Spearman's correlations
between %BFD2O and % B F ^ were 0.91 (p<0.001) in the healthy children and
0.84 (pO.OOl) in the CP children; between "/oBF^o and "/oBF,^,, r, were 0.80
(p<0.01) and 0.82 (p<0.001) respectively.
7«W<? //. %BF as determined by deuterium dilution (D^O) and skinfold thicknesses (method
Durnin and Rahaman (11) (skinA) and Slaughter et al. (24) (skinB))

,^B

CP

Healthy

(n=22)

(n=10)

28.6 ± 8 . 0

15.9 ± 5 . 1

22.5 ± 6 . 0 '
20.2 ± 5.4'

"''•"'."

17.4 ± 4.5'
13.7 ± 3 . 2

Values are mean ± SD; ' p<0.001, * p<0.05; significantly different from

Figures 3 and 4 present the differences in %BF between the skinfold method and
the D,O technique against the average %BF according to Altaian and Bland (1).
In the healthy children, no correlations existed between the difference in %BF
and the average %BF (Figure 3). In the CP children, there was a significant
correlation (r= -0.58, p<0.01) between the difference in "/oBF;,.^ and %BFp2o and
the average %BF (Figure 4).
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Fig. i. Difference in % body fat (BF) determined by skinfold thicknesses and by deuterium
dilution (DjO) versus mean %BF in 10 healthy children
%BF from sklnfolds - %BF from deuterium dilution
-i,K;i3 i u : Mi:.-!;;
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SkinA (Dumin and Rahaman (II)): relative bias= 1.5 %BF,
error= 1.6 %BF; SkinB (Slaughter et al. (24)): relative bias=
-2.2 %BF, error= 3.3 %BF

F/g. •/. Difference in % body fat (BF) determined by skinfold thicknesses and by deuterium
dilution (DjO) versus mean %BF in 22 CP children
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SkinA (Durnin and Rahaman (11)): relative bias= -6.1 %BF,
error= 4.3 %BF;
SkinB (Slaughter et al. (24)): y= -0.043929x + 2.2668, r=
-0.58 (p<0.01)
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Discussion
In order to assess whether skinfold measurements are suitable to predict BF in
comparative studies between CP and healthy children, %BF predicted from
skinfold thicknesses was compared to %BF estimated by the D,0 technique.
Height and weight of the healthy children in this study are in agreement with
representative samples of the Dutch population of the same age (20). The CP
children are on average short for their age, which is in conformity with previously
published reports (21,26), and heavy for their height, which also has been found
in the study of Berg and Isaksson (4) in severely handicapped CP children.
The D,0 technique is not ideal as reference method in body composition
studies in subjects with disturbed water balance. Also, the technique is less
appropriate in children than in adults, because of the changing water-content of
FFM during growth (8,13,17). Based on the findings of Berg and Isaksson (4) in
CP children, a higher water proportion of FFM may be expected in CP children
than in healthy children. However, in case of a higher water proportion of FFM in
the CP group of the present study, the discrepancies found in this group between
%BF as determined from skinfold measurements and by D,O, would even be
more pronounced. Therefore, although no conclusions can be drawn about the
absolute amount of BF, this study provides insight in the validity of skinfold
measurements to determine BF in comparative studies between CP and healthy
children.
TBW as a percentage of body weight was significantly lower (p<0.001) in the
CP children than in the healthy children, in contrast with the studies of Berg and
Isaksson (4) and Bandini et al. (3) in respectively CP children and CP adolescents. This lower mean water per kg body weight in the CP children of the
present study, can be explained by increased BF in the CP group in comparison
with the healthy group.
In the healthy group, the skinfold equations based on estimates of fatness
derived from the two-component model of densitometry (11) (skinA), resulted in
a significantly higher %BF than DjO (Table II). No significant differences existed
between %BF[,,Q and %BF estimated from skinfold equations which are based on
fatness derived from a multicomponent model (24) (skinB, takes into account the
chemical immaturity of children). However, as described, no conclusions can be
drawn from this study about the absolute amount of BF because of lack of a 'gold
standard'.
From Figures 1 and 2 it can be seen that the relation between water per kg
body weight and skinfold thickness differed between the CP and healthy children.
In contrast with what was expected, skinfold equations derived for normal healthy
children (11,24), resulted in a considerably lower %BF than %BFD,O in the CP
children (Table II). This finding is in agreement with the study of Stallings et al.
(25) in children with spastic quadriplegic CP. However, Stallings et al. (25)
reported similar underestimations in BF by the skinfold method in a group of
healthy control subjects.
The discrepancy in BF between the skinfold method and DjO in the CP group
may be explained by a proportionally large internal fat depot, possibly due to
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higher levels of body fatness. It might also be hypothesized that in CP children,
proportionally more subcutaneous fat is located in the lower limbs, due to
decreased activity. This might also explain the significantly larger differences in
%BF between the skinfold method and D2O in the wheelchair group in comparison with the ambulant CP group. Adding lower extremity skinfolds to the regular
2 or 4 sites, might provide more accurate estimations of the subcutaneous fat in
CP children. Lee (16) compared thicknesses of subcutaneous tissue of the normal
and diseased limbs in adult patients with chronic hemiplegia and reported
increased fatness in the paralyzed limbs, possibly due to decreased activity.
However, whether this increased fatness in diseased limbs also exists in young
CP children, has not been studied.
Based on the results of this study we conclude that skinfold equations derived for
healthy children, are not suitable to predict BF in comparative studies between
CP and healthy children. In contrast with what was expected, skinfold measurements in the CP children resulted in a considerably lower %BF than D2O,
whereas in the healthy children this was not seen. A proportionally large internal
fat depot and a different distribution of subcutaneous fat in CP children may be
responsible for this.
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Abstract
Test-retest reliability of measurements of peak aerobic power (cycle ergometer),
anaerobic power (cycle ergometer), and isokinetic muscle strength of the knee
(Cybex) was established in young cerebral palsied (CP) children with spastic
diplegia/tetraplegia (n=12; mean +SD age 8.8 ± 1.7 y) and in addition in healthy
controls (n=39; mean ±SD age 9.2 ± 2.1 y). The cycle ergometer tests were found
to be reliable in both the CP and healthy group (test-retest correlations varying
from 0.72 to 0.96). The isokinetic strength test was in the CP group only reliable
at 30 °/s, whereas in the healthy group also high test-retest correlations were
found at 60 7s and 120 7s. Because of the larger intra-individual differences in
the CP children than in the healthy children, it is concluded that the described test
protocols are, at individual level, less suitable in CP children than in healthy
controls.
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Introduction
Cerebral palsy (CP) is an inclusive term used to describe a number of chronic,
non-progressive disorders of motor function, which occur in young children as a
result of disease of the brain (19). The most common form of CP is the spastic
type, which accounts for approximately two-third to three-quarter of all children
with CP (16). Proneness to fatigue and low muscle strength are characteristic as
symptoms in CP (9,10).
•"»'•>••'
-?^
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Monitoring the physical capacity of CP children is of dual importance. On the
one hand, it can yield information on the functional severity and natural history of
the disease. On the other hand, it can help assess the effects of therapeutic
interventions such as diet, physical therapy, occupational therapy, or conditioning
(3). In the present study, the reliability of tests to determine peak aerobic power,
anaerobic power, and isokinetic muscle strength was established in young
children with spastic CP. In addition, results found in the CP children were
compared to measurements in healthy controls.

Subjects and methods
Subjects
The total study group consisted of 12 children with spastic CP (6 boys and 6
girls) and 39 healthy children (22 boys and 17 girls) between 6 and 12 years of
age. The CP children were classified according to the methods of Hagberg (in
Olow and Berg, 24) and Cruickshank (11) by a physician at the children's
rehabilitation center Franciscusoord in Valkenburg (Table I). Ten CP children
were classified as diplegic (legs and feet are more affected than arms and hands);
2 were classified as tetraplegic (greater affliction of the upper part of the body
than of the lower part). The CP children were attending the elementary school at
Franciscusoord (normal intelligence and mild mental retardation). The healthy
children were recruited from an elementary school in Maastricht (normal intelligence). The children and their parents were informed of all aspects of the study
and written consent was obtained. The study was approved by the Medical Ethics
Committees of the University of Limburg and the Cooperating Rehabilitation
Centers Limburg.
Anthropometric measurements
Body weight was obtained (Seca Germany) while wearing under-clothing. In the
CP children a chair scale was used. Height measurements were taken while
standing against a wall, or if unable to stand independently, while lying on a bed
with a wooden T-square or a flexible tape. Thickness of 4 skinfolds (biceps,
triceps, subscapular, suprailiac) was measured with a Servier caliper on the nondominant side of the body.

54

7a6/e / Classification of the 12 cerebral palsied (CP) children
CP classification'

Severity'

Nr

Sex*

Tonus

Abnormal
movements

Distribution

Grade
1-3

Way of
ambulation

1
2
3
4
5
7
8
9
10
17
23
28

M
M
F
M
F
F
M
F
F
M
M
F

hyper
hyper
hyper
hyper
hyper
hyper
hyper
hyper
hyper
hyper
hyper
hyper

ataxia
ataxia
ataxia/
athethosis

diplegia
diplegia
diplegia
diplegia
diplegia
diplegia
diplegia
diplegia
diplegia
"'
tetraplegia s ':<•
diplegia
-; .•t
tetraplegia

1
1
•lre-v •,

ambulant
ambulant
ambulant
ambulant
ambulant
ambulant
ambulant
wheelchair
wheelchair
wheelchair
ambulant
wheelchair

-KJ.:J

2- .-..:i
1
2
2
2

-'2^''
* 3 > .•.•••

.-.-•a

3

- ; ,

;;.-i«
,; |
. o-jn
,
,T
"''
*'"
JQ

' according to the classification of Hagberg (in Olow and Berg, 24)
* graduation according to Cruickshank (11)
1 may appear normal except that the precision of the movement may be impaired
3 unable to care for all his bodily needs because he is unable to walk unassisted, talk clearly
or has little use of his hands
2 in between 1 and 3
' M=male, F=female

Peak aerobic power
In the CP children, 4 progressive maximal aerobic exercise tests (based on the
McMaster All-Out Progressive Continuous Cycling Test, 2) were performed on a
mechanically braked Monark leg cycle ergometer. The first test was a habituation
test, which was also used to check the protocol and find out whether the CP
children needed fixations on the pedals. This habituation test was followed by 3
Veal' tests within a period of 3 weeks. The healthy children performed 2 progressive maximal aerobic exercise tests within a period of 3 weeks. Resistance was
increased every 2 min with a variable load, depending on the abilities of the
child, until the child was unable to continue pedaling. Individual protocols were
constructed such that the total exercise time ranged between 8 and 12 min. No
fixed pedaling rate was required, the number of revolutions was recorded. All the
tests were preceded by a warm-up of about 5 min and verbal encouragement was
given throughout the tests. Peak aerobic power was defined as the highest power
output over the 2 min of a load. When the child could not complete 2 min of the
final load, peak power was calculated as the mean of the power of the penultimate stage and the final stage. Peak heart rate (HR, measured with a Sport Tester
PE3000, Polar Electro, Finland) was defined as the highest average HR over the
last min of a load.
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Anaerobic power
Anaerobic performance was measured by the Wingate Anaerobic Cycling Test
(WAnT). A detailed description of this test may be found elsewhere (4,13).
Briefly, the WAnT is a 30-s cycling test at all-out speed, against a constant
braking force. The CP children performed the WAnT 4 times on the mechanically
braked Monark leg cycle ergometer. The first test was a practice session. By trial
and error the force was determined which elicited the highest power (= optimal
braking force). Subsequently, 3 tests were performed in each CP child, within a
period of 3 weeks, using this predetermined force setting. In the healthy children,
2 tests were performed during a time span of 3 weeks. All the tests were preceded by a warm-up of about 5 min and verbal encouragement was given
throughout the 30-s period. Pedal revolutions were registered continuously. Two
performance indices were calculated: pea£ power (PP, reflecting the ability of the
limb muscles to produce high mechanical power in a short time) and /wea« /wvver
(MP, reflecting the ability to sustain high power) (4).
Isokinetic muscle strength
Muscle strength was determined by an isokinetic device (Cybex II, Ronkonkoma,
USA), recording strength as torque in Nm. Details concerning the principles of
isokinetic exercise may be found elsewhere (18,29). Torque determinations were
made on the extensor and flexor muscles of the knees at 3 different angle speeds
(30 °/s, 60 7s, 120 7s). The test was conducted while the child was seated in
erect position with thigh and pelvis stabilized. All measurements were performed
at the damping levels recommended by the Cybex Testing Manual (12). Following 2 trial motions at each speed to familiarize the subject with the testing
apparatus, each subject performed 5 maximal contractions, starting with the least
affected/dominant leg (CP respectively healthy children) at the different speeds
(test 1). Each subject started at an angular velocity of 30 7s and had brief rest
intervals between the different speeds. Verbal encouragement was given to exert
maximal effort. After repositioning the apparatus, the subject completed the above
procedures for the opposite limb. The reliability of the test (within-day reliability)
was established by repeating the protocol after a rest period of about 1.5 hour
(test 2). Peak torque (PT) was defined as the maximum torque generated by the
subject throughout 1 series of repetitions.
The healthy children performed the aerobic and anaerobic cycle test on the same
day (with a sufficient break between the 2 tests); cycle tests in the CP children
were on separate days. Isokinetic strength tests were in both groups of children on
separate days. Due to practical reasons, the numbers of children differed among
the 3 physical capacity tests.
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Statistical analysis
Data are presented as mean ± SD. Comparisons between data were made using
the Friedman test (k related samples) and the Wilcoxon test (2 related samples)
for paired observations and the Mann-Whitney U test for unpaired observations
(a=0.05). Test-retest reliability was established by Spearman's rank order
correlation ( r j . Because of different ranges in test-outcome between the CP and
healthy children, the intra-individual difference between tests was calculated as a
percentage of the mean individual test-outcome.
^KSrfeBartr u.Mi ill
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Characteristics of the CP and healthy group are presented in Table II. None of the
differences in characteristics between the CP and healthy group was statistically
significant. The healthy girls had a significantly higher (p<0.001) sum of 4
skinfolds than the healthy boys, whereas this difference between the CP boys and
CP girls was not statistically significant.
//. Characteristics of the 12 cerebral palsied (CP) children and 39 healthy (H) children
n

Age

Height

Weight

Sum 4
skinfolds

BMI'

CPd

6

8.2 ±1.5
(7-11)

128.8 ±10.3
(121.0-151.0)

30.4 ± 12.5
(20.0-57.0)

30.0 ± 14.6
(14.0-58.0)

17.6 ± 3.8
(13.7-25.0)

CP 9

6

9.3 ±1.8
(7-12)

134.4 ±12.7
(120.0-152.5)

35.1 ± 16.3
(19.0-68.0)

36.0 ±17.5
(23.0-70.0)

18.5 ± 5.3
(13.2-29.2)

H

22

9.0 ± 2.2
(6-12)

138.0 ± 12.9
(116.5-160.0)

33.6 + 9.1
(21.0-57.0)

22.5 ± 4.2
(15.0-32.0)

17.3 ± 1.8
(14 .8-22.3)

H9

17

9.5 ± 1.9
(6-12)

141.3 ± 11.6
(124.5-166.5)

36.1 ± 7.7
(25.0-52.0)

31.2 ± 8.0
(16.0-44.0)

t
17. 8 ± 1.5
(14 .7-20.4)

Values are mean ± SD, with ranges in parentheses; 'BMI: body mass index; tp<0.001

