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Head stability during whole body movements in spastic diplegia

Bernard Dana, b,*, Ethel Bouillota, Ana Bengoetxeaa, Pierre NoeÈlb, AndreÂ Kahnb, Guy Cherona

aLaboratory of Movement Biomechanics, ISEPK, UniversiteÂ Libre de Bruxelles, Belgium.
bUniversity Children's Hospital Queen Fabiola, UniversiteÂ Libre de Bruxelles, Belgium.

Received 16 June 1999; received in revised form 19 October 1999; accepted 22 October 1999

Abstract

Head angular stability is essential for postural control in whole body movement. Using the opto-electronic ELITE system, we have studied

head orientation during the movements of squatting from the standing position and straightening-up from the squatting position in 12 children

with spastic diplegia and 12 age-matched controls. Although no instruction was given regarding the head, diplegic children consistently

performed excessive neck ¯exion in the squatting movement and excessive hyperextension in the straightening-up movement, whereas

normal children maintained the initial orientation throughout both movements. We discuss pathophysiological implications. q 2000 Elsevier

Science B.V. All rights reserved.
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1. Introduction

Cerebral palsy is a clinical syndrome characterized by

abnormal movement and posture secondary to non-progres-

sive pathological processes affecting the immature brain.

The most prevalent type of cerebral palsy, spastic diplegia,

is characterized by predominance of the motor syndrome

(mainly pyramidal) in the lower limbs, which becomes

obvious gradually during infancy. It is commonly due to

perinatal hypoxic±ischaemic insult in premature neonates

resulting in lesions in the white matter adjacent to the cere-

bral ventricles, or periventricular leukomalacia. One of the

earliest signs of spastic diplegia is delayed acquisition of the

righting function of the head [1], which ensures control of

head posture and movement along and around the body axis

[1,2]. Head stability is of utmost importance for vision, as it

fosters gaze stability and therefore image stability on the

retina, facilitating the processing of visual information [3].

In the present work, we studied the orientation of the Frank-

fort plane [4], during rapid squatting and straightening-up in

12 children with spastic diplegia and 12 normal age-

matched controls.

2. Material and methods

2.1. Patients

Twelve children with spastic diplegia aged between 3 and

12 years (mean 6.3 ^ 2.6) participated in the study. All were

born premature with gestational ages ranging from 27 to 36

weeks (mean 30.7 ^ 3.1). Motor milestones were attained

late in all children: absence of head lag when pulled to

sitting from 7 to 21 months (mean 11.9 ^ 3.3); independent

sitting from 8 to 19 months (mean 12.8 ^ 4.2); independent

walking from 21 to 40 months (mean 31.2 ^ 5.1). Mean

normalized global Gross Motor Function Measure scores

were 0.78 ^ 0.28, corresponding to partial completion of

the tasks, with 0.76 ^ 0.34 for the items speci®cally

concerning the lower limbs (kneeling, standing, walking

and climbing). All patients have Bobath-type physiotherapy

(one to three times per week, started in the ®rst year of life in

all but one patient). No systematic ophthalmological data

could be obtained at this stage. All patients had magnetic

resonance imaging (MRI) between three months and six

years of age (mean 2.3 ^ 1.5 years). The scans showed

features of periventricular leukomalacia in all patients,

with cystic lesions in the anterior periventricular white

matter in two patients, associated left temporal lobe atrophy

in one patient and vermian atrophy in another one. Eight

patients had lesions involving the optic radiations bilater-

ally, showing marked asymmetry in two patients. No

patients had lesions in the visual cortex.
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2.2. Normal controls

The control group consisted of 12 age-matched children

with normal development and no disabilities. Gestational

ages at birth ranged from 33 to 41 weeks (mean 38.2 ^

2.4). The child born at 33 weeks gestation had a normal

cerebral ultrasound in the neonatal period.

2.3. Considered movements

Two movements were studied: (1) rapid squatting from

the standing position with the arms extended forward,

following a paradigm used previously in adults [5] and (2)

rapid standing up from a stable squatting position with the

arms extended forward, following a paradigm used

previously in adults [6].

2.4. Movement recording and analysis

Ten trials of each movement were recorded for each

subject using the opto-electronic ELITE system [7], which

consists of two infrared light-emitting digital cameras that

detect re¯ective markers at a sampling rate of 100 Hz with

an accuracy of 0.67 mm. The markers were adhesive plastic

spheres (B 15 mm) placed on the child's skin overlying the

lateral aspect of the nose at the height of the infra-orbital

edge and the ear tragus, forming a line (FP) which approx-

imates the Frankfort plane. Recorded marker images were

processed for real time shape recognition. Image centroids

were reconstructed in three dimensions. The angular posi-

tion of FP was calculated with respect to the horizontal.

