FVE-YEAR FOLLOW-UP OF FUNCTIONAL
SITTING POSITION IN CHILDIREN WITH

CEREBRAL PALSY
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The choice of wheelchairs and other
chairs is of major importance in the habil-
itation of non-ambulant children with
cercbral palsy (CP). When reviewing
existing adaplive  seating  systems,
Mulcahy er al. (1988) found that the seats
could often not be adjusted to accommod-
ate or encourage changes in physical abil-
ity and growth. Those authors also held
regular seating clinics, and found that
children were continuing to develop fixed
deformities due to the seating and other
positioning devices used.

As part of a research project to invest-
igate how children with Cp can overcome
these problems, a functional sitting posi-
tion (rsp) was defined (Myhr and von
Wendt 1990, 1991). In an FSP, postural
control is sought to allow optimum use of
arms and hands. e.g. when playing, cating
or performing various daily activities
when sitting at a table. In this context,
postural control is defined as control of
the body's position (posture) in space for
the dual purposes of maintaining equi-
librium and orientation in sitting: cquilib-
rium is defined as control of the upper
body (head. trunk and upper-extremity
segments) over its base of support; and
orientation means maintaining an align-
ment of body segments with respect o
one another that i1s appropriate to the
movement  or  task  (Horak 1992,
Shumway-Cook and Woollacott 1993).

The base of support in sitting is formed
by the ischial tuberosities (ITs) (Aker-
blom 1948, Pheasant 1986, McClenaghan
1989) and the thighs. Movements occur
in the sagittal plane around the fulcrum at
the ITs supported on the seat (Akerblom
1948, Pheasant 1986, McClenaghan
1989) and also around the coronal axis
through the hip joints (Akerblom 1948).
For the KSe, the pelvis had to be forward-
tilted and the child’s upper body had to be
anterior 1o the fulcrum at the ITs, thus
allowing an upright posture. A hip-belt
was used to distribute the weight sym-
metrically and fix the pelvic position, and
an abduction orthosis, to enchance these
effects (Myhr and von Wendt 1990,
1991). The chairs had low back-rests. and
foot-rests were placed directly under the
knce-joint axes (Myhr and von Wendt
1991), allowing knee flexion and back-
ward movement of the feet. Each child
sat at a cut-out, level table*.

Until the early 1990s there was a lack
of function-based assessment methods
and it was difficult to mcasure sitting
posture in children with P (Bertoti 1988,
Mulcahy er al. 1988, McEwen and Karlan
1989, Kluzik et al. 1990, Reddihough et
al. 1990, Rosenbaum er al. 1990). This
situation led to the development of a new
observation technique. the  Sitting

“A table with a semicirele cut out of the front edge.
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TABLE 1

Characteristics of children with spastic diplegia at time of five-year follow-up (N=10)

Child Severity Age Method of Additional disabilities™
(vrs:mths) mobility

A Moderate 10:9 Wheelchair Visual impairment. dislocated hip,
communication impairment, MR

B Severe 8:8 Wheelchair Communication impairment

C Severe 8:8 Wheelchair Visual impairment, communication
impairment, MR

D Mild 8:1 Wheelchair Pes equinovarus

E Mild 8:9 Walking

E Severe 8:9 Wheelchair Visual impairment

G Moderate 7:3 Wheelchair Visual impairment. epilepsy, MR

H Mild 7:8 Walking Comimunication impairment, MR

Moderate 7:5 Gait orthoscs
J Moderate 9:6 Wheelchair

‘MR = mental retardation.

Assessment Scale (SAS) (Myhr and von
Wendt 1991). The sAS was designed to
evaluate head-, trunk- and foot-control and
arm- and hand-function before and after
seating interventions in clinical physio-
therapy practice and in research settings.
The scale has been tested twice for reli-
ability and has demonstrated high intra-
and inter-rater reliability (Myhr and von
Wendt 1991, Myhr ef al. 1993).

The main aim of the present study was
to rec-assess children who were intro-
duced to and tested in the FsP five years
previously, since very few studies (Pope
et al. 1994) have addressed the long-term
effects of various sitting positions in chil-
dren with Cp.

