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Abbreviations 

ADL Activities of Daily Living 
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CP Cerebral Palsy 
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GMFCS  Gross Motor Function Classification System  
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PPAS  Posture and Postural Ability Scale 

ROM Passive Joint Range of Motion 

SCPE  Surveillance of Cerebral Palsy in Europe 

WS Windswept Hip Deformity 

 
 

 

 

 

 

 

 



12 

Definitions 

Cerebral Palsy  A group of permanent disorders of the development of 
movement and posture, causing activity limitation, 
which are attributed to nonprogressive disturbances 
occuring in the developing fetal or infant brain. The 
motor disorders are often accompanied by disturbances 
of sensation, perception, cognition, communication, 
and behavior, by epilepsy, and by secondary 
musculoskeletal problems (1). 

 
Hip Dislocation Reimers’ migration percentage of 100% (2).  
 
Posture  The configuration of the body. The position of the 

body segments in relation to each other, the supporting 
surface and the environment (3). 

 
Postural Ability The ability to stabilize the segments of the body in 

relation to each other, and to the supporting surface. 
The ability to control the center of gravity relative to 
the base of support during both static and dynamic 
conditions (3). 

 
Scoliosis  A lateral deviation of the spine in the coronal plane. 
 

Spasticity  A motor disorder characterized by a velocity dependent 
increase in tonic stretch reflex with exaggerated tendon 
jerks, resulting from hyperexcitability of the stretch 
reflex (4).  

 
Windswept Hip Deformity Describes an abduction and external rotation position 

of one hip with the opposite hip in adduction and 
internal rotation. 
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Abstract 

Background 

Cerebral palsy (CP) is an umbrella term that includes a heterogeneous group of 
childhood onset disorders of movement and posture that are life long. CP is a static 
encephalopathy that affects the immature brain. The overall prevalence of 2-3 per 
1000 live births has remained unchanged over time (5). The anatomical site and 
severity of the lesion in the developing brain produce different clinical manifestations 
of motor impairments. Children with CP have an increased risk of scoliosis, 
contractures including windswept hip deformity (WS) and hip dislocation that are 
associated with age and with the severity of CP. Spasticity, weakness and muscle 
imbalance cause a lack of dynamic control in counteracting the deforming force of 
gravity. Inability to move increases the risk of sustained asymmetric postures that can 
increase the progression of deformities. In 1994 a follow-up program and registry for 
children and adolescents with CP (CPUP) was initiated in the south of Sweden, an 
area of approximately 1.3 million inhabitants. The main purpose of the CPUP was to 
prevent hip dislocations, severe contractures and deformities. The CPUP includes the 
total population of individuals with CP in the area born in 1990 or later. The hip 
surveillance component of CPUP includes a radiographic follow-up of the hips in 
children born in 1992 or later. Since 2011, adults with CP have been included in the 
CPUP. 

Aims 
I. To analyze the prevalence of scoliosis and WS in children with CP and to 

study the effect of the CPUP. 

II. To evaluate the psychometric properties of clinical assessment tools to detect 
scoliosis and postural asymmetries in children with CP. 

Methods 
Studies I and II were cross-sectional studies of children and adolescents from a total 
population of those with CP. Clinical and radiographical data from the CPUP 
registry were used to identify all children with WS and scoliosis. The impact of the 
hip surveillance program was analyzed. 
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In studies III and IV, three independent examiners evaluated the psychometric 
properties of clinical spinal examinations, scoliometer measurements and of the 
Posture and Postural Ability Scale (PPAS) in a selection of 28 and 29 children with 
CP. 

Results 
Paper I. The prevalence of WS decreased from 12 to 7% (nonsignificant) but the 
numbers of children with WS, scoliosis and hip dislocation decreased significantly 
(p<0.05). It seems that the hip surveillance program has resulted in a reduction in the 
incidence of WS starting in the lower extremity but not in the incidence of WS 
starting with scoliosis. 

Paper II. The prevalence of moderate or severe scoliosis was 11%. The risk of 
developing a moderate or severe scoliosis increased with Gross Motor Function 
Classification System (GMFCS) level and age. The scoliosis was most commonly 
diagnosed after the age of 8 years. Children in GMFCS levels I or II had almost no 
risk of having a moderate or severe scoliosis by 18 years of age, whereas children in 
GMFCS levels IV or V had a 50% risk. 

Paper III. The clinical spinal assessment used in the CPUP showed excellent interrater 
reliability (weighted kappa=0.96) and high concurrent validity compared to 
radiographic Cobb angle, with higher sensitivity (75% vs. 50%) and specificity 
(99.8% vs. 91.7%) than did scoliometer measurements. Clinical assessment appears 
to have been useful when screening for scoliosis in children with CP. 

Paper IV. The PPAS showed an excellent interrater reliability (kappa scores 0.77-
0.91), internal consistency (kappa scores 0.95-0.96) and construct validity (p<0.01) 
in separating known groups (GMFCS-levels II-V). It can be used for all levels of gross 
motor function to detect postural asymmetries in children and adolescents with CP. 

Conclusions 
The severity of WS and the frequency of scoliosis seem to have been reduced by the 
CPUP program. The screening methods for scoliosis and postural asymmetries are 
consistent and valid and seem appropriate to use among children with CP.  
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Sammanfattning- Summary in Swedish 

Cerebral Pares (CP) är en övergripande benämning på ett rörelsehinder som orsakas 
av en skada som inträffat i en omogen hjärna. Graden av rörelsehinder varierar. Det 
föds cirka 200 barn årligen i Sverige med CP. Hög muskelspänning i kombination 
med muskelförsvagning och svårigheter att ändra ställning kan leda till att höften går 
ur led (höftledsluxation) och att ryggen blir sned (skolios). Ju större grad av 
rörelsehinder desto större risk är det att drabbas av höftledsluxation och skolios. 
Höftledsluxation inträffar ofta i tidig ålder och kan leda till skolios men 
höftledsluxation kan också vara sekundär till uttalad skolios. Detta kan leda till att en 
snedhet i bäckenet uppstår så att en ledstelhet och felställning (windswept) som kallas 
windsweptställda höfter kan utvecklas. Såväl höftledsluxation, skolios och 
windsweptställda höfter kan bland annat leda till smärtor, sitt- och ligg svårigheter 
samt ökad risk för trycksår. Sedan 1994 finns i Skåne och Blekinge ett 
uppföljningsprogram för alla barn med CP (CPUP). Sedan 2005 är CPUP ett 
nationellt kvalitetsregister där alla regioner och landsting deltar. Syftet med CPUP är 
att genom fortlöpande undersökningar av rörelseorganen kunna kan ge förebyggande 
behandling i rätt tid för att hindra att höften går ur led och att uttalade kontrakturer 
uppstår. 

Syftet med denna avhandling var att studera hur vanligt windsweptställda höfter och 
skolios är hos barn och ungdomar med CP samt att utvärdera kliniska 
undersökningsmetoder som används för att upptäcka dessa tillstånd i tid.  

Material: En population av 207 barn i studie I och 666 barn och ungdomar med CP i 
Skåne och Blekinge i studie II. Ett urval av 28 respektive 29 barn och ungdomar med 
CP i Skåne i studie III och IV. 

Metod: Alla barn inom CPUP följs med standardiserade kliniska och röntgenologiska 
undersökningar av bland annat rygg och höft. Med hjälp av registerdata analyserades 
förekomsten av windsweptställda höfter samt skolios. I de två övriga studierna 
analyserades asymmetrier och förmågan att behålla och ändra ställning med ett 
kliniskt bedömningsinstrument, the Posture and Postural Ability Scale (PPAS), i 
liggande, sittande och stående. Förekomst av skolios vid framåtböjning och upprätt 
sittande klassificerades av tre erfarna undersökare oberoende av varandra. Vi 
analyserade hur väl undersökningarna mätte det vi avsåg att mäta (validitet) genom 
att jämföra den kliniska ryggundersökningen med ryggröntgen och mätning av storlek 
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på den eventuella kröken av ryggen och att utvärdera om PPAS kunde särskilja mellan 
grupper av barn med olika motorisk funktion (GMFCS-nivå). 

Resultat: Förekomst av windswepställda höfter minskade från 12% till 7% (ej 
statistiskt signifikant) efter införandet av höftuppföljningsprogrammet. Om andelen 
barn som blev ”windswepta” på grund av förebyggande höftoperation, som utfördes 
för att hindra höften från att gå ur led exkluderades, var minskningen statistiskt 
signifikant. Förekomsten av skolios var 17% mild och 11% måttlig till uttalad skolios 
och var relaterad till ålder och grovmotorisk funktion. PPAS metoden visade stor 
noggrannhet och den kliniska ryggundersökningen hade utmärkt överenstämmelse 
mellan bedömmare och bra samstämmighet med röntgen. 

Slutsatser: Förekomst av ”windswepta” höfter som börjar i nedre extremiteterna samt 
måttlig eller uttalad skolios verkar ha minskat hos de barn som ingår i 
höftpreventionsprogrammet inom CPUP. Metoderna för ryggundersökning och 
PPAS kan användas kliniskt för att identifiera skolios och asymmetrier i nacke, bål, 
bäcken, ben, och armar hos barn med CP. 
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Thesis at a Glance 

 

 Questions Methods Results Conclusions 

I What is the prevalence 
of windswept hip 
deformity (WS) in a 
total population of 
children with CP? What 
is the impact of the hip 
surveillance program 
(CPUP) on the 
prevalence of WS? 

Cross sectional study 
of a total population 
of 207 children with 
CP aged 10 years. WS 
was defined as >50% 
difference in 
abduction or hip 
rotation between the 
left and right hips. 

The frequency of 
WS was 12% in the 
control group and 
7% in the study 
group following the 
hip prevention 
program. Children 
with WS in the 
study group had 
lower frequency of 
WS and hip 
dislocation. 

Hip surveillance 
program reduced 
the incidence of 
WS starting in 
the lower 
extremities.  

II What is the prevalence 
of scoliosis in a total 
population of children 
with CP?  
What is the association 
with gross motor 
function, age and CP 
subtype? 

Cross-sectional study 
of a total population 
of 666 children with 
CP aged 4-18 years. 

17% had mild 
scoliosis and 11% 
had moderate or 
severe scoliosis. The 
risk for scoliosis 
increased with 
GMFCS-level and 
age. 

Follow-up 
programs for the 
early detection of 
scoliosis should 
be based on the 
child’s GMFCS 
level and age. 

III What are the 
psychometric properties 
of clinical spinal 
examinations and 
scoliometer 
measurements for 
children with CP? 

The spine of 28 
children (6-16 years) 
with CP was examined 
in sitting and in 
forward bending by 
three independent 
raters. The values were 
compared with the 
radiographic Cobb 
angle. 

The clinical 
examination of the 
spine had an 
excellent interrater 
reliability and the 
validity compared 
with the Cobb angle 
was adequate. 

The clinical 
examination 
method used in 
CPUP was 
adequate and the 
use of a 
scoliometer was 
not 
advantageous. 

IV What are the 
psychometric properties 
of the PPAS for children 
with CP? 

Posture and postural 
ability was scored by 
three independent 
raters for 29 children 
with CP (6 -16 years). 
Construct validity was 
evaluated based on 
GMFCS levels II-V. 

Excellent interrater 
reliability (kappa 
scores (0.77-0.99) 
and high internal 
consistency (0.95-
0.96). The PPAS 
differed between 
GMFCS-levels 
(p<0.01). 

The PPAS can 
detect postural 
asymmetries in 
children with CP 
at GMFCS levels 
II-V. 
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Introduction 

Cerebral palsy 

Cerebral palsy (CP) is the most common persistent motor disability in childhood. 
The prevalence is 2-3 cases per 1000 live births (5, 6). CP is a static encephalopathy 
that affects the immature brain. Even though the neurological injury is regarded as 
nonprogressive the secondary musculoskeletal manifestations of CP can be looked 
upon as progressive. The severity of impairments varies, and besides the 
musculoskeletal problems associated disabilities such as epilepsy, visual and cognitive 
impairment, speech and learning difficulties are associated with the severity of CP (5). 
CP is a lifelong condition, but the estimated life expectancy is only a little shorter 
than that of individuals without CP (5, 7). It is important that all possible 
interventions that are made to help individuals with CP also aim to improve the 
quality of life and participation in social activities as well as focusing on physical 
function. 

Over time, different definitions and descriptions of CP have been used (8, 9). When 
the follow-up program and registry for children and adolescents with CP (CPUP) was 
initiated in Sweden in 1994 it was most commonly defined according to Mutch et al. 
(10), who defined CP as “an umbrella term covering a group of non-progressive, but 
often changing, motor impairments, syndromes secondary to lesions or anomalies of 
the brain arising in the early stages of development.” This definition was used in 
papers I and II in this thesis. In the rest of this thesis we use the most recent and 
widely used definition, presented in 2006 by Rosenbaum et al. (1). Rosenbaum et al. 
described CP as “a group of permanent disorders of the development of movement 
and posture, causing activity limitation, that are attributed to non-progressive 
disturbances that occurred in the developing fetal or infant brain. The motor 
disorders are often accompanied by disturbances of sensation, perception, cognition, 
communication, and behavior, by epilepsy, and by secondary musculoskeletal 
problems.” This definition covers the definition of CP by Mutch et al. (10), but also 
adds postural aspects. By using this wider definition of CP we do not risk missing any 
affected children. Since Rosenbaum et al.’s definition is the most commonly used we 
started to use it in the CPUP in 2007.  
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Classifications of CP subtype 

Different classifications of CP into subtypes have been used throughout the years. 
This may be topographical (e.g., hemiplegia or diplegia) or based on neurological 
findings (e.g., spastic, ataxic). The Swedish classification by Hagberg et al. (11) has 
been used worldwide since the 1950s until recently. The Hagberg classification was 
used in Study I. This classification of CP subtypes is based on three dominating 
clinical signs. The three main types of neurological symptoms are spastic, dyskinetic 
and ataxic forms. The spastic type can be divided into hemiplegia, diplegia, or 
tetraplegia, determined by the degree of involvement of the limbs. Hemiplegia 
involves one side of the body. Diplegia is bilateral and affects the lower limbs more 
than the upper limbs. Tetraplegia is defined as a bilateral involvement of arms equal 
to or greater than in the legs. Ataxic CP is either a diplegic or simple congenital form. 
The dyskinetic form of CP can be divided into a dystonic or a mainly choreoathetotic 
type. If a dominating symptom is impossible to find, CP is referred to as a mixed 
form. 