Peak aerobic power
Peak aerobic power in the CP children (6 boys, 4 girls; 8 diplegic, 2 tetraplegic)
and in the healthy children (22 boys and 12 girls) did not differ significantly
among the tests (Figure 1). Test-retest correlation coefficients for peak aerobic
power between the first and second test were similar in the CP and healthy
children. However, the intra-individual difference (as a percentage of the mean
power; absolute intra-individual differences were similar in the 2 groups) between
the first and second test was significantly higher (p<0.05) in the CP children
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(19.1 ± 11.8 percent) than in the healthy children (9.9 ± 7.4 percent). Intraindividual differences between test 1 and 3 and between test 2 and 3 in the CP
group, did not differ from the intra-individual difference between the first and
second test.
Spearman's correlation between body weight and peak aerobic power was 0.73
(p<0.01) in the CP group and 0.83 (pO.OOl) in the healthy group. Peak aerobic
power (watt/kg) was on average 46 percent lower (pO.OOl) in the CP children
(1.5 ± 0.5 watt/kg) than in the healthy children (2.8 ± 0.4 watt/kg). In 3 CP
children (numbers 1,2,4, Table I), peak aerobic power per kg was within the
range found in their healthy peers.
Peak HR occurred almost always in the final load of a test. Peak HR in the CP
children was 168 ± 15 bts/min in the first test, 167 ± 14 bts/min in the second
test, and 164 ± 13 bts/min in the third test. Differences in peak HR among the
tests were not statistically significant. Peak HR in the CP children was on average
13 percent lower (pO.OOl) than in the healthy children. Peak HR in the healthy
children did not differ between the 2 tests (191 ± 12 bts/min in the first test and
190 ± 13 bts/min in the second test).
/•"/#. /. Peak aerobic power (watt) during the different tests in 10 spastic cerebral palsied (CP)
children and 34 healthy children

watt

140
120
100
80
60
40
20
0
test number
1 vs 2 CP: r,= 0.92 (p<0.001)
2 vs3 CP: r,= 0.72 (p<0.01)
1 vs 3 CP: r,= 0.84(p<0.01)
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H: r,= 0.90 (p<0.001)

capoc/fy
Anaerobic power
PP in the CP children (6 boys, 6 girls; 10 diplegic, 2 tetraplegic) tended to
increase from the first to the third test (Figure 2). This increase of 14 percent was
however not statistically significant (p=0.08). MP in the CP group did not differ
significantly among the tests. In the healthy children (22 boys and 12 girls), there
were no statistically significant differences in PP and MP between the 2 tests
(Figure 3). Test-retest correlation coefficients for PP and MP were similar in both
groups of children (Figures 2 and 3). Mean intra-individual differences in PP and
MP (as a percentage of the mean power; absolute intra-individual differences
tended to be higher (ns) in the healthy group) between the first and second test
were 14.2 ± 13.4 percent (CP) and 6.8 + 8.0 percent (healthy) for PP and 12.3 ±
12.1 percent (CP) and 9.7 ± 7.2 percent (healthy) for MP (ns). Intra-individual
differences between test 1 and 3 and between test 2 and 3 in the CP group, did
not differ from the intra-individual differences between the first and second test.
Spearman's correlations between body weight and anaerobic performance were
0.73 (p<0.001) in the CP children and 0.79 (pO.OOl) in the healthy children. PP
(watt/kg) was on average 55 percent lower (pO.OOl) in the CP children (3.0 ±
1.3 watt/kg) than in the healthy children (6.6 ± 1.0 watt/kg). MP (watt/kg) was on
average 50 percent lower (pO.OOl) in the CP children (2.3 ± 0.9 watt/kg) than in
the healthy children (4.6 ± 0.7 watt/kg). Anaerobic performance was in only 2 CP
children (numbers 1 and 4, Table I) within the range found in their healthy peers.
F/g. 2. Peak anaerobic power (PP, in watt) and mean anaerobic power (MP, in watt) during 3
tests in 12 spastic cerebral palsied children

watt

350
300

BMP
• PP

-

250
200--

150
-I-

100
50
•

0

T

T

-_

3

1

test number
1 vs 2 PP: r,= 0.90 (p<0.001) MP: r,= 0.95 (p<0.001)
2 vs 3 PP: r,= 0.90 (p<0.001) MP: r,= 0.92 (p<0.001)
1 vs 3 PP: r,= 0.94 (p<0.001) MP: r,= 0.95 (p<0.001)
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•Vg. 3. Peak anaerobic power (PP, in watt) and mean anaerobic power (MP, in watt) during 2
tests in 34 healthy children
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200
150
100
/

50
0

1

2

I

1
test number

1 vs 2 PP: r,= 0.96 (p<0.001) MP: r,= 0.92 (p<0.001)

Isokinetic muscle strength
In Table III, flexion and extension PT (Nm), test-retest correlation coefficients,
and intra-individual differences (as a percentage of mean PT), are presented for
the different speeds during the 2 tests. The isokinetic strength test could not be
performed in 4 children of the CP group, because muscle strength was too weak.
In the CP children (5 boys, 3 girls; all diplegic), there were no significant
differences in flexion and extension PT between the 2 tests. In the healthy
children (21 boys, 17 girls), flexion and extension PT at 30 °/s and flexion PT at
60 °/s, were in the second test lower (on average 4 percent, p<0.05) than in the
first test. Test-retest correlation coefficients were at all speeds lower in the CP
group than in the healthy group. Intra-individual differences (as a percentage of
the mean PT; absolute intra-individual differences were similar in both groups)
were significantly higher (pO.Ol) in the CP group than in the healthy group at
60 °/s (flexion) and at 120 °/s (flexion and extension).
At 30 °/s and 60 °/s, PT in the CP group was on average 25 percent (p<0.05)
higher in the least affected leg than in the most affected leg. At 120 7s, there was
no significant difference between both legs. In the healthy children, comparisons
between dominant and non-dominant leg yielded no consistent results.
Because higher correlations were found between height and PT (CP: mean r^
over the different speeds = 0.53 ± 0.06; healthy: mean r, = 0.89 ± 0.03) than
between weight and PT (CP: mean r, = 0.46 ± 0.07; healthy: mean r,. = 0.83 ±
0.03), PT data between the CP and healthy group were compared when expressed
per cm body height. Flexion and extension PT/cm were on average (over the 3
test-velocities) respectively 53 percent and 48 percent (p<0.001) lower in the CP
60

children than in the healthy children. Only 2 CP children (numbers 2 and 4, Table
I), had PT values within the range of their healthy peers.
///• Mean scores (SD) of knee flexion and extension peak torque, test-retest correlation
coefficients (r,), and intra-individual difference (I.D.) during 2 tests in 8 cerebral palsied (CP)
children and 38 healthy (H) children
Flexion

CP

H

Speed

test 1

test 2

30

23.7
(9.1)

21.9
(10.0)

60

21.2
(10.1)

120'

18.3
(8.2)

30

49.6
(20.5)

60

47.1
(19.2)

120

44.4
(19.3)

Extension
I.D.

test 1

test 2

0.84'

25.1
(26.7)

41.3
(15.7)

39.5
(16.7)

0.71'

25.3
(25.3)

20.2
(8.8)

0.75*

29.9
(20.0)

39.4
(19.5)

39.8
(17.4)

0.55

29.6
(24.9)

19.0
(7.8)

0.65*

32.1
(27.4)

27.1
(9.7)

30.8
(12.8)

0.42

33.8
(27.6)

5

47.1
(19.1)

0.88"

14.7
(13.9)

75.4
(32.7)

72.2
(32.7)

0.95'

11.6
(9.2)

s

45.3
(19.2)

0.90"

12.5
(11.5)

73.6
(29.2)

70.9
(31.9)

0.90"

17.1
(14.2)

43.3
(18.7)

0.91'

15.9
(14.9)

59.8
(24.6)

58.2
(24.0)

0.92'

12.7
(12.7)

5

I.D.

'pO.001, 'p<0.01, *p<0-05; ' n=7
For flexion at 60 °/s and 120 °/s, and extension at 120 °/s: I.D. is significantly different (p<0.01)
between CP and healthy.

Discussion
The aim of the present study was to establish the reliability of tests to determine
peak aerobic power, anaerobic power, and isokinetic muscle strength in young
spastic CP children. Comparable tests were performed in a group of healthy
controls.
In comparison with representative samples of the Dutch population of the same
age (27), the healthy children are on average heavy for their height (boys on
average 3 kg heavier than the mean weight for height; girls 4 kg). The healthy
girls are also tall for their age (on average 3 cm taller than standards of attained
height in Dutch children). The CP children are, in comparison with the Dutch
reference data (27), small for their age (boys on average 2 cm smaller than
reference data; girls on average 4 cm) and heavy for their height (boys on average
5 kg, girls 7 kg heavier than the mean weight for height of Dutch children). The
short stature of the CP children is in conformity with previously published reports
(28,31). The high weight for height in the CP children has also been found in the
study of Berg and Isaksson (6) in severely handicapped CP children. Because of a
possibly different relationship between skinfold thicknesses and body fat in CP
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and healthy children (7), no calculations of body fat and fat-free mass were
performed.

Peak aerobic power
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Absolute values of peak aerobic power of the healthy children of the present
study are in agreement with cycle ergometry studies as presented by Bar-Or (2)
and Washington et al. (32). When expressed per kg body mass, peak aerobic
power of the healthy children of the present study is about 20 percent lower, but
this is probably due to the relatively high body weight in the present study. The
CP children had on average only about 50 percent of the aerobic power (in
absolute terms and per kg body mass) of the healthy children. This subnormal
aerobic power in CP is in agreement with previous reports (2,3,14,20,21).
The significantly lower peak HR in the CP children than in the healthy
children suggests that, peak aerobic performance during leg cycling was attained
at a lower level of cardiorespiratory stress in the CP group than in the healthy
group. Apparently, aerobic exercise testing by means of cycle ergometry in these
children is restricted by non-cardiorespiratory factors.
The results obtained during the different tests suggest that, both in the CP and
healthy group, the peak aerobic power tests are reliable. The significantly higher
intra-individual difference (as a percentage of the mean) in the CP children
indicates that, at individual level, the aerobic test is less suitable in CP children
than in healthy children. Berg and Bjure (5) compared maximal work loads
obtained by cycle ergometry on 2 occasions (with a mean of 14 days between the
tests) in slightly handicapped CP children (n=12). Considerable improvements
were found during the second test in some subjects, but this is probably due to
the fact that no habituation test was included in the study.
Anaerobic power
In the present study, the optimal braking force was determined by trial and error.
Using an individually determined force-velocity curve (22,26), might have
resulted in better predictions of the optimal braking force. However, for practical
reasons, it was not possible to perform force-velocity tests in the children.
Nevertheless, the trial and error procedure yielded, in our opinion, reasonable
predictions of the optimal braking force.
PP (in absolute units) in the healthy children is in good agreement with studies
in healthy children in Canada and Israel (3). MP is in comparison with these
studies on average about 15 to 20 percent lower (particularly in the boys). When
expressed per kg body mass, PP and MP are respectively about 8 percent and 23
percent lower than the data of Bar-Or (2), but this may partly be explained by the
relatively high body weight in the present study. Anaerobic performance in the
CP children was distinctly subnormal when compared with the healthy children,
which is in agreement with the study of Parker et al. (25).
The high test-retest correlation coefficients (ranging from 0.90 to 0.96) found
in the present study, indicate that the WAnT is highly reliable in young CP
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children and healthy children. These high test-retest correlations of the WAnT are
in agreement with studies in healthy subjects, patients with chronic obstructive
lung disease, and patients with neuromuscular disease, including children with
spastic CP (4,30).
PP showed a tendency to increase with repeated testing in the CP children, an
effect that was not seen in the healthy group. Although the increase did not reach
statistical significance (p=0.08), the possibility of a gradual increase in PP with
repeated testing over a short time, can not be excluded. Intra-individual differences (as a percentage of the mean) tended to be higher (ns) in the CP than in the
healthy children. This suggests that, at individual level, the WAnT may be less
suitable in CP children than in healthy children.
,
,
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Isokinetic muscle strength
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Because the purpose of this study was to establish the reliability of isokinetic
strength testing, no corrections were made for the effect of gravity on the lower
limb. The 'real' values for knee flexion PT are therefore expected to be somewhat
lower, whereas strength of the knee extensors is expected to be underestimated
(33,15).
PT measurements at 30 °/s in the healthy children of the present study show
good agreement with previously reported results in healthy children of the same
age in the USA (17). Results at 120 7s are about 10 to 15 percent higher in the
present study. To our knowledge, there is no literature available on PT of the
knee flexors and extensors at 60 7s in healthy children, nor on PT measurements
in young children with spastic CP. Similar to the results we found on aerobic and
anaerobic power, PT in the CP children is extremely low when compared with
their healthy peers.
From studies of Alexander and Molnar (1) and Molnar et al. (23), it can be
concluded that, in young children (7 to 15 years) with normal intelligence and
mild mental retardation, isokinetic muscle strength testing is a reliable and
reproducable technique. Results of the healthy children of the present study
confirm this high reliability of isokinetic strength testing. However, data of our
study can not quite be compared with the studies of Alexander and Molnar (1,23),
because they established the test-retest reliability on different days, whereas in the
present study the within-day reliabilty was assessed.
In the CP children, flexion and extension PT can be measured reliably at 30
7s, but extension PT can not be measured reliably at higher test-velocities. A
possible explanation for this may be that the coordination of agonist and antagonist muscles is more impaired at higher velocities than at lower velocities (this
may also explain the lack of difference in PT between least affected and most
affected leg at 120 7s). However, when the test-velocity of 30 7s is used,
isokinetic strength testing seems to provide an objective, safe (muscles can not be
overloaded), and reliable method to determine torque generating capabilites in
young spastic CP children. Because of the higher intra-individual differences in
the CP children than in the healthy children, the test seems, at individual level,
less suitable in CP children than in healthy children.
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Results of the present study indicate that, like in healthy children, peak aerobic
power, anaerobic power, and isokinetic muscle strength (at 30 °/s), can be
measured reliably in young children with spastic cerebral palsy. At individual
level, the tests seem to be less suitable in CP children than in healthy children.
This may possibly be explained by attention deficits, which are known to occur in
CP (8). These findings have important implications for the use of the described
physical capacity tests in CP children. The tests are valuable for rehabilitation
research in groups of children with CP (for example evaluation of sports or
physical therapy programs). In clinical settings however, one should be careful
with the interpretation of the test results.
It is evident that the measured variables are distinctly subnormal in most of the
CP children when compared with their healthy peers. Only 3 CP children had
test-outcomes within the normal range. Possible explanations for this may be
agonist/antagonist cocontraction, low muscle mass (especially of the fast-twitch
fibers), the presence of contractures, detraining, and attention deficits.
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Chapter 6

General description of the training study

!/:••

Subjects
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Twenty children (11 boys, 9 girls) with spastic cerebral palsy (CP) between 7 and
13 years of age participated. Nineteen children were day students at the children's
rehabilitation center Franciscusoord in Valkenburg (normal intelligence and mild
mental retardation); one child was a full-board student. Nineteen children were
Caucasian, 1 child was born in Sri Lanka. The children were classified according
to Hagberg (in Olow and Berg, 5) and Cruickshank (3) by a physician at Franciscusoord (Table I). When legs and feet were more affected than arms and hands,
children were classified as diplegic (n=16); children with a greater affliction of
the upper part of the body than of the lower part, were classified as tetraplegic
(n=4). In 2 diplegic children, a mixed form of spasticity and ataxia was present.
Half of the children was ambulant, the other half wheelchair-bound. The children
and their parents were informed of all aspects of the study and written consent
was obtained. The study was approved by the Medical Ethics Committees of the
University of Limburg and the Cooperating Rehabilitation Centers Limburg.

Experimental design (see also Figure 1)
The project lasted 2 years and included 2 training periods of 9 months. At the
beginning of the first year (in September, after the summer holidays), the children
were matched pairwise for physical ability, mental function, and if possible, for
age, gender and body composition. After matching, the children of each pair were
randomly assigned to an experimental group (EXP.,.,, n=10) or a control group
(CON, n=10). EXP4, participated in a 9-month training program, with 45-min
exercise sessions 4 times per week above the normal school and therapy program,
whereas CON had no extra physical training (the school program included two
45-min gymnastic lessons per week; therapy programs were based on personal
67

f /. Classification of the cerebral palsied children
CP classification*
Nr

Sex'

Tonus

1
2
3
4
5
6
7

M
M
F
M
F
M
F
M
F
F
F
F
M
F
M
M
M
M
M
F

hyper
hyper
hyper
hyper
hyper
hyper
hyper
hyper
hyper
hyper
hyper
hyper
hyper
hyper
hyper
hyper
hyper
hyper
hyper
hyper

8

9
10
11
12
13
14
15
16
17
18
19
20

Abnormal
movements

ataxia
ataxia

Severity*
Distribution

Grade
1-3

Way of
ambulation

diplegia
diplegia
diplegia
diplegia
diplegia
diplegia
diplegia
diplegia
diplegia
diplegia
diplegia
diplegia
diplegia
diplegia
tetraplegia
tetraplegia
tetraplegia
tetraplegia
diplegia
diplegia

1
1
1
2
1
2
2
2
2
2
3
3
2
3
3
3

ambulant
ambulant
ambulant
ambulant
ambulant
ambulant
ambulant
ambulant
wheelchair
wheelchair
wheelchair
wheelchair
wheelchair
wheelchair
wheelchair
wheelchair
wheelchair
wheelchair
ambulant
ambulant

3

3
2
2

'** * •

.

Matched pairs consist of index numbers 1 and 2, 3 and 4, etc.
" according to the classification of Hagberg (in Olow and Berg, 5)
' graduation according to Cruickshank (3)
1 may appear normal except that the precision of the movement may be impaired
3 unable to care for all his bodily needs because he is unable to walk unassisted, talk clearly
or has little use of his hands
2 in between 1 and 3
•
* M=male; F=female
needs and varied from no therapy to more than 2.5 hours per week). Because one
boy of EXP^ (index number 19) wanted to quit training after 3 weeks (he felt
that the program was too intensive), we changed him and his control (index
number 20) from groups. Because this happened in the very beginning of the
training study, we do not expect this to have interfered with the results.
Training activities consisted of predominantly aerobic exercises such as
cycling, wheelchair-driving, running, swimming, training on a 'flying-saucer', and
mat exercises. Habitual diets of the children were not changed during the study
years.
Measurements were performed in both EXP4, and CON before the training
program started (T^, September/October), after EXP4, had trained for 2 months
(Tj, December), and after 9 months of training (T9, June/July).
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After the summer holidays (2 months), the children of both EXP^ and CON were
given the opportunity to participate in the next training program, with a practically more feasible training frequency of 2 times 45 min per week. Eight children of
EXP,,,. and all children of CON participated ( E X P ^ , , n=17: one child (index
number 2) was excluded from analysis because of surgery during the training program). Two children of EXP4,, (index numbers 3 and 9) quit the program because
of lack of motivation and necessity to spend more time on school tasks. The
training activities and measurements in the second year were, in general, similar
to the design in the first year. For practical reasons, swimming was not included
as a training activity in the second year.
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The training attendancy was 84% (range 78% to 88%) throughout the first year
and 75% (range 54% to 94%) throughout the second year.
F7g. /. Schematic presentation of the study design (training periods are dark)

4-

Month

4.
9

0

EXP,,
n=10
CON
n=10

412

Holidays

.