A second aim was to re-examine the
reliability of the sas. since the standard-
ization of the tasks to be performed had
been developed further.

Method

PATIENTS

From 1987 to 1988, 55 children with Cp,
from two paediatric rehabilitation centres
in Sweden, were assessed with the SAS:
(1) in the original sitting position (0sp),
(2) in the FS$p, and (3) in various other sit-
ting positions. The five youngest children
from cach group (two girls and eight
boys) were selected for the present
follow-up study, because they were initi-
ally least affected by contractures, pelvic
obliquities, dislocated hips and scoliosis.
However, the youngest child (aged 2.1

Visual impairment

years) was selected for this study cven
though he initially had pes equinovarus.
One of the children died and had to be
replaced by the next youngest child, who
had a subluxed hip (child A in Table I).

All the children had spastic diplegia,
which. according to the classification by
Hagberg and Hagberg (1993). can
include children with very shight to very
severe disability. Among the 10 children
participating in this follow-up there was a
roughly equal distribution of children
classified as having mild. moderate and
severe forms of Cp (Table 1), as defined
by Trefler er al. (1978). However, all the
children had unsolved seating problems
mitially. Mean age at initial assessment
was 3.6 (range 2.1 to 5.8) years, with a
mean age at follow-up of 8.7 (range 7.3 to
10.9) years.

Informed consent was obtained from
the parents.

PROCEDURE

In the 1987/88 assessment, the 10 chil-
dren participating in the study were all
videotaped and photographed from the
side for five minutes while sitting at a
table performing standardized tasks, and
were assessed with the §AS. At the recent
follow-up they were again video-taped
(using a JVC Super-VHS video-camera)
and photographed (with a Canon F1 cam-
era) in the same standardized way, and
re-assessed with the sAS. A paediatric
physiotherapist known to each subject sat
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Fig. 1. Child (H) with cerebral palsy sitting in

functional sitting position (FSP) at the five-

vear follow-up. Fulcrum at ischial tuberosities
and knee joint axis are indicated by lines
drawn vertically through landmarks.

opposite each child and offered assis-
tance. The children sat in their wsual
school chairs (Table 1), No adjustments
to the chairs or the children’s sitting posi-
tions were made. The children selected
for this follow-up were all followed and
treated at the same centres as five years
previously. with physiotherapy, occupa-
tional therapy and speech therapy carried
out according to the same principles.

Before filming and photographing,
white adhesive paper markers were
placed on the children as anatomical
landmarks (Myhr and von Wendt 1990,
1991). Because the marking-point at the
greater trochanter was concealed by the
hip-belt, this landmark had to be trans-
ferred to the corresponding point on the
belt.

In the original ¢xperimental situation
(Myhr and von Wendt 1991), the tasks
were standardized so that the child had to
do the following: hoid up the head: turn
the head to one side and then the other:
reach out to grasp, hold and release a
tamiliar toy or object; and support him-
self or herself against the table and per-

form the same simple operations. In the
present study the guidelines were identi-
cal, although some minor tasks were
added. Matenals used were placed on the
table sequentially at marking points for
an arm's length and 1'/> arm’s lengths
anterior to the trunk midline when the
child sat upright (modified after Fife et
al. 1991). The children had to perform the
following actions: lean forward to touch a
rattle 1'/> arm’s lengths away, and then
right himself or herself; reach forward,
grasp two or three toys an arm’s length
away (one at a time) and release the toys
into a box on the table; unscrew and
replace the lid of a jar; place six dice in a
jar, one at a time; and lift the jar using
both hands.

Photographs were taken (1) when the
child reached forward, (2) when the child
performed the task, and (3) when the
child righted himself or herself. (A
detailed manual with scoring instructions
is available from the first author.)

