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The relationships between kinematic characteristics of sitting
posture during reaching movements of the dominant arm and 1)
the kinematics of the reaching movement itself and 2) functional
performance during daily life activities (PEDI) were assessed in
51 sitting preterm children with cerebral palsy (CP). The children
were 2–11 y, 33 had spastic hemiplegia (SH) and 18 bilateral CP
(Bi-CP). The data were compared with those of 26 typically
developing children (TD). Sitting posture before the onset of
reaching of children with CP differed from that of TD children:
they sat with a more reclined pelvis and a more collapsed trunk.
The more reclined pelvic position was associated with a better
quality of reaching movements. The different sitting postures of
pelvis and trunk were not related to functional performance
during daily life activities. Displacement of the head, trunk, and
pelvis of the children with CP did not differ from that of the TD
children. Nevertheless, in the children with CP a more stable
head, a more mobile trunk, and a more stable pelvis were related

to better functional performance and/or a better quality of reach-
ing. This suggests that physiotherapeutic guidance of children
with CP should focus rather on the latter postural parameters than
on the different sitting posture of pelvis and trunk. (Pediatr Res
58: 586–593, 2005)

Abbreviations
Bi-CP, bilateral CP
CP, cerebral palsy
EMG, electromyography
GMFCS, Gross Motor Function Classification System
MU, movement unit
PEDI, Pediatric Evaluation of Disability Inventory
PVL, periventricular leukomalacia
SH, spastic hemiplegia
TD, typically developing

Postural control is a prerequisite to perform daily activities
such as walking and reaching. It is also assumed that the
quality of reaching depends on the adequacy of postural control
(1,2). The link between reaching and postural control has a firm
neurophysiological basis as the control of both types of behav-
ior is mediated primarily by the medially descending brain
stem systems (3). The tight link is reflected by the presence of
postural adjustments accompanying reaching movements (4).
In addition, it has been shown that the emergence of reaching
movements is related to postural competence (5,6). But, quite
surprisingly, the relationship between the quality of reaching
and adequacy of postural control seldom has been a subject of
research. The studies of Fallang et al. (7–9), which addressed

the relationship between reaching and postural control in su-
pine position in full-term and preterm infants, are exceptions to
this rule. The studies indicated that in infants aged 4 and 6 mo.
a better postural control is related to a better reaching perfor-
mance. Hopkins and Rönnqvist (10), who studied typically
developing infants, demonstrated that providing sitting infants
aged 6 mo with extra support at the pelvic girdle, resulted in
reaching movements with less movement units. Movement
units (MU) are submovements of the reaching movement and
are determined with the help of peaks in the velocity profile of
the reaching hand (11,12).

From a previous study, we know that children with CP are
hampered by dysfunctional postural control during reaching
(13). Children with CP especially have problems in adapting
the degree of contraction of the postural muscles to the char-
acteristics of the situation. For instance, a substantial number
of children with CP, in particular children with a bilateral
spastic form of CP, cannot modulate muscle contraction (as
registered on EMG) during reaching to kinematic information
on initial body configuration, i.e. the sensory information on
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sitting position. Thus, we wondered whether postural dysfunc-
tion in children with CP would be related to a worse quality of
reaching.

Therefore, the aim of our study was to see whether in
children with CP kinematics of postural control are related to
kinematic quality of reaching. To this end, we studied 58
children with spastic CP aged 2–11 y with SH or a Bi-CP and
29 age-matched TD children. Kinematics of the arm, head,
trunk, and pelvis were recorded while the children made
reaching movements with their dominant (in TD children) or
least involved (in children with CP) arm (1) in a sitting
position. In addition to the kinematic postural data, we had
information on the child’s ability to modulate postural EMG-
activity with respect to initial body configuration, i.e. the
position of the head, trunk, and pelvis at the beginning of the
arm movement (see 13). We first addressed the question
whether children with CP and typically developing children
differ in the kinematics of postural control (initial sitting
position and postural displacement) and, if so, whether the
kinematics of postural control of children with CP are influ-
enced by a) type of CP (SH versus Bi-CP), b) age, c) gesta-
tional age at birth, d) severity and uni- or bilateral nature of the
lesion on the neonatal ultrasound scan of the brain, e) the
degree of spasticity of the reaching arm as measured by the
modified Ashworth scale (14), f) clinical severity of the dis-
ability. Next, we investigated whether postural performance in
children with CP is related to functional performance in daily
life as measured by the PEDI (15). Finally, we evaluated
whether the parameters of postural control, such as kinematic
variables on initial body configuration and body displacement
and the EMG-parameters on the capacity to modulate postural
muscle activity, are related to the parameters of reaching. We
also addressed the questions 1) whether the possible relation-
ships between postural control and reaching differ for the
groups of children with SH or Bi-CP and the TD children, and
2) whether these relationships in the children with CP are
affected by age, severity and uni- or bilateral nature of the
lesion on the neonatal ultrasound scan of the brain, gestational
age at birth, degree of spasticity and severity of disability.