;

422
EXP,™
n=17

T,

T,

Training intensity
Heart rate (HR) was measured (Sport Tester PE3000, Polar Electro, Kempele,
Finland) randomly during the training sessions to get an impression of the
training intensity. Training intensity was described as the percentage of time HR
was >70% of the heart rate reserve (=difference between peak heart rate (assessed
by a progressive cycling or arm cranking test) and heart rate during sleep). This
measure indicates the relative exertion in the same way as the percentage of the
maximal oxygen uptake (1).
Mean HR (bts/min) during the training sessions in the first year was 135 ± 10;
in the second year 138 ± 14. Percentages of time during training spent at >70% of
the heart rate reserve were respectively 49 ± 17 and 58 ± 20.
Many children achieved during the training sessions higher heart rates than
their 'peak' HR. The reason for this is that not all children were able to cycle on
the ergometer and had to perform arm cranking tests (n=7), whereas during
training these children performed various activities with a higher intensity than
arm cranking (particularly cycling on their own adjusted bikes and training on a
flying-saucer). In addition, some ambulant children achieved during running
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activities much higher heart rates than during ergometer cycling. Therefore, the
calculated percentages of time spent at >70% of the heart rate reserve are an
overestimation of the actual training intensity. However, considering the large
improvements in aerobic power (chapter 8), training activities must have been
performed at an adequate intensity.

Measurement of body composition

.
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Body weight was obtained, while wearing light clothing, on a chair scale (Seca,
Germany). Height measurements were taken with subjects standing against a wall,
or if unable to stand, while lying on a bed with a wooden T-square or flexible
tape. Thickness of 4 skinfolds (biceps, triceps, subscapular, suprailiac) was
measured with a Servier Caliper at the non-dominant side of the body. FM was
calculated according to Durnin and Rahaman (4).
Table II presents the physical characteristics of the study groups at the beginning of the study. There were no statistically significant differences between
EXP4, and CON at the beginning of the study. In comparison with representative
samples of the Dutch population of the same age (6), the CP children are on
average short for their age (on average 5% smaller) and heavy for their height
(half of the children was more than 20% heavier than the mean weight for height
of Dutch children (6). This is in agreement with previous reports (2,7,8).
7ia6/e //. Characteristics of the subjects at the beginning of the study

Age (y)
Height (cm)
Weight (kg)
Sum 4 skinfolds (mm)
Fat (%)
Fat mass (kg)
Fat-free mass (kg)
Body mass index (kg/m')

EXP4, (n=10)
4cJ, 69

CON (n=10)
7<J, 39

9.5 ± 1.6
130.7 ± 11.2
33.8 ± 14.3
37.4 ± 18.1
21.8 ±6.1
8.1 ±6.2
25.7 ± 8.3
19.0 ± 4.2

8.8 ± 1.1
130.6 ± 9.4
31.3 ±7.7
28.9 ± 9.1
17.9 ±5.0
5.7 ± 2.2
25.5 ± 6.1
18.1 ±2.6

Data are mean ± SD
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Physical training of school children with spastic
cerebral palsy: effects on daily physical activity
and fat mass
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Abstract
Effects of two 9-month sports programs (4 or 2 sessions per week) on level of
daily physical activity (PA) and fat mass (FM) were assessed in spastic cerebral
palsied (CP) children (n=20, 9.2 ± 1.4 y), randomly assigned to an experimental
and control group after matching. The ratio of total daily energy expenditure
(TEE) to sleeping or resting metabolic rate (SMR or RMR) was used as an index
for level of PA. Four sessions per week tended to increase PA ratio after 9
months from 1.34 ± 0.25 to 1.55 ± 0.18 (p=0.07), but changes were not significantly different versus controls. Two sessions per week had no effect on PA
level. FM increased continuously in the control group (after 9 months +1.1 ± 1.6
kg, p<0.05), whereas the experimental groups showed no changes. It was concluded that although training has a limited effect on PA in CP children, it may
prevent deterioration in body composition.
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Introduction
Adiposity is frequently observed in cerebral palsy (CP) (1,4,11,12,14,18) and reduced physical activity (PA) is believed to be a major determinant in this health
problem. In previous studies, it was shown that CP children are extremely
hypoactive compared to their healthy counterparts (6,7). These two observations
may cause a negative spiral: hypoactivity -> reduction in functional ability and
increase in body fat —> further hypoactivity. Besides detrimental effects on the
performance of activities of daily life, the hypoactivity in CP children may also
reduce the effectiveness of rehabilitation programs.
It is attractive to postulate that an adequate therapeutic measure is to increase
the level of daily PA by special sports programs, tailored to the residual ability of
the child. However, whether and to what extent sports programs are effective in
increasing daily PA in CP children has not been studied. Because of the distinctly
subnormal aerobic capacity of CP children (2,8,11,17), the intensity of sport
activities in CP children will be small compared to achieved levels in healthy
children. Therefore, increases in total daily energy expenditure (TEE) due to
training itself, are expected to be relatively limited. On the other hand, training of
CP children has been shown to result in considerable improvements (30-35%) of
the aerobic power (3,9). This may lead to an increase in more intense (absolutely)
activities during the training sessions and therefore to reasonable additions to
TEE. It might also be hypothesized that a better physical fitness stimulates CP
children to be more intensively active outside the training hours.
The aim of the study was to assess whether 9-month, predominantly aerobic,
sports programs (4 or 2 sessions per week) are effective in increasing the level of
daily PA in school children with spastic CP and whether this has favourable
effects on fat mass (FM).
Methods (for experimental design and subjects see Figure 1 and chapter 6)
Level of daily PA

•

The level of daily PA was calculated as the ratio of TEE to sleeping metabolic
rate (SMR) or TEE to resting metabolic rate (RMR).
In the first year, SMR was measured in children who wanted and were able to
stay overnight in a respiration chamber (n=12); in the other children (n=8), RMR
was measured by means of a ventilated hood. Because the respiration chambers
were not operative during the second year (laboratory moved to a new building),
all children had RMR measurements during this period.
The respiration chamber (21), an open-circuit indirect calorimeter (14m^), was
furnished with a bed, chair, table, TV, telephone, intercom and toilet. The
chamber was ventilated with fresh air at about 40 L/min and air temperature was
maintained at 20 °C. Volume of outgoing air was determined by means of a dry
gas meter (Schlumberger type G6, Dordrecht, The Netherlands) and gas was
analysed with a paramagnetic O, analyzer (Servomex type OA 184, Crowborough, England) and an infrared COj analyzer (Hartman & Braun type URAS 3G,
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Frankfurt, Germany). An on-line micro-computer controlled the gas sampling
system. PA was monitored by means of a radar system, based on the Doppler
principle. SMR was calculated according to Weir (22), over a period in which
radar activity was lowest and subjects were asleep.
RMR was determined under standard conditions in a comfortably warm room
by an open-circuit ventilated hood system (Oxycon Beta, Mijnhardt, The Netherlands). Children were transported to the university by car and any form of
intensive exercise was avoided. Measurements were performed between 7:30 and
9:00 AM, after having fasted for 12 hours. After a period of 5 min bed rest, RMR
was measured during 20 min while the children watched TV or listened to stories
(supine position). RMR was calculated according to Weir's formula (22). In order
to assess the difference between SMR and RMR, RMR was also measured in 12
children in the morning after the measurement of SMR (T,, first study year).
TEE was determined by the heart rate (HR) method, which has been shown to
be suitable to predict TEE in groups of CP children (7). Children were fitted with
the HR instrumentation (Sport Tester PE3000, which recorded HR at 1-min
intervals) at about 9:00 AM and it was worn continuously until they went to bed
(in experimental groups HR recording was performed on a training day).
In each child the relation between HR and VO, was established
under
standardized conditions during each measurement period. In the ambulant children
(n=10), 4 calibration points were obtained by simultaneous measurements of HR
and VO, during sitting, standing, and cycling on an ergometer (Universal Ergostat
Fleisch, Metabo, Epalinges, Switzerland) at 30% and 70% of their previously
assessed peak aerobic capacity (progressive cycling test). In wheelchair-bound
children who were able to cycle (n=3), 3 calibration points were obtained: during
sitting and cycling at 30% and 70%. Wheelchair-bound children who were not
able to cycle (n=7), were measured during sitting and arm cranking (at 30% of
their peak capacity for work with 2 arms). Arm cranking tests were performed on
the Fleisch ergometer with 1 arm, while the children were sitting in their own
wheelchair beside the ergometer. It was impossible to measure HR and VOj at
higher intensities in the arm cranking group, because when the resistance was
increased, the children lowered the cranking speed and no increases in workload,
HR and VOj were attained. VOj was measured using a face mask connected to a
Jaeger EOS-sprint analyzer (Jaeger Nederland, Breda, The Netherlands) and HR
was taken from an ECG monitor. An equilibration period of 2 min was allowed
for each activity, followed by a 4-min sampling period. The calibration point for
each activity was computed as the mean of the 4-min sampling period for HR and
VO>.
TEE was calculated from HR, according to the 'FLEX' principle (19). FLEX
HR in the ambulant group was defined as the mean of the highest HR during
standing and the lowest HR during cycling. Oxygen uptake during rest was
calculated as the mean VO2 of lying (measured in respiration chamber or by the
ventilated hood), sitting and standing. Energy expenditure (EE) over periods of
the daytime when HR was < FLEX HR was calculated on basis of this mean
VO2. When HR was above FLEX HR, EE was derived from the min-by-min
recorded HR and the subjects calibration curve obtained on the ergometer. FLEX
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HR in the wheelchair-bound children who were able to cycle was defined as the
mean of the highest HR during sitting and the lowest HR during cycling. In the
arm cranking group, FLEX HR was defined as the mean HR for sitting. VO,
during rest was calculated as the mean VOj of lying (respiration chamber or
ventilated hood) and sitting. For periods of daytime when HR was < FLEX HR,
EE was calculated on basis of this mean VO,; when HR was above FLEX HR,
EE was derived from the min-by-min recorded HR and the calibration curves
obtained during cycling or during sitting and arm cranking. TEE was computed
by summing the estimated EE from daytime HR (using an energy equivalent of
20.50 kJ/L Oj) and adding SMR or RMR for sleeping hours.
In addition, physical activities of the children were observed (only in first year)
during school time from 9:00 AM till 3:30 PM (in EXP4,, the observation was
performed on a training day). Every minute the type of PA was recorded (same
observer for the different measurement periods). Activities were qualified as
Mower-intensity' (LI: lying, sitting, standing) or 'higher intensity' (HI: wheelchair-driving, independent transfer from wheelchair to chair, walking, running,
cycling, swimming, creeping). Also, the parents/guardians (P) and teachers (T) of
the children were asked (both years) by a questionnaire whether, in their opinion,
there had been changes in level of PA versus Tg (child has become more active,
less active, or has remained the same).
Fat mass

,

Thickness of 4 skinfolds (biceps, triceps, subscapular, suprailiac) was measured
with a Servier Caliper at the non-dominant side of the body. FM was calculated
according to Durnin and Rahaman (13).
F/g. /. Schematic presentation of the study design (training periods are dark)
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Statistical analysis
Data are expressed as mean ± SD. Comparisons between data were made using
the Wilcoxon test for paired observations, the Mann-Whitney U test for unpaired
observations, and the Chi-square test for frequencies (<x=0.05). To establish the
effects of 4 exercise sessions per week, data of EXP4, (n=10) were compared with
CON (n=10). The effects of 2 exercise sessions per week were established by
comparing the control children of the first year with themselves in the second
year. Because one child of this group had to quit training because of surgery, this
comparison was made on 9 children (EJG^ versus CON, n=9). Also the results
of the total experimental group of the second year are presented (EXPjm,,,, n=17)
and compared with CON (n=10). To establish the effects of the summer holidays
on PA as reported by the parents/guardians and on FM, results at TQ of the second
year were compared with T, of the first year. Such a comparison could not be
made for the PA ratios and PA as reported by teachers, since the methods to
determine the ratios differed between the 2 study years and children had different
teachers in both years.
•

Results
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Peak aerobic power (in watt/kgFFM, progressive cycling or arm cranking test) in
EXP4, was improved after 9 months by 35% (p<0.01) from 0.91 ± 0.83 to 1.23 ±
0.80; in EXPj, by 2 1 % (p<0.01) from 0.99 ± 0.77 to 1.20 ± 0.89 and in E X P ^ ,
by 20% (p<0.01) from 0.97 + 0.77 to 1.16 ± 0.83 (see also chapter 8).
Level of daily PA
In the children who had both SMR and RMR measurements (n=12), RMR (5.11
± 1.22 MJ/d) was on average 16% (range -4% to +57%) higher (p<0.01) than
SMR (4.42 ± 0.74 MJ/d). Because of the non-systematic intra-individual differences, it was not possible to deduce SMR from RMR or vice versa. Therefore, the
calculation of PA ratios differs between children, and ratios can not be compared
between groups.
Four exercise sessions per week (EXP4,, Table I) resulted after 9 months in an
average increase in PA level (on a training day) versus TQ of 0.21 (=16%,
p=0.07). PA levels in CON showed no significant increases versus TQ. Differences in the changes in PA levels between EXP4,, and CON were however not
statistically significant (also the area under the curve of changes from base-line
did not differ significantly between EXP^ and CON). EE added (above resting)
by a 45-min training session was 0.28 ± 0.17 MJ (10.9 ± 6.5 kJ/kgFFM) at Tj,
and 0.47 ± 0.26 MJ (16.9 ± 7.8 kJ/kgFFM) at T, (p<0.05). The extra EE during
training at T, represents an average increase of about 0.10 unit in the PA ratio on
a training day.
During the program with "2 exercise sessions per week (EXPj,, Table I),
changes in PA levels were similar to the changes in PA in the year without
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training (CON). EE added (above resting) by a 45-min training session was 0.41
± 0.32 MJ (12.6 ± 6.7 kJ/kgFFM) at T\ and 0.37 ± 0.23 MJ (11.1 ± 4.6
kJ/kgFFM) at T, (ns). The extra EE during training at T, represents an average
increase of about 0.06 unit in the PA ratio on a training day. PA levels of EXP,^,
at T, were increased versus T,, with 9% (p<0.05), but this was similar to the
changes in CON.
/. Level of daily PA (calculated as the ratio of total daily energy expenditure (TEE) to
sleeping or resting metabolic rate (SMR or RMR)), in children who participated in a 9-month
training program (EXP^ 4 times per week; EXPj, and EXP2,,o, 2 times per week) and in children
who had no extra exercise (CON)

To'

TV
T,'

CON
(n=10)

EXP,,
(n=IO)

CON
(n=9)

EXP,,
(n=9)

(n=I7)

1.24 ± 0.21
1.34 ±0.21
1.34 ±0.20

1.34 ±0.25
1.31 ±0.10
1.55 ±0.18*

1.26 ± 0.22
1.32 ±0.21
1.32 ±0.20

1.20 ±0.17
1.25 ±0.08
1.28 ±0.16

1.18 + 0.20
1.18 ± 0.14
1.29 ±0.20*

* T,,: base-line, Tj: after 2 months, T,: after 9 months; ' p=0.07 versus T,,, * p<0.05 versus To

There were no significant differences in percentage of time spent with 'HI'
activities between EXP,,,, and CON at T,,. EXP,,,, showed a significant increase in
'HI' activities during the training program versus TQI at T,,, 18 ± 8% of the total
observed time was spent with 'HI' activities, at T2 25 ± 8% (p<0.05) and at T, 25
± 8% (p<0.01). At T2, these 'HI' activities were observed within the training
sessions for 10 ± 2% of the total time, at T, for 11 ± 2%. CON had no significant
changes in percentage of observed time spent with 'HI' activities: at T<,, 21 ±
13%, at Tj 22 ± 11%, and at T, 16 ± 8%. The difference in the change in 'HI'
activities from TQ to T, between EXP4, and CON was significant (p<0.05).
At T, in the first year, parents/guardians of the children of EXP,,,, reported that
7 (=70%) children had become more physically active versus TQ (PA in 3 children
had remained the same), whereas in CON an increase in PA in 2 (=20%) children
was reported (1 child had become less active; 7 had remained the same). The
difference in the changes in PA between EXP4, and CON from TQ to T, just
failed to reach statistical significance (p=0.07). There were no further differences
in changes in PA as observed by parents/guardians or teachers between experimental and control groups.
Fat mass
FM (Figure 2) increased continuously (p<0.05) in CON during the study year (T,
versus T,,: +1.1 ± 1.6 kg), whereas FM in the experimental groups showed no
changes. The difference in the change in FM from T,, to Tj between CON and
EXP,, was significant (p<0.05) (between CON and EXP,,,, p=0.09; between CON
and EXP,^, p=0.06). There were no significant differences in the changes in FM
from To to T, between the experimental groups and CON (also the area under the
curve of changes from base-line did not differ significantly between the groups).
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After the summer holidays (T,,). FM in EXP4, was significantly (p<0.05) higher
(+0.7 ± 0.7 kg) compared to before the summer holidays (T,). Changes in FM in
EXP,x,ot were significantly different (p<0.05) between children who had also
trained during the first year (n=8, AFM after 9 months is +0.9 ± 0.9 kg, ns) and
children who had not trained during the first year (n=9, AFM after 9 months is
-0.3