DATA ANALYSIS

Two different methods of evaluation
were used. First, photographs were used
1o determine FSP. Postural alignment was
esiimated from the position of the child’s
upper body relative to the marking-point
on the hip-belt over the greater trochanter
(used as an approximate marking-point
tor the fulcrum) (Myhr and von Wendt
1990, 1991), and the positions of the feet
were estimated relative to the knee-joint
axis. A line was drawn vertically through
the landmarks for the greater trochanter
and at the lateral epicondyle of the femur
(Figs. 1 and 2). Second, head-, trunk- and
foot-control, arm- and hand-function
and SAS results obtained in 1987/88 were
compared with those obtained in 1993.
Differences between the two periods
were statistically tested by Wilcoxon
matched-pairs signed-ranks test.

Intra- and inter-rater reliability was
assessed for the $AS. Two physiothera-
pists with three and six years® experience
of working with children were instructed
{by U.M.) and provided with video-films
of all 10 children and the SAS scoring
manual. These physiotherapists were
unacquainted with all but one child in
cach of the groups studied. They assessed
both the Fsp from the initial study and the
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Fig. 2. Child (A), who had deteriorated after initial study, (a) sitting in initial original sitiing posi-

tion (OSP) five vears ago, and (b} at five-vear followe-up. Fulcrum at the ischial mberosities and knee
Joint axis are marked with lines drawn vertically through landmarks.

actual sitting position from the present
study, using the video-tapes. in accord-
ance with instructions in previous studies
(Myhr and von Wendt 1991, 1993). Two
weeks after their first assessment, the
physiotherapists saw the videos again
and re-rated the children. The first author,
who had five years earlier assessed all
10 children in the initial studies. also
re-rated the same [0 children without
simultancously reviewing the initial re-
cordings. Comparisons between the rat-
ings of the two physiotherapists and also
between those of the physiotherapists and
the tirst author were made, and analysed
using Spearman’s rank order correlation
cocfficient and Kendall's coefficient of
concordance. The time that the two
physiotherapists needed to administer the
SAS was measured. because this affects its
clinical use (Jette 1984).

Results
After five years, eight of 10 children were
sitting according to the guidelines for an
Fsp (Fig. 1).

These eight children showed signifi-
cant improvements in head-. trunk- and
foot-control and arm- and hand-function

(p<0.05) (Table I1D). Five children sitting

in an ESP had total scores of 19 or 20 (out
of a maximum 20 points), indicating that
they had fair to good head-. trunk- and
foot-control and arm- and hand-function
{Table I,

Analyses of the photographs and
video-films showed that all eight children
sitting in an FSP were sitting with their
pelvis tilted forward. and with their upper
bodics anterior to the fulcrum at the ITs
when they performed the standardized
tusks at the table (Fig. 1). They were all
held to the scat by a hip-belt, except one
who did not need the belt any longer
(child 1:). Five children used an abduction
orthosis, one child held the hips abducted
using a lower-leg support, and the other
two children held their hips abducted
without any special equipment (Table II).
The children who had previously sat with
their lower extremities extended (because
of spasticity) sat with their knees tlexed
at the follow-up. Moreover, all cight chil-
dren sat with their feet on the foot-rest
without any fixation (Fig. 1).

The two children (A and B, Table 1)
who did not sit in an FSP sat with a
backward-tilted pelvis and with their
centre of gravity behind the 1Ts (Fig. 2b,
Table 11). They had deteriorated on all



items assessed. and their trunk-control
had worsened (Table [11). The most strik-
ing result was that of child A, who in the
initial study had scored ‘no foot-control’
in the 0SpP (Fig. 2a) and tair foot-control’
while sitting in the #sp, but in the present
study had deteriorated 10 ‘no foot-
control’ (Fig. 2b, Table HI). Child A had
her lower extremities strongly extended
the whole time (Fig. 2b), whereas child B
extended the lower extremitics occasion-
ally so that his feet were anterior to the
knee-joint axis. Child B used the same
chair as five ycars carlier {(when he had
been only three years old). The foot-
supports did not support his feet, and he
lost balance casily.

There was high intra- and inter-rater
agreement between the two rating physio-
therapists and also between the two
physiotherapists and the first author
(Table 1V). The mean time for using the
SAS was 16 minutes per child (two sitting
positions lasting five minutes cach).