METHODS

Participants. The study group consisted of 58 children with CP, aged 2–11
y. Thirty-four had a spastic hemiplegia—17 a right-sided one and 17 a
left-sided one—and 24 had a bilateral form of spastic CP. Spasticity was
associated with dyskinesia in seven children and with ataxia in five. Children
with a severe visual impairment and those who were not able to reach out for
an object were excluded from the study. All but one of the children with SH
were able to walk without assistive devices; they had a level I (n � 33) or a
level IV (n � 1) disability according to the GMFCS (16). In the group of
children with Bi-CP, 9 children could walk without assistive devices, 10 could
walk with the help of assistive mobility devices (GMFCS level III), and 5
children had limited self-mobility (GMFCS level IV–V).

All children with CP were born preterm and admitted to the neonatal
intensive care unit of the Groningen University Hospital. Gestational age and
weight at birth did not differ for the groups of children with SH and those with
Bi-CP. In the majority of children, serial neonatal brain ultrasound scans had
been made with a high-resolution 7.5 MHz transducer until 1 mo post-term.
After this age, a 5-MHz transducer was used. The children were scanned
during the first weeks after birth at various intervals (ranging from 3 d to 2 wk).
Periventricular hemorrhages and PVL in the preterm children were classified
according the methods of Levene et al. (17) and De Vries et al. (18),
respectively. The severity of the brain lesions was classified as no lesion, as

mild in case of the presence of a grade 1 or 2 PVL and/or hemorrhage grade
1 or 2 or as severe in case of a PVL grade 3 and/or hemorrhage grade 4.
Another variable addressed the unilateral or bilateral nature of the brain lesion.

The reference group consisted of 29 children with a typical motor devel-
opment born at term. Nine children of the TD group were 2–4 y, 10 children
were 5–7 y, and another 10 were 8–11 y (see 19). TD children aged at least 4 y
were assessed with the Movement ABC (20). They all scored above the 15th
percentile, which indicates that the children showed age-adequate motor
behavior. All parents gave informed consent. The Medical Ethics Committee
of the University Hospital Groningen approved the study.

Procedure. The majority of children sat on a table without back and foot
support. Some children needed extra support to be able to carry out the test.
Back and foot support was provided in 5 of the 12 children with severe CP.
Foot support only was given to three children with severe CP and one young
child with moderately severe CP. The examiner presented an attractive small
object in the midline at arm’s length distance of the subject. The instruction
was to grasp the object with the dominant hand at a natural self-paced speed.
We deliberately chose the dominant arm, as we were interested in postural
control during daily life activities. The dominant hand was defined as the hand
with which the child preferred to write or draw. Ten to 20 trials were
performed. Before testing, the children carried out some exercise trials.

Movements were recorded kinematically with an ELITE opto-electronic
movement recording system (BTS, Milan, Italy) in a four-camera configuration
at a sampling frequency of 50 Hz. Reflective markers were placed at the side
of the body of the dominant hand on the following landmarks: 1) condyle of
mandible; 2) 1 cm in front of the angle of mandible; spinous processes at 3) C7,
4) T10, and 5) L5; 6) anterior superior iliac spine; 7) proximal edge of the
greater trochanter; 8) acromion; 9) epicondyle of the radius; and 10) styloid
process of the radius (Fig. 1). Sampling of the kinematic data started some
seconds before toy presentation and lasted for 8–12 s, depending on the
reaching velocity of the child. As kinematic recording in young children often
goes hand in hand with a considerable loss of data, we included children only
into the analyses when at least three appropriate kinematic trials could be
achieved (Table 1). Data of seven children with CP [one child with SH with
GMFCS level I, and six children with Bi-CP (GMFCS level I: n � 1, level II:
n � 1, level III: n � 2, level IV: n � 2)] and three TD children did not meet
the three trials criterion (two belonging to the youngest age group and one
child of 5 y old).