+ 0.9

kg,

ns).
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Fig. 2. Changes in fat mass (kg) in children who participated in the training program (EXP4, 4
times per week; EXP,, and EXPj.^, 2 times) and in children who had no extra exercise (CON)
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Discussion
The aim of the study was to assess the effects of physical training on the level of
daily PA and FM in school children with spastic CP. An experimental controlled
design was used, which is rather unique in training studies in CP. It was not
possible to match the children for level of daily PA, because the HR method is
not suitable to predict TEE on an individual level (7,16). However, using 'physical ability' as primary matching criterion, resulted in our opinion in pairs of
children with reasonably comparable levels of daily PA.
In a previous study in which the HR method was compared with the doubly
labeled water technique in 9 CP children (7), it was concluded that monitoring the
HR during 3 days is preferable to obtain a close group estimate of TEE. Because
of practical reasons, it was not possible to measure HR in the present study
during more than 1 day in each measurement period, which may have reduced the
accuracy of the TEE prediction.
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Levels of daily PA in healthy children in The Netherlands (7 to 10 years) and
Northern Ireland (7 to 12 years), were found to be respectively 1.83 ± 0.23 and
1.77 ± 0.24 (6,16). Although different methods were used to assess PA, results of
the present study indicate that the CP children are considerably less active than
healthy children, which is in agreement with measurements of daily PA with
doubly labeled water in a smaller group of diplegic and tetraplegic CP children
(6,7).
Effects of training on level of daily PA

'

'-

The large intra-individual differences between SMR and RMR in the CP children
are in line with findings in 6 to 12 y old healthy children measured in our
laboratory (discrepancies ranging from -2% to +54%, unpublished data) and
findings of Blaak et al. (10) in 10-11 y old obese boys (RMR 10-20% higher than
SMR). In the adult population, a difference of about 5% is observed (15).
Results of the present study (Table I) indicate that 4 exercise sessions (45-min)
per week may, on the long term, increase daily PA in CP children, although this
effect was not significantly different from changes in PA in children who had no
extra training. This lack of significant difference may be due to the relatively
small study population, large intra- and interindividual differences in PA, and the
possibly reduced accuracy of the HR method (only 1 sampling day). Also the
observation of activities and the impressions of parents/guardians suggest an
increase in level of daily PA on the long term as a result of 4 training sessions.
No effects were found with 2 exercise sessions per week.
The increase in PA level in EXP^ at T, can be accounted for about 50% by the
direct energy cost of training and for about 50% by an increase in EE outside the
training hour, in agreement with findings of Blaak et al. (10) in obese boys. The
increase in EE outside the training hour suggests that training may have stimulated the CP children to be more active during daily life. CON showed an increase
of 0.10 in PA level after 9 months (Table I), but the increase was not statistically
significant. However, because of the small sample size, large intra- and interindividual differences in PA and the reduced accuracy of the HR method, it cannot
be excluded that CP children increase their PA throughout a school year independent of training. Therefore, the increase in PA level outside the training hour as
observed in EXP.,,,, may have been unrelated to the training program.
It can be concluded that training (45-min sessions 4 times per week) may, on
the long term, increase levels of daily PA in spastic CP children. However,
although peak aerobic power in EXP^ was improved considerably after 9 months,
the increase in PA as a consequence of the training intervention, is relatively
limited. After 9 months the average PA level on a training day was 1.55, but to
achieve in CP children a level of 1.8 (as found in healthy children (6,16)), as
much as daily 2.5 hours of aerobic training are needed (assuming an energy level
comparable to what was achieved at T, in first year). This is not feasible, which
means that sports programs can only partly restore the deficit in PA in CP
children. Therefore, CP children will never have equal opportunities for growth
and development when compared with healthy peers.
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Effects of training on fat mass
The present study implies that, although changes ir FM were not significantly
different between experimental and control groups on the long term (may be due
to small study population, large intra- and interindividual differences in FM),
physical training may prevent deterioration in body composition in CP children.
Two 45-min sessions per week seem to be sufficient in this respect. The finding
that the control children showed significant increases in FM (Figure 2) is in
agreement with the study of Dresen (12). According to Saris (20), the mean gain
in FM in healthy Dutch children is about 0.5 kg per year at 8-10 years of age.
The mean gain in the control group was considerably higher than these reference
values, namely 1.5 kg per year. FM in the experimental groups remained constant
throughout the training program, in contrast with Berg (5) who found significant
increases in FM in CP children participating in a training program.
In conclusion, although training has only a limited effect on restoring the deficit
in PA in CP children, regular physical exercise is important in young children
with spastic CP because it may prevent deterioration in body composition.
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Chapter 8

Physical training of school children with spastic
cerebral palsy: effects on aerobic power, anaerobic power and isokinetic muscle strength
'
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Departments of Movement Sciences' and Human Biology", University of l.imburg, PO Box 616, 6200 MD Maastricht, The Netherlands and the children's
rehabilitation center Franciscusoord\ Onderstestraat 29, 6301 KA Valkenburg a/d
Geul, The Netherlands
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Abstract
Effects of two 9-month sports programs (45-min aerobic exercise sessions, 4 or 2
times per week) on peak aerobic power, anaerobic power (cycling or arm
cranking test), and isokinetic strength of the knee extensors and flexors (Cybex)
were assessed in cerebral palsied (CP) children with spastic diplegia/tetraplegia
(n=20, mean ± SD age 9.2 ± 1.4 y), randomly assigned to an experimental and
control group after matching. After 9 months, training with a frequency of 4
sessions per week, increased peak aerobic power considerably (p<0.01) by on
average 35% (p<0.05 versus control). Two sessions per week resulted after 9
months in an increase (p<0.01) in peak aerobic power of 2 1 % (p=0.17 versus
control). Results also suggest that training has a favourable effect on isokinetic
muscle strength. No training-related effects were found on anaerobic power. It
was concluded that aerobic training is recommendable in young children with
spastic CP.
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Introduction
Children with cerebral palsy (CP) have a distinctly subnormal aerobic power,
anaerobic power, and muscle strength in comparison with healthy peers (3,7,11,
13,15,22,25), which partly may be caused by low levels of daily physical activity
(PA). In previous studies in CP children (8-10), it was shown that these children
are extremely hypoactive compared to their healthy counterparts. Increasing the
level of daily PA in these children by special sports programs, might therefore be
effective in improving their physical fitness.
A number of studies is available on the effects of training on aerobic power
and muscle strength in CP (2,6,13,16,18,21,23,24,26,29), but most of them
concern heterogeneous and older age groups and training programs often last for
a relatively short period (4-10 weeks). Furthermore, control groups are usually not
included. To our knowledge, no studies exist concerning effects of training on
anaerobic power in CP.
The aim of the study was to assess the effects of 9-month sports programs (4
or 2 sessions per week) on peak aerobic power in young children with spastic
diplegia and spastic tetraplegia. Although the program consisted mainly of aerobic
exercise, also the effects on anaerobic power and isokinetic muscle strength were
studied. An experimental controlled design was used.

Methods (for experimental design and subjects see Figure 1 and chapter 6)
Peak aerobic power
Peak aerobic power was measured in a progressive maximal aerobic test (based
on the McMaster All-Out Progressive Continuous Cycling and Arm Test (3)) on a
mechanically braked calibrated ergometer (Universal Ergostat Fleisch, Metabo,
Epalinges, Switzerland). Depending on their physical ability, children performed a
cycling test (n=13) or arm cranking test (n=7). Resistance was increased every 2
min with a variable load, depending on the ability of the child, until the child was
unable to continue pedaling. Individual protocols were constructed such that the
total exercise time ranged between 8 and 12 min. No fixed pedaling rate was
required, the number of revolutions was recorded. The test was preceded by a
warm-up (5 min) and verbal encouragement was given throughout the test. Peak
aerobic power was defined as the highest power output over the two min of a
load. When the child could not complete two min of the final load, peak aerobic
power was calculated as the mean of the power of the penultimate stage and the
final stage. Peak HR (Sport Tester PE3000) was defined as the highest average
HR over the last min of a load.
In addition, in the second year, we had the opportunity to assess peak oxygen
uptake in the cycling group in a separate test. Oxygen uptake was measured using
a face mask connected to a Jaeger EOS-sprint analyzer (Jaeger Nederland, Breda,
The Netherlands) and HR was taken from an ECG monitor. It turned out to be
impossible to perform this measurement in the arm cranking group, because,
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when sitting behind the ergometer, the distance between cranks and face was so
small that the cranks constantly hit the tube that connected the mask with the
analyzer.
. v•
Anaerobic power

'

Anaerobic performance was measured on the calibrated Fleisch ergometer by the
Wingate Anaerobic cycling or arm cranking Test (WAnT). A detailed description
of the WAnT is given by Bar-Or (4) and Dotan and Bar-Or (14). Briefly, the
WAnT is a 30-s cycling test at all-out speed, against a constant braking force. By
trial and error, the force was determined which elicited the highest power
(=optimal braking force). The test was preceded by a warm-up (5 min) and verbal
encouragement was given. Pedal revolutions were registered continuously. Two
performance indices were calculated: /?ea£ a«aero6/c power (PP: the highest
power at any 5-s period; reflects the ability of the limb muscles to produce high
mechanical power in a short time (4)) and /wea/7 awaeroo/c power (MP: power
throughout the 30-s test; reflects the ability to sustain high power (4)).
Isokinetic muscle strength
Muscle strength was determined by an isokinetic device (Cybex II, Ronkonkoma,
USA), recording strength as torque in Nm (20,27). Torque determinations were
made on the extensor and flexor muscles of the knees at 30° /s. The test was
conducted while the child was seated with thigh and pelvis stabilized. All
measurements were performed at the damping levels recommended in the Cybex
Testing Manual (12). After a warm-up (5 min), each subject performed
5
maximal contractions with the least affected leg, starting with extension. Verbal
encouragement was given to exert maximal effort. After repositioning the apparatus, the subject completed the above procedures for the most affected leg. Peak
torque (PT) was defined as the maximum torque generated by the subject throughout one series of repetitions. Because of technical problems, strength measurements were only performed in the second study year.

Statistical analysis
Data are expressed as mean ± SD. Comparisons between data were made using
the Wilcoxon test for paired observations and the Mann-Whitney U test for
unpaired observations (ct=0.05). Bivariate correlations were performed by Spearman's rank order correlation. To establish the effects of 4 sessions per week on
aerobic and anaerobic power, data of EXP,,,, (n=10) were compared with CON
(n=10). The effects of 2 sessions per week on aerobic and anaerobic power were
established by comparing the control children of the first year with themselves in
the second year. Because one child of this group had to quit training because of
surgery, this comparison was made on 9 children (EXP2,, versus CON, n=9). Also
the results of the total experimental group of the second year are presented
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(EXP,,«,,, n=17) and compared with CON (n=10). To establish the effects of the
summer holidays on the fitness parameters, results at T,, of the second year were
compared with T, of the first year. For isokinetic strength measurements, only
effects of 2 sessions per week (EXP^IM) were established; no comparisons could
be made with controls.
•••>•-•-. i>i; < : : ; : /
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Results
Peak aerobic power
Because there was a significant relation between fat-free mass (FFM) and peak
aerobic power (Spearman correlation 0.55, p<0.01), peak aerobic power is
presented in watt per kg FFM (Table I). There were no significant differences in
base-line aerobic power between the experimental and control groups. After 9
months of training, peak aerobic power in EXP^ had increased (p<0.01) by 35%
(9 children showed an increase varying from +15% to +376%; 1 child showed a
decrease of 9%). During the summer holidays, peak aerobic power in EXP^
decreased significantly (p<0.01) by 17%. There were no significant changes in
CON. Changes in peak aerobic power from T,, to T, were different (p<0.05)
between EXP,, and CON.
During the second year, EXP,* showed an increase (p<0.01) in peak aerobic
power at T, of 2 1 % (all children showed an increase varying from +2% to
+268%), but this change was not significantly different versus CON (p=0.17).
Peak aerobic power in EXP,,,,,, had increased (p<0.01) at T, by 20% (16 children
showed an increase varying from +2% to +268%; 1 child showed a decrease of
6%), not significantly different (p=0.23) versus CON (there was also no significant difference in the area under the curve of changes from base-line between
EXP,, and CON and between EXP,,^, and CON). Increases in E X P ^ , were
similar in the children who had also trained during the first year (n=8, peak
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aerobic power came back to values similar to ones just before the summer
holidays) and in the children who had had no training in the first year (n=9).
7aWe /. Peak aerobic power (watt per kg FFM) in children who participated in a 9-month
training program (EXP.,, 4 times per week; EXPj, and EXPj,,,,, 2 times per week) and in children
who had no extra exercise (CON)
CON
(n=10)
T,"
T;
T,,"

1.11
1.01
1.17
1.15

±0.96
±0.84
± 0.94
±0.88

EXP,,
(n=10)

CON
(n=9)

EXP,,
(n=9)

EXP,,,,,,
(n=17)

0.91 ± 0.83
1.02 ± 0.82
1.23 ± 0.80'
1.02 ± 0.76*

1.03 ± 0.98
0.90 ± 0.82
1.06 ± 0.92

0.99 ± 0.77
1.08 ±0.86

0.97 ± 0.77
1.03 ± 0.75
1.16 ±0.83'

1.20 ±0.89'

T,,: base-line, Tj: after 2 months, T,: after 9 months, T^: after 12 months (=T,, of second year);
' p<0.0l, versus To; ' p<0.01, versus T,

Absolute increases in peak aerobic power after 9 months of training were on
average (over both programs) 0.32 watt/kgFFM in the cycling group and 0.18
watt/kgFFM in the arm cranking group (p=0.06). Proportionally, these effects
were larger (p<0.05) in the arm cranking group (+129%) than in the cycling
group (+23%). Also effects on peak HR were different (p<0.05) between the
cycling and arm cranking group: peak HR (bts/min) in the cycling group
remained constant during the training program (175 ± 13 at T<, and 176 ± 11 at
T,. ns), whereas peak HR in the arm cranking group tended to increase during
training (125 ± 9 at Tp and 143 ± 18 at T,, p=0.06).
Peak oxygen uptake (ml/min kgFFM'), measured during the second year in
the cycling group (n=9), increased by 22% (p<0.05) from 31.8 ± 7.8 at To to 38.2
± 8.5 at TV Increase in peak aerobic power (per kg FFM) from T,, to T, in this
group was 16% (p<0.05). Respirator) quotients (RQ) during maximal work
remained constant during the year (0.93 + 0.05 at T,, and 0.94 ± 0.06 at T,, ns).
Anaerobic power
Because there was a significant correlation between FFM and anaerobic power
(Spearman correlations between FFM and PP and between FFM and MP were
respectively 0.55 and 0.58 (p<0.01)), anaerobic power is presented in watt per kg
FFM (Table II). There were no significant differences in base-line anaerobic
power between the experimental and control groups. In EXP,^, both PP and MP
tended to be higher (p=0.06) at T, compared to To by respectively 15% and 11%.
CON showed similar increases in PP and MP at T, as EXP^ (11% and 13%
respectively, p<0.05). Changes in PP and MP in EXP,, and
were also not
significantly different from changes in CON.
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//. Peak anaerobic power (PP, watt per kg FFM) and mean anaerobic power (MP, watt per
kg FFM) in children who participated in a 9-month training program (EXP,,, 4 times per week;
EXP,, and EXP,,,,,, 2 times per week) and in children who had no extra exercise (CON)

PP

CON
(n=10)

TV
T;
T;
MP

2.35
2.26
2.60
2.55

±
±
±
±

1.75
1.63
1.86'
1.89

CON
(n=10)

To'

TV
TV
T,2*

1.92
1.88
2.17
2.12

±
±
±
±

1.45
1.31
1.55'
1.60

EXP,,
(n=10)
2.16
2.32
2.49
2.41

±
±
±
±

1.94
1.84
1.94*
1.83

EXP,,
(n=10)
1.77 ±
1.76 ±
1.97 ±
1.90+

1.58
1.40
1.51*
1.42

CON
(n=9)

EXP,,
(n=9)

EXP,,,«
(n=17)

2.12 ± 1.69
2.11 ± 1.65
2.36 ± 1.81*

2 .42 ± 1.96
2 .33 ± 1.88
2 .65 ± 1.90

2.32 ± 1.89
2.19 ± 1.69
2.67 ± 2.07'

CON
(n=9)

EXP,,
(n=9)

EXP,,,,,,
(n=17)

1.75 ± 1.42
1.77 ± 1.33
2.03 ± 1.56*

1.99 ± 1.63
1.87 ± 1.48
2 . 1 0 ± 1.51

1.89 ± 1.54
1.76 ± 1.35
2.02 ± 1.53

TV base-line, T,: after 2 months, T,: after 9 months, T,j: after 12 months (=To of second
year);' p<0.05, * p=0.06, versus To

Isokinetic muscle strength
Because there were no significant correlations between anthropometric parameters
(height, weight, FFM) and PT, nor between these parameters and the changes in
PT during training, PT is presented in absolute units (Nm, Figure 2). Flexion PT
in the least affected leg in EXP2^, was increased at Tj by 32% (pO.Ol) and at T,
by 39% (p<0.01). Flexion PT in the most affected leg was increased with 28%
(pO.Ol) at T, and showed no further increases at T,. Increases in extension PT at
T, were 12% (p<0.05) and 24% (p<0.05) in respectively the least and most
affected leg. There were no significant differences in the changes between
children who had also trained in the first study year (n=8) and children who had
had no training in the first year (n=9).
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2. Changes in flexion and extension peak torque (Nm) at 30° /s in children who participated
in a 9-month training program with 2 exercise sessions per week (EXPj^,, n=17)
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least#
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least*

most*

TO

• p<0.05, § p<0.0l, versus To; least# = least affected leg,
most# = most affected leg

Discussion
The aim of the study was to assess the effects of aerobic training on peak aerobic
power, anaerobic power, and isokinetic muscle strength in school children with
spastic CP. An experimental controlled design was used, which is rather unique in
training studies in CP. The used cycling tests and the isokinetic strength test have
been found to be reliable (test-retest correlations varying from 0.71 to 0.96) in
young children with spastic CP (7). Reliability of arm cranking tests has not been
studied in CP children.
When compared with healthy Dutch children of the same age (7), test outcomes (aerobic and anaerobic power during cycling and strength of knee extensors
and flexors) in the CP children are on average 50 to 60% lower. Only 3 children
had test-outcomes on the 3 tests within the normal range. This distinctly subnormal physical fitness in CP children is in agreement with previous studies (3,7,
11,13,15,22,25).