Discussion
With the change from the 0SP to the Fsp
in the initial studies (1987/88). the effect
on posture and arm- and hand-function
was instantaneous and striking, with a
significantly improved score in the Fsp
according to the SAS (p<0.001) (Table
I (Myhr and von Wendt 1991). The
central finding of the present study was
that this favourable development appeured
to continue in the children who main-
tained their Fsp. However, there were fac-
tors which make it difficult 10 draw
definite conclusions. There was no true
control group, because we considered
such a design ethically questionable. The
other reason for not using a control group
was the consideration that a strict one
could not possibly be created so that all
other therapy over the five years could
remain identical. There was also the dif-
ficulty of finding matched controls. The
two children who did not sit in an Fsp and
who deteriorated give support to our
hypothesis of the favourable effect of the
ESP. but they should be viewed as ex-
amples of the effect of inadequate sitting
solutions and not as true controls.

The children sitting in the Fsp did not
deteriorate but continued to improve
significantly. Whether deterioration or

TABLE IV

Inter-rater and intrarater reliability for
Sitting Assessment Scale (SAS)

- . ]

Raters Inter-rater Intrararer

W I r,
PT, - PT> - PT 0.94%*
PT, - PT» .89~
PT;- PT, 0.93
PT,- PT, 0.91*
Py (.98~
P, 0.90+
PT; 0.97

r = Spearman rank order correlation coeffi-
cient: W = Kendall coefticient of concordance.
PT). PT. = physical therapists” ratings; PT; =
first author's ratings.
“p<0.01; #¥p<0.001.

improvement should be expected in these
children is difficult to judge as there are
no detailed prospective follow-up studies
of the natural course of motor impair-
ments in CP (Nelson and Ellenberg 1982).
Theoretically a favourable effect of the
I'SP over time could be expected. as we
previously demonstrated that leg-muscle
activity in knee extensor, adductor and
plantarflexor muscles, measured by sur-
face electromyography, decreased in the
forward-leaning and flat-sitting positions
with the use of an abduction orthosis
(F$P} in comparison with muscle activity
mcasured in reclining and flat positions
without abduction orthosis (Myhr and
von Wendt 1993).

An important factor in obtaining cqui-
librium is that the chair design does not
hinder movement ot the body segments
relative to each other. The L-shaped heel-
cups of the chairs (the type of foot-
support shown in Fig. 2a) appeared to
cause such hindrance. These facts were
obvious trom the SAS observations. The
evident reduction of extensor spasticity
when sitting in the Fsp, and the optimal
‘foot-control” as scored by the SAS in the
present study, further emphasize the need
to ensure that the design of the foot-
supports themselves does not gencrate
problems for the child in achieving
upright posture and postural control when
sitting “working™ at a table. Furthermore.
fixation indeed hindered the individual

Developmental Medicine and Child Newrology, 1995, 37, 587-596
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child in the ability to practise and develop
righting and equilibrium reactions. For
example, 22 of 23 children while sitting
initially in the OsP were fixed to the back-
rests by straps and shells of various types
without the possibility of postural adapta-
tions or balance (Myhr and von Wendt
1991).

A possible explanation for the im-
provements obtained could be the meticu-
lous adjustments of the chairs according
to the principles for FSP carried out dur-
ing the five-year period. For example,
hindrances such as plates or straps in the
back of the foot-rests, which had previ-
ously been removed in the experimental
situation in the FSP, had also been
removed in the chairs that the children
used daily, and foot-plates had been
adjusted parallel to the floor, so there was
no longer any limitation to moving the
feet in an anterior-posterior direction
along with the child’s upper-body move-
ments (Fig. 1). While sitting in an FSP the
children could balance their upper bodies
anterior or above the fulcrum at the ITs
within stability limits determined by the
base of support (Shumway-Cook and
Woollacott 1993) and the vertical back-
rest, with further consequences for other
segments of the body.