Furthermore, simultaneously multiple surface EMG-recordings were made
of the postural muscles. The results of the EMG data have been reported
elsewhere (13). On the basis of the EMG results, the children were classified

Figure 1. Schematic representation of the testing condition. The dots denote
the position of the ELITE markers and the inserts indicate how the angles of
the head, trunk, pelvis, upper arm, and elbow in the sagittal plane were
calculated. Head: more negative values indicate more retroflexion of the head.
Trunk: more positive values indicate straightening of the back. Pelvis: more
negative values indicate retroflexion. Upper arm: more negative values indi-
cate more shoulder anteflexion. Elbow: more positive values indicate more arm
extension.
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as having or not having the ability to modulate EMG-amplitude of the dorsal
postural muscles (neck and trunk extensor muscles) with respect to body
configuration at reaching onset (13).

The whole session was recorded on video. After the reaching sessions,
neurologic condition, functional performance, and degree of spasticity of the
children were evaluated. On the basis of the neurologic examination, three
classes of severity were distinguished: mild (SH, n � 24; Bi-CP, n � 6),
moderate (SH, n � 8; Bi-CP, n � 5), and severe (SH, n � 1; Bi-CP, n � 7),
indicating that posture, motility, muscle tone, and reflexes were affected to a
limited, moderate, and severe extent, respectively. Functional performance in
self-care, transfers, and social abilities was assessed during a telephone
interview some days after the postural evaluation by means of the standardized
Dutch PEDI (15). Degree of spasticity of the biceps brachii muscle of the
dominant arm was assessed with the help of the modified Ashworth scale (14).

Data analysis. The video recordings were used to select reaching move-
ments with the dominant arm, during which the child was in an appropriate
state of attention. Such a selection procedure was needed in particular in the
youngest children.

The onset of the reaching movements was determined on the basis of the
kinematic data. Off-line kinematic analysis was carried out with the help of the
software package DataMonster 2.0 (E. Otten, Department Human Movement
Sciences, University of Groningen) (21). Kinematic analysis consisted of the
calculation of spatial angles for the head (by a vector between markers 1 and
2), the pelvis (by a vector between markers 6 and 7), and the upper arm (by a
vector between markers 8 and 9) in relation to the horizontal plane. In addition,
the trunk angle was defined by calculating the angle of the two intersecting
vectors between markers 3 and 4 and markers 4 and 5, and the elbow angle as
the angle of the two vectors between markers 8 and 9 and markers 9 and 10
(Fig. 1). Arm movement onset was defined as the moment at which the velocity
of the wrist increased more than 5% of peak velocity, while the moment at
which wrist velocity declined to 5% of peak velocity at the farthest distance in
space relative to the beginning of the movement was considered as the end of
the movement. In the kinematic analysis, only trials with a clearly demarcated
start and stop were included (Table 1). The analysis of the kinematics of
postural control focused on 1) angular positions at movement onset and 2)
angular displacements during the entire duration of the reaching movement.
For the analysis of the kinematics of reaching we focused on a) reaching
duration, b) maximum reaching velocity, as revealed by the Vmax of the wrist,
c) index of curvature of the reaching movement, as indicated by the ratio of the
actual length of the reaching path and the length of the straight line between
starting and stopping position (expressed as a percentage) (22), d) the propor-
tion of trials during which the reaching movement consisted of one MU, and
e) the length of the first MU (the transport MU) relative to total movement path
(expressed as a percentage). The MU were distinguished with the help of the
wrist velocity peak profile. An MU consisted of one acceleration and one
deceleration in the velocity profile of the wrist marker (11,12).

Statistics. Statistical analyses were performed using the computer package
SPSS (version 10.1, SPSS Inc., Chicago, IL). The majority of analyses were
performed on child-level, meaning that for the kinematic variables first the
child’s mean value was calculated on the basis of which further analyses were
performed. For the evaluation of the effect of type of CP (SH or Bi-CP), effect
of age and the presence of additional back or foot support the nonparametric
Mann-Whitney test was used. To establish the influence of the uni- or bilateral
nature of the brain lesion on the ultrasound scan on the kinematic parameters
of postural control, the Kruskal-Wallis test was used. For the relation between
clinical characteristics, such as the PEDI and the severity of brain lesion, and
the kinematic parameters and for the relation between the kinematics of

posture and those of reaching, Spearman’s rho was calculated. To be able to
differentiate between the effects of gestational age (born before 28 wk or � 28
wk) (13) versus severity of brain lesion on the kinematic parameters of postural
control a multiple regression analysis was performed.

To be able to evaluate the effect of age while taking into account the effect
of group and the severity of disability, ANOVA was used. Similarly, to
evaluate the effect of the ability to modulate postural muscle activity on the
basis of information on initial body configuration while taking into account the
effect of age and group, ANOVA was again applied. We realize that the
ANOVA is a parametric test and thus nonoptimal for the present set of data,
but it was the only way to get some idea on the effect of multiple factors on the
kinematic parameters.