Effects on peak aerobic power

Results of the present study indicate that aerobic training with a frequency of 4
sessions per week, has pronounced effects on peak aerobic power in CP children
(increase is on average 35%), in agreement with previous studies (2,6,18,21,29).
Peak aerobic power in CON did not increase during the school year, indicating
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that habitual activity patterns in CP children, including gymnastic lessons, are not
sufficient to induce improvements in aerobic power. At T,, peak aerobic power in
CON tended to decrease, which can be explained by the fact that these measurements were performed during the winter (inactive period). Two sessions per week
resulted in average increases in peak aerobic power of 2 1 % (EXP-,,,) and 20%
(EXP,,,,,,), but these changes were not significantly different versus CON.
In healthy adults, physical training usually results in increases of the aerobic
power of 5 to 20% (1). Aerobic trainability in prepubescents, particularly in those
less than 10 years old, is lower than in adults (3). Considering this, results
obtained in the CP children may be explained by their abnormally low base-line
levels of aerobic power.
Significant improvements were only found at T,, indicating that periods of 4-10
weeks may be too short to induce measurable training-related improvements. The
summer holidays significantly reduced the peak aerobic power, in agreement with
Berg (6).
The relatively low peak HR (both in cycling and arm cranking groups) and
maximal RQ values (cycling group, second year) indicate that peak aerobic
performance in the CP children was attained at low levels of cardiorespiratory
stress. Apparently, aerobic exercise testing in these children by means of cycle
ergometry and arm cranking is restricted by non-cardiorespiratory factors.
During training, peak HR remained constant in the cycling group, whereas
peak HR in the arm cranking group tended to increase with on average 14
bts/min. These results suggest that in the cycling group (in general less severely
handicapped), the increase in peak aerobic power is caused by the oxygen effect
(change in oxygen uptake at the same HR (5)), and in the arm cranking group (in
general severely affected) by probably a combination of oxygen effect and muscle
effect (difference in peak HR before and after training, due to improved muscle
performance (5)). This finding is in agreement with the study of Berg (6) in
severely handicapped CP children.
Effects on anaerobic power
Although training activities were predominantly aerobic, also effects on anaerobic
performance were studied, because it may be hypothesized that aerobic training of
children with low activity levels, might also induce increases in anaerobic power.
However, results of the study do not support this hypothesis: increases in anaerobic power during the study years were similar in the experimental and control
groups, indicating that they are independent of training. The increases in anaerobic power in the CP children are in agreement with findings of Bar-Or (3) and
Falgairette (17) in healthy children and are probably due to qualitative changes in
muscles with increasing age (3.17). From the results obtained on anaerobic
power, also the importance of including a control group in training studies in
growing children becomes apparent.
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Because the purpose of the study was to establish the effects of training on
muscle strength, no corrections were made for the effect of gravity on the lower
limb. The 'real' values for flexion PT are therefore expected to be somewhat
lower, whereas strength of the extensors is expected to be underestimated (19,28).
In the wheelchair-bound children, it would have been preferable to measure also
flexion and extension PT in the elbow, but children were to small to perform this
measurement on the used Cybex device.
Results of the study suggest that, although no comparisons could be made with
controls, aerobic training may increase isokinetic strength of the knee extensors
and flexors in children with CP. Possible explanations for this increase in muscle
strength may be increases in muscle mass, synchronization of motor unit recruitment, and a decrease in cocontraction of agonist and antagonist muscles. Significant improvements in torque of 25% (knee flexion and extension) and 59%
(elbow extension) were also found by respectively MacPhail and Kramer (23) and
McCubbin and Shasby (24) in CP children and adolescents, but their training
programs consisted of isokinetic exercise.
In conclusion, aerobic training is effective in eliciting higher peak aerobic power
and seems to increase isokinetic muscle strength in CP children. No effects of
aerobic training are found on anaerobic power. The higher fitness may increase
the effectiveness of rehabilitation programs, and may have positive effects on
activities of daily life and social integration. Most pronounced effects of training
on aerobic power were achieved with 4 sessions (45 min) per week. Because of
strenuous therapy programs during school time, especially in severely affected
children, this relatively high frequency of training during school hours may not be
feasible. Participation in organized sports activities outside the rehabilitation
center is therefore recommendable in addition to training activities at school.
However, at the moment, the possibilities for handicapped children to be intensively active outside the rehabilitation center are limited. Therefore, much effort
has to be invested in creating out-school training programs for handicapped
children.
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Abstract
Effects of two 9-month sports programs (45-min aerobic sessions, 4 or 2 times
per week) on spasticity and mechanical efficiency (ME) were assessed in spastic
cerebral palsied (CP) children (n=20, 9.2 ± 1.4 y), randomly divided over an
experimental and control group after matching. Spasticity was assessed by the
Ashworth test (passive movements) and by surface electromyography (EMG,
during cycling or arm cranking). Simultaneously to the EMG assessments,
measurements of ME were performed. Aerobic training had no effect (positive
nor negative) on spasticity during passive movements or ME. Training tended to
(partly) normalize EMG patterns during cycling, but this was not supported by
significant changes in calculated EMG parameters.

Introduction
Cerebral palsy (CP) is an inclusive term used to describe a number of chronic,
non-progressive disorders of motor function, which occur in young children as a
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result of disease of the brain (19). Spasticity is the most common motor impairment, and accounts for approximately two-third to three-quarter of all children
with CP (18). A widely accepted definition of spasticity is that of Lance (24): 'a
motor disorder characterized by a velocity-dependent increase in tonic stretch
reflexes ('muscle tone') with exaggerated tendon jerks, resulting from hyperexcitability of the stretch reflex, as one component of the upper motor neuron
syndrome'.
Due to the increased muscle tone, mechanical efficiency (ME) in children with
spastic CP is low. Impaired coordination of agonist and antagonist muscles,
involuntary muscle activity, and postural stabilizing movements may also play a
role (3,6,26,27). Low ME in CP subjects is found during ergometry with the legs
(6,13,20,26,27) and with the arms (2), and can be considered detrimental to the
performing of activities of daily life.
In previous papers (10,11), we described the effects of 9-month, predominantly
aerobic training programs (4 or 2 sessions per week), on level of daily physical
activity (PA), body composition, and fitness parameters (aerobic power, anaerobic
power, muscle strength) in school children with spastic CP. The present paper
describes the effects of these programs on spasticity and ME. As was hypothesized by Lundberg (28), low physical activation might imply an insufficient
intensity of stimulation for neuromuscular function which, by increasing spasticity, reflects itself in lower ME. Because young children with spastic CP are found
to be extremely hypoactive when compared with healthy counterparts (8-10),
increasing levels of daily PA by sports programs might result in reduced spasticity and improved ME. However, it is also possible that sports programs, and
particularly strenuous programs, have deleterious effects on both parameters.

Methods (for experimental design and subjects see Figure 1 and chapter 6)
Spasticity
Measurements of spasticity were performed during passive movements (Ashworth
test, both study years) and during cycling and arm cranking (EMG, only in
second year; simultaneously to the measurement of ME).
Spasticity during passive movements
One of the methods that has been proposed for measuring muscle spasticity
involves manually moving a limb through the range of motion to passively stretch
specific muscle groups. Ashworth (1) has described a five-point ordinal scale for
grading the resistance encountered during such passive muscle stretching:
0 = no increase in tone
1 = slight increase in tone giving a 'catch' when the limb was moved in flexion
or extension
2 = more marked increase in tone but limb easily flexed
3 = considerable increase in tone - passive movement difficult
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4=

limb rigid in flexion or extension

Children were examined while lying on a bed (supine position) by the same,
experienced investigator (physical therapist) at all time points. Passive movements
of the limbs (extension/flexion in hips, knees, ankles, shoulders, elbows, wrists;
adduction/abduction in hips) were made (bilateral) and an average score was
calculated. At the start of the experiment (TQ in first year), children were
examined twice (within one week); the average of these measurements was used
as the base-line score. During the other measurement periods, children were
examined once.
Spasticity during cycling and arm cranking

-

Spasticity during cycling and arm cranking was, for practical reasons, only
measured during the second study year. Cycling and arm cranking tests (lasting 6
min) were performed on a mechanically braked calibrated ergometer (Universal
Ergostat Fleisch, Metabo, Epalinges, Switzerland), equipped with a tachometer to
determine pedaling rates. Depending on their physical ability, children performed
a cycling test (n=13, feet were fixed to the pedals with braces) or arm cranking
test (n=7). The aim was to exercise at 30% of their previously assessed peak
aerobic capacity. No fixed pedaling rate was required, the actual load was
calculated from the recorded pedaling rates and dosed load. Arm cranking tests
were performed with 1 arm, while the children were sitting in their own wheelchair beside the ergometer. It turned out to be impossible to perform measurements while cranking with two arms, because, when sitting behind the ergometer,
the distance between cranks and face was so small that the cranks constantly hit
the tube that connected the mask with the gas exchange analyzer (for measurement of ME).
During cycling, EMG recordings were performed (on most affected side) in: 1)
m. rectus femoris (rf); 2) m. biceps femoris (bf); 3) m. tibialis anterior (ta); 4) m.
gastrocnemius medialis (gm). During arm cranking, EMG was recorded in 1) m.
biceps brachii (bb); 2) m. triceps brachii (tb); 3) extensor muscles of wrist (ex);
4) flexor muscles of wrist (fl). Muscle activity in the arm was measured on the
least affected side, because most children were not able to crank with their most
affected arm. Surface EMG was measured with a K-Lab kinesiological measuring
system (K-Lab Kinesiologic Laboratory Systems, Amsterdam, The Netherlands).
The electrodes (Ag/AgCl Medi-Trace) were placed 23 mm apart over the belly of
each muscle. In order to register pedal position, a disk with notches (every 10°)
was attached to the crank axle, with a source of light behind it (lowest position of
the right pedal was defined as 0°). EMG and pedal position were sampled with a
Labmaster AD-converter. In the cycling group, muscle activity was measured
during 20 s (sample frequency 500 Hz) after the children had reached a regular
pedaling rate (approximately after 3 minutes). In this period, about 10 rotations
had to be made. During arm cranking, a longer measurement period was used (35
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s, 300 Hz), because not all children could reach the minimum of 10 rotations in
20 s.
descr/pf/ow o/£A/G
The mean squared value, RMS/LE (linear envelope), was calculated off-line over
19 measure points which is equivalent to a calculation over about 40 ms (cycling)
or 60 ms (arm cranking) and related to pedal position (not to time, since no fixed
pedaling rate was required). EMG graphs were normalized by dividing the RMSvalues by the average activity of the muscle (=fraction of average activity).
Smoothed individual patterns were obtained by averaging the data of 10 regular
rotations for each recorded muscle.
n o/£A/G
In order to quantify the characteristics of the EMG patterns, the following
parameters were calculated:
7.
The width of the pattern is the range of rotation in which the muscle is active.
Muscles were defined as active when the fraction of the average activity was
more than 75% (muscle activity varied from 25% to 225% of the average
activity). For this subjective border was chosen because in standardized graphs of
healthy children measured during cycling and arm cranking in our laboratory
(Van Munster and Van Overveld, unpublished data), the 75% level clearly distinguished between activity and no-activity.
2
The range of the pattern was obtained by calculating the difference between the
lowest and the highest activity-value.
5./?"
The quotient R=(I,)/(I(,) has been used by Benecke et al. (5) to quantify the
pathological widening of the EMG activity pattern of spastic patients during
cycling. I, is the integral of the EMG during the normal recruitment period; 1^ is
the integral of the EMG in the range of rotation in which normally - but not
always in patients - a silent state of muscle occurs. R decreases when the
pathological activity increases.
In the present study, the normal recruitment period of the muscles was based
on standardized graphs of healthy children measured in our laboratory (Van
Munster and Van Overveld, unpublished data). Because R is sensitive for small
changes in the borders between activity and no activity, the average muscle activity (per °) during the normal and pathological recruitment period was used:
R

~ 0 l average ) ' Uo average)-

'

'

Co-contraction of the agonist and antagonist muscles acting across the same joint
is considered as a means of achieving joint stability. However, in a too high
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extent, it is considered to be a cause of inefficient movement. Falconer and
Winter (16) defined a co-contraction-index (CI):
CI = (2 * common area of contraction / area muscle 1 + area muscle 2) * 100%.
With increasing co-contraction, CI increases. CI was calculated for rf and bf and
for ta and gm (cycling); for bb and tb and for ex and fl of the wrist (arm
c r a n k i n g ) .
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VO, (L/min) was measured during a 6-min cycling or arm cranking test (at 30%
of peak aerobic capacity; in second year simultaneously to EMG measurement)
using a face mask connected to a Jaeger EOS-sprint analyzer (Jaeger Nederland,
Breda, The Netherlands). VOj was computed as the mean of the last 4 min of a
test. ME (net efficiency, in %) was calculated according to Lundberg (27):
mechanical work rate performed (W) x 100 / 69.8 x 4.9 ( V C ^ * - VC^aiX
where 69.8 is the factor for conversion of calories per min into watts, and 4.9 is
the calculated value in calories derived from the combustion of 1 L of oxygen in
the presence of a normal diet. V C ^ ^ was calculated as the mean VOj during
sitting on a (wheel) chair (average VO, over 4 min, after an equilibration period
of 2 min).
;'

Fig. /. Schematic presentation of the study design (training periods are dark)
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Statistical analysis
Data are expressed as mean ± SD. Comparisons between data were made using
the Wilcoxon test for paired observations and the Mann-Whitney U test for
unpaired observations (a=0.05). To establish the effects of 4 exercise sessions per
week on spasticity during passive movements (Ashworth test) and ME, data of
(n=10) were compared with CON (n=10). The effects of 2 sessions per
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week on spasticity during passive movements and ME were established by
comparing the control children of the first year with themselves in the second
year. Because one child of this group had to quit training because of surgery, this
comparison was made on 9 children (EXP,,, versus CON, n=9). Also the results
of the total experimental group of the second year are presented (EXP,,,,,,,, n=17)
and compared with CON (n=10). For spasticity during cycling and arm cranking
(EMG), only effects of 2 sessions per week are established (n=ll); no comparisons could be made with controls.

Results

.

..