The Surveillance of Cerebral Palsy in Europe (SCPE) (12) has constructed a 
classification that is now used and has been adopted worldwide. According to the 
SCPE, CP can be classified into unilateral spastic, bilateral spastic, dyskinetic, ataxic 
and nonclassifiable CP. The dyskinetic form can be subdivided into dystonic and 
choreoathetotic CP. In this thesis, the SCPE classification was used in papers II-IV. 

Classification of gross motor function 

The classification of subtypes of CP is combined with the assessment of activities with 
special focus on gross motor function. Even when the symptoms of CP are described 
by subtypes, the subtype by itself is not a functional limitation. The main symptom 
of CP in children is the restriction of motor function. A useful development in the 
classification of CP is the introduction of the Gross Motor Function Classification 
System (GMFCS). GMFCS is a five-level ordinal scale used to describe and classify 
functional abilities in children with CP (13). GMFCS is based on the children’s self-
initiated movement focused on sitting, transport, and mobility. Level I describes the 
highest level of function and level V describes the lowest (Figure 1). 

The interrater reliability and validity of the GMFCS is high (14). The individual 
GMFCS-level remains stable over time in most children with CP (15, 16). The 
expanded and revised version of the GMFCS (17) constitutes five age-bands up to 18 
years of age. It was published in 2008 and has been used for the last two studies in 
this thesis. For a complete description of the GMFCS see Palisano et al. (13). 
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Figure 1.  
Illustration of the GMFCS, with permission from Professor Kerr Graham. 
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CPUP: The follow up program for cerebral palsy 

In 1994 a follow-up program and registry for children and adolescents with CP 
(CPUP) was initiated in the south of Sweden, an area with approximately 1.3 million 
inhabitants. CPUP has been classified as a National Healthcare Quality Registry in 
Sweden since 2005 and at present it is used in Norway, Denmark, Iceland, Scotland 
and New South Wales, Australia. In Sweden >95% of children with CP participate in 
CPUP (18).  

CPUP is a secondary prevention program where the main priority is the prevention of 
hip dislocation, severe contractures, and deformities such as severe scoliosis and WS. 
It also aims to describe functioning and development in children wth CP as well as to 
evaluate treatment methods and to improve cooperation between health-care 
professionals. The National Healthcare Quality Registry gives opportunities for 
quality control, health -care planning and priority, and research (18).  

The registry includes all children and adolescents born after January 1, 1990 living in 
the counties of Skåne and Blekinge, corresponding to a prevalence of 2.7 children 
with CP per 1000 (6, 18). Children born in 1992 or later are included in a hip 
surveillance program. All children with a suspicion of CP are included in the program 
as early as possible. The CP diagnosis and the neurological subtypes are confirmed by 
a neuropeditrician after 4 years of age. Children who do not fulfill the CP criteria at 
this age leave the program. The initial idea of the program was to prevent hip 
dislocation and contractures by a standardized follow up of children’s hip and spine 
from an early age and to initiate preventive interventions if a deterioration was found.  

Clinical examination 
In the CPUP program, all children are examined regularly by their local 
physiotherapist and occupational therapist. The results are filled in to a recording 
form that includes measurements of passive ranges of motion (ROM) in all major 
joints with a goniometer. Children with GMFCS levels II-V are examined twice a 
year until the age of 6 and then once a year. Children with GMFCS level I are 
examined once a year until the age of 6 and then every second year. 

The results from the clinical examinations are registered continuously and the team 
responsible for the treatment gets instant feedback so that preventive interventions 
can be initiated as soon as possible. Gross motor function is determined by the child’s 
local physiotherapist according to their GMFCS level (13). A manual linked to the 
recording form describes the standardized measurements. Recommended values and 
intervals (critical values) from the measurements of passive ROM for different joints 
and for different GMFCS levels are graded like traffic light colors. Green means a 
good passive ROM. Yellow indicates a reduced ROM and need for increased 
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observation and to start actions to improve ROM. Red indicates the development of a 
contracture that requires intervention. It also is of importance to analyze the 
development of ROM over time.  

The physiotherapist examines the spine with the child in a standing (in cases with 
compensation for a leg length discrepancy) or sitting upright position, with external 
support if needed, and then with forward bending. The degree of scoliosis is classified 
in the program as: 

 No scoliosis. 

 Mild: a discreet curve visible only on a thorough examination during forward 
bending.  

 Moderate: an obvious curve visible during both extended and forward 
bending. 

 Severe: a pronounced curve preventing the child from attaining an upright 
position without external support. 

Radiographical examination 
The hips are examined on anteroposterior radiographs with the subject in a supine 
position. The degree of displacement is measured as the migration percentage (MP) 
according to Reimers’ (2) Figure 3. In children with GMFCS levels III-V the hips are 
examined from the time of enrollment and at least once a year until 8 years of age, 
and then on an individual basis. Children with GMFCS level II are examined at 2 
and 6 years of age, and then on an individual basis. Children with GMFCS level I are 
not routinely examined radiographically unless a decreased ROM is discovered at 
clinical examination (www.CPUP.se). If fixed, moderate or severe scoliosis is found a 
radiographical examination is performed with the child sitting or standing. Further 
follow up depends on the Cobb angle and progression rate.  

Treatments 

The use of orthoses, orthopedic surgical treatment, serial casting or spasticity reducing 
treatment are also reported and documented.  

The hip in cerebral palsy 

In the hip, any muscle imbalance between strong and/or spastic hip flexors and 
adductors compared with weak extensor and abductor muscles, results in forces 
promoting lateral displacement of the femoral head (19, 20).  
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Figure 2.  
Illustration of the possible origin of hip displacement in children with CP. 

The development of hip dislocation usually starts at an early age and the rate of 
progression increases with age and with the severity of gross motor function 
impairment (21-23). Hip dislocation is often a painful condition that is difficult to 
treat. It is associated with scoliosis and contractures such as WS. It results in 
discomfort while sitting, standing, and lying down. Approximately 15% of all 
children with CP would sustain a hip dislocation unless preventive treatment is given 
(19, 21, 24, 25). The GMFCS level is useful as a guideline to predict those hips at 
risk for progressive lateral displacement (21). Soo et al. (24) found that the risk was 
0% in children with GMFCS level I, and 90% in those with GMFCS level V.  

In most cases, hip dislocation can be prevented by early detection and preventive 
treatment according to a hip surveillance program (22, 26-29).  
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A clinical examination is one component of the surveillance. This includes 
standardized and continuous ROM measurements with goniometer, clinical 
examination of the spine, and an assessment of spasticity.  

Clinical examinations must be complemented with radiographical examination to 
identify hip displacement (21, 22, 30). For the radiographical follow-up, the 
measurement of Reimers’ hip MP (2) is appropriate and probably the most used 
method (2, 21, 30). The MP describes the proportion of the femoral head that is 
positioned lateral to the acetabular margin (Figure 3).  

 

Figure 3.  
Measurement of MP and femoral Head and Shaft angle. 

Usually an MP >30-33% is defined as hip displacement and an MP of 100% as hip 
dislocation (2). In children with spastic CP the femoral head is often at a valgus angle 
in relation to the femoral neck. The head-shaft angle (Figure 3) also seems useful as a 
predictor for the risk of hip displacement in children with GMFCS levels III-V (31). 
This angle can be used as guidance and as a complement to age, GMFCS level, the 
MP and the clinical examination results when used for further interventions.  

In the CPUP, standardized monitoring of the hips includes analyzing the 
development of MP over time. Children with an MP of <33% are not treated with 
preventive surgery, but proper positioning with the hips in abduction and extension is 
important. Children with MP values of 33-40 % are usually followed closely with a 
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special focus on risk factors for progression such as GMFCS level, age and head-shaft 
angle, and are treated surgically only when the MP increases.  

Almost all hips with MP >40% will progress towards dislocation and the children 
often need surgical intervention (30). The choice of treatment method depends on 
the degree of dislocation, ROM, the degree of coxa valga and acetabular dysplasia, age 
and gross motor function. In the absence of a significant coxa valga and acetabular 
dysplasia, a bilateral adductor iliopsoas tenotomy might be sufficient if the MP is just 
above 40%. Unilateral soft tissue release is usually not recommended because it can 
increase the imbalance and cause a pelvic obliquity that will increase the risk of 
displacement of the opposite hip. One study has indicated that an adductor release 
might be more effective if a standing regime in abduction is performed 
postoperatively (32). If progression still occurs, a varization osteotomy of the proximal 
femur is required. In a study by Larsson et al. (33) a reoperation rate on the affected 
side of 25-30% was documented, highlighting the need for continuous follow–up and 
possibly the need for establishing the limits for acetabular dysplasia that motivates 
containment surgery on the pelvis. In cases of moderate or major acetabular dysplasia, 
a femoral varization osteotomy should be complemented with pelvic osteotomy to 
increase containment of the femoral head. 

The spine in cerebral palsy 

Scoliosis refers to a lateral deviation of the spine from the normal straight spinal 
alignment in the coronal plane (Figure 4). 

 

Figure 4.  
Illustration of scoliosis. 
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Children and adolescents with CP have an increased risk of scoliosis and the reported 
prevalence is 15-64% according to study populations with different ages or severities 
of CP, and with different definitions of scoliosis (34, 35). In comparison the 
prevalence of adolescent idiopathic scoliosis is 2-4% (36, 37). In children with CP the 
risk of developing scoliosis is related to the child’s gross motor function and age (35, 
38). 

Severe scoliosis is associated with pain, sitting problems, pelvic obliquity, hip 
dislocation, and WS. It can further impair cardiorespiratory function and quality of 
life, and might even be life threatening (35, 39-44). Scoliosis is the most common 
deformity of the spine, whereas deformities in the sagittal plane are not as common 
and are often regarded to be partially secondary to scoliosis (39).  

The origin of scoliosis is not known completely, but can partly be caused by 
combinations of spasticity, asymmetric paraspinal muscle tone and strength, 
incoordination and imbalance, postural abnormality and the lack of dynamic control 
to oppose the forces of gravity (45).  

Large scoliotic curves can be associated with other orthopedic problems such as hip 
dislocation, pelvic obliquity, and contractures such as WS (40), but the relationship is 
not fully understood (19, 46-48). 

The speed of progression of scoliosis increases when the deforming forces of a large 
curve are reinforced by gravity. Scoliosis in children with CP can progress even after 
attaining skeletal maturity of the spine (38, 49). The larger the curve, the more likely 
it is for a scoliosis to progress and at a faster rate (38, 49). Saito et al. (38) concluded 
that the risk factors for progression were having a bilateral spastic involvement, being 
nonambulant and having a thoracolumbar curve. Curves of >40° before the age of 15 
years progressed in 85% of the children studied. 

Therefore, specific monitoring of scoliosis is analogous to hip surveillance, and it is 
important to detect it and identify any curve progression. The efficacy of spinal 
surgery is related to the curve’s magnitude (42, 50).  

A radiographic evaluation constitutes an anteroposterior view of the entire spine. 
Weight-bearing positions give a more true value and are more useful. Measurement of 
the Cobb angle (51) is the most commonly used method to measure the degree of 
scoliosis (Figure 5). On the radiographs the vertebrae with maximally tilted endplates 
below and above the apex are identified and the angle between the lines drawn along 
the superior and inferior endplates is defined as the Cobb angle.  

There is an intraobserver error of 3-5° and an interobserver variability of 5-7° (52, 53) 
which has to be noted. There is no widely accepted grading classification of the degree 
of scoliosis (54).  
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The curves are named after the location of the apical vertebrae and are described as 
left or right depending on the shape of configuration. Whether the scoliosis is fixed or 
flexible is also often described. The curve pattern differs from idiopathic scoliosis and 
is often C- shaped with or without pelvic obliquity (55). (Figure 6). 

 

Figure 5.  
Measurement of the Cobb angle. 

 

Figure 6. 
C-shaped scoliosis with pelvic obliquity and hip dislocation. 
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The goals of treatment are to reduce curve progression and improve function such as 
the subject’s sitting ability, head control and balance, to reduce any pain from 
impingement of the ribs, and to prevent respiratory dysfunction.  

Nonsurgical treatments include different sitting and postural supports, custom -
molded seating inserts in wheelchairs and thoracolumbosacral orthoses (Figure 7) to 
support sitting, improve postural function, and try to reduce the rate of progression. 

 

Figure 7.  
Example of a custom molded spinal orthosis used to improve seating. 

If the Cobb angle is used as an outcome measure, there is insufficient evidence for the 
effectiveness of brace treatment or a seating support to inhibit curve progression. The 
better the initial correction in the brace the slower is the rate of progression. The use 
of orthoses might have some effect on the Cobb angle if they are used for young 
children with flexible thoracolumbar or lumbar curves without excessive Cobb angles 
at the beginning of treatment (56-59). 

Although the evidence for brace treatment on curve progression is insufficient some 
studies report functional benefits, subjective satisfaction, and ease of care. Spinal 
orthoses seem to improve seating, posture, balance, and associated control of the 
head, neck, and extremities in children with CP (59-61). The use of a brace does not 
seem to have any negative effect on pulmonary functions. A brace can even reduce the 
breathing workload according to Leopando et al. (62).  

The indications for surgical treatment is progression of the scoliotic curvature that 
threatens to inhibit sitting or standing abilities (loss of function), or causes respiratory 
dysfunction, back pain, and pain because of pressure wounds from impingement of 
the ribs against the hemipelvis. A deformity with a Cobb angle >40-50° is usually an 
indication for surgical treatment (63). Outcome measures for operative treatment 
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include an improved Cobb angle, better respiratory function seating position and 
balance, enhanced activities of daily living (ADL), and reduced pain.  