The absence of improvement and
actual deterioration over time for the two
children (A and B) who were not sitting in
an FSP is probably the result of several
factors, but it is clear that the children’s
clinical disorders did not differ from
those of the remainder of the group with
respect to level of impairment. Further
analysis of the photographs revealed that
minor but essential details of the chairs
can have obvious effects. Thus for child
A, who had deteriorated the most, the
chair was newly equipped with specially
adapted but unsuitable foot-supports, and
the back-rest was reclined (Fig. 2b, Table
II). With the knees extended. the ham-
string muscles caused backward tilting of
the pelvis. Furthermore, in such a posi-
tion, with the back-rest reclined, postural
control will be restrained and cxtensor
spasticity in the legs evoked. This is in
agreement with the findings of Falk
Bergen and Colangelo (1985), who noted
that clevating the leg-rests of sitting
patients with increased tone. when the

hamstring muscles are tight, causes a pos-
terior pelvic tilt, and also contributes to
asymmetric sitting. Child B, on the other
hand. was totally unstable when sitting,
dangling his legs without support from
the foot-rest. The chairs of the two chil-
dren whose condition had deteriorated
had been adjusted without consideration
for upper-body function, which could
have contributed to the unfavourable
outcome.

There is continuing discussion as to
whether seat inclination does affect
arm- and hand-function (McPherson et
al. 1991, McClenaghan er al. 1992) and
whether orientation of the body relative
to the vertical plane affects upper-
extremity function (Nwaobi 1987). Our
results (Myhr and von Wendt 1990, 1991,
1993) indicate that it is not the seat in-
clination itself but the relative position of
the pelvis, the upper body and the fect
that is critical in obtaining the optimal
postural control and arm- and hand-
function. For correct positioning of these
body segments, however, it is crucial that
the back-rest inclination is vertical, sup-
porting the pelvis, so that the upper body
is held anterior to or above the fulcrum at
the ITs and above the supporting seat sur-
face. The outcome for child A in the pres-
ent study (Fig. 2b, Table III) shows the
difficulties in preserving the optimal
arm- and hand-function when sitting with
the pelvis tilted backward and the upper
body posterior to the fulcrum. These sug-
gestions scem to be in agreement with
Nwaobi (1987), whose results implied
that the level of upper-extremity perform-
ance was higher with the body in an up-
right position and with the seat flat than
with posterior-reclined back-rest. Secat
inclination may vary individually. How-
ever, tilting the seat slightly forward can
be an efficient way of facilitating a for-
ward tilt of the pelvis. In our experimen-
tal situations in the initial study (Myhr
and von Wendt 1991), the seat in the FSp
was inclined forward for that purpose.
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SUMMARY

Ten children with cerebral palsy (CP) were videotaped and photographed after the introduction to a
functional sitting position (FSP—defined as a position in which children with CP could gain head-.
trunk- and foot-control and the maximum degree of independent function when performing arm and
hand movements during tasks) and again five years later. Head-, trunk- and foot-control, and arm-
and hand-function were assessed {rom video-tapes by the Sitting Assessment Scale. The eight
children who had been using the FSP throughout this period showed slight but significant
improvement; the remaining two had deteriorated. Since all 10 children had undergone similar
rehabilitation programmes, it is concluded that sitting in an FSP contributed to their improvement
in the ability to use the hand and arm.

RESUME

Un suivi de cing ans d’une position assise fonctionnelle chez des enfants IMC

Un examen vidéo ct photographique a ét¢ effectué chez dix entants TMC apres la mise en place
d’une position assise fonctionnelle (FSP- -définie comme une position ob les enfants IMC
pouvaient acqucrir un bon contrdle de la 1éte, du trone et des pieds, et une tonction indépendante en
réalisant des mouvements des bras et des mains au cours dune tiche) et de méme cing ans plus
tard. Le controle de la téte, du trone ct des pieds, et la fonction des bras et des mains furent
¢valués a partir des bandes vidéo selon la Sitting Assessement Scale. Les huit enfants qui avaient
utilisé la FSP tout au long de la période d’examen présenterent un progres léger mais significatif;
I"¢tat se déteriora pour les deux autres enfants. Puisque le prograniume de rééducation entrepris pour
les dix enfants ¢tait identique, les auteurs concluent que la position assise en FSP contrbue & leurs
progres dans 1"utilisation du bras et de la main,