Peak aerobic power (in watt/kgFFM, progressive cycling or arm cranking test) in
EXP4, was improved after 9 months by 35% (p<0.01) from 0.91 ± 0.83 to 1.23 ±
0.80; in EXP* by 2 1 % (p<0.01) from 0.99 ± 0.77 to 1.20 ± 0.89 and in E X P ^ ,
by 20% (pO.Ol) from 0.97 + 0.77 to 1.16 ± 0.83 (see also chapter 8).
Spasticity during passive movements (Ashworth test)
There were no significant differences in base-line Ashworth scores between
experimental and control groups, nor in changes in scores between EXP 4, and
CON and EXP,, and CON (Table I). EXP,,,,,, showed a significant (p<0.05)
increase after 9 months of training, but this was not. si°pj.0r.aDf.kj diffiy/y?/.. fen?i
changes in CON. There were no differences in changes between the cycling group
and the arm cranking group.
/. Mean Ashworth scores in children who participated in a 9-month training program
(EXP«, 4 times per week; EXP}, and EXP2,,,,,, 2 times per week) and in children who had no
extra exercise (CON)

To"

TV

CON
(n=10)

(n=10)

CON
(n=9)

EXP,,
(n=9)

(n=17)

1.39 ±0.64
1.41 ± 0.58
1.49 ±0.58

1.31 ±0.59
1.30 ±0.58
1.39 ±0.62

1.45 + 0.65
1.45 + 0.59
1.53 ±0.60

1.43 ±0.33
1.51 ±0.44
1.54 ±0.55

1.37 ± 0.43
1.44 ±0.51*
1.53 ±0.56'

" T,,: base-line, Tji after 2 months, T,: after 9 months; * p=0.06, ' p<0.05 versus T,,

Spasticity during cycling and arm cranking (EMG)
The cycling group performed the submaximal tests at 39 ± 12% of their peak
aerobic capacity (44.7 ± 13.0 rpm); the arm cranking group at 74 ± 49% (14.8 ±
4.9 rpm). This relative workload and pedaling rate did not change significantly
during the study years in both experimental and control groups. In Figures 2a-2d,
the effects of training (2 sessions per week) on the average EMG patterns during
cycling are shown. Particularly in rf and bf (Figures 2a and 2b respectively),
activity peaks showed a tendency to be more concise after training (Tj and T,).
100

7ra/n/«g
F/gwres 2a-2<i. Average electromyography (EMG) patterns during cycling in m. rectus femoris
(a, n=7), m. biceps femoris (b, n=6), m. tibialis anterior (c, n=7), m. gastrocnemius medialis (d,
n=3). Y-axis: fraction of average EMG activity (%); X-axis: pedal position (°, lowest position of
right pedal is 0°). T<, uninterrupted line, T, ••••, T, — .
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100

360
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360

90

180
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360

/g. 2rf. M. gastrocnemius medialis
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The parameters as presented in Table II show a decrease in width of pattern and
CI, and an increase in the range and R*. However, none of these changes was
statistically significant.
'•"•-"• -••'•'••-•:•
'
•
'
'•
7iaWe //. Calculated electromyography (EMG) parameters in lower limb muscles during cycling
in children who participated in a 9-month training program (2 sessions per week)
Muscle"

n

rf
bf
ta
gm

7
6*
7
3'

214
188
209
218

±46.3
±64.6
± 53.6
±37.9

219
167
225
167

±40.1
±29.1
± 87.6
± 13.1

221
173
184
190

± 67.3
±40.4
± 72.4
± 28.6

Range (fraction average activity)

rf
bf
ta
gm

7
6*
7
3'

184
213
171
178

± 77.6
±96.0
± 54.7
±47.3

189 ±44.5
203 ± 59.3
157 ±55.4
192 ± 9.4

191
219
200
218

± 80.6
± 59.0
±81.5
±61.0

R'

rf
bf
ta
gm

7
6*
7
3^

1.72
1.13
1.60
1.17

± 1.14
±0.47
± 1.03
±0.43

2.30 ± 0.73
2.06 ± 0.49
1.51 ±0.47
1.61 ±0.19

1.81
2.08
1.57
1.36

± 1.03
± 0.86
±0.75
± 0.45

rf&bf
ta&gm

6*
3'

71.9 ± 10.3
64.3 ± 11.9

73.7 ± 14.7
63.5 ±4.1

64.6 ±17.1
64.7 ± 10.2

Width of pattern (°)
•

- .

'

.

Co-contraction index

T;

TV

To'

' rf = m. rectus femoris, bf = m. biceps femoris, ta = m. tibialis anterior, gm = m. gastrocnemius
medialis; ' T,,: base-line, Tj: after 2 months, T,: after 9 months; * registrations were not succesful
in I child at T^; ' registrations are missing in 4 children because the braces that fixed the feet to
the pedals hindered the measurement
The arm cranking patterns showed no obvious changes during training (Figures
3a-3d). Because this group was small (n=4), no statistical analysis of the parameters could be performed. However, the trends in the parameters suggest a more
pathological pattern during training (Table III).
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on
Figures 3a-3o". Average electromyography (EMG) patterns during arm cranking in m. biceps
brachii (a, n=4), m. triceps brachii (b, n=4), extensors of wrist (c, n=4), flexors of wrist (d, n=4).
Y-axis: fraction of average EMG activity (%); X-axis: pedal position (°, lowest position of right
pedal is 0°). T,, uninterrupted line, Tj •—, T, — .
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100

90

180

2 7 0

3 6 O

90
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180

270

360

270

360

»g. 36. M. triceps brachii

F/g. 3a. M. biceps brachii
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150
100

100

180
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360

90

180

F/g. 3rf flexor muscles of wrist
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///. Calculated electromyography (EMG) parameters in upper limb muscles during arm
cranking in children (n=4) who participated in a 9-month training program (2 sessions per week)
Muscle'
Width of pattern (°)

Range (fraction average
activity)

Co-contraction index

T;

To'

T;

bb
tb
ex
fl

176
190
184
264

± 67.0
± 24.7
±48.1
± 11.4

168
183
164
236

± 42.8
± 14.4
± 15.2
± 47.2

294
200
185
285

± 52.1
± 28.1
±43.0
± 16.0

bb
tb
ex
fl

173
222
256
198

±93.5
± 23.3
± 24.5
± 36.5

248
173
265
169

±48.1
±97.7
±24.1
± 12.4

121
183
198
134

±
±
±
±

bb
tb
ex
fl

1.52
1.36
1.85
1.72

± 0.56
±0.36
±0.84
± 0.87

1.82
1.42
2.59
1.18

±0.53
±0.58
± 0.84
± 0.41

1.32
1.32
1.42
1.11

±0.35
± 0.60
±0.33
±0.47

bb&tb
ex&fl

58.4 ± 9.6
63.3 ± 10.9

62.5 ± 8.1
71.7 ±3.9

12.7
31.9
40.5
15.3

71.1 ± 11.2
67.3 ± 8.1

" bb = m. biceps brachii, tb = m. triceps brachii, ex = extensors wrist, fl = flexors wrist
' T<>: base-line, T2: after 2 months, T,: after 9 months

Mechanical efficiency
Because in both EXP4, and CON there was a gap (ns) in ME between To and Tj
(Table IV), it was concluded that ME measured at T,, in the first study year was
too low in both groups (probably because of excitement: it was the first time the
children wore a face mask). Therefore, measurements at TQ of the first year were
excluded from further analysis, and ME measured at Tj was used as base-line.
Base-line ME in the cycling group was 13.2 ± 5.7%, in the arm cranking group
8.4 ± 3.8% (p=0.07)). There were no significant differences in base-line ME
between experimental and control groups. In both EXP4,, and CON, ME remained
unchanged after T,. ME in EXPj, was increased (p<0.05) at T, versus T,,, but this
was not significantly different from changes in CON (T, versus T,). There were
no differences in changes between the cycling group and arm cranking group.
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/K Mechanical efficiency (ME, in %) in children who participated in a 9-month training
program (EXP4, 4 times per week; EXPj, and EXPj,,,,, 2 times per week) and in children who
had no extra exercise (CON)

To*

TV

CON
(n=9)"

EXP4,
(n=9)'

CON
(n=8)'

EXP,.
(n=8)'

(n=16)

(10.6 ± 4.0)*
12.9 ± 4 . 5
13.0 ± 5.0

(10.4 ± 5.6)'
11.4 ± 6 . 2
11.2 ± 5 . 9

(10.2 ± 4.1)«
12.1 ± 4 . 1
12.5 ± 5 . 0

12.9 ± 5 . 1
12.9 ± 4.7
13.4 ± 6 . 4 '

12.7 ± 5.9
11.7 ± 5.0
11.8 ± 6 . 3

' One matched pair was excluded from analysis, because one child of this pair was not able to
crank with one arm against resistance; ' T,,: before program started, T,: after 2 months, T,: after
9 months; * excluded from analysis, see text;' p<0.05 versus T,,

Discussion
The aim of the study was to assess the effects of aerobic training on spasticity
and ME in school children with spastic CP. An experimental controlled design
was used, which is rather unique in training studies in CP.
Quantification of spasticity
A broad range of techniques has been used in an attempt to quantify spastic
hypertonia: clinical scales, electromyographic and biomechanical analysis of limb
resistance to mechanical displacement, rectified surface electromyographic
responses to perturbation or voluntary movement, gait analysis, electrophysiologic
reflex studies (12,21,24,30). However, no uniformly useful objective clinical
measurements have emerged. Quantification of spasticity has been hampered by
the remarkable variation in degrees of spasticity which occurs in an individual in
response to emotional stimuli (discomfort, apprehension, anger) and physical
stimuli (infection, overloading of bladder or bowel, presence of decubitus
ulceration) (12).
Effects of training on spasticity during passive movements
The Ashworth test, a gross clinical scale which offers ease of measurement, has
been widely used in the study of spasticity (21). However, the test provides only
qualitative information, lacks temporal and interexaminer reproducibility, and
suffers from a clustering effect where most of the patients are grouped within the
middle grades (22). To avoid interexaminer variation, Ashworth tests in the
present study were performed by the same investigator during the different
measurement periods.
Mean Ashworth scores tended to increase during training (the increase in
EXPj,,,, was significant (p<0.05) after 9 months). However, scores in the controls
showed similar increases, indicating that aerobic training has no effects on
spasticity during passive movements as measured by the Ashworth test. We have
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no explanation for the increase in scores throughout the study years.
Only few studies exist concerning the effects of aerobic training on spasticity
during rest or passive movements in CP. Wormgoor and Gierlings (36) found
significant reductions of spasticity (as measured by the Ashworth test) in the hips
and knees after a 4-week aerobic training program in CP adults. However, also in
control subjects who had had no training, Ashworth scores tended (ns) to be
decreased. From the study it is not clear whether the decrease in Ashworth scores
is different between the experimental and control group. MacPhail and Kramer
(29) found no significant changes in spasticity (also measured by the Ashworth
test) after an 8-week strength-training program in CP adolescents. Spira (32)
studied the effects of a one-year training program on the H-reflex in CP adolescents. From the results it was suggested that a period of controlled general
activities, may reduce the spasticity of the lower limbs. However, after enlarging
the study population and extending the follow-up to 12-30 months, no training
related effects could be detected (33). Also no reductions of spasticity (as
measured by surface EMG) were found by Rotzinger and Stoboy (31), after a
one-year trampoline exercise program in diplegic CP children.
Effects of training on spasticity during cycling and arm cranking
Spastic muscles exhibit during voluntary movements a widening of the activity
pattern in comparison with normal muscles, caused by both premature recruitment
and delayed relaxation. Furthermore, activity patterns in spastic muscles are flatter
than in normal muscles and impaired coordination between antagonist muscles
exits (4,5,21,23). To our knowlegde, no studies are available concerning training
effects on spasticity during voluntary movement in CP.
The changes in EMG patterns observed after training (2 sessions per week) in
the cycling group (Figures 2a and 2b), suggest normalization (partly) of the
activity of the m. rectus femoris and m. biceps femoris during cycling. This
normalization might be explained by synchronization of motor unit recruitment
and a decrease in co-contraction. However, the normalization of the patterns was
not supported by significant changes in the calculated EMG parameters (Table II),
but this may be due to large intra- and interindividual differences. EMG patterns
in the arm cranking group were unchanged after training, but changes in the
parameters suggest a more pathological pattern as a result of training. However,
cranking with one arm is not a natural movement for the children and was not
included in the training program. Therefore, EMG registrations in the arm
cranking group may not reflect the actual training effects.
Effects of training on ME
Net efficiency (work accomplished divided by energy expended above that at
rest) is the most frequently used method in calculating efficiency. The method has
however been criticized (17,35) because the energy cost of moving the legs is not
considered in the estimation of work done by the exercising subject (results in an
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underestimation of the true efficiency). Furthermore, base-line energy expenditure
changes with increasing work rate (34). However, because the aim of the study
was to assess the effects of training on ME, we do not expect this to interfere
with the results.
ME in the cycling group was 13.2 ± 5.7%. ME during cycling in healthy Dutch
children (n=14, 9.3 ± 1.6 y) measured in our laboratory (Van Munster and Van
Overveld, unpublished data) was 20.1 ± 4.2%, indicating that CP children have a
distinctly subnormal efficiency during cycling. This is in agreement with previous
reports (3,6,13,20,26, 27). No effects of training on ME were found in the present
study. Apparently, changes that may have occurred in patterns of muscle activity
and EMG parameters, did not result in measurable changes in ME. Also the studies of Bar-Or et al. (2), Ekblom and Lundberg (15), Lundberg and Pernow (25)
and MacPhail and Kramer (29) in CP adolescents reported no effects of training
on ME. Dresen (14) found significant improvements in ME after intensification of
the physical education lessons in CP children, but no effects were achieved with
weekly one extra physical education lesson.
In conclusion, the present study indicates that aerobic training has no effect
(positive nor negative) on spasticity during passive movements or ME (cycling or
arm cranking) in young CP children. Aerobic training might improve EMG
patterns during cycling, but this was not supported by significant changes in
calculated EMG parameters.

Acknowledgements
We thank all the children and their parents who participated and the staff of the
children's rehabilitation center Franciscusoord (Valkenburg a/d Geul). We also
thank Donnie de Barbanson, Eugene Rameckers, and Marcel Coenen for taking
care of many training sessions, and Danielle Van Munster and Florine Van
Overveld for their help during data collection and assistance during the training
sessions.

References
1.
2.
3.
4.
5.

Ashworth, B. Preliminary trial of carisoprodol in multiple sclerosis. 77;e /Vacf/7/wier
192:540-542, 1964.
Bar-Or, O., O. Inbar, R. Spira. Physiological effects of a sports rehabilitation program on
cerebral palsied and post-poliomyelitic adolescents. A/erf. &/. S/wta 8:157-161, 1976.
Bar-Or, O. Pediatric sports medicine for the practitioner. From physiologic principles to
clinical applications. New York: Springer-Verlag, 1983.
Bausenwein, I., P. Reeh, D. Stadler. Sport als Therapie bei Cerebralparesen. Sc/iW/renm/ie
rfes fiunt/ejmww/erjr yiir Jugem/, Fami'/i'e M/K/ Gejum/Aeid 38:4-216, 1977 [German].
Benecke, B. C , H. M Meinck, J. Hohne. Electromyographic analysis of bicycling on an
ergometer for evaluation of spasticity of lower limbs in man. In Desmedt, J. E. (editor):

107

M

.•-'?•!,

H

:i-'.j!-.:.'-fr!q

to

•>'wcMi[fi!;

>••.

is

'.

.••if?jj;'-«••("':

.-i

'i*

»:;-:•;!:.•.!:;?:

.',;>!. i f flv •.:/'>;(?.-.• •,

/.•,••,•;•-;;':••!

c.tv.:'-i:;;:.-i".vv

. ,•!

:

.:

•••-.••.:•'/

Chapter 10
xS'S

General discussion and conclusions

Individuals with various forms of physical and mental handicaps run the risk of
becoming less physically activated as a result of their disease (3). The research in
the present thesis has focussed on whether in young children with spastic cerebral
palsy (CP) hypoactivity exists and consequently whether special physical activity
(PA) programs are needed in this population (chapter 2). Furthermore, effects of
PA programs in CP children were studied (chapters 6 to 9). It was hypothesized
that, in case of hypoactivity in CP children, PA programs will increase the level
of daily PA, and therefore lead to improvements in body composition, physical
fitness (aerobic power, anaerobic power, isokinetic muscle strength), spasticity,
and mechanical efficiency (ME). In addition, the validity of the heart rate (HR)
method and skinfold measurements to determine total daily energy expenditure
(TEE) and body fat (BF) respectively was assessed in CP children (chapters 3
and 4). Also a study was conducted to establish the reliability of tests to determine aerobic power, anaerobic power, and isokinetic strength of the knee extensors
and flexors (chapter 5).