The possible benefits of surgical intervention have to be weighed against the risk 
factors and complications of surgery. Severely affected children can have poor 
nutrition, bad respiratory functions and an osteoporotic bone quality. There could 
also be reduced communication capacity and learning disabilities making it harder to 
receive information, and impair understanding and cooperation. The decision to 
perform surgery often lies with the carers and with no or limited participation from 
the patient. All individuals concerned in the decision-making have to consider the 
quality of life for the individual now with or without operative treatment currently 
and in the future. 

Postoperative complications are more common than in surgery for idiopathic scoliosis 
(64). Early and late infections, pneumonia and respiratory failure, urinary tract 
infections, pseudarthrosis and implant failure are seen but the reported frequency 
varies between studies and from complications of methods not used any more (63, 
65, 66).  

The reported results of surgical treatment depend upon outcome measures in the 
different studies. If the Cobb angle before and after surgery is considered most studies 
show a positive result (67-71). In most studies, parents and caregivers report a high 
degree of satisfaction and functional benefits in ADL in spite of several complications 
(67-70, 72-75). In a retrospective study among 84 adolescents with CP followed on 
average 6 years postoperatively, Watanabe et al. (67) found an overall satisfaction rate 
of 92%. Better sitting balance was reported by 93% of the subjects and improvement 
in the quality of life by 71%.  
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Windswept hip deformity 

Neither the spine nor the hip ought to be viewed in isolation. Sometimes called 
windblown syndrome, WS describes an adduction contracture and increased internal 
rotation of one hip and the other hip in abduction and external rotation (44, 76, 77). 
(Figure 8). 

 

Figure 8.  
Windswept hip deformity  

WS is a clinical manifestation in some children with CP (44). The prevalence varies 
depending on how it is defined. In this thesis, WS is defined according to a 
modification of a formula constructed by Young et al. (77). Children with bilateral 
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CP and at least 50% difference in abduction, internal and/or external rotation 
between the left and right hip were defined as having WS. The risk increases with the 
severity of impairment and is a typical finding in children who are nonambulant (44, 
77). WS is sometimes preceded by hip dislocation and sometimes by scoliosis, but the 
temporal relationship is unclear (44, 76). WS is a severe problem affecting weight 
distribution, pressure, and positioning in supine, prone, sitting, and standing 
positions. Pain and difficulties with hygiene and nursing care might arise. The aim of 
carers must be to prevent the development of WS. The hip and spine have to be 
monitored at an early age and preventive procedures for developing hip displacement 
and scoliosis must be undertaken. Correct positioning in lying, standing, and sitting 
might also help to prevent the development of WS (76). Hip or knee contractures can 
predispose to an asymmetric posture where the legs are swept to one side in lying and 
sitting positions and thereby induce a WS deformity (78). 

Posture and postural ability 

Posture is defined in this thesis as the configuration of the body. It covers the position 
of the body segments in relation to each other, the supporting surface and the 
environment (79). No uniform definition exists to our knowledge. The term posture 
is also included in the definition of CP by Rosenbaum et al. (1): “a group of 
permanent disorders of the development of movement and posture.” A persistent 
deviation of the body from the midline might induce an asymmetric posture which in 
children with severe CP can result in contractures and bone and joint deformities, 
leading for example to scoliosis, pelvic obliquity, hip dislocation and windswept 
deformity (80-83).  

Postural ability refers to the ability to stabilize the segments of the body in relation to 
each other and to the supporting ground during both static and dynamic situations. 
This means controlling the center of gravity relative to the base of support, and the 
ability to maintain and move into or out of different positions of the body (79, 84). 
Children with CP can have varying degrees of brain damage in the areas responsible 
for normal postural control and balance (85, 86). Damage to the brain stem, spinal 
cord, or basal ganglia can cause postural deficits. These vary from being unable to 
compensate against the force of gravity when the body deviates from midline 
equilibrium, or being unable to change position. Asymmetric postures may develop 
that can cause progressive deformities (80-82, 87). It is important to early identify 
postural asymmetries and deviations to prevent or minimize their consequences. 
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The Posture and Postural Ability Scale (PPAS) 

The PPAS was designed to assess posture in people with severe disabilities, in terms of 
‘quality’ of posture in terms of body shape and ‘quantity’ in terms of postural ability. 
It has excellent psychometric properties when evaluated for adults with CP (3). The 
PPAS consists of a seven-point ordinal scale for the assessment of postural ability in 
supine and prone lying, sitting, and standing; six items for assessing the quality of 
posture in the frontal plane; and six items in the sagittal plane (Table I). Good 
symmetry and alignment is scored 1 point for each item while asymmetry or deviation 
from the midline is scored 0 points. The total score for each position in the frontal 
and the sagittal plane is calculated separately. The two lower levels of ability are in 
fact rating no ability; i.e., inability to maintain or change position. The difference 
between these two levels is whether the person can (level 2) or cannot (level 1) 
conform to the position when placed by another person, i.e., in anatomical alignment 
with support. When a person cannot be placed in the specified position because of 
significant contractures and deformity, the postural ability is scored as level 1 
meaning unplaceable and posture is scored 0 (89).  

Table 1 The Posture and Postural Ability Scale (PPAS) with a seven-point ordinal scale for 
assessing postural ability in standing, sitting, supine and prone positions; followed by six items 
for assessing postural quality posture in the frontal plane; and another six items in the sagittal 
plane. 
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The purposes of this thesis 

The aims of this thesis were to analyze the prevalence of scoliosis and WS in children 
with CP; to study the effect of the introduction of CPUP; and to evaluate clinical 
assessment tools used to screen for scoliosis and postural deficits in children with CP. 

 

Study I: To study the prevalence of WS in a total population of children with CP, 
and to analyze what effect the introduction of the hip surveillance program and early 
treatments of contractures in the CPUP had on the prevalence of WS. 

 

Study II: To describe the prevalence of scoliosis in a total population of children with 
CP, to analyze the relation between scoliosis, gross motor function, and CP subtype 
and to describe the age at diagnosis of scoliosis. 

 

Study III: To evaluate the psychometric properties of the clinical spinal examination 
method used in CPUP. 

 

Study IV: To evaluate the inter-reliability and construct validity of the PPAS in 
children and adolescents with CP. 
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Materials and Methods 

Study designs 

Studies I and II were cross-sectional studies of a total population of children with CP 
based on data collected from the CPUP registry. Study III evaluated the psychometric 
properties involved in the clinical examination method of the spine in CPUP. Study 
IV evaluated the PPAS in children and adolescents with CP. 

Participants and methods 

Study I included 207 children, with CP tracked by the CPUP and living in southern 
Sweden (Skåne och Bekinge). Only those who were born in the area or who moved 
into the area before 2 years of age and who were still living in the area at the age of 10 
years were included.  

Study II included 666 children, with CP in the regions of Skåne and Blekinge. 
Children participating in the CPUP and born between January 1, 1990, and 
December 31, 2004, were included. Children who died or who moved out of the area 
before the age of 5 years were excluded. 

Study III included 28 children and adolescents with CP in Skåne (14 girls), aged 6 -
16 years. They were in GMFCS levels II (n=9), III (n=7), IV (n=6), and V (n=6). 

Study IV included 29 children and adolescents with CP in Skåne (14 girls), aged 6 -
16 years. They were in GMFCS levels II (n=10), III (n=7), IV (n=6), and V (n=6).  

In Study I, data were extracted from the CPUP registry. Of the 207 included 
participants, 68 were born in 1990-1991. They did not participate in the hip 
surveillance program and were regarded as a control group. The 139 children born in 
1992-1995 were included in the hip surveillance program and constituted the study 
group.  

Children with bilateral CP and at least 50% difference in abduction and internal or 
external rotation between the hips were defined as having WS. At least two 
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measurements in sequence with this difference were required. Those with a Cobb 
angle of 20° or more were regarded as having scoliosis. The frequency of WS, hip 
dislocation, scoliosis and those requiring proximal varization osteotomy were 
registered up to 10 years of age. 

By using the same set of variables we analyzed this cohort again at the age of 20 years, 
although these are not published data. 

In Study II, clinical and radiographical data from all children living in Skåne and 
Blekinge in the CPUP registry were used to identify children with scoliosis. This 
study was based on 7200 measurements in 666 children with CP aged 4 -18 years on 
January 1, 2008. The age at the first clinical diagnosis of scoliosis and the Cobb angle 
at the first radiographical examination were registered and analyzed in relation to 
GMFCS, age and CP subtype. The scoliosis was classified and graded according to 
the guidelines of CPUP (p. 23). 

In Study III, 28 children aged 6 -16 years with CP participating in CPUP and in 
GMFCS levels II-V were recruited from five child rehabilitation units in southern 
Sweden. Children at GMFCS level I, which constitutes about 40% of all children 
with CP, do not have a higher risk for scoliosis than children with idiopathic scoliosis 
and were not included in this study (35). This reduced the number of children 
exposed to unnecessary radiation. The participants and their families were informed 
about the study by their local physiotherapist, and provided with invitation letters 
with information about the study. Written consent was collected from all 
participants. Children were recruited consecutively until at least six children at each 
GMFCS level had accepted. The reason for including six persons in each GMFCS 
level II-V was based on an earlier study evaluating the PPAS in adults with CP (3, 
78). Three experienced raters examined each child once. The spine was examined 
clinically and with scoliometer measurement (88) with the children in a sitting 
position. The scoliometer was placed with the subject bending at the top of the 
thoracic spine, with the 0 (zero) mark over the spinous process, and slowly moved 
down the spine noting the highest degree of trunk rotation. Each rater noted the 
degree of scoliosis separately and independently. Higher grades indicate worse 
inclination and the value for defining scoliosis that needed radiographic examination 
was set to ≥7°. The results were compared with radiographic measurements of the 
Cobb angle and moderate or severe scoliosis was defined as a Cobb angle >20°. 
Radiographic examinations were performed with the children in a sitting position, on 
an anteroposterior projection. 

In Study IV, 29 children and adolescents aged between 6 and 16 years were recruited 
at the same time according to the same procedure, principles and inclusion criteria as 
in Study III. The psychometric evaluation of the PPAS was completed at same 
occasion and by the same three raters as in Study III. All three raters had many years 
of experience working with children with CP but only one of them had experience of 
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rating posture and postural ability using the PPAS. The other two raters were given 
brief instructions before assessing the children. The children were instructed by one of 
the raters to get into and out of supine, prone, sitting positions on a plinth and into 
and out of a standing position on the floor. If they were unable to do this by 
themselves, they were placed in one of the positions and instructed to maintain it, 
initiate flexion of the trunk (when supine) or extension (when prone), transfer weight 
laterally and regain position, and move out of position, according to the levels of the 
PPAS (Table 1). If needed, the children were provided with manual support to stay in 
position. The children were also instructed to sit, stand or lie down in prone or 
supine positions as straight as possible, or were placed as straight as possible in the 
specified position and allowed to settle. The three raters assessed the posture and 
postural ability simultaneously and noted the scores on separate PPAS scoring sheets 
(Appendix).  

Statistics 

For the statistical analysis STATA (Stata Corp., College Station, TX, USA) and the R 
software environment (version 3.0.0; https://www.r-project.org) were used in studies 
I and II, and STATA (version 13.1) in studies III and IV; p -values less than 0.05 
were considered significant for all statistical analyses.  

In Study I, Fisher’s exact test (89) was used because of the small sample sizes, and 
because the data were categorical and binary in character. 

In Study II, linear regression estimates were used to evaluate the effect of age, CP 
subtype, and GMFCS levels on the magnitude of the Cobb angle at the first 
radiographical examination performed for diagnosing scoliosis. Data for subjects at 
GMFCS level I and with unilateral spastic CP were used as reference categories.  

Kaplan-Meyer analysis was used to identify the age at diagnosis of moderate or severe 
scoliosis. The purpose was to illustrate the probability of NOT being diagnosed with 
scoliosis over time for subjects at different GMFCS levels.  

Cox regression analysis was used to analyze the risk ratio (hazard ratio) for developing 
a clinical moderate or severe scoliosis in relation to the GMFCS level and CP subtype. 
Data for subjects at GMFCS level I and/or with spastic unilateral CP were used as 
reference categories. 

In Study III, the interrater reliability for clinical spinal examination and scoliometer 
measurement were calculated using weighted kappa scores (90). The magnitude of 
weighted kappa was interpreted according to Fleiss 1981 where ≤0.40 signifies poor 
agreement, 0.40-0.75 fair to good agreement and ≥0.75 signifies excellent agreement 
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(91). To calculate the 95% confidence interval (CI) for weighted kappa scores, all 
GMFCS levels were combined and 95% nonparametric bootstrap CIs were added 
based on 1000 repeated samples (92, 93). 

For evaluating concurrent validity, the Cobb angle was used as the gold standard. The 
area under a receiver operating characteristic curve (AUC), sensitivity, specificity, and 
predictive values were calculated. Averaged ratings were used for analyzing the validity 
of the scoliometer measures but not for calculation of kappa values. 

The AUC measures the capacity of a test to classify a person correctly as being sick or 
not. In Study III, the AUC was a measure of the capacity to identify a scoliosis 
correctly according to our definition. A value of <0.5 is not better than random, >0.7 
is acceptable, >0.8 is excellent, and >0.9 is an extraordinary capability (89).  

The likelihood ratio (LR) is a summary of the diagnostic accuracy of a test telling the 
ratio of the probability of a certain test result for individuals who do have the disease 
to the probability for individuals who do not. The definition of a positive LR is 
sensitivity/ 1 -specificity. The definition of a negative LR is 1-sensitivity/ specificity. A 
positive LR ≥10 means that the test is good at confirming scoliosis. A negative LR 
≤0.2 means that the test is good at ruling out scoliosis (94). 