Analysis of variance between sets of data (ANOVA) was

computed using the Statistica Software (Softcom).

3. Results

3.1. Head orientation

Before the onset of the squatting movement, the mean

angle of FP with respect to the horizontal was 39.48 (stan-

dard deviation 8.88) in diplegic children and 32.38 (standard

deviation 4.28) in normal children. This relative neck hyper-

extension in diplegic children did not differ signi®cantly

from the control's FP orientation. Before the straighten-

ing-up movement, the mean FP angle was 26.28 (standard

deviation 12.18) in diplegic children and 29.08 (standard

deviation 7.48) in controls, with no signi®cant difference

between groups. The mean differential angle between the

Frankfort plane at the onset and at the end of the squatting

was 224.88 (standard deviation 22.58) in diplegic patients
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Fig. 1. Distribution of the difference between the angular position of the head at the onset and at the end of the movement of (A) squatting in normal children

(B) squatting in diplegic children (C) straightening-up in normal children and (D) straightening-up in diplegic children.



and 21.98 (standard deviation 8.58) in normal children,

showing a highly signi®cant difference between the two

groups (F�1;238� � 119:64; P , 0:001). The dispersion of

the observed values are shown in Fig. 1A,B. For the straigh-

tening-up movement, it was 26.08 (standard deviation 26.28)
in diplegic children and 0.78 (standard deviation 6.58) in

controls, showing a similarly signi®cant difference between

the two groups (F�1;239� � 92:27; P , 0:001). The disper-

sions of the observed values are shown in Fig. 1C,D.

There were no clear age-related trends.

4. Discussion

Head angular stability has been demonstrated to be essen-

tial for effective dynamic postural control in whole body

movements [3,7]. It provides the central nervous system

with visual and vestibular references, and serves as a basis

for inertial guidance for postural and motor control [8].

Although no instruction regarding the head was given for

either motor task in this study, normal children consistently

maintained the initial head orientation throughout the move-

ment whereas diplegic children did not. The de®cit in head

angular stability re¯ects dysfunction of the brainstem

re¯exes normally involved in head control: tonic neck

re¯ex, opto±cervical re¯ex and vestibulo±cervical re¯ex.

Our patients have no documented brainstem lesions.

However, efferent pathways, which are under hemispheric

control, are impaired. Excessive ¯exion associated with

squatting and extension with straightening up are not an

inertial effect of the movements. Indeed, although the

distance between the centre of gravity of the head and the

rotation axis located in the cervical column is reduced in

both situations, resulting in reduced moment of inertia, the

articular moments depending on inertial coupling of the

head with the rest of the body should favour neck extension

for squatting and extension for straightening up. The

observed excessive angular shifts therefore represent an

active process. Head ¯exion during lower limb ¯exion and

head extension during lower limb extension correspond to

ontogenetic global motor synergies which develop at the

end of the foetal life and in the ®rst six months of life,

respectively [9]. Motor organization in cerebral palsy is

largely determined by the persistence of these archaic

patterns [10]. According to the concept of adaptive motor

strategies, the motor patterns developed by children with

cerebral palsy represent their solution for the underlying

cerebral problem, re¯ecting priority management by the

central nervous system [11]. Stability of head orientation

appears to be an important priority for normal children but

not for children with spastic diplegia.

The evolution of the axial righting function follows a

rostro±caudal course [2]. In the normal new-born and

young infant, it facilitates early voluntary visual contacts.

Thereafter, the righting function gradually enables the child

to free his/her upper limbs by 3±4 months, when it reaches

the shoulder girdle, then to achieve the sitting posture by 6±

8 months, and eventually the standing posture around the

end of the ®rst year of life. One of the presumed important

early effects of the axial righting function is the establish-

ment of referentials which rely on head stability, such as the

visual referential, which contribute to programming as well

as modulation of movement [8]. We speculate that the

abnormally late and often incomplete development of the

axial righting function in spastic diplegia precludes the

establishment of these referentials. In turn, this may have

a role in the visual-perceptual de®cits which are commonly

associated with spastic diplegia [12]. This may warrant a

larger scale study of the relationship between head orienta-

tion and visual perception in patients with spastic diplegia,

with possible implications for management concentrating

on head stability and early visual experience.
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