Throughout the analyses, we considered in the nonparametric tests differ-
ences with p values � 0.05 and in the parametric tests differences with p values
� 0.01 as statistically significant.

RESULTS

Kinematics of postural control. Before addressing the dif-
ferences in the kinematics of postural control between the TD
children and the children with CP, we first describe the effect
of age on postural parameters in the TD children. In the TD
children, age only affected the degree of straightness of the
trunk and the stability of the head during reaching. The young-
est TD children had a straighter position of the trunk compared
with the 5–11 y olds (median values: 2–4 y olds, 159°; 5–7 y
olds, 152°; 8–11 y olds, 142°; respectively p � 0.05, p � 0.01)
and the youngest TD children showed less stability of the head
during reaching compared with the 8–11 y olds (displacement
of the head, median values: 2–4 y olds, 9.5° versus 8–11 y
olds, 3.4°, p � 0.05; 5–7 y olds, 3.8° (NS).

Initial body configuration differed between the three groups
(Fig. 2). The children with CP sat with a more flexed trunk
(median values: TD, 153°; SH, 145°; Bi-CP, 142°; p � 0.05)
and had their pelvis, in particular the children with SH, in a
more reclined position (median values: TD, –108°; SH, –115°;
Bi-CP, –111°; p � 0.05) than the TD children. The children
with Bi-CP had a more flexed elbow position than the children
with SH and the TD children (especially in the 5-7 y olds;
median values: TD, 150°; SH, 134°; Bi-CP, 122°; p � 0.05).
Furthermore, the children with Bi-CP had a more retroflexed
position of the shoulder than the TD children (especially the
2-4 y olds; median values: TD, –106°; Bi-CP, –97°; p � 0.05).
In general, the angular displacements during the reaching
movement did not differ between the three groups. The only
difference found was that children with SH displaced their
upper arm more during reaching than TD children (median
values: 51.7° versus 40.6°, p � 0.01). In addition, children
with SH tended to show a larger displacement of the head
during reaching than the TD children (median values: 6.9°
versus 4.4°, p � 0.08), but this difference failed to reach
statistical significance.

The sitting position at the onset of reaching was related to
the severity of disability. Children with severe CP held their
head more in anteflexion than the children with a mild or
moderate form of CP (mean values: severe, –95°; moderate,
–109°; mild –101°; F2,8 � 10.3, p � 0.01). This was in
particular true for the 2–4 y olds and the 8–11 y olds (age
group * severity F4,8 � 6.3, p � 0.01). Children with severe CP
also sat with a more flexed trunk (mean values: severe, 137°;
moderate, 143°; mild, 146°; F2,8 � 18.2, p � 0.01). Children
with moderate form of CP had a less reclined pelvis position

Table 1. Number of trials per individual with successful kinematic
recording

Number of trials

Age Group No. Median Range

2–4 y Children with SH 8 17 4–10
Children with Bi-CP 4 16 4–9
TD 7 14 3–9

5–7 y Children with SH 12 15 3–9
Children with Bi-CP 7 14 3–10
TD 9 19 5–11

8–11 y Children with SH 13 16 3–10
Children with Bi-CP 7 16 5–11
TD 10 11 4–13
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(mean values: severe, –115°p; moderate, –110°; mild, –116°;
F2,8 � 11.6, p � 0.01). The latter difference was especially
clear in the 5–11 y olds (age group * severity F4,8 � 9.4, p �
0.01). In addition, children with severe CP started the reaching
movement with the upper arm held in a more retroflexed
position than the children with a mild or moderate form of CP
(mean values: severe, –83°; moderate, –97°; mild, –100°; F2,8

� 7.2, p � 0.01). In particular, the 5–11 y olds held their upper
arm in a retroflexed position (age group * severity F4,8 � 5.2,
p � 0.01). Furthermore, the children with severe CP held their
elbow in a more flexed position (mean values: severe, 122°;
moderate, 124°; mild, 136°; F2,8 � 16.6, p � 0.01). Especially
the 5–7 y olds with severe CP showed a more flexed elbow
position (age group * severity F4,8 � 4.5, p � 0.01). Little
relation was found between the severity of disability and body
displacement during reaching. Only for the angular displace-
ment of the pelvis was a main effect for severity (mean values:
severe, 5.5°; moderate, 3.0°; mild, 4.3°; F2,8 � 6.9, p � 0.01)
and an interaction effect found between the age group and the
severity of disability (age group * severity F4,8 � 10.2, p �
0.01). The latter result meant that children with moderate CP in
particular at the age of 2–4 y had a smaller angular displace-
ment of the pelvis than children with either mild or severe CP.
In addition, severity of disability tended to affect the stability of
the head during reaching (mean values of head displacement:
severe, 9.8°; moderate, 5.9°; mild, 7.8°; F2,8 � 4.7, p � 0.01).
The kinematics of postural control of children who received
additional postural support during testing was similar to that of
the children with severe CP who did not receive extra support.
Only the children with severe or moderate CP who received
additional support tended to have less displacement of the
pelvis than children with severe CP who were tested without
extra support (median values: 1.2° versus 6.1°, p � 0.08).
Neonatal characteristics and kinematics of postural con-