Level of daily PA
In the study described in chapter 2 of this thesis, the level of daily PA (ratio of
TEE to sleeping metabolic rate (SMR)) was assessed in rather mildly affected
diplegic CP children and healthy controls during a 24h stay in a respiration
chamber and under normal daily conditions (by the doubly labeled water (DLW)
technique). Daily PA in a room-sized chamber was not different between both
groups (PA levels were 1.46 ± 0.14 MJ/d and 1.47 ± 0.09 MJ/d in CP and
healthy children respectively) and similar to PA ratios found in healthy adults
during a stay in a respiration chamber (38). However, during normal daily life,
PA in the healthy group was 25% (p<0.01) higher than in the respiration chamber, whereas the CP children did not increase their PA levels compared to those
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when being confined to a 2x3 m respiration chamber. As a consequence of this,
free-living PA levels were 15% (p<0.05) lower in CP children (1.56 ± 0.19) than
in their healthy peers (1.83 ± 0.23).
Based on these results it can be concluded that, even in mildly affected young
children with spastic diplegia, hypoactivity exists. Habitual activity patterns in
these children, including physical education classes (45-min sessions 2 times per
week) and individual therapy programs (varying from no therapy to more than 2.5
hours per week), are by far not enough to achieve PA levels comparable to the
ones found in healthy children. Hypoactivity in CP children who are more
severely affected than the children described in chapter 2, and who are not able to
ambulate, is probably even more drastic.
It is obvious that PA is a prerequisite for optimal growth and development of
children and adolescents (32). It is the substrate of performance, i.e., muscular
strength, motor tasks, and physical capacities in energy production and work
output. Although there is little evidence for a significant relationship between PA
and risk indicators for coronary heart disease (CHD) during childhood (22,31),
children with high activity levels may continue to be active in later life and hence
reduce the chance for developing CHD. In view of this, it is extremely important
to prevent CP children from becoming inactive and to give them the possibility to
escape from the negative spiral of hypoactivity. Special sports programs are
therefore highly recommendable in this population in order to achieve higher
activity levels. We by no means imply that the PA levels we measured in healthy
Dutch children (chapter 2) and levels that are found in healthy children in
Northern Ireland (24) are optimal. However, because it is the only standard we
have at the moment, sports programs in CP children should be aimed at achieving
PA levels of about 1.8. We realize that this will not be an easy task. Because of
the distinctly subnormal aerobic capacity, particularly in the severely affected
children, increases in PA due to training itself are expected to be relatively
limited. On the other hand, based on previous studies (2,5,21,25,41), training in
CP may result in considerable improvements of the aerobic power. This may on
the long term lead to a sizable increase in absolute training intensity and therefore
to reasonable additions to PA levels. Also, a better physical fitness may stimulate
CP children to develop a more active life-style outside the training hours.
However, again particularly in children with severe motor disorders, this effect is
expected to be small because these children are often confined to an inactive life
pattern (electric wheelchairs, transportation to school by buses, etc.).

The training study
In chapter 6, a general description of the 9-month training programs (45-min
sessions, 4 or 2 times per week), study design, and study population (7 to 13 year
old children with spastic diplegia/tetraplegia) is presented. To make and keep the
training programs as attractive as possible, many different training activities were
used, adapted to the individual capabilities of the children. In order to give the
children the highest possible attention, training groups consisted of maximal 5
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children, and each session was accompanied by one trainer and one assistent. In
general, children enjoyed the training sessions very much, which is also apparent
from the high voluntary participation grade (80%) of the original experimental
group in the second training program.
Inherent to the procedure by which peak HR was established, it was not
possible to make proper calculations on training intensity from HR recordings
during training sessions. However, in view of the considerable training-related
improvements in peak aerobic power (chapter 8), training activities must have
been performed at an adequate intensity.
Fortunately, we were in the rather exceptional position to be able to compare a
randomly assigned experimental group and control group in which subjects had
no extra training, and therefore distinguish between training effects and natural
course. Especially in studies concerning growing and developing children this is a
prerequisite. However, in rehabilitation research, this kind of design is often
practically not feasible because of small study populations. Furthermore, the
project presented in this thesis was designed in a way that all children (also
original controls) had the opportunity to participate in the training sessions for at
least 9 months.
In 1980, the World Health Organization published the International Classification of Impairments, Disabilities and Handicaps (ICIDH), by which consequences
of diseases can be classified (40). Impairment was defined as 'any loss or
abnormality of psychological, physiological, or anatomical structure or function'.
Disability is 'any restriction or lack (resulting from an impairment) of ability to
perform an activity in the manner or within the range considered normal for a
human being'. A handicap was defined as 'a disadvantage for a given individual,
resulting from an impairment or disability, that limits or prevents the fulfilment of
a role that is normal (depending on age, sex, and social and cultural factors) for
that individual'. The training studies presented in this thesis were focussed on the
impairment and disability level and describe short-term effects (after a training
period of about 2 months) and long-term effects (after having trained for about 9
months).

Effects of training
Leve/ o/cfa/Yy P ^
The HR method to assess energy expenditure (EE) has been validated in adults
with metabolic disorders (13), healthy adults (9,10,12,14,23,33,37,39) and healthy
children (19,24). Because of reduced PA and limitations in calibration activities in
CP children, it was hypothesized that TEE can not be predicted adequately from
HR in this population. However, the study in extremely hypoactive CP children
(TEE to resting metabolic rate (RMR) ratio was 1.28 ± 0.23) described in chapter
3, does not confirm this hypothesis. Intra-individual differences between the HR
method and the doubly labeled water technique were rather large, but random,
and therefore resulting in a good group estimate of TEE (TEE,,, = 7.4 ± 2.2 MJ/d;
, = 7.4 ± 2.1 MJ/d). Besides, intra-individual differences were similar to
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discrepancies found in healthy children and adults with higher levels of daily PA
(12,19,23,24,33,37). It may be hypothesized that the effect of a low activity level
on the accuracy of the HR method is twofold: because of the influence of several
factors (emotional stress, posture) on the HR-VOj relation in the lower HR range,
the accuracy of the HR method may be decreased. On the other hand, the
relatively few bouts of activity in hypoactive subjects may counterbalance this
effect. As was suggested by Saris (32), inaccuracy of the minute-by-minute HR
method might namely be due to a slower return of HR than of VOj to resting
levels after bouts of exercise.
Based on the above described results, PA levels in the training study (chapter
7) were calculated by the HR method. Due to lack of sport testers, it was not
possible to monitor the HR during more than 1 day in each measurement period.
This may have recuded the accuracy of the TEE prediction, because 3 sampling
days were found (chapter 3) to yield smaller intra-individual differences between
TEE,,, and T E E ^ than 2 sampling days (respectively 5.9 ± 5.8% and 13.5 ±
6.3%, p=0.05).
Results obtained on TEE to SMR (or RMR) ratios indicate that, although
differences in changes between experimental and control groups were not
statistically significant, a strenuous training program (4 sessions per week) may,
on the long term, increase daily PA in CP children (Chapter 7). This finding was
supported by observation of activities and impressions of parents/guardians. The
rather mild training program with 2 sessions per week, had no effects on daily
PA.

•

The increase in PA level from 1.34 to 1.55 (p=0.07), observed after 9 months
of intensive training, seems reasonable. However, to achieve in CP children a
level of 1.8 (as found in healthy Dutch children (chapter 2 of this thesis) and
healthy children in Northern Ireland (24)), as much as 2.5 hours of aerobic
training per day are needed. This high frequency and duration are not feasible,
indicating that sports programs can only partly restore the deficit in PA in CP
children. Therefore, when compared with their healthy peers, children with spastic
CP will never have equal opportunities for growth and development. More
research is needed to establish whether the increase in PA level of 16% (p=0.07)
as observed during the strenuous training program in the present study, is
sufficient to induce positive effects on certain aspects of growth and development
in CP children. Because osteoporosis is frequently observed in CP (8,34), the
effect on bone development is particularly important in this respect.
Fa/
In the study described in chapter 4, BF as predicted from skinfold thicknesses
was compared with BF determined from deuterium dilution (D2O) in both CP and
healthy children. It was hypothesized that, because of a possibly subnormal
density of fat-free mass (FFM) (1,6,8,34), available skinfold equations derived for
healthy children, might lead to overestimations of BF in the CP population. In
contrast with what was expected, sums of skinfolds in the CP children were
related to a significantly lower (p<0.05) water content per kg body weight than
comparable sums in the healthy children. This resulted in considerable underesti114

D/SCMSS/'OH

mations (absolute) of 6 to 8 %BF (p<0.001) using equations of Durnin and
Rahaman (16) and Slaughter et al. (35) respectively in the CP group, whereas in
the healthy group no underestimations were observed. Therefore, it was concluded
that, possibly because of a relatively large internal fat depot and a proportionally
increased deposition of subcutaneous fat in the lower extremities, available
skinfold equations for healthy children are not appropriate to predict BF in
comparative studies between CP and healthy children.
Despite conclusions derived from the study described in chapter 4, BF during
the training programs (chapter 7) was predicted from skinfold thicknesses
(method Durnin and Rahaman (16)). Because the aim of the study was to assess
the effects of training, the use of the skinfold technique seems justified. However,
one must be careful with the interpretation of the absolute amount of BF.
Although changes in FM did not differ significantly between experimental and
control group after 9 months (possibly inherent to the small sample size and large
intra- and interindividual differences), the study described in chapter 7 does
suggest that aerobic training may prevent CP children from developing excessive
body fatness. This is an important observation because adiposity -which is as
debilitating in CP children as it is in healthy children- is frequently observed in
the CP population (1,6,11,15,17,29). However, more research is needed to
establish the long-term effects of training on the development of adiposity.
Because effects of training on FM were similar in both the strenuous and mild
training program, it can be concluded that the preventive effect of training on
adiposity in CP children, is already achieved with two 45-min sessions per week.
As was described in the general introduction (chapter 1), the literature is
inconclusive on the effects of training on FM in CP. Dresen (15) compared
changes in FM after a training program with changes in controls who had had no
training. Similar to the results of the present study, no changes were observed in
the experimental group, whereas FM in the control children was significantly
increased. No effects of training were observed by Bar-Or et al. (2), whereas Berg
(7) reported significant increases in FM after a training program in CP children
and adolescents. However, no comparisons were made with controls who had had
no training, which may explain the controversy with the present study and the
study of Dresen (15). Therefore, it is of the utmost importance to use experimental controlled designs in future research.
power
Peak aerobic power in the training study was established during leg cycling and
arm cranking (chapter 8). As in healthy children, the cycle ergometer tests were
found to be reliable in CP children, with test-retest correlations varying from 0.72
to 0.92 (chapter 5). Unfortunately, at the time of the reliability study, we had no
arm cranking device at our disposal. Therefore, test-retest reliability has not been
established during arm cranking.
As can be seen from chapter 8, 4 exercise sessions per week are highly
effective in improving peak aerobic power in CP children, which is in agreement
with previous reports (2,5,21,25,41). After 9 months, in 9 of the 10 children of
the experimental group, considerable increases were observed varying from 15%
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to 376% (average increase was 35%, p<0.01). These changes were significantly
different (p<0.05) versus the control group, in which aerobic power showed no
changes after 9 months. The largest proportional improvements in the experimental group were found in the most severely affected children. One child
showed a reduction in peak aerobic power after training. We have no explanation
for this, for the child was highly motivated. Two exercise sessions per week also
increased peak aerobic power with about 20% (p<0.01). However, the improvement was not significantly different versus controls.
Regarding the relatively limited trainability of aerobic power in prepubescents
(4), the large improvements described in the present thesis, can be explained by
extremely low base-line levels. However, training effects on aerobic power can
not be compared properly between CP and healthy children because different
parameters are measured: aerobic performance in healthy children is restricted by
cardiorespiratory factors, whereas in CP children local factors (spasticity, muscle
strength) limit the performance. Therefore, peak aerobic power in CP children is
attained at a much lower level of cardiorespiratory stress than in healthy children.
From the study on peak aerobic power, also the importance of long-lasting
training programs (>2 months) becomes apparent. At Tj, peak aerobic power in
the experimental group tended to be increased, but significant effects were only
achieved after 9 months. This need for long-lasting training programs is not
typical for handicapped children; also in healthy children training periods lasting
for at least 6-8 weeks are required to attain training effects (3). Furthermore,
because an important aim of exercise programs for handicapped and healthy
children alike is to form habits, to acquire skills, and to enjoy sports, not only
physiologic goals but also educational goals should dictate the duration of a
training program (3).
power
As was found for the test to determine peak aerobic power, the Wingate Anaerobic Cycling Test (WAnT) was found to be reliable in CP children (test-retest
correlations varying from 0.90 to 0.95, chapter 5). No effects of training were
found on anaerobic power (chapter 8), which may be caused by the predominantly aerobic character of the program. Anaerobic performance in the experimental and control groups increased during the study in a similar way, probably due
to qualitative changes in muscles with increasing age (3,20). This finding again
emphasizes the need for including control groups in studies with young children.
mwsc/e j
Isokinetic strength testing during knee extension and flexion was found to be
reliable in CP children at 30 7s (test-retest correlations were 0.71 and 0.84
respectively, chapter 5). At higher test-velocities (60 7s and 120 7s), no reliable
measurements could be obtained on extension, which may be due to a more
restricted reciprocal inhibition at higher velocities than at lower velocities.
Because of technical problems with the Cybex device, strength measurements
during the training study (chapter 8) were only performed in the second year.
Therefore, data obtained on this parameter could not be compared between
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experimental and control groups. The results described in chapter 8 suggest that
training with a frequency of 2 sessions per week may improve isokinetic strength
of the knee extensors and flexors. Such improvement would be in agreement with
studies of MacPhail and Kramer (27) and McCubbin and Shasby (28) in CP
children and adolescents (purely isokinetic exercise). However, this should be
confirmed in a controlled study. ... . : • , . , . .. , : , . , , . ,,,,i.,, .„, .-,,!.,»..-,, :,

Training had no effects (positive nor negative) on spasticity during passive movements as measured by the Ashworth test (chapter 9). Because this test is a rather
gross measure, it may be hypothesized that the Ashworth test is not appropriate to
establish effects of training on spasticity. However, at the moment, no other lowinterference and easy applicable methods are available. To our knowledge, the
only training studies in CP in which the Ashworth test is used are of Wormgoor
and Gierlings (41) and MacPhail and Kramer (27). In contrast with the findings
of the present study, Wormgoor and Gierlings (41) reported significant reductions
in Ashworth scores in CP adults after a 4-week training program. However, also
in control subjects who had had no training Ashworth scores tended (ns) to be
decreased. From the study it is not clear whether the decreases in Ashworth
scores are different between the experimental and control group. MacPhail and
Kramer (27) found no significant changes in Ashworth scores in CP adolescents
after an 8-week strength-training program. During rest, no effects of training have
been found on spasticity as measured by electromyography (EMG) and the Hreflex by Rotzinger and Stoboy (30) and Spira and Bar-Or (36) respectively.
In an attempt to quantify effects of training on spasticity during voluntary
movements, EMG measurements were performed during cycling and arm
cranking (chapter 9). As for isokinetic muscle strength, no controls were available. Training tended to (partly) normalize EMG patterns during cycling, but this
was not supported by significant changes in calculated EMG parameters. Large
intra- and interindividual differences may be responsible for this. Therefore, no
clear conclusions can be drawn from this study on effects of training on spasticity
during voluntary movements.
At the moment, no uniformly useful objective method is available to measure
spasticity. Because the quantification of spasticity is extremely important in
training studies in CP, not only to detect possible favourable effects but also to
avoid worsening, future research should be focussed on this topic.

Finally, no training-related changes in ME were detected after aerobic training
(chapter 9). which is in agreement with earlier reports (2,18,26). Possible changes
that might have occurred in spasticity during voluntary movements, had apparently no measurable effects on ME. Dresen (15) reported significant improvements
in ME after training, but the program in her study was quite different (intensification of gymnastic lessons) from the one described in this thesis.
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The above described findings indicate that, although predominantly aerobic
training is limited in restoring the deficit in PA in young children with spastic
CP, it has pronounced effects on peak aerobic power. Furthermore, aerobic
training may be effective in preventing CP children from developing adiposity
and in increasing isokinetic strength of the knee extensors and flexors. With the
used methods, no negative effects of training have been observed, which is in line
with impressions of the treating physician.
Although not studied in the project, the higher level of physical fitness may
improve the performance of activities of daily life, and increase the effectiveness
of rehabilitation programs. Furthermore, the increased fitness may stimulate the
children to maintain a more active life-style in later life, which may have
favourable effects on the development of CHD and osteoporosis. Therefore,
aerobic training is an important therapeutic measure in addition to the traditional
rehabilitation programs in CP children. However, not only the somatic benefits of
training are important. As was clearly experienced during our study, most children enjoy training activities very much. Moreover, in contrast with other
therapies, sports programs make handicapped children feel like 'normal' children:
the child's ability is emphasized rather than the disability. This gives the tool
even more value. Also, the increased fitness may help CP children to compete at
higher levels with their healthy counterparts, which may affect the social integration in a positive way.
In order to prevent deterioration in physical functions as early in life as
possible and to integrate sports in the habitual activity patterns, training programs
should be started at an early age. Regarding the considerable improvements in
peak aerobic power achieved during the rather strenuous training program, four
45-min exercise sessions per week are recommendable. However, because CP
children (particularly the severely affected) often have strenuous therapy programs
during school time, it may not be possible to integrate such an intensive training
program completely within the school schedule. Therefore, children should be
stimulated to participate in organized sports activities outside the rehabilitation
center. However, at the moment, possibilities for handicapped children to be
intensively active outside the rehabilitation center are limited. Therefore, much
effort has to be invested in creating out-school training activities for this population.