In Study IV, interrater reliability was calculated using weighted kappa scores as in 
Study III. The magnitude of the weighted kappa scores indicates the agreement 
beyond chance. It was interpreted according to Fleiss 1981(91) as in Study III.  

Construct validity was evaluated for known groups based on the GMFCS levels using 
the Jonckheere -Terpstra test for analyzing arithmetic average values given by the 
three raters.  

Internal consistency was evaluated using Cronbach’s alpha. This is a measure of item 
interrelatedness calculated with averaged values for the three raters, and Corrected 
Item-total correlation. It indicates the correlation between each item and the total 
score. Cronbach’s alpha if item is deleted corresponds to the value achieved if a 
specific item is removed and the level should exceed 0.2 (95). 

For evaluating of interrater reliability and internal consistency all GMFCS levels were 
combined and 95% nonparametric bootstrap CIs were generated based on a 1000 
repeated samples (92, 93). 

Ethics 

Ethical approval was granted by the Medical Research Ethics Committee at Lund 
University for studies I and II (LU-433-99) and studies III and IV (467/2013). 
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Results 

The results are described in detail in each published paper (see attachments).  

Windswept hip deformity (Study I) 

In the control group of 68 children (not included in the hip surveillance program) 
eight (12%) developed WS. Of these six also developed scoliosis and five developed 
hip dislocation before the age of 10 years (Table 2; cases 1-8). Hip dislocation was 
diagnosed before WS in four children. Scoliosis was diagnosed before or at the same 
time as WS in five children (Table 2). 

In the study group of 139 children, 10 (7%) developed WS. Of these, four developed 
scoliosis but none developed hip dislocation (Table 2; cases 9-18). To prevent hip 
dislocation eight children in the study group were operated on with varization 
osteotomy of the proximal femur. In three of them this caused a decrease in the ROM 
in abduction, diagnosing them as having WS by the definition of this study. Scoliosis 
was detected before WS in three children. 

The frequency of WS was related to lower levels of motor function. Eleven of 18 
children were in GMFCS level V, six in GMFCS level IV, and one in GMFCS level 
III.  

At a follow-up at 20 years of age (not included in the published Study I) a further four 
children in the control group and three in the study group developed WS (Table 3). 
Of the 25 children with WS at 20 years of age, nine developed WS at the same time 
or after scoliosis. In three children, WS developed after femoral varus osteotomy 
(Table 4). The number of children with WS starting in the lower extremities was 
significantly reduced in the study group (p=0.028) if the hips defined as showing WS 
after the varization osteotomy were excluded. 
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Table 2.  
Characteristics of eight children in the control group (cases 1 -8), and of 10 children in the study group 
(cases 9 -18) with WS at the 10-year follow-up. 

 

1) According to Hagberg et al. D, spastic diplegia; T, spastic tetraplegia; Dy, dystonic type. 2) HD, hip 
dislocation. 3) Op, Varization osteotomy of proximal femur. 
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A statistical comparison (Fisher’s exact test) between control and study groups is 
shown in Table 3. 

Table 3.  
Numbers of children with WS and with WS in combination with scoliosis (S) and hip dislocation (HD) 
and femoral osteotomy (FO) in the control and study groups at 10 and 20 years of age. 

  Control group* % Study group* %   p 

WS 10 8 12 10 7 0.20 

WS 20 12 18 13 9 0.071 
            

WS + S 10 6 9 4 3 0.067 

WS + S 20 10 15 11 7 0.10 
            

WS + HD 10 5 7 0 0 0.003 

WS + HD 20 5 7 0 0 0.003 
            

WS + FO 10 0 0 8 6 0.04 

WS + FO 20 1 2 9 7 0.10 
            

WS + S + HD 10 4 6 0 0 0.011 

WS + S + HD 20 5 6 0 0 0.004 
            

WS + S + FO 10 0 0 4 3 0.20 

WS + S + FO 20 1 2 8 6 0.14 
*All calculations are based on the number of children at the 10-year follow-up (Control group n= 68, 
Study group n = 139). 

 

Table 4.  
Numbers of children with WS associated with the deformity first identified. FO; femoral osteotomy, S; 
scoliosis, HD; hip dislocation.  

  Control group % Study group % 

WS first 4 6 5 4 

HD first 4 6 0 0 

FO first 0 0 3 2 

S   first 4 4 5 4 
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Scoliosis (Study II) 

In the total population of 666 children and adolescents with CP, 192 (28%) had 
scoliosis according to the physiotherapist’s reports in the CPUP registry. 

The scoliosis was graded as mild in 116 children (17%), and was not examined 
radiographically according to the follow-up program guidelines. In the remaining 76 
children (11%), the types of scoliosis were graded as moderate or severe. Of these 76 
children (with 50 boys), 67 were examined radiographically. The Cobb angle denotes 
the first radiographical examination after clinical diagnosis of a moderate or severe 
scoliosis.  

No radiographic examination was performed in nine children; two died before an 
examination was possible, one was in too poor medical condition to submit to the 
procedure and the remaining six children were not referred to radiographical 
examinations immediately for unknown reasons. Further clinical examinations of 
these children graded their scoliosis type as mild so they were not examined 
radiographically. The proportion of children with scoliosis increased with GMFCS 
level. Almost all children with curves >20° were at GMFCS levels IV and V (Figure 
9). 

Figure 9.  
Scoliosis in relation to GMFCS levels. Distribution of scoliosis (%) according  to the clinical 
examination and first radiographical examination. Children with a Cobb angle of >40° are included in 
the group with a Cobb angle of > 20°. 
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The proportion of children with scoliosis varied between CP subtypes. No child with 
spastic unilateral CP, three of 75 children with ataxic CP, 38 of 244 with spastic 
bilateral CP and 10 of the 66 children with dyskinetic CP had a curve >20°. In total 
18 children had surgery for scoliosis. The median age at surgery was 13 years (range 
8-17). The mean preoperative Cobb angle was 69° (median 67°; range 40°-95°). Hip 
dislocation was present in nine children in this group. All were born in 1990-91 and 
had a moderate or severe scoliosis with Cobb angles of 70°-102°. 

Kaplan-Meier survival estimations illustrated that a moderate or severe form of 
scoliosis was mostly diagnosed after 8 years of age, and that the risk increased with age 
and GMFCS level. Children in GMFCS levels I and I had almost no risk of 
developing scoliosis, but children in GMFCS levels IV and V had an approximately a 
50% risk of having moderate or severe scoliosis at 18 years of age (Figure 10).  
 

Figure 10.  
Kaplan -Meier illustration of the survival with 95% CIs showing the risk of having moderate or severe 
scoliosis diagnosed at different ages and GMFCS levels. 

Linear regression analyses showed that the only risk factor that influenced the 
magnitude of the Cobb angle at the first radiographical examination was the GMFCS 
level (p= 0.004); Table 4). 
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Table 4.  
Linear regression analyzes of risk factors influencing the magnitude of Cobb angle. 

 Coefficient 95% CI P 

GMFCS 8.09 2.78-13.39 0.004 

Spastic bilateral CP -9.17 -34.70 to 16.37 0.471 

Ataxic CP -12.67 -58.01 to 32.68 0.574 

Dyskinetic CP -21.11 -49.28 to- 7.05 0.137 

Age -0.20 -2.04 to 1.65 0.830 

 

Cox regression analysis showed that a high GMFCS level was the most important 
factor for developing moderate or severe scoliosis (Table 5). 

Table 5.  
Cox regression analysis of the risk ratio (i.e. hazard ratio) for developing clinically moderate or severe 
scoliosis when considering the GMFCS level and CP subtype. 

GMFCS/CP-type Risk ratio 95% CI p 

II 2.70 0.68-10.65 0.156 

III 6.04 1.52-23.99 0.011 

IV 14.94 4.47-49.95 <0.001 

V 34.99 10.74-113.98 <0.001 

Spastic bilateral CP 0.85 0.27-2.71 0.787 

Ataxic CP 0.79 0.17-3.35 0.749 

Dyskinetic CP 0.53 0.14-1.92 0.330 

Unclassified type 0.52 0.09-3.11 0.473 
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Reliability and validity of spinal assessment (Study III) 

Twenty-eight children (14 girls) participated in the study, with a median age of 12 
years (range 6-16) and GMFCS II-V.  

There was an excellent interrater reliability for both the clinical examination 
(weighted kappa= 0.96) and scoliometer measurements (weighted kappa = 0.86).  

The clinical examination showed a sensitivity of 75% (95% CI, 19.4-99.4%), a 
specificity of 99.8% (95% CI, 78.9-99.9%) and an AUC of 0.85 (95% CI, 0.61-
1.00). The positive LR was 18.0 and the negative LR was 0.3.  

The scoliometer measurement showed a sensitivity of 50% (95% CI, 6.8-93.2%), a 
specificity of 91.7% (95% CI, 73.0-99.9%) and AUC of 0.71 (95% CI, 0.42-0.99). 
The positive LR was 6.0 and the negative LR was 0.5. 

Psychometric evaluation of PPAS (Study IV) 

Twenty-nine children with CP (15 boys), participated in the study, with a median 
age of 12 years (range 6-16) with GMFCS II -V. 

The PPAS showed excellent interrater reliability for three independent raters with 
weighted kappa values of 0.77-0.99 (95% CI, 0.60-1.0).  

There was a high internal consistency for the PPAS for all items where Cronbach’s 
alpha if an item was deleted was 0.95-0.96 with a 95% CI of 0.90-0.98 for all items. 
The corrected-item total correlation was 0.55 -0.91 (95% CI, 0.20-0.95).  

The PPAS showed construct validity based on the ability of the assessment tool to 
distinguish between known groups (p<0.01) represented by GMFCS levels of II -V. 
Children at GMFCS level II had higher scores than children in GMFCS IV and V. 
The median score was higher with the children in supine or prone positions because 
these require less postural ability than standing or sitting positions.  

The distribution of scores for all three raters varied between each GMFCS level at all 
four positions evaluated (Figure 11). 

The PPAS differed for postural ability between individuals at different GMFCS levels 
and was able to identify postural asymmetries in children at all levels II-V. 
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Figure 11.  
Distribution of PPAS values at GMFCS levels II -V for all four postural positions. Observations are 
marked with a different color for each rater, red=rater A; blue=rater B,; green= rater C. The boxes 
connected with a line are the means of each GMFCS level. 
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Discussion 

The aims of this thesis were to study the frequency of WS and scoliosis in children 
with CP and to evaluate clinical assessment tools used to screen for these conditions.  

Studies I and II were cross-sectional analyses of the total population of children and 
adolescents with CP in the south of Sweden. They described the prevalence of WS 
and scoliosis in children with CP at all GMFCS levels and CP subtypes, given that 
the definitions of WS and scoliosis in this study were appropriate. Studies III and IV 
were psychometric evaluations of the clinical tools used to assess spinal deviations and 
postural asymmetries. These assessments are in clinical use, but have not been 
evaluated previously for children with CP. Although the children and adolescent 
comprised relatively small samples (28 and 29 individuals, respectively) the number of 
children considered to have scoliosis (Study III) was in accordance with the 
prevalence of scoliosis in a total population of children with CP (Study II) and 
therefore likely to be representative. In Study III the purpose was to evaluate the 
psychometric properties of the spinal screening procedure and to determine whether 
the method could identify individuals in need of further radiographical examination 
and thereby avoid unnecessary radiographs in individuals without significant scoliosis. 
This is why children with different levels of gross motor function were included 
without knowledge of their spinal condition. In Study IV, the purpose was to evaluate 
the PPAS in children with CP.  

Despite preventing hip dislocation, the incidence of WS and moderate or severe 
scoliosis were only partly reduced by the follow-up program. The possible 
development of contractures starting from the knees might explain some cases of WS 
and postural asymmetries that could be evaluated futher. Early and intensified 
treatment of contractures in the lower extremities, and of scoliosis with new surgical 
techniques that allow for further growth, might reduce the development of WS. 

This thesis was partially based on registry studies. The efficacy of new treatment 
options can be analyzed by randomized controlled studies, but they need to be 
designed correctly with adequate power, and with one clinically important hypothesis 
and reliable endpoints. The ideal situation would be if randomized controlled studies 
and registry studies could complement each other and both could be used. Data from 
registry studies can be used to define endpoints, hypotheses and help to identify 
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confounding factors and randomized controlled studies can be used to evaluate 
specific treatments. 

However, CP is a complex disorder affecting a heterogeneous population and studies 
need many years of follow-up to be able to evaluate which factor or factors might 
make registry studies favorable especially when in rare events and in large unselected 
populations. 

Windswept hip deformity  

The frequency of WS was 12% in the control group and 7% in the study group at 10 
years and 18% and 9% at 20 years respectively. We used the same formula as 
constructed by Young et al. to define WS with the exception of including the 
measurement of adduction in terms of the ROM (77). Measurement of adduction is 
not performed in the CPUP. The reason for this is the low functional value of 
reduced adduction. Young et al. examined 103 children with spastic tetraplegic CP 
and found 52% WS and 25% whith hip dislocation. These prevalence figures are not 
comparable with ours because the study was made on a selected group of individuals 
with CP. Madigan and Wallace (41) studied a selected population of 272 
institutionalized children with CP and found that 13% had WS. The diagnosis of 
WS was made on radiographs showing scoliosis, pelvic obliquity, and adduction of 
one hip and abduction of the other. All 36 children with WS had spastic bilateral CP, 
were nonambulant, and had scoliosis.  