ZUSAMMENFASSUNG

Verlaufskontrolle einer funktionellen Sitzposition bei Kindern mit Cerebralparese iiber fiinf Jahre
Zehn Kinder mit Cerebralparese (CP) wurden auf Video aufgenommen und fotografiert, nachdem
sie in eine funktionelle Sitz-position (FSP) eingefithrt waren  -diese ist definicrt als eine Position,
in der Kinder mit CP Kopf. Rumpt und Fiie unter Kontrolle haben und ein Maximum an Freiraum
haben, wenn sic bei der Ausfithrung von Autgaben Arm- und Handbewegungen machen—und dann
cin zweites Mal nach fiinf Jahren. Kopf-. Rumpf- und Fukontrolle. sowie Arm- und Handfunktion
wurden anhand der Videobidnder gemiB der Sitting Assessment Scale beurteilt. Bei den acht
Kinder, die die FSP withrend der gesamten Zeit beibehalten hatten. zeigte sich einer leichte, aber
signifikante Besserung: die beiden anderen hatten sich verschlechtert. Da alle Kinder idhnliche
Rehabilitationsprogramme mit-gemacht hatten, wird der SchiuB gezogen, daf3 das Sitzen in einer
FSP dazu beitrug, den Bewegungsfreiraum von Hinden und Armen zu verbessern.

RESUMEN

Seguimiento durante cinco anos de la sedestacion funcional en niftos con pardlisis infaniil

Dicz nifos con parilisis cerebral (PC) fueron registrados en video y fotogratiados tras la
introduccion de una sedestacion funcional (SF), definida como una posicion €n la que los nifios con
PC pudieran ganar control de su cabeza, tronco y pies asi como la maxima funcién independiente al
realizar movimiemtos con los brazos y las manos. El estudio se repitié cinco afios mis tarde. El
comtrol de cabeza, tronco y pies. asi como la funcion de brazos y manos se evaluaron a partir del
video con la Escala de Evaluacion de Sedestacion. Los ocho niitos que habian usado la SF durante
este periodo mostraron una ligera, pero significativa, mejoria: los otros dos empeoraron. Dado que
los 10 nifos habian seguido programas de rehabilitacion similares s¢ concluye la SE contribuyé a la
mejoria del uso de brazo y mano.

References
Akerblom, B. (1948) Standing and Sitting Posture.
Stockholm: AB Nordiska.

Fite. S. E.. Roxborough. I.. A, Armstrong, R W,
Harnis, S0 RO Gregson, §0 L Fieldo DL (1991
‘Development of a clhincal measure of postural

Bertoti. D. B, (1988) "Effect of therapeutic horse-
back riding on posture in children with cerebral
palsy.” Physical Therapy, 68, 1505-1512.

Falk Bergen, AL Colangelo. C. (19%5) "The wheel-
chair: a custom device.” In Falk Bergen. AL
Colangelo, C. (Eds.) Positioning the Client with
C.N.S. Deficits. The Wheelchair and Other Equip-
meni. Valhalla: Valballa Rehabilitation Publi-
cations, pp. 27 -47.

control for assessment of adaptive seating in chil-
dren with neuromotor  disabilities.”  Physical
Therapy, 71, 981 993.

Hagberg, B., Hagberg, G. (1993) “The ongins of
cerebral palsy.” In David. T. J. (Ed.) Recent
Advances in Paediatrics. Edinburgh: Churchill
Livingstone. pp. 67 83.

Horak. F. B. (1992) "Motor control models underly-
g neurologic rehabilitation of posture i chil-

Developmental Medicine and Child Neurology. 1995, 37, 587-596

595



Children with Cerebral Palsy Ulla Myhr et al.

Functional Siuing Position in

596

dren.” In Forssberg, H., Hirschfeld, H. (Eds.)
Movement Disorders in Children. Basel: Karger.
pp- 21-30.