trol. Kinematics of postural control in children with CP was
related to some extent to the severity of the lesion on the
neonatal ultrasound scan of the brain. Little relation was found
between severity of brain lesion and initial body position. Only
in the subgroup of children with SH was a relation found
between a more severe brain lesion and a higher degree of
retroflexion of the upper arm (rho � 0.37, p � 0.05). The

severity of brain lesion was related to the stability of the head
during reaching. A more severe brain lesion was associated
with more displacement of the head (rho � 0.35, p � 0.05).
This was also true for the subgroup of children with SH (rho �
0.44, p � 0.05), but not for the subgroup of children with
Bi-CP (rho � 0.18, NS). The relationships between the pres-
ence of a brain lesion and the kinematics of posture were not
affected by the unilateral or bilateral nature of the lesion.

In the children with CP, gestational age at birth was not
related to the kinematics of postural control. When taking into
account both gestational age at birth and the severity of the
brain lesion on the ultrasound scan by using a multiple regres-
sion analysis, the position of the upper arm at the start of the
reaching movement and the displacement of the head during
the reaching movement were related to the severity of the brain
lesion (p � 0.05). Both results were brought about by the
children with SH. In the multivariate statistics, gestational age
at birth was not related to any of the kinematic variables of
postural control.
Functional measurements and kinematics of postural con-

trol. In the children with CP, initial position of the trunk and
pelvis were not clearly related to scores on the PEDI (Table 2).
In the children with SH, a less anteflexed initial position of the
head was related to better PEDI scores. A similar relationship
was absent in the children with Bi-CP. In this group, a more
anteflexed position of the head tended to be related to better
PEDI scores. Initial position of the upper arm and elbow were
related to some extent to PEDI scores. In particular, in children
with SH, a more retroflexed starting position of the upper arm
was related to worse PEDI scores. Displacement of the head,
trunk, and upper arm was not or minimally related to PEDI
scores. However, less displacement of the pelvis and less
displacement of the elbow were related to better PEDI scores.
This was especially true for children with SH.

Kinematics of postural control in children with CP was
related to some extent to the degree of spasticity of the
reaching arm measured by the modified Ashworth scale. A
higher degree of spasticity was related to a more flexed initial
position of the elbow (rho � –0.32, p � 0.05), but not to the
degree of angular displacement of the shoulder and elbow.

Figure 2. Kinematic characteristics of postural control in children with and without CP. Medians (horizontal bars) and ranges (vertical bars) of the kinematic
parameters of the initial body position. Mann-Whitney, *p � 0.05, **p � 0.01. More negative values for head start, pelvis start, and upper arm start indicate
an increase in retroflexion for head and pelvis and an increase in anteflexion of the shoulder for the upper arm. An increase in the values of trunk and elbow
reflect an increase in extension.
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Postural control and kinematics of reaching. In the TD
children, initial positions of head, trunk, and pelvis were not
related to the kinematics of reaching, but initial position of
shoulder and elbow were (Table 3). A more retroflexed posi-
tion of the upper arm was associated with the presence of less
reaching movements consisting of 1 MU, and a more flexed
elbow was associated with a lower rate of occurrence of
reaching movements of 1 MU, slower movements and the
transport unit covered a relatively smaller proportion of the

reaching distance. In the TD children, displacement of body
parts during reaching was not related to the kinematics of
reaching.

In children with SH, initial position of the head was related
to the kinematics of reaching: a more anteflexed head was
associated with slower and less straight reaching movements.
In contrast to TD children, in children with SH, displacement
of body-parts during reaching was related to the kinematics of
reaching (Fig. 3; Table 3). In children with SH, a less stable
head was associated with slower and less straight reaching
movements. In addition, less trunk mobility was associated
with worse reaching movements, i.e. reaching movements
during which the transport MU covered a relatively smaller
part of the reaching distance, longer lasting reaches, and less
reaches consisting of one MU (Fig. 3). Furthermore, more
elbow displacement was associated with slower reaching
movements.