In the study by Young et al. (77) WS was associated with asymmetric tone and the 
side with the strongest tone in the adductors was more often dislocated or held in 
adduction. Their findings were consistent with those of Nwaobi et al. (96), who 
found disturbed electromyographic activity and an imbalance between adductor and 
abductor muscles in the hips of 13 tetraplegic children with WS. The activity was 
greater in the adductors. In our study we used the modified Ashworth scale (97) and 
found that only seven of the 18 children with WS had a higher muscle tone in the 
adductor muscles on the adducted side. Although the origin of the direction of the 
asymmetry creating sweeping of the legs is unclear, it is logical to consider that 
sustained asymmetric postures or asymmetric tone, in a combination with knee 
flexion contractures, might cause tilting of the legs to one side and start the 
development of WS. This can be looked upon as a body-shape distortion when the 
subject’s knees fall to one side in a supine position and the pelvis drops in the 
opposite direction in search for a supporting surface. This creates a rotational force 
inducing an asymmetrical postural deformity that can influence the progression of hip 
migration and scoliosis (81). Several authors have investigated the direction of WS, 
pelvic obliquity, and scoliosis with the aim of finding an association with the side for 
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hip dislocation (76, 77, 81, 98-100). Letts et al. (76) found that the spinal curvature 
was convex away from the dislocated hip. The dislocation occurred on the high side 
of the pelvis and the WS was directed to the low side. These findings have been 
confirmed by some authors but not by others. Lonstein and Beck (19) studied 464 
radiographs of subjects in a sitting position to analyze pelvic obliquity in dependent 
and independent sitters. They could not determine any association between the side 
of hip displacement, direction of pelvic obliquity, WS, or scoliosis. This might have 
been because the radiographic examinations were made with the subjects in a sitting 
position where the hips are flexed. In such postures, reduced abduction will cause a 
rotation of the pelvis and not an obliquity, while reduced hip flexion on one side 
causes pelvic obliquity which induces a rotation in the coronar plane and creates a 
secondary scoliosis. In the study, subjects with hip displacement and a MP value of 
>60 % were included, which is not comparable to complete dislocation. Porter (81) 
in a cross-sectional study, analyzed 747 individuals with CP aged 6 to 80, all in 
GMFCS level V. The convexity of the spinal curve was more likely to be opposite to 
the direction of WS, similar to the findings of Letts et al. (76).  

In our study, the hip surveillance program did not significantly reduce the frequency 
of WS, but for children with WS and hip dislocation the reduction was statistically 
significant. In the study group, eight of 139 subjects were treated with a varization 
osteotomy of the proximal femur to prevent hip dislocation. In three of these 
children, it reduced the ROM in abduction to an extent that made them fulfill the 
WS criteria according to our definition. The imbalance induced by a unilateral 
osteotomy has led to proposals to operate on the contralateral unaffected hip 
prophylactically to reduce the risk of secondary displacement and create symmetry 
(101). A study by Larsson et al. (33) showed that the contralateral side had a low risk 
of later displacement after unilateral varization osteotomy. Owers et al. treated 30 
children with WS and hip displacement with bilateral femoral osteotomy and bilateral 
soft tissue release, to produce symmetry. The relative frequency of WS had not been 
reduced significantly at follow-up after a median of 3.2 years (101).  

The same cohort from Study I was further analyzed at 20 years of age (unpublished 
data). If the three children who were operated with a varization osteotomy of the 
proximal femur were excluded the frequency of WS in the study group would have 
been reduced to 5% (p=0.028). In the control group, another four children developed 
WS. In the study group, another three developed WS. Even if WS develops before 10 
years of age in most children, the risk continues up to 20 years of age, which suggests 
the need for a follow-up in adults.  

In conclusion, WS started at an early age and was associated with the level of gross 
motor dysfunction. A hip prevention program and early treatment of contractures 
seems to have reduced the frequency of this condition, which starts from the lower 
extremities. 
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Scoliosis  

Among the 666 children in this study, 116 (17%) had mild, and another 76 (11%) 
had moderate or severe scoliosis based on clinical examinations. The risk of 
developing at least moderate scoliosis increased with GMFCS level. In most children, 
the scoliosis was diagnosed after 8 years of age. 

This thesis analyzed the prevalence of scoliosis in a total population of children with 
CP, 4-18 years of age. It is difficult to compare the prevalence of scoliosis in our study 
with other studies representing selected groups of children with different definitions 
of scoliosis (34, 41, 102). The reported prevalence range is 15-80% (34). It seems 
that clinical examinations do not underestimate the degree of scoliosis. Many studies 
have defined scoliosis as a Cobb angle of >10°, and different images in supine and 
upright positions have been used during radiography (34). 

The reliability and validity of the clinical spinal examination methods used in this 
study were evaluated in Study III. In screening procedures, there is an inevitable 
balance between the sensitivity and specificity of the methods used. The uncertainty 
of the sensitivity and validity of our screening methods and how we defined scoliosis 
in this study was the starting point for testing the psychometric properties in this 
third part of the thesis.  

The risk of being diagnosed with a moderate or severe scoliosis increased with 
GMFCS level and age. Almost all children (44/45) with curves >20° were in GMFCS 
levels III-V and all 18 children that were subjected to spinal fusion were in GMFCS 
levels IV and V. Earlier studies on the prevalence of scoliosis were undertaken before 
the GMFCS classification was introduced, but the risk of developing scoliosis is also 
associated with neurological impairments and age, as described earlier (34, 38, 43). 
The statistical analysis showed here that the GMFCS level was a better predictor than 
the CP subtype when estimating the risk of developing scoliosis in an individual 
child. The high frequency of children with spastic bilateral or dyskinetic CP and 
scoliosis is explained by the high proportion of GMFCS levels IV and V in those CP 
subtypes. The low prevalence of scoliosis in children with spastic unilateral CP might 
be explained by the high frequency of children in GMFCS levels I and II in that CP 
subtype. GMFCS is a reliable and valid measure to use and the GMFCS level remains 
relatively stable during maturation with time (15, 16).  

Because children in GMFCS levels I and II have almost the same risk for developing 
scoliosis as for adolescent idiopathic scoliosis in normally developing children, similar 
screening procedures can be used, whereas children in GMFCS levels III -V need to 
be tracked with regular spinal examinations from early childhood and even into 
adulthood.  



53 

All nine children with hip dislocation in this population had moderate or severe 
scoliosis. Even if hip dislocation has been prevented by the CPUP, about 20% of the 
children aged 8-14 years and in GMFCS levels III-V had a moderate or severe 
scoliosis (www.CPUP.se/Årsrapport 2014). Children born in 1990-91 are followed in 
the CPUP but are not participating in the hip surveillance program. At 16 years of 
age, this population has a higher prevalence of scoliosis than did the population born 
in 1992-1997 (at 16 years) who are participating in the hip surveillance program. 
Although it appears that the frequency of scoliosis has been reduced in children 
following the hip surveillance program, other factors besides hip dislocation influence 
the prevalence of scoliosis. Better treatment of spasticity and contractures are possible 
explanations for this. 

In conclusion, this study showed that GMFCS level and age were important factors 
for deciding a follow-up spinal evaluation. For children in GMFCS levels III-V 
regular spinal examinations in adulthood are recommended. Hip surveillance in the 
CPUP could only partially reduce the incidence of scoliosis. 

Reliability and validity of spinal assessment  

The purpose of the study was to evaluate whether the screening method used in 
CPUP was able to identify those in need of further radiographic investigations. The 
specificity of the clinical assessment was high (99.8%) indicating that no unnecessary 
referrals for radiographic examination were performed.  

The clinical spinal assessment method used to screen for scoliosis in CPUP had 
excellent interrater reliability and a high concurrent validity when compared with 
radiographic Cobb angle measurement. When used in children with CP the 
scoliometer measurement was almost as reliable and valid but had no extra advantage. 
The clinical spinal assessment method seems appropriate as a screening tool to 
identify scoliosis that needs further evaluation by radiographic examination. In the 
CPUP, the results from spinal clinical examinations indicate who needs further 
evaluation by radiographic examination. The scoliometer or the clinical examination 
methods, to our knowledge, are not evaluated as screening tools for neuromuscular 
scoliosis. In children with CP, the scoliometer was more difficult to use, because some 
children had difficulties bending forward due to their limited hip flexion or when 
using an intrathecal baclofen pump. 

Routine screening for adolescent idiopathic scoliosis has been questioned in terms of 
its cost benefit, but it is accepted and is a widely used method for the early detection 
of spinal curvatures (103). Pro-screening supporters state that early detection might 
change the natural history of this condition and reduce mortality (104). The 
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opponents argue that the cost outweighs the benefits and that it results in an 
unacceptable number of false positive findings. In a review by an expert panel (105), 
the scoliometer was recommended as being currently best screening tool. A referral 
for subjects with a value range of 5-7° can be recommended according to the 
reviewers. The optimal cutoff point for referral when using the scoliometer in school 
screening has been difficult to determine (103). The balance between too many false 
negative findings versus too many false positive results must be considered. Bunnell 
(106), who introduced the scoliometer in screening, first recommended 5° but later 
suggested 7° as sufficient, to avoid over referral. This is why 7° was used as cutoff 
point in the present study. If 5° had been chosen as the cutoff, twice as many children 
would have been referred for radiographic examinations. In only one case, it would 
have identified a child who had a Cobb angle of 23°. In all other cases the Cobb 
angles were <15°. In this study, the Cobb angle was used for defining scoliosis on the 
radiographic examination. We chose 20° as the cutoff because the usual definition of 
scoliosis as a Cobb angle of >10° would have resulted in too many insignificant 
curvatures. When defining scoliosis according to the Cobb angle, it is worth 
mentioning that both the interrater reliability and the intrarater variability values are 
approximately 5° (52, 53). In this study, 14 children who were regarded to have no or 
mild scoliosis had Cobb angles of 10-19°. If a Cobb angle of >10° was used as a valid 
cutoff for scoliosis these children with no or mild scoliosis would be regarded as 
having false negative findings. Several of these children with CP have reduced 
postural ability making it more likely for them to present with a small postural curve 
rather than structural scoliosis at radiographic examinations. For instance children 
with CP usually have a longer sweeping C-shaped scoliosis with a Cobb angle of 20°, 
and this differs from the shorter S-shaped curvatures found in adolescent idiopathic 
scoliosis. 

The purpose of screening for adolescent idiopathic scoliosis is to detect it in time to 
start bracing and to reduce the need for surgery. The prevalence of adolescent 
idiopathic scoliosis is 2-4%. Among these approximately 8-9% will be treated with 
braces and only about 0.1% will be treated by surgery, depending on the indications 
used for treatment at different locations (105). Brace treatment is shown to be 
effective (107), unlike in children with CP where there is no evidence that it stops 
progression (57, 58). The reason for screening for neuromuscular scoliosis is to detect 
progressive scoliosis in time for surgery. Larger curves are often less flexible and the 
result of spinal surgery is related to the curve magnitude in general (50). The 
screening procedure used in CPUP even acts as a tool to detect postural asymmetries 
because asymmetric muscle tone, weakness and lack of stability might induce a 
deterioration in antigravity control that can increase the development of contractures, 
WS, scoliosis, and hip dislocation (78).  

The psychometric properties of the scoliometer in evaluating adolescent idiopathic 
scoliosis have been studied before (108-110), but to our knowledge not during 
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screening procedures for neuromuscular scoliosis. However, the aim of this study was 
not to compare the clinical spinal assessment method with that using a scoliometer. 
The validity of both procedures was evaluated and compared with the Cobb angle 
measurements. The interrater reliability of the methods was tested and was excellent 
for both methods. In conclusion, the clinical spinal assessment method seems to be an 
appropriate screening method for scoliosis in children with CP. The validity was high 
when correlated with the Cobb angle measurement. The use of a scoliometer had no 
extra advantage. 

Psychometric evaluation of PPAS  

The PPAS showed high psychometric properties for children and adolescents with 
CP. The interrater reliability, construct validity, and internal consistency were all high 
and the results were similar to a previous study on adults (3). In that study on adults, 
the ratings were based on photographs and video recordings and the three raters were 
experienced physiotherapists who participated in the development of the PPAS. In 
the present study, the ratings were based on clinical examinations by three 
independent raters, but only one of them had experience of using PPAS. The 
interrater reliability was excellent for all three raters. We chose to perform the ratings 
at the same occasion, but the ratings were noted independently. Compliance among 
the children examined could have differed if the ratings were performed on different 
occasions. 

Even if CP is a nonprogressive injury to the brain, secondary musculoskeletal 
abnormalities can start developing at an early age and continue during life (38, 49, 
111, 112). The PPAS has been able to identify problems of posture and postural 
ability in adults, and this study has shown that it is also appropriate to use for 
children. The ability of the PPAS to identify postural deficits and asymmetries at an 
early age could thereby initiate early appropriate interventions, such as adaptive 
seating or standing, or noctural support (113-115). Asymmetric postures and the time 
spent in different locked positions might increase the risk of tissue adaptations that 
could lead to the development of contractures and progressive deformities (80, 82, 
87). A study by Rodby-Bousquet et al. (78) showed that postural asymmetries were 
associated with scoliosis, hip dislocation, knee and hip contractures and an inability to 
change position. That study showed that there is an association between posture and 
limited ROM, but the question still to be answered is whether contractures are caused 
by the asymmetric posture or whether the limited ROM causes postural asymmetries.  

Hip dislocation, WS, and scoliosis are associated with each other (35, 44) and a hip 
surveillance program might reduce their frequencies (26). Even if hip dislocation 
could be prevented, the frequency of scoliosis is still substantial among children at 
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lower levels of gross motor function. Other factors than the mechanics of a dislocated 
hip must influence the development of progressive scoliosis and pelvic obliquity (98). 

Given that all these deformities are associated with postural asymmetries, it is 
important to include both an assessment of the ROM and posture in the follow up 
for children and adolesecents with CP from an early age and throughout life. The 
PPAS identified postural asymmetries in children at GMFCS levels II-V. Children at 
GMFCS level II can walk independently and have the highest level of PPAS 
concerning their ability to move into or out of position. An expected ceiling effect 
was seen in postural ability for these children. The PPAS is primarily designed for use 
with individuals at a lower level of gross motor function. However, it can be used to 
detect asymmetries in children and adults at all GMFCS levels. 