Jente, A. M. (1984) “Concepts of health and method-
ological issucs in functional asscssment.” /n
Granger, C. V., Gresham, G. E. (Eds.) Functional
Assessment in Rehabilitation Medicine. Balimorc:
Withams & Wilkins, pp. 46-64.

Kluzik. J.. Fetters, L.. Coryell J. (1990) *Quantifica-
tion of control: a preliminary study of effects of
neurodevelopmental treatinent on reaching in chil-
dren witlhy cerebral palsy.” Ohysical Therapy, 70,
65--76.

McClenaghan, B. A. (1989) ‘Sitting stability of
selected subjects with cerebral palsy.” Clinical
Biomechanics, 4, 213-216.

- ‘Thombs, L., Milaer, M. (1992) ‘Effects of
seat-surface inclination on postural stability and
function of the upper extremities of children with
cerebral palsy.” Developmental Medicine and
Child Newrology, 34, 40-48.

McEwen, 1. R., Karlan, G. R. (1989) ‘Assessment
of cffects of position on communication board
access by individuals with cercbral palsy.’ Awg-
mentative and Alternative Communication, 35,
235-242.

McPherson, J. J., Schild, R.. Spaulding. S. J..
Barsamian, P.. Transon, C.. White. S. C. (1991)
‘Analysis of upper extremity movement in four
Sitting positions: a comparison of persons with and

without cercbral palsy.” American Journal of

Occupational Therapy, 45, 123.-129.

Mulcahy, C. M., Pountney, T. E.. Netham, R. L,
Green, E. M., Billington, G. D. (1988) "Adaptive
seating for the motor handicapped—problems, a
solution, assessment and prescription.” Physio-
therapy, 74, 531-536.

Myhr. U, von Wendt L. (1990) “Reducing spasticity
and enhancing postural control for the creation of
a functonal sitting positon in children with cere-
bral palsy: a pilot study.” Physiotherapy Theory
and Practice, 6, 65-76.

(1991) “Improvement of functional sitting
position for children  with  cerebral  palsy.”
Developmental Medicine and Child Neurology.,
33, 246 256.

— — (1993) “Influence of different siting posi-
tions and abduction orthoses on leg muscle activ-
ity in children with cerebral palsy.” Developmental
Medicine and Child Neurology, 35, 822-832.

— — Sandberg, K. (1993) *Assessment of sitting in
children with cercbral palsy from videofilm  a
reliability study.' Phvsical and Occupational
Therapy in Pediarrics, 12, 21 35,

Nelson, K., Ellenberg, J. (1982) *Children who “out-
grew” cerebral palsy.” Pediatrics, 69, 529-536.
Nwaobi, O. M. (1987) “Seating ornentations and
upper extrentity function in children with cerebral

palsy.” Physical Therapy., 67, 1209-1212.

Pheasant, S. (1986) ‘Posture.” In Bodyspace, Anthro-
pometry, Ergonomics and Design. London: Taylor
& Francis. pp. 148-164.

Pope, P. M., Bowes, C. E. Booth, E. (1994)
‘Postural control in sitting. The SAM system:
evaluation of use over three years.” Developmental
Medicine and Child Neurology., 36, 231-252.

Reddihough, D., Bach, T., Burgess, G.. Oke, L.,
Hudson, 1. (1990) *Objective test of the quality of
motor function of children with cerchral palsy:
preliminary swudy.” Developmental Medicine and
Child Neurology, 32, 902-909.

Rosenbaum. P. L., Russell, Do S Cadman. DL J,
Gowland, C.. Jarvis, S., Hardy, S. (1990) “Issues
in measuring change in motor function in children
with cerebral palsy: o special communication.”
Physical Therapy, 70, 125 131.

Shumway-Cook.  A.. Woollacott, M. (1993)
“Theoretical issues tn assessing postural control.”
In Wilhelm. 1. 1. (Ed.) Phvsical Therapy
Assessment in Early Infancy. New York: Churchill
Livingstone. pp. 161-171.

Trefler, E.. Tooms, R. ., Hobson, D. A, (1978)
‘Scating for cercbral palsied children.” Inter-
Clinic Information Bulletin, 17, 1-8.