General conclusions
1. Even in rather mildly affected children with spastic CP, hypoactivity exists.
Levels of daily PA in CP children with severe motor disorders are extremely low
when compared to healthy peers.
2. Despite low levels of PA and limitations in calibration activities, the HR
method can provide a close group estimate of TEE in spastic CP children (3
sampling days is preferable). At an individual level, the method is less suitable.
At the moment, HR monitoring seems to be the most appropriate method to
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predict TEE in large-scale activity studies for groups with extremely low levels of
d a i l y
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3. Skinfold equations derived for healthy children, are not appropriate to predict
BF in comparative studies between CP and healthy children.
^ s^ ,,i ,
4. Cycle ergometer tests to assess peak aerobic power and anaerobic power are
reliable in groups of children with spastic CP. Isokinetic strength of the knee
extensors and flexors can be measured reliably in this population at a low test
speed (30 7s).
6. Predominantly aerobic training has only a limited effect on restoring the deficit
in PA in young CP children. However, in view of favourable effects on body
composition, aerobic power and possibly isokinetic muscle strength, and the joy
children experience during training, adapted sports activities should be added to
the traditional rehabilitation programs. Four 45-min sessions per week are
recommendable.
... . . . . . , ,
,""*',,','
7. Predominantly aerobic training has no effects (positive nor negative) on
anaerobic power, spasticity during passive movements, and ME in young CP
children. Training might improve cycling patterns, but no clear conclusions can
be drawn from the present thesis on this parameter.

Recommendations for further research in CP
-Future research should focus on establishing the presence of risk indicators for
CHD (adiposity, hypertension, hypercholesterolemia) in CP children and its
relation to PA. Also the effects of training on these risk indicators and on the
development of CHD in later life should be investigated.
-Objective low-interference methods to quantify body fat and spasticity should be
(further) developed.
-Further randomized experimental controlled studies should be performed on the
effects of training on isokinetic muscle strength, spasticity during voluntary
movements, and the development of adiposity on the long-term. Also, training
effects on bone development, performance of activities of daily life, social
integration and mental well-being (handicap level) should be studied.
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Summary

-

Physical activity is generally considered to be an important factor in the growth
and development of children and adolescents. Levels of daily physical activity in
children with spastic cerebral palsy may be far from optimal because of the
nature and severity of the disorder. The studies presented and discussed in this
thesis were intended to assess whether and to what extent hypoactivity exists in
young children with spastic cerebral palsy (diplegia/tetraplegia), and what effects
special sports programs have on level of daily physical activity, body fat, physical
fitness (aerobic power, anaerobic power, muscle strength), spasticity, and mechanical efficiency. Furthermore, the usefulness of heart rate monitoring and skinfold
measurements to predict respectively total daily energy expenditure and body fat
in the CP population was investigated. The reliability of tests to determine
aerobic power, anaerobic power and isokinetic strength of the knee extensors and
flexors was also studied (in both CP and healthy children).
In chapter 2, levels of daily physical activity were compared between children
with spastic diplegia and healthy controls. Although the cerebral palsied children
were rather mildly affected, physical activity levels during normal daily life were
significantly lower (by 15%) than in the healthy children and were similar to
levels when being confined to a room-sized chamber. Based on this finding,
increasing the level of daily physical activity by special sports programs was
recommended in the cerebral palsy population.
The heart rate method to predict total daily energy expenditure is expected to
be less suitable in cerebral palsied children with low activity levels than in
healthy children or healthy adults with respectively high or intermediate levels.
Chapter 3 reports on the usefulness of the heart rate method in cerebral palsied
children with extremely low physical activity. At group level, total daily energy
expenditure predicted from heart rate showed good agreement with total daily
energy expenditure determined from doubly labeled water. In individuals,
discrepancies between both methods were rather large, but similar to discrepancies found in healthy subjects. It was concluded that also in groups with extremely low levels of physical activity, the relatively simple and inexpensive heart rate
method is suitable to measure total daily energy expenditure.
Cerebral palsied children may have a lower density of fat-free mass than
healthy children, due to increased total body water and osteoporosis. This might
affect the validity of body composition techniques in this population. In chapter 4
the usefulness of skinfold measurements to predict body fat in a comparative
study between cerebral palsied and healthy children is described. Body fat as
predicted from skinfold thicknesses was significantly lower than body fat determined by deuterium dilution in the cerebral palsied children, whereas in the healthy
children this was not seen. It was concluded that available skinfold equations
derived for healthy children are not appropriate to predict body fat in comparative
studies between cerebral palsied and healthy children.
Chapter 5 reports on the reliability of measurements of peak aerobic power
(cycle ergometry), anaerobic power (cycle ergometry), and isokinetic strength of
the knee extensors and flexors (Cybex) in cerebral palsied and healthy children.
At group level, cycle ergometer tests were reliable in both groups of children.
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The strength test in the cerebral palsy group was only reliable at a low test speed
(30 °/s). At individual level, the tests seemed to be less suitable in cerebral
palsied children than in their healthy peers (possibly due to attention deficits in
cerebral palsy). The study described in chapter 5 also shows that the measured
fitness parameters were distinctly subnormal in the cerebral palsied children.
Chapter 6 presents a general description of the design of the training study, the
9-month training programs (45-min predominantly aerobic sessions, 4 or 2 times
per week), and the study population. Effects of the training programs are described in chapters 7-9.
The mild training program with 2 exercise sessions per week had no effect on
level of daily physical activity (chapter 7), whereas the strenuous program (4
sessions per week) tended to increase physical activity levels on the long-term
(after 9 months) by 16% (ns). However, the strenuous program was by far not
successful in restoring the deficit in physical activity in the cerebral palsied
children, indicating that these children will never have equal opportunities for
growth and development when compared with healthy children. Fat mass
remained unchanged in the experimental groups during both training programs,
whereas fat mass in the control children increased continuously throughout the
study (chapter 7). These results suggest that training is effective in preventing CP
children from developing excessive body fatness, but effects on the long-term
have to be investigated.
Peak aerobic power improved enormously during training (chapter 8). Four
sessions per week resulted in a significant increase of 35%; two sessions per
week increased peak aerobic power significantly by about 20%, but this change
was not significantly different versus controls. Results obtained on strength
measurements (chapter 8) suggest that training with a frequency of 2 sessions
(45-min) per week, improved isokinetic strength of the knee extensors and
flexors. However, this has to be confirmed in a controlled study. Predominantly
aerobic training had no effect on anaerobic performance (chapter 8).
Chapter 9 reports on the effects of training on spasticity and mechanical
efficiency. Training had no effect (positive nor negative) on spasticity during
passive movements and mechanical efficiency. Cycling patterns tended to (partly)
normalize during training (2 sessions per week), but this was not supported by
significant changes in calculated electromyography parameters.
Based on the results obtained on body composition, aerobic power, isokinetic
muscle strength, and the joy children experienced during training, sports programs
(four 45-min sessions per week is preferable) were highly recommended in
addition to the traditional rehabilitation programs in cerebral palsied children.
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Samenvatting

I

Lichamelijke activiteit wordt in het algemeen beschouwd als een belangrijke
factor in de groei en ontwikkeling van kinderen en adolescenten. De dagelijkse
lichamelijke activiteit van kinderen met spastische cerebrale parese kan, door de
aard en ernst van hun handicap, te kort schieten. De in dit proefschrift beschreven
onderzoeken zijn uitgevoerd teneinde na te gaan of, en in welke mate, hypoactiviteit voorkomt bij jonge kinderen met spastische cerebrale parese (diplegie/tetraplegie), en welke effecten speciale sportprogramma's hebben op de lichamelijke activiteit, het lichaamsvet, fitheid (aeroob vermogen, anaeroob vermogen,
spierkracht), spasticiteit, en mechanische efficientie. Voorts is nagegaan of de
hartfrequentie methode en huidplooidikte metingen geschikt zijn om respectievelijk het dagelijks energiegebruik en het lichaamsvet van cerebraal paretische
kinderen te meten. Ook is onderzocht in hoeverre testen ter bepaling van het
aeroob vermogen, anaeroob vermogen, en isokinetische kracht van de knie
extensoren en flexoren betrouwbaar zijn (zowel in cerebraal paretische kinderen
als in niet-gehandicapte kinderen).
=.-. u-i'/s-r, -.!-. .
In hoofdstuk 2 werd de hoeveelheid dagelijkse lichamelijke activiteit van
kinderen met spastische diplegie vergeleken met die van niet-gehandicapte
leeftijdsgenootjes. Alhoewel de cerebraal paretische kinderen relatief lichte
beperkingen hadden, waren ze onder normale dagelijkse omstandigheden significant minder actief (15%) dan de niet-gehandicapte kinderen. De hoeveelheid
lichamelijke activiteit van de cerebraal paretische kinderen was onder normale
dagelijkse omstandigheden zelfs niet hoger dan tijdens een verblijf in een kleine
kamer. Uitgaande van deze resultaten werd geadviseerd om de dagelijkse lichamelijke activiteit van kinderen met spastische cerebrale parese te verhogen door
middel van speciale sportprogramma's.
De verwachting is dat de hartfrequentie methode minder geschikt is om het
dagelijks energiegebruik te bepalen van weinig actieve cerebraal paretische
kinderen dan van niet-gehandicapte kinderen of volwassenen met veel of middelmatige lichamelijke activiteit. Hoofdstuk 3 beschrijft een onderzoek naar de
geschiktheid van de hartfrequentiemethode bij cerebraal paretische kinderen met
extreem weinig lichamelijke activiteit. Op groepsnivo was het dagelijks energiegebruik voorspeld uit de hartfrequentie goed vergelijkbaar met het energiegebruik
bepaald met de tweevoudig gemerkt water techniek. Op individueel nivo waren de
discrepanties tussen beide methoden redelijk groot maar vergelijkbaar met
discrepanties die gevonden zijn in studies bij niet-gehandicapte personen. Er werd
geconcludeerd dat ook in weinig actieve groepen, de relatief eenvoudige en
goedkope hartfrequentiemethode geschikt is om het dagelijks energiegebruik te
bepalen.
Het is mogelijk dat, door een grotere hoeveelheid lichaamswater en osteoporose, de dichtheid van de vet-vrije massa van cerebraal paretische kinderen lager is
dan die van niet-gehandicapte kinderen. Dit zou de validiteit van lichaamssamenstellingstechnieken kunnen beinvloeden. Hoofdstuk 4 beschrijft de geschiktheid
van huidplooidikte metingen in een vergelijkingsstudie tussen cerebraal paretische
kinderen en niet-gehandicapte kinderen. In tegenstelling tot wat werd verwacht
was bij de cerebraal paretische kinderen de hoeveelheid lichaamsvet voorspeld uit
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huidplooien significant lager dan de hoeveelheid lichaamsvet bepaald met
deuterium. Bij de niet-gehandicapte kinderen werd dit niet waargenomen. Er werd
geconcludeerd dat beschikbare huidplooivergelijkingen voor niet-gehandicapte
kinderen, niet geschikt zijn om lichaamsvet te voorspellen in vergelijkingsstudies
tussen cerebraal paretische kinderen en niet-gehandicapte kinderen.
In hoofdstuk 5 wordt de betrouwbaarheid van metingen van het aeroob
vermogen (fietsergometrie), anaeroob vermogen (fietsergometrie), en isokinetische
kracht van de knie extensoren en flexoren (Cybex) beschreven in cerebraal
paretische kinderen en niet-gehandicapte kinderen. Op groepsnivo waren de
fietsergometertesten betrouwbaar in beide groepen. De spierkracht test was bij de
cerebraal paretische kinderen alleen betrouwbaar op een lage test snelheid (30
°/s). Op individueel nivo leken de testen minder geschikt te zijn bij de cerebraal
paretische kinderen dan bij de niet-gehandicapte kinderen (waarschijnlijk door
concentratie stoornissen in de cerebraal paretische groep). De studie die in
hoofdstuk 5 wordt beschreven toont ook dat de waarden van de gemeten fitheidsparameters van de cerebraal paretische kinderen aanzienlijk lager waren dan die
van de niet-gehandicapte kinderen.
Hoofdstuk 6 presenteert een algemene beschrijving van het design van de
trainingsstudie, de 9 maanden durende sportprogramma's (voornamelijk aerobe
trainingen, 4 of 2 keer per week 45 minuten), en van de kinderen die deelnamen.
Effecten van de sportprogramma's worden beschreven in de hoofdstukken 7-9.
Het milde programma met 2 trainingen per week had geen effect op de
lichamelijke activiteit (hoofdstuk 7), terwijl de hoeveelheid dagelijkse lichamelijke activiteit tijdens het intensieve programma (4 trainingen per week) op de lange
termijn (na 9 maanden) toegenomen leek te zijn met 16% (niet significant).
Echter, het tekort aan lichamelijke activiteit bij cerebraal paretische kinderen kon
slechts voor een klein gedeelte hersteld worden door het intensieve trainingsprogramma, wat aangeeft dat deze kinderen nooit dezelfde kansen zullen hebben
voor groei en ontwikkeling in vergelijking met niet-gehandicapte kinderen. De
hoeveelheid lichaamsvet veranderde niet in de experimentele groepen tijdens de
twee trainingsprogramma's, terwijl het lichaamsvet in de kinderen die geen
training hadden continu toenam tijdens de studie (hoofdstuk 7). Deze resultaten
suggereren dat sportprogramma's adipositas bij cerebraal paretische kinderen
kunnen voorkomen. Echter, effecten op de lange termijn moeten verder onderzocht worden.
Het piek aeroob vermogen verbeterde sterk door trainen (hoofdstuk 8). Vier
trainingen per week resulteerde in een significante toename van 35%; het piek
aeroob vermogen nam door 2 trainingen per week significant toe met circa 20%,
maar dit was niet significant anders dan bij controle personen. De resultaten van
de krachtmetingen (hoofdstuk 8) suggereren dat door training met een frequentie
van 2 keer per week (45 minuten), de isokinetische kracht van de knie extensoren
en flexoren toenam. Echter, dit resultaat dient bevestigd te worden in een
gecontroleerde studie. Voornamelijk aerobe training had geen effect op het
anaerobe prestatievermogen (hoofdstuk 8).
Hoofdstuk 9 beschrijft de effecten van training op spasticiteit en mechanische
efficientie. Training had geen effect (geen positief maar ook geen negatief) op
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spasticiteit tijdens passieve bewegingen en mechanische efficientie. Fietspatronen
leken (gedeeltelijk) te normaliseren tijdens het trainingsprogramma (2 trainingen
per week), maar dit kon niet bevestigd worden met significante veranderingen in
berekende electromyografische parameters.
Uitgaande van de resultaten met betrekking tot de lichaamssamenstelling,
aeroob vermogen, isokinetische spierkracht, en het plezier dat kinderen beleven
aan de trainingen, werd aanbevolen sportprogramma's (4 trainingen van 45
minuten per week) toe te voegen aan de traditionele revalidatieprogramma's van
cerebraal paretische kinderen.
• • • ; i -
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Abbreviations
AM
bb
',,:.u--,
bf
BF
BF,.|^
BF^,nB
BMI
BMR
CHD
CI
cm
CON
CO;
CP
d
D1T
DLW
D,0
EE
EMG
ex
EXPj,,
EXP4,
F
fl
FFM
FM
gm
h
HR
kg
kJ
L
m
M
ME
min
MJ
mm
MP
ms
n
Nm
ns
Oj
PA
PM

morning (ante meridian)
.
:.;. m. biceps brachii
„,,,;.,;;;.-,,
m. biceps femoris
: ,;
: : t; u M
body fat
body fat predicted by equations of Durnin and Rahaman
body fat predicted by equations of Slaughter et al.
body mass index
basal metabolic rate
''*-';'"'•'- ^ ~ • ' ^ _.
coronary heart disease
' ' ''"'';"':'"'""<'
co-contraction index
, ^
centimeter
control group with no extra training
carbon dioxide
cerebral palsy
day
diet induced thermogenesis
doubly labeled water ( ^ " 0 )
deuterium ('H,0)
„
..
energy expenditure
,
electromyography
extensor muscle
experimental group with 2 training sessions per week
experimental group with 4 training sessions per week
female
flexor muscle
fat-free mass
fat mass
m. gastrocnemius medialis
hour
heart rate
kilogram
kilojoule
liter
meter
male
mechanical efficiency
minute
megajoule
millimeter
mean (anaerobic) power
millisecond
number
newtonmeter
not significant
oxygen
physical activity
afternoon (poste meridian)
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pp
ppm
PT
R*
r
rf

peak (anaerobic) power
promille
peak torque
index for pathological widening of electromyography pattern
Pearson's product moment correlation
.
m. rectus femoris
i.wd

R M R fii,vTi/;i1«;,« i.

resting metabolic rate
root m e a n square ^ ^

RMS
rpm
RQ
r>
s
SD
SMR

;,, ;._

rate per minute
respiratory quotient
Spearman's rank order correlation
second
standard deviation
sleeping metabolic rate

ta
tb

m. tibialis anterior
m. triceps brachii
total b o d y water

TBW
TEE
TEEctt,
TEE<inv

TEE,,
TEE/SMR (RMR)
TQ

Tj

w
y
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total daily energy expenditure estimated from heart rate
level of daily physical activity
time point before training program started
time point after 2 months
time point after 9 months
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