The results from the assessments give indications for the potential need for postural 
support, and where it needs to be applied in attempting to prevent musculoskeletal 
deformities and improve function 

The PPAS is simple to use and requires only a plinth and a scoring sheet. It takes 
about 10 minutes to complete in a clinical setting, but it is recommended to include 
some training and guidelines of what to be aware of in this setting. For instance, the 
internal consistency showed slightly lower values for subjects in a sitting posture in 
the sagittal view. This might be explained by the difficulty to assess whether the hips 
are flexed to 90° depending on the position of the pelvis and the height of the plinth. 
The height needs to be adjusted or foot support provided during any assessment of 
seated posture. 

In conclusion the PPAS can be used in children and adolescents with CP to allow 
early detection of postural deficits and asymmetries. This can provide information 
about what types of postural support need to be applied.  

Limitations 

In Study I, we did not analyze the number of children who had scoliosis without 
having WS. The frequencies of WS and scoliosis depend on the definitions being 
used. The statistically nonsignificant change in WS between the control and study 
groups may be because too few observations might miss an effect that actually exists 
(Type II error).  

In Study II, a limitation might be our definition of scoliosis. In CPUP, only children 
with moderate or severe clinical scoliosis according to the physiotherapist’s 
examination, are referred to radiographical examination. Only a Cobb angle of >20° 
was regarded as scoliosis. Curves of <20° are usually regarded as clinically 
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nonsignificant and require no treatment besides a follow up to make sure there is no 
progression. Some children with a Cobb angle of >20° could have been classified as 
having only mild scoliosis and not examined radiographically. This was the reason for 
initiating Study III, where we found the clinical examination method to have an 
appropriate sensitivity to identify those children with a >20° Cobb angle. The 
distribution of ages varied and some children were followed for a shorter time period 
and might not yet have developed scoliosis. This could have influenced the prevalence 
rates, although the Kaplan -Meier analysis considers that factor in the estimation. The 
study was cross-sectional, but had both prospective and retrospective aspects. 
Children were followed until the developing of a moderate scoliosis and the 
characteristics of these children were analyzed at that time.  

In Study III, only four of the 28 participating children had moderate or severe 
scoliosis. The study did not analyze the differences between moderate and severe 
scoliosis or between no or mild scoliosis. This was because of the cutoff points used, 
and the purpose of the study was to determine whether the method could safely select 
those in need for further investigation. The study did not attempt to predict the 
potential results if different cutoff values had been used for the Cobb angle and 
scoliometer measurements.  

In Study IV, one of the raters was experienced and had participated in the 
development of the PPAS. If all three examiners had been inexperienced, the results 
could have differed. 
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Conclusions 

 Participation in the hip surveillance program of the CPUP significantly 
reduced the incidence of WS starting in the lower extremities, if the hips 
defined as having WS after femoral varization osteotomy were excluded. The 
frequency of WS at 10 years of age was 7% in the study group and 12% in 
the control group (nonsignificant). The incidence of WS increased even after 
10 years of age, and at 20 years of age 9% of subjects in the study group and 
18% in the control group had this syndrome. Because the risk of developing 
WS continues after skeletal maturity has been attained, there is a need for 
continuous follow-up in adulthood. In three of nine children in the study 
group, WS developed after femoral varus osteotomy done to prevent the hip 
from dislocation. WS was only seen in children at GMFCS levels III-V. 

 The prevalence of mild scoliosis was 17%. The prevalence of moderate or 
severe scoliosis was 11%. The risk of developing scoliosis increased with 
GMFCS level and age. Children in GMFCS levels I and II had a low risk of 
developing scoliosis. Children and adolescents in GMFCS levels IV and V 
had a 50% risk of having moderate or severe scoliosis at 18 years of age. All 
nine children with a hip dislocation had a moderate or severe scoliosis. All 
children operated on for scoliosis were in GMFCS levels IV or V. The CP 
subtype was not a specific riskfactor for scoliosis because of different 
proportions of GMFCS levels in the subtypes studied. Follow-up programs 
for scoliosis should be based on the child’s GMFCS level, age, Cobb angle, 
and the rate of progression. 

 The clinical spinal assessments used to screen for scoliosis in children with 
CP had excellent interrater reliability and high concurrent validity when 
compared with the Cobb angle measurements. The clinical spinal assessments 
had slightly better psychometric properties than did the scoliometer 
measurement when used for children with CP. The clinical spinal assessment 
is appropriate for screening to identify spinal curvatures that need further 
investigation by radiographical examinations. It might be of importance that 
the clinical and radiographical examinations are both performed with the 
subject in a sitting position to ensure agreement between the methods, and to 
minimize measurement errors such as leg length discrepancies or contractures 
of the hip, knee and/or ankle. 



60 

 The PPAS had excellent interrater reliability, high internal consistency and 
good construct validity when evaluated for children with CP, as seen 
previously for adults. As expected, children in GMFCS level II had better 
postural ability than children in GMFCS levels IV and V. The PPAS could 
identify postural deficits and asymmetries at an early age in all GMFCS levels 
and could provide information on what type of postural support would be 
needed to prevent secondary musculoskeletal deformities and improve 
function. Therefore, it is recommended to assess both ROM and posture in 
addition to the clinical and radiographic follow up of hips and spine in 
children with CP from an early age and to continue this throughout 
adulthood to minimize deformities and pain, improve function, and 
ultimately optimize their quality of life. 

Future aspects 

This thesis analyzed the impact factor of a hip surveillance program on the prevalence 
of WS and scoliosis in children with CP. Two clinical examination methods for 
scoliosis and postural asymmetries and deformities were evaluated. These findings 
raise questions and ideas for further research. 

Windswept hip deformity 

Could WS be reduced by an early special spine surveillance program that identifies 
and treats scoliosis? 

How does WS develop in adult years? 

Scoliosis 

What is the progression of scoliosis in adult years? 

Could early treatment of scoliosis, with new techniques that allow for further growth, 
reduce the development of pelvic obliquity and WS? 
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Clinical examination of the spine to screen for scoliosis 

What are the intrarater and interrater reliabilities of the clinical spinal examination 
method in known cases of scoliosis? 

PPAS 

If PPAS is used for children with CP, what are the consequences of an early 
identification of deformities? 

It is important that all possible interventions and efforts that are made are also 
followed up and studied to evaluate whether if they improve the quality of life and 
participation in social activities as well as focusing on physical functions. 
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Appendix 





Posture and Postural Ability Scale, Client ______________________ Date__________  
 

LEVEL OF POSTURAL ABILITY IN SUPINE (client on a mat, plinth or bed) 
 

 

Quantity  

Level 1 Unplaceable in an aligned supine posture   

Level 2 Placeable in an aligned supine posture but needs support  

Level 3 Able to maintain supine when placed but cannot move   

Level 4 Able to initiate flexion of trunk (stabilise trunk to lift head or knees)   

Level 5 Able to transfer weight laterally and regain posture (roll to the side)  

Level 6 Able to move out of supine position (i.e roll into prone)  

Level 7 Able to move into and out of supine position (i.e into sitting and back)  

 
 
 
 
 
 
 

 
 
QUALITY OF POSTURE IN SUPINE 
 

Quality, frontal (score 1=yes, 0=no)      Quality, sagital (score 1=yes, 0=no)     

Head midline   Head midline (flat pillow)  

Trunk symmetrical   Trunk in neutral position   

Pelvis neutral   Pelvis neutral  

Legs separated and straight relative 
to pelvis 

  
Legs straight, hips and knees 
extended 

 

Arms resting by side   Feet resting in normal position  

Weight evenly distributed   Weight evenly distributed  
(through shoulder girdle and pelvis) 

 

Total score   Total score 
 

 
 
 
 
 
 



Posture and Postural Ability Scale, Client ______________________ Date__________  
 

LEVEL OF POSTURAL ABILITY IN PRONE (client on a mat, plinth or bed) 
 

 

Quantity  

Level 1 Unplaceable in an aligned prone posture   

Level 2 Placeable in an aligned prone posture but needs support  

Level 3 Able to maintain prone when placed but cannot move   

Level 4 Able to initiate extension of trunk (lift and move head freely)   

Level 5 Able to transfer weight laterally and regain posture (roll to the side)  

Level 6 Able to move out of prone position (i.e roll into supine)  

Level 7 Able to move into and out of prone position (i.e into crawl and back)  

 
 
 
 
 
 
 
 
 
 

QUALITY OF POSTURE IN PRONE  
 

Quality, frontal (score 1=yes, 0=no)      Quality, sagital (score 1=yes, 0=no)     

Head to one side   Trunk in neutral position  

Trunk symmetrical   Pelvis neutral  

Pelvis neutral   Hips extended  (feet off the end of table)  

Legs separated and straight relative 
to pelvis 

  Knees extended (feet off the end of table)  

Arms resting (elevated to mid position, upper 

arms resting & approx. 90
o
 elbow) 

  Arms resting (elevated to mid position, upper 

arm resting & approx. 90°elbow) 
 

Weight evenly distributed    Weight evenly distributed  
(through shoulder girdle and pelvis) 

 

Total score   Total score  

 

 

 

 

 

 



Posture and Postural Ability Scale, Client ______________________ Date__________  
 

LEVEL OF POSTURAL ABILITY IN SITTING (client placed in sitting on a box or over 
the edge of a plinth with feet supported) 
 
 

Quantity 

Level 1 Unplaceable in an aligned sitting posture   

Level 2 Placeable in an aligned sitting posture but needs support  

Level 3 Able to maintain sitting when placed but cannot move   

Level 4 
Able to move trunk slightly forwards-backwards over base without 
arching spine 

 

Level 5 
Able to transfer weight laterally and regain posture  
(from one buttock to the other) 

 

Level 6 
Able to move out of sitting position (i.e transfer weight onto feet and lift 
bottom of seat) 

 

Level 7 Able to move into and out of sitting position (i.e into standing and back)  

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
QUALITY OF POSTURE IN SITTING 
 

Quality, frontal (score 1=yes, 0=no)      Quality, sagital (score 1=yes, 0=no)     

Head midline    Head midline  

Trunk symmetrical   Trunk in neutral position   

Pelvis neutral   Pelvis neutral  

Legs separated and straight relative 
to pelvis  

  Hips mid-position (90°)  

Arms resting by side   Knees mid-position (90°)  

Weight evenly distributed   Feet mid-position/flat on floor  

Total score   Total score  
 
 
 

    

  



Posture and Postural Ability Scale, Client ______________________ Date__________  
 

LEVEL OF POSTURAL ABILITY IN STANDING 
 
 
 

Quantity  

Level 1 Unplaceable in an aligned standing posture   

Level 2 Placeable in an aligned standing posture but needs support  

Level 3 Able to maintain standing when placed but cannot move   

Level 4 
Able to move trunk slightly forwards-backwards over base without 
arching spine 

 

Level 5 
Able to transfer weight  laterally and regain posture  
(from one foot to the other) 

 

Level 6 Able to move out of standing position (i.e take a step forwards)  

Level 7 Able to move into and out of standing position (i.e take steps, walk)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

QUALITY OF POSTURE IN STANDING  
 

Quality, frontal (score 1=yes, 0=no)      Quality, sagital (score 1=yes, 0=no)     

Head midline   Head midline  

Trunk symmetrical   Trunk in neutral position  

Pelvis neutral   Pelvis neutral  

Legs separated and straight relative 
to pelvis 

  Legs straight, hips & knees extended  

Arms resting by side   Feet mid-position/flat on floor   

Weight evenly distributed 
(through both feet) 

  Weight evenly distributed  
(through the feet)  

Total score   Total score  
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Windswept hip deformity in children with cerebral palsy
Måns Persson-Bunke, Gunnar Hägglund and Henrik Lauge-Pedersen

Windswept hip deformity describes an abduction and

external rotation position of one hip with the opposite hip

in adduction and internal rotation. Windswept hip deformity

may occur in association with hip dislocation and scoliosis.

We analysed the prevalence of this deformity in a total

population of children with cerebral palsy, and the impact

of hip prevention and early treatment of contractures on the

prevalence and severity of windswept hip deformity. The

frequency of windswept hip deformity was 12% in the

control group and 7% in the study group, comprising

children in the hip prevention programme. The children

with this deformity in the study group had a lower

frequency of scoliosis and none had hip dislocation. It thus

seems that the hip prevention programme results in a

decrease in the number of children with windswept hip

deformity, and a decrease in the severity of the deformity.

J Pediatr Orthop B 15:335–338 �c 2006 Lippincott Williams

& Wilkins.
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Introduction
Children with cerebral palsy (CP) often have an

increased muscle tone, muscle weakness and muscle

imbalance. This gives them an increased risk for

developing muscle contracture, hip dislocation and

scoliosis. Windswept hip deformity (WS) is a clinical

manifestation among some children with CP. The term

describes an abduction and external rotation position of

one hip with the opposite hip in adduction and internal

rotation [1]. WS is sometimes preceded by hip dislocation

and sometimes by scoliosis. It is a severe problem that is

difficult to treat, and that inhibits seating comfort and

standing.

A CP register and health care programme aimed at

preventing hip dislocation and severe contracture was

initiated in southern Sweden in 1994 [2,3]. The total

population of children with CP in the area, born in 1990

or later, is included. We have used this material to study:

1. The prevalence of WS in a total population of children

with CP.

2. The impact of hip prevention, and early treatment of

contractures on the prevalence and severity of WS.

Material and methods
The study area has a population of 1.3 million inhabi-

tants. All children with CP in the area, born in 1990 or

later, are included in the CP register [4]. Children born in

1992 or later are included in a hip prevention programme.

The present study includes the children with CP born

during 1990–1995. Only those who were born in the area

or had moved into the area before 2 years of age and were

still living in the area at 10 years of age and participating

in the follow-up programme were included. A classifica-

tion of subtype of CP was carried out according to

Hagberg et al. [5]. The gross motor function was classified

according to the Gross Motor Function Classification

System (GMFCS) [6], a five-level age-related system in

which level I is the least and level V the most affected.

The children born during 1990–1991 (not participating in

the hip prevention programme) were regarded as the

control group. The children born during 1992–1995

constituted the study group. We identified 207 children

fulfilling the criteria for inclusion, 68 were born

during 1990–1991 and 139 were born during 1992–1995

(Table 1).