In children with Bi-CP only a few significant relationships
between the kinematics of posture and those of reaching were
found (Table 3). Unlike in the other groups, in children with
Bi-CP initial pelvis position was related to reaching: a more
anteflexed pelvis was associated with slower reaching move-
ments. Similar to the findings in the children with SH, in the
children with Bi-CP, less trunk displacement during reaching
was associated with movements during which a smaller part
was covered by the transport movement unit (Fig. 3, Table 3).

The ability of TD children and children with CP to modulate
EMG amplitude of the dorsal postural muscles with respect to
information on initial body configuration was related to the
kinematics of reaching. The ability to modulate was associated
with the occurrence of reaching movements during which the
transport MU covered a relatively larger part of the movement
(ability present: 96% covered by transport MU, ability absent:
89%; F1,5 � 18.0, p � 0.01) and with faster reaching move-
ments (ability present: 0.85 m/s, ability absent: 0.75 m/s;
ANOVA F1,5 � 11.3, p � 0.01). In addition, the ability to
modulate tended to be associated with the straightness of
reaching (ability present: 106%, ability absent: 108%;
ANOVA F1,5 � 3.6, p � 0.06) and the duration of reaching
(ability present: 1.2 s, ability absent:1.3 s, ANOVA F1,5 � 3.0,
p � 0.08).

DISCUSSION

The present study demonstrated that initial posture during
reaching of children with CP differed from that of TD children.
Body displacement while reaching did not differ between the
groups. Yet, it was especially body displacement and less so
initial body configuration that was related to the quality of
reaching.

Before discussing the pathophysiological and clinical signif-
icance of our findings, we would like to address an important
methodological point, namely whether the differences in the
kinematics of posture between the children with CP and the TD
children should be attributed to the presence of CP or to
preterm birth. There are several findings that suggest that the
presence of CP mainly explained the differences between the
groups. First, in the present study and in a previous study

Table 2. Spearman rank correlations between the subscales and
total scores of the PEDI and the kinematic parameters for the

children with CP

All children with CP

PEDI
fssc

PEDI
fsmob

PEDI
fssoc

PEDI
casc

PEDI
camob

PEDI
casoc

PEDI
total score

Head start –0.11 –0.14 –0.22 –0.21 –0.02 –0.16 –0.16
Trunk start 0.13 0.23 –0.15 –0.11 0.30 –0.17 0.10
Pelvis start 0.05 0.07 0.02 –0.04 0.16 0.17 0.08
Upper arm start –0.37 –0.41 –0.36 –0.35 –0.35 –0.22 –0.39
Elbow start –0.29 –0.39 0.05 0.19 0.22 0.01 0.27
Delta head –0.11 0.15 –0.06 –0.16 –0.02 –0.06 –0.14
Delta trunk 0.06 0.01 0.01 –0.07 0.13 0.03 0.03
Delta pelvis –0.34 –0.36 –0.44 –0.37 0.02 –0.12 –0.37
Delta upper arm 0.01 –0.03 –0.05 –0.00 –0.06 –0.05 0.00
Delta elbow –0.40 –0.37 –0.35 –0.36 –0.09 –0.33 –0.38

Children with SH

PEDI
fssc

PEDI
fsmob

PEDI
fssoc

PEDI
casc

PEDI
camob

PEDI
casoc

PEDI
total score

Head start –0.30 –0.35 –0.37 –0.39 –0.14 –0.47 –0.35
Trunk start 0.09 0.10 –0.06 –0.20 0.23 –0.08 0.01
Pelvis start 0.16 0.12 0.05 0.00 0.13 0.14 0.14
Upper arm start –0.50 –0.57 –0.47 –0.43 –0.45 –0.39 –0.48
Elbow start –0.42 –0.37 0.22 0.22 0.11 0.32 0.31
Delta head –0.36 –0.32 –0.29 –0.40 –0.20 –0.32 –0.33
Delta trunk 0.06 0.06 0.02 –0.05 0.19 –0.06 0.03
Delta pelvis –0.32 –0.36 –0.43 –0.28 –0.01 –0.30 –0.38
Delta upper arm –0.09 –0.21 –0.11 –0.07 –0.35 –0.02 –0.11
Delta elbow –0.50 –0.46 –0.43 –0.43 –0.16 –0.38 –0.48

Children with Bi-CP

PEDI
fssc

PEDI
fsmob

PEDI
fssoc

PEDI
casc

PEDI
camob

PEDI
casoc

PEDI
total score

Head start 0.32 0.02 0.08 0.16 0.09 0.53 0.22
Trunk start –0.09 0.25 –0.18 –0.26 0.19 –0.17 0.04
Pelvis start –0.05 0.14 –0.10 –0.16 0.30 0.17 0.08
Upper arm start 0.10 –0.11 –0.09 0.00 –0.19 –0.10 –0.00
Elbow start –0.34 0.06 –0.33 –0.32 0.05 –0.26 –0.22
Delta head 0.03 –0.10 0.41 0.22 0.08 –0.48 0.18
Delta trunk 0.33 0.36 –0.07 0.17 0.43 0.10 0.37
Delta pelvis –0.22 0.04 –0.51 –0.46 0.44 0.18 –0.05
Delta upper arm 0.13 0.17 0.14 0.07 0.19 –0.10 0.16
Delta elbow –0.16 –0.16 –0.17 –0.17 0.02 –0.29 –0.11

Values are marked in bold when the relation between the kinematic param-
eter and the PEDI score was statistically significant (p � 0.05). Age-groups are
pooled.

“Start” indicates the position of the body part at the onset of reaching;
“Delta” points to the displacement of the body-parts during the reaching
movement; fssc, functional scale self-care; fsmob, functional scale mobility;
fssoc, functional scale social function; casc, caregiver assistance self-care;
camob, caregiver assistance mobility; casoc, caregiver assistance social func-
tion.
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(paper under review at Pediatric Research) we found that
postural control and the quality of reaching were related to the
severity of CP, the severity of brain lesion, and to the degree of
spasticity, whereas in other studies in young preterm children
without CP similar relationships were absent (8,9,23). Second,
the finding that the degree of prematurity did not affect the
kinematic parameters when the severity of brain lesion was
taken into account suggests that the present findings mainly are
related to the presence of CP.

Initial sitting position of the children with CP differed from
that of the TD children: children with CP sat with a more
reclined pelvis and a more collapsed trunk. This is a well-
known clinical finding, in particular in children with Bi-CP. It
can be attributed partly to an imbalance between the relatively
weak hip flexor muscles and overactive hip extensor muscles
(24). In addition, it can be explained as the child’s strategy to
cope with postural instability. For, in the crouched sitting
position with pelvic retroflexion, children with Bi-CP are better
able to adapt postural muscle activity to environmental condi-
tions than in a sitting position with less pelvic retroflexion (25).

In the TD children the kinematics of posture changed with
increasing age. In the first place, head displacement during
reaching decreased with increasing age. This finding under-
scores the notion that head stabilization in space, which is

strongly linked to gaze orientation, is one of the major goals of
postural control (26). Second, the trunk in the 511 y olds was
more flexed than in the younger children. This finding corre-
sponds to the data of Hadders-Algra et al. (27), who reported
that trunk flexion especially increases between the ages of 2
and 3 y, a phenomenon that is accompanied by a decrease in
the in-concert activation of the postural muscles. In the chil-
dren with CP participating in the present study, the effect of age
on postural characteristics was altered in a complex way by the
severity of the disability. Children with CP are able to learn to
some extent from previous experience (28), but their motor
performance also strongly depends on the severity of their
motor disorder.

The present study indicated that the degree of spasticity of
the reaching arm as measured by the Modified Ashworth Scale
in children with a spastic type of CP was related to a minor
extent only to the kinematic parameters of postural control.
Three explanations can be offered for the weak relationships.
First, it should be realized that the frequently used Modified
Ashworth Scale is only a moderately valid instrument to assess
spasticity (29). Second, we studied behavior of the least in-
volved arm in children with CP. It is conceivable that the
degree of spasticity of the most involved arm and kinematics of
postural control are more closely related than the degree of

Table 3. Spearman rank correlations between kinematics of postural control and kinematics of reaching in TD children and children with
CP

TD CP

Reaching
duration

Peak
velo

Index of
curvature

%
trials
1 MU

%
transport

MU
Reaching
duration

Peak
velo

Index of
curvature

%
trials
1 MU

%
transport

MU

Head start 0.09 –0.08 –0.33 0.07 0.06 –0.04 –0.34 0.20 0.02 0.01
Trunk start –0.03 0.02 0.25 –0.24 –0.21 –0.14 –0.11 –0.19 0.14 0.02
Pelvis start –0.07 0.17 0.21 –0.18 –0.16 –0.05 –0.19 –0.22 –0.11 –0.04
Upper arm