The health care programme includes a standardized

follow-up of the children’s gross motor function, clinical

findings and treatment. The child’s local physiotherapist

and occupational therapist measure and fill in a recording

form twice a year until the age of 6 years and then once a

year. The clinical findings include ROM measurements

with a goniometer, measurement of muscle tone with

the Ashworth scale [7] and measurement of scoliosis.

The health care programme also includes a radiological

follow-up of the hips in children born in 1992 or later.

All children with signs of scoliosis were examined

radiographically.

From the database, it is possible to follow each child’s hip

range of motion continuously. Children with bilateral CP

and at least 50% difference in abduction, internal and/or

external rotation between left and right hip were defined

as WS. At least two consecutive measurements with this

difference, with at least a 6-month interval, were required

1060-152X �c 2006 Lippincott Williams & Wilkins



to be included as WS in this study. In the registration of

scoliosis, we included those with a Cobb angle of 201 or

more. From the database, the number of children

operated on with varisation osteotomy of the proximal

femur was noted.

Fisher’s exact test was used to compare the number of

children with WS, and the number of children with WS in

combination with hip dislocation and scoliosis in the two

age groups.

Results
WS developed in eight of 68 (12%) children in the control

group. Of the eight children, six had also developed

scoliosis and five had developed hip dislocation before 10

years of age (Table 2). One of the two children born

during 1990–1991, excluded because of death at 9 years

of age, had WS, hip dislocation and scoliosis.

Among the children in the study group, 10 out of 139

(7%) developed WS. Of the 10 children, four also

developed scoliosis. These children were included in

the hip prevention programme, and none developed hip

dislocation. Eight of the children, however, were operated

on with varisation osteotomy of the proximal femur, and

in three of these cases the varisation caused a decrease in

abduction, making the children fulfil the criteria for

inclusion as WS. The statistical comparison between the

control group and the study group is shown in Table 3.

The children with WS had CP subtype spastic diplegia,

spastic tetraplegia and the dystonic type. All but one

were in GMFCS levels IV and V. The frequency related to

the total population of children with CP is shown in Figs 1

and 2.

Scoliosis with Cobb angle > 201 was seen before or

simultaneously with WS in four out of eight children in

the control group and in three out of 10 children in the

study group. Hip dislocation was seen before WS in four

out of eight children in the control group (Table 2).

Table 1 Number of children with cerebral palsy in the control group (born during 1990–1991) and the study group (born during 1992–
1995)

Born during 1990–1991 Born during 1992–1995 Total

Born in the area during 1990–1995 74 147 221
Moved into the area before 2 years of age 6 10 16
Moved out from the area before 10 years of age 1 3 4
Died before 10 years of age 2 1 3
Not participating in the prevention programme 9 14 23
Number of children in the present study 68 139 207

Table 2 Characteristics of eight children in the control group (case 1–8) and 10 children in the study group (case 9–18) with WS

Case no. Year of birth CP subtypea GMFCSb Age at WS Age at scoliosis Age at hip
dislocation

Age at hip
osteotomyc

1 1990 D 3 9.5 — — —
2 D 4 7.5 9.0 6.0 —
3 D 4 8.5 5.0 — —
4 D 4 6.5 6.5 — —
5 T 5 8.5 8.5 7.0 —
6 T 5 6.0 5.5 5.0 —
7 T 5 7.0 — 5.0 —
8 T 5 7.0 7.0 8.0 —
9 1992 D 4 8.5 — — 6.5
10 D 4 7.5 3.0 — 7.0
11 Dy 4 4.0 — — —
12 D 5 2.0 — — 5.5
13 Dy 5 7.5 — — 6.0
14 Dy 5 4.0 — — 4.0
15 T 5 8.0 9.0 — —
16 T 5 6.0 5.0 — 7.0
17 T 5 5.5 — — 6.0
18 T 5 4.5 2.5 — 6.0

WS, windswept hip deformity; CP, cerebral palsy; D, spastic diplegia; T, spastic tetraplegia; Dy, dystonic type. aAccording to Hagberg et al. [5] bGross Motor Function
Classification System (GMFCS) according to Palisano et al. [6]. cVarisation osteotomy of proximal femur.

Table 3 Number of children with windswept hip deformity (WS)
and with WS in combination with scoliosis (S) and hip dislocation
(HD) in the control group and study group

Control group Study group P

WS 8 10 0.20
WS + S 6 4 0.067
WS + HD 5 0 0.003
WS + S + HD 4 0 0.011
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Using the Ashworth scale, seven of the 18 children with

WS had a higher muscle tone in the adductor muscles on

the adducted side than on the contralateral abducted side.

Discussion
The frequency of WS was 12% in the control group and 7%

in the study group. The children with WS in the study

group had a lower frequency of scoliosis and hip dislocation.

It thus seems that the hip prevention programme results in

a decrease in the number of children with WS, and a

decrease in the severity of deformity.

Young et al. [8] constructed a formula for definition of WS.

A ratio of hip medial to lateral rotation or adduction to

abduction of less than 0.5 or greater than 2.0 was defined

as WS. Using this formula, they found a prevalence of WS

in 52% of children with the quadriplegic type of CP.

As one-third of all children with CP have quadriplegic

CP [8], this corresponds to a prevalence of about 17% in a

total population.

Letts et al. [1] analysed the temporal relationship of hip

dislocation, scoliosis and pelvic obliquity in the develop-

ment of WS. Among children developing hip dislocation,

pelvic obliquity and scoliosis, the most common sequence

was hip dislocation, followed by pelvic obliquity, and

finally scoliosis. This sequence was seen in three out of

four cases. In the present material, using our definitions

of WS and scoliosis, the WS was preceded by scoliosis in

seven of 18 children. It thus seems that we have a higher

proportion of children with WS starting with scoliosis.

The decreasing total number of WS in the study group

could be explained by the fact that the hip prevention

programme has resulted in a prevention of WS starting in

the hips, but not the number of WS starting with

scoliosis.

Young et al. [8] showed a tonal asymmetry where the

dislocated or adducted hip had a stronger tonus in 54% of

their material. In our sample, it was seen in seven out of

18 children. It is important to treat hip and knee

contractures as early as possible, also in children without

walking capacity. A knee contracture combined with

asymmetric tone in the adductor muscles may cause

tilting of the legs to one side in lying and sitting position,

and may start the development of WS.

Three children were made windswept by varisation

osteotomy of the proximal femur. It seems as if this is

the price one has to pay in some cases in order to save the

hip from dislocation [9].

WS is very difficult to treat once the deformity is

established [10,11]. Owers et al. [11] presented the

results of treating 30 children with WS with bilateral

osteotomy and soft-tissue release. They found improve-

ment in patient handling and pain relief, but the total

range of motion in the hips and the difference in

abduction and adduction between the left and right hip

did not improve significantly.

In conclusion, WS is a severe problem, affecting about

10% of children with CP in a total population. With a hip

prevention programme, and early treatment of contrac-

ture and spasticity the frequency and severity of WS can

be reduced.
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  Scoliosis in a Total Population of Children With 
Cerebral Palsy 

     Måns   Persson-Bunke   ,   MD ,   *        Gunnar   Hägglund   ,   MD, PhD ,   *        Henrik   Lauge-Pedersen   ,   MD, PhD ,   *    
    Philippe Wagner  ,   MA   ,  †    and     Lena   Westbom   ,   MD, PhD    ‡   

   Study Design.   Epidemiological total population study based on a 
prospective follow-up cerebral palsy (CP) registry.  
  Objective.   To describe the prevalence of scoliosis in a total 
population of children with CP, to analyze the relation between 
scoliosis, gross motor function, and CP subtype, and to describe the 
age at diagnosis of scoliosis.  
  Summary of Background Data.   Children with CP have an 
increased risk of developing scoliosis. The reported incidence varies, 
partly due to different defi nitions and study groups. Knowledge of 
the prevalence and characteristics of scoliosis in an unselected 
group of children with different CP types and levels of function is 
important for health care planning and for analyzing the risk in an 
individual child.  
  Methods.   A total population of 666 children with CP, aged 4 to 
18 years on January 1, 2008, followed with annual examinations 
in a health care program was analyzed. Gross Motor Function 
Classifi cation System (GMFCS) level, CP subtype, age at clinical 
diagnosis of scoliosis, and the Cobb angle at the fi rst radiographical 
examination were registered.  
  Results.   Of the 666 children, 116 (17%) had mild and another 
76 (11%) had moderate or severe scoliosis based on clinical 
examination. Radiographical examination showed a Cobb angle 
of more than 10 °  in 54 (8%) children and a Cobb angle of more 
than 20 °  in 45 (7%) children. The risk of developing scoliosis 
increased with GMFCS level and age. In most children, the 
scoliosis was diagnosed after 8 years of age. Children in GMFCS 
level IV or V had a 50% risk of having moderate or severe scoliosis 
by 18 years of age, whereas children in GMFCS level I or II had 
almost no risk.  

 Children with cerebral palsy (CP) have an increased risk 
of developing scoliosis.  1   ,   2   The reported prevalence var-
ies between 15% and 80% depending on different def-

initions of scoliosis and variations in age and severity of CP in 
the populations studied.  3   –   5   Most studies are based on children 
with severe impairment. There is, to our knowledge, no previ-
ous study on the prevalence of scoliosis in a total population 
of children with CP. 

 Scoliosis has been associated with problems sitting, pres-
sure ulcers, cardiopulmonary dysfunction, gastrointestinal 
dysfunction, and pain.  6   –   11   It has also been shown to be asso-
ciated with pelvic obliquity, windswept deformity, and hip 
dislocation.  6   ,   12   ,   13   

 In children with CP, a spinal brace may slow the rate of 
progression of the curve magnitude.  14   But most curves with 
a Cobb angle exceeding 40 °  will progress, also in adulthood, 
if not treated surgically.  15   The outcome of spinal surgery is 
strongly correlated to the curve magnitude,  5   implying that 
early diagnosis of a scoliosis needing operation is important. 

 Knowledge of the prevalence and incidence of scoliosis in 
an unselected group of children is of interest for health care 
planning, for predicting future risk in a young child with CP, 
and for creating surveillance programs for scoliosis in children 
with CP. 

 Since 1994, there has been a follow-up health care pro-
gram and registry (CPUP) for children with CP in the south 
of Sweden, a region with about 1.3 million inhabitants.  16   ,   17   
The prevalence of CP was 2.4 and 2.7 per 1000 children in 
1998 and 2002, respectively.  18   ,   19   Almost all (98.5%) children 
with CP in the area participate in the CPUP.  19   The program 
includes yearly spinal examinations. The purposes of this 
study were to describe the prevalence of scoliosis in children 
with CP, to analyze the relation between scoliosis incidence 
and the level of gross motor function and CP subtype, and to 
describe the age at diagnosis of scoliosis. 
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  Conclusion.   The incidence of scoliosis increased with GMFCS 
level and age. Observed variations related to CP subtype were 
confounded by the GMFCS, refl ecting the different distribution 
of GMFCS levels in the subtypes. Follow-up programs for early 
detection of scoliosis should be based on the child’s GMFCS level 
and age.   
  Key words:   cerebral palsy  ,   scoliosis  ,   prevalence  ,   total population.     
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  MATERIAL AND METHODS 
 All children with CP in the region, participating in CPUP, and 
born between January 1, 1990, and December 31, 2004, were 
included. Children who died before the age of 5 years or who 
had moved out of the area before the age of 5 years were 
excluded. Children with CP not participating in the program 
(1.5%) were known; no signs of dropout bias were observed. 
The assessments were performed from July 1, 1995, until 
December 31, 2008. 

 CPUP includes a program for monitoring scoliosis. The 
participating children are examined by their local physiother-
apist in a standardized way twice a year from the inclusion in 
the program, usually at 2 years of age until 6 years of age, and 
then once a year. The clinical examination of the spine is done 
in standing position if possible; otherwise, it is performed in 
sitting position. The spine is examined in the extended posi-
tion and with the forward bending test. The degree of scoliosis 
is graded as mild (discrete curve visible on thorough examina-
tion), moderate (obvious curve in both extended position and 
forward bending test), or severe (pronounced curve prevent-
ing upright positioning without external support). Guidelines 
for the clinical examination are outlined in a manual linked to 
the recording form. The results of the clinical measurements 
are registered in a database. Surgical treatment of scoliosis is 
also documented. 

 In the program, all children younger than 8 years with a 
nonfl exible scoliosis and all children older than 8 years with 
a moderate or severe scoliosis are examined radiographically 
with anteposterior and lateral views of the entire spine. The 
radiographical examination is done in standing or sitting posi-
tion if possible; otherwise in supine position. The localization 
of scoliosis and the curve magnitude measured as Cobb angle  20   
are registered. Further radiographical examinations are based 
on the progression of the Cobb angle and the age of the child. 

 Gross motor function for each child was determined by the 
child’s physiotherapist, using the Gross Motor Function Clas-
sifi cation System (GMFCS),  21   a 5-level system for children 
and adolescents with CP, based on self-initiated movement, 
where level I describes the highest level of function and level 
V the lowest. 

 CP was defi ned according to Mutch  et al .  22   CP subtype was 
classifi ed according to the Surveillance of Cerebral Palsy in 
Europe network as spastic unilateral, spastic bilateral, dyski-
netic, ataxic, or mixed type.  23   

 In this study, we used the clinical and radiographical data 
from the registry to identify all children with scoliosis in the 
area during July 1, 1995, until December 31, 2008. The 
period prevalence was calculated, and the children with sco-
liosis were compared with the total population of children 
with CP in the registry. 

 Linear regression analysis was used to evaluate the effect 
of CP subtype and GMFCS on the Cobb angle at the fi rst 
radiographical examination. GMFCS level I and spastic uni-
lateral CP were used as reference categories. The Kaplan-
Meyer analysis was used to identify the age at diagnosis of a 
moderate or severe scoliosis. The curves illustrate the prob-
ability of not being diagnosed with scoliosis over time in dif-
ferent GMFCS levels. Cox regression analysis was used to 
compare the incidence of scoliosis in different age groups and 
GMFCS levels. 