start
0.14 0.07 0.25 –0.44 –0.30 –0.15 0.05 0.06 0.11 –0.07

Elbow start –0.06 0.60 –0.33 0.48 0.47 0.08 0.27 –0.02 0.03 0.05
Delta head –0.35 –0.27 0.35 –0.29 –0.22 0.07 –0.31 0.40 –0.27 –0.16
Delta trunk 0.27 –0.03 0.08 –0.33 –0.32 –0.28 0.21 –0.18 0.30 0.42
Delta pelvis –0.11 –0.02 0.11 –0.28 –0.29 –0.27 0.04 0.13 0.11 0.11
Delta upper

arm
–0.06 0.32 0.11 –0.25 –0.09 0.01 0.26 0.06 0.06 0.16

Delta elbow 0.11 –0.17 0.13 –0.31 –0.29 0.02 –0.26 0.16 –0.07 –0.15

Children with SH Children with Bi-CP

Reaching
duration

Peak
velo

Index of
curvature

%
trials
1 MU

%
transport

MU
Reaching
duration

Peak
velo

Index of
curvature

%
trials
1 MU

%
transport

MU

Head start 0.07 –0.41 0.35 –0.09 –0.15 –0.16 –0.23 –0.08 0.23 0.26
Trunk start –0.08 –0.13 –0.08 0.19 –0.00 0.09 –0.26 –0.24 –0.18 –0.07
Pelvis start –0.23 0.01 –0.26 0.09 0.14 0.41 –0.56 –0.17 –0.47 –0.29
Upper arm

start
–0.02 0.04 –0.02 0.04 –0.15 –0.39 0.15 0.04 0.35 0.25

Elbow start 0.09 0.30 0.07 0.03 0.13 0.16 –0.08 0.03 –0.19 –0.45
Delta head 0.08 –0.35 0.57 –0.27 –0.30 0.18 –0.24 0.11 –0.25 0.10
Delta trunk –0.41 0.33 –0.13 0.40 0.48 –0.12 0.13 –0.35 0.40 0.62
Delta pelvis –0.26 0.09 0.02 0.21 0.26 –0.32 –0.10 0.26 0.06 –0.13
Delta upper

arm
0.06 0.16 0.08 0.02 0.14 0.01 0.40 0.02 0.13 0.15

Delta elbow 0.20 –0.37 0.22 –0.12 –0.34 –0.32 –0.03 0.10 0.13 0.33

Values are marked in bold when the relation between the kinematic parameters was statistically significant (p � 0.05). Age-groups are pooled.
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spasticity of the least involved arm and postural kinematics.
Third, others have demonstrated that the relationship between
spasticity and motor performance in children with CP is not a
straightforward one (30).

The assumption that the quality of reaching depends on the
adequacy of postural control is confirmed in the present study,
but the interrelationships differed for the three different groups.
TD children in general are able to modulate the activity of the
postural muscles to task-specific conditions (13,19), a capacity
that was related to a better quality of reaching. In the TD
children the actual and well-controlled position and displace-
ment of head, trunk, and pelvis were not related to the quality
of reaching. Children with SH have a limited capacity to
modulate the activity of postural muscles to task-specific con-
ditions (13). In these children, the less-well-controlled posture
was related to a worse quality of reaching. Specifically, a more
anteflexed starting position of the head, a less stable head, and
a less mobile trunk while reaching were related to a worse
quality of the reaching movements. The association between a
larger displacement of the trunk and better reaching move-
ments suggests that children with SH integrate truncal mobility
in the reaching movement by creating a positive link between
the two. Children with Bi-CP cannot modulate the activity of
the postural muscles to task specific conditions (13). In these
children a strong link was also found between little trunk
mobility and a worse quality of reaching. In addition, quality of
reaching was related to initial pelvis position. The practical

implications of these findings could be 3-fold. First, it is
conceivable that the quality of reaching in children with CP
might improve by specific training. For instance, by exercises
during which the sitting child reaches to objects placed at such
a distance that they require considerable trunk displacement.
Second, it is possible that quality of reaching in children with
Bi-CP benefits from their preferred reclined pelvis position.
Third, functional performance of children with CP might profit
from the provision of external stabilizers of the pelvis (seating
devices) and, in particular in children with a severe form of CP,
stabilizing devices for the head.

In conclusion, sitting posture before the onset of reaching of
children with CP differs from that of TD children: they sit with
a more reclined pelvis and a more collapsed trunk. This
different sitting posture is not related to worse functional
performance during daily life activities and the reclined pelvic
position even results in a better quality of reaching movements.
In addition, a more stable head, a more mobile trunk, and a
more stable pelvis were related to better functional perfor-
mance. This suggests that physiotherapeutic guidance of chil-
dren with CP should focus rather on the latter postural param-
eters than on the different sitting posture of pelvis and trunk.
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