 The study was approved by the Medical Research Ethics 
Committee at Lund University (LU-433-99).  

 TABLE 1.    Distribution of Scoliosis in Relation to the GMFCS Level  

GMFCS 
Level

Total 
Population

Clinical Scoliosis Cobb Angle*

Mild Mod/Severe 0 ° –10 ° 11 ° –20 ° 21 ° –40 ° > 40 ° 

I 306  56  5  3 0  0  0

II  86  22  5  1 2  1  0

III  80  13  7  0 1  2  0

IV  87  13 18  3 2 11  3

V 107  12 41  6 4 15 13

Total 666 116 76 13 9 29 16

  *Cobb angle denotes result of fi rst examination after diagnosis in 67 of the children with moderate or severe scoliosis. 

 GMFCS indicates Gross Motor Function Classifi cation System; Mod, moderate.  

 Figure 1.    Scoliosis in relation to the GMFCS level. Distribution of sco-
liosis (%) according to clinical examination and fi rst radiographical 
examination. Children with a Cobb angle of more than 40 °  are also 
included in the group with a Cobb angle of more than 20 ° .  
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  RESULTS 
 The study was based on 7200 measurements in 666 children 
with CP. Of these, 192 children had scoliosis according to the 
physiotherapists’ reports, 116 were graded as mild, and 76 as 
moderate or severe. 

 Of the 76 children (50 boys and 26 girls) with moderate or 
severe scoliosis, 67 children were examined radiographically. 
The Cobb angle at the fi rst radiographical examination after 
clinical diagnosis was less than 10 °  or less in 13 children, 11 °  
to 20 °  in 9 children, 21 °  to 40 °  in 29 children, and more than 
40 °  in 16 children ( Table 1 ). The scoliosis was thoracolumbar 
in 48 children (22 left, 14 right, and 12 S-shaped), lumbar in 5 
children, and thoracic in 2 children. In 9 children with moder-
ate/severe scoliosis, no radiographical examination was per-
formed. Two of these children died before examination, and 1 
child was considered to be in too bad condition for operation, 
and thereby not examined radiographically. The remaining 
6 children were all in GMFCS levels II–III. They were, for 
unknown reasons, not immediately referred for radiographi-
cal examination after having their scoliosis graded as moder-
ate; perhaps, there was a second opinion. The further clini-
cal examinations again graded their scoliosis as mild, and the 
children have therefore not been examined radiographically.  

 Eighteen children were operated on for scoliosis. The 
median age at surgery was 13 years (range, 8–17). The mean 
preoperative Cobb angle was 69 °  (median, 67; range, 40–95). 
All 9 children with hip dislocation, defi ned as migration per-
centage  24   of 100%, had moderate-severe scoliosis. Eight of 
the 9 children with hip dislocation were examined radio-
graphically and had Cobb angles of 70 °  to 102 ° , and 4 of 
these children were operated on for scoliosis. 

 The proportion of children with scoliosis increased 
with GMFCS level ( Table 1 ,  Figure 1 ). Almost all children 
with moderate or severe clinical scoliosis or radiographical 
scoliosis with curves of more than 20 °  were in GMFCS levels 
III–V. All children operated on for scoliosis were in GMFCS 
levels IV–V.  

 The proportion of children with scoliosis varied between 
CP subtypes ( Table 2  and  Figure 2 ). No child with spastic 
unilateral CP and 3 of 75 children with ataxic CP had a curve 

of more than 20 ° . Thirty-eight of the 244 children with spastic 
bilateral CP (16%) and 10 of the 66 children with dyskinetic 
CP (15%) had a curve of more than 20 ° . The children oper-
ated on for scoliosis had spastic bilateral CP (15 children) and 
dyskinetic CP (3 children).   

 The linear regression estimates showed that the GMFCS 
level was the only statistically signifi cant ( P  = 0.004) risk 
factor that affected the magnitude of Cobb angle at the fi rst 
radiographical examination ( Table 3 ).  

 Kaplan-Meier survival estimations showed that scolio-
sis was diagnosed after 8 years of age in most of the chil-
dren ( Figure 3 ). The risk of scoliosis increased with age and 
GMFCS level. The risk of having moderate or severe scoliosis 
in children in GMFCS levels IV–V was about 50% at 18 years 
of age. Cox regression analysis showed that a high GMFCS 
level indicated a high risk of scoliosis ( Table 4 ). No signifi cant 
differences were found in the analysis regarding CP subtypes.    

  DISCUSSION 
 Knowledge of the real prevalence and incidence of scoliosis in 
children with CP is important, both for health care planning 
and for analyzing the future risk for scoliosis in an individual 

 Figure 2.    Scoliosis in relation to CP subtype. Distribution of scoliosis 
(%) according to clinical examination and fi rst radiographical exami-
nation. Children with a Cobb angle of more than 40 °  are also included 
in the group with a Cobb angle of more than 20 ° . S indicates spastic.  

 TABLE 2.    Distribution of Scoliosis in Relation to Cerebral Palsy Subtype  
Cerebral 
Palsy 
Subtype

Total 
Population

Clinical Scoliosis Cobb Angle*

Mild Mod/Severe 0 ° –10 ° 11 ° –20 ° 21 ° –40 ° > > 40 ° 

S-unilateral 192  35  4  2 1  0  0

S-bilateral 244  49 48  7 5 18 12

Ataxic  75   9  5  1 1  2  1

Dyskinetic  66  18 16  3 1  7  3

Unclassifi ed  89   5  3  0 1  2  0

Total 666 116 76 13 9 29 16

  *Cobb angle denotes the result of the fi rst examination after diagnosis in 67 of the children with moderate or severe scoliosis. 

 S indicates spastic; Mod, moderate.  
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review of 100 children with CP from an outpatient clinic, 
Balmer and MacEwen  4   found 21 children with scoliosis with 
a curve of more than 10 ° . Madigan and Wallace  2   found sco-
liosis with a curve of more than 10 °  in 64% of participants 
from a study group of 272 institutionalized teenagers with 
CP. As these studies predate the GMFCS system and do not 

child. To be able to compare prevalence fi gures from differ-
ent studies, the selection of study group, case mix, and the 
defi nitions of scoliosis must be known. We studied the preva-
lence of scoliosis in a well-defi ned total population of children 
with CP, 4 to 18 years of age, which is a major strength. The 
nonparticipating children with CP (1.5% of the population) 
were known and not biasing the results.  16   –   19   All children were 
followed with repeated clinical examinations in a follow-up 
program, and those with moderate and severe scoliosis also 
with radiographical examination. 

 The defi nition of scoliosis in the study may be a limita-
tion. In the CPUP program, the indication for radiographical 
examination is based on the result of the clinical examina-
tions by physiotherapists. Some children with a diagnosis of 
mild scoliosis and not examined radiographically could have 
a curve of more than 20 ° . It seems, however, from the results 
of the radiographical examinations of those with moderate/
severe scoliosis that the clinical examinations do not underes-
timate the degree of scoliosis. 

 Including all children with scoliosis according to the clini-
cal examinations corresponds to a prevalence of scoliosis of 
29%. Including only those with moderate/severe scoliosis cor-
responds to a prevalence of 11%. Using radiographical crite-
ria, 8% of the children had a Cobb angle of more than 10 °  
and 7% had a Cobb angle of more than 20 ° . These fi gures 
could be compared with a Swedish study of the prevalence of 
idiopathic scoliosis in school screening.  25   Among 17,181 chil-
dren aged 7 to 16 years, 2.5% had a Cobb angle of more than 
10 ° . More than half of all children with CP have mild gross 
motor function limitation (GMFCS levels I–II), and this large 
group thus seems to have no higher risk of developing scolio-
sis than children without CP. Comparison with other studies 
of scoliosis in CP is diffi cult because they predate the GMFCS 
and represent selected groups of children. In a radiological 

 TABLE 3.    Linear Regression Estimates of 
the Effect of Age, GMFCS Level, 
and Cerebral Palsy Subtype on the 
Magnitude of Cobb Angle at Scoliosis 
Diagnosis, With 95% CI and  P  Value, 
in the 67 Children Radiographically 
Examined  

Coeffi cient 95% CI  P 

GMFCS 8.09 2.78–13.39 0.004

S-bilateral  − 9.17  − 34.70 to 16.37 0.471

Ataxic  − 12.67  − 58.01 to 32.68 0.574

Dyskinetic  − 21.11  − 49.28 to 7.05 0.137

Age  − 0.20  − 2.04 to 1.65 0.830

  GMFCS I and S-unilateral cerebral palsy were used as reference categories. 
Too few cases for analysis in children with unclassifi ed cerebral palsy. 

 GMFCS indicates Gross Motor Function Classifi cation System; CI, 
confi dence interval; S, spastic.  

 Figure 3.    Survival function with 95% confi dence interval (CI) illustrat-
ing the risk of having a moderate/severe scoliosis diagnosed at different 
ages and GMFCS levels: (A) GMFCS levels I–II; (B) GMFCS level III; 
and (C) GMFCS levels IV–V.  
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risk of scoliosis was seen in the oldest children in GMFCS 
level IV or V, where about 50% were estimated to have mod-
erate or severe scoliosis. Because there is a risk of progression 
of scoliosis in adulthood as well,  25   this number may increase. 
In the CPUP program, the children will also be followed with 
regular spinal examination in adulthood. 

 In conclusion, in this total population of children with CP, 
the risk of scoliosis increased with GMFCS level and age. 
Children in GMFCS levels I–II had almost no risk of develop-
ing scoliosis, whereas at 18 years of age, the risk among chil-
dren in GMFCS levels IV–V was about 50%. Observed varia-
tions related to CP subtype were confounded by the GMFCS, 
refl ecting the different distribution of GMFCS levels in the 
subtypes. Surveillance programs for scoliosis in CP should be 
based on the children’s age and GMFCS level.   

represent a total population of children with CP, the preva-
lence fi gures in the different studies are diffi cult to compare. 

 The main goals of CPUP are to prevent development of hip 
dislocation and severe contractures. All children at GMFCS 
levels III–V are examined with hip radiograph at least once 
a year, and children at GMFCS level II have radiographical 
examination at 2 and 6 years of age. In the program, the num-
ber of children with hip dislocation and windswept deformity 
has been reduced.  13   ,   16   The 9 children with hip dislocation 
in this population had their dislocation before entering the 
CPUP program. In areas without hip prevention programs, 
the prevalence of scoliosis is presumably higher than in the 
present study. 

 The prevalence of scoliosis and the risk of being diag-
nosed with a moderate or severe scoliosis were related to the 
GMFCS level. There was also a variation in the prevalence 
and incidence of scoliosis with the CP subtypes. However, 
the Cox regression analysis revealed that the variation was 
explained by the different proportions of GMFCS levels in 
the CP subtypes used. This means that the high number of 
scoliosis in children with dyskinetic or spastic bilateral CP can 
be explained by the high number of children with GMFCS 
levels IV and V in those subtypes. Consequently, the low fi g-
ure for scoliosis in children with spastic unilateral CP can be 
explained by the high number of children in GMFCS levels 
I–II in that subtype. This has clinical implications when ana-
lyzing the risk of scoliosis in an individual child. For this pur-
pose, the child’s GMFCS level should be used and not the CP 
subtype. 

 In most children, the scoliosis was diagnosed after 8 years 
of age. This is in agreement with earlier studies.  15   The highest 

 TABLE 4.    Cox Regression Analysis of the 
Risk Ratio ( i.e. , Hazard Ratio) for 
Developing Clinically Moderate/
Severe Scoliosis in Relation to the 
GMFCS Level and Cerebral Palsy 
Subtype  

Risk Ratio 95% CI  P 

GMFCS level

 II 2.70 0.68–10.65 0.156

 III 6.04 1.52–23.99 0.011

 IV 14.94 4.47–49.95 <0.001

 V 34.99 10.74–113.98 <0.001

S-bilateral 0.85 0.27–2.71 0.787

Ataxic 0.79 0.17–3.35 0.749

Dyskinetic 0.53 0.14–1.92 0.330

Unclassifi ed 0.52 0.09–3.11 0.473

  GMFCS I and S-unilateral cerebral palsy were used as reference categories. 

 GMFCS indicates Gross Motor Function Classifi cation System; CI, confi -
dence interval; S, spastic.  

  ➢  Key Points 

            The risk of developing scoliosis is related to the 
child’s GMFCS level and age.  

          CP subtype is not a risk factor  per se  for scoliosis.  
          Children in GMFCS levels I–II have almost no risk of 

developing scoliosis.  
          Children in GMFCS levels IV–V have a 50% risk of hav-

ing clinically moderate or severe scoliosis at 18 years 
of age.    
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ABSTRACT  

 

Study design 

 Psychometric evaluation. 

 

Objective  

To evaluate the interrater reliability of the clinical spinal assessment method used in the 

Swedish follow-up program for cerebral palsy (CPUP) and scoliometer measurement in 

children with cerebral palsy (CP) and to evaluate their validity compared to radiographic 

examination.  

 

Summary of background data 

CPUP includes clinical examinations of the spine. The reliability and validity of the 

assessment method have not been studied. 

 

Methods  

Twenty-eight children (6-16 years) with CP in Gross Motor Function Classification System 

levels II-V were included.  Clinical spinal examinations and scoliometer measurements in 

sitting position were performed by three independent examiners. The results were compared 

to the Cobb angle as determined by radiographic measurement. Interrater reliability was 

calculated using weighted Kappa. Concurrent validity was analyzed using the Cobb angle as 

gold standard. Sensitivity, specificity, area under receiver operating characteristic curves 

(AUC) and likelihood ratios (LR) were calculated. Cut-off values for scoliosis were set to ≥ 

20° Cobb angle and > 7° scoliometer angle. 

 

Results  

There was an excellent interrater reliability for both clinical examination (weighted kappa = 

0.96) and scoliometer measurement (weighted kappa = 0.86). The clinical examination 

showed a sensitivity of 75.0% (95% CI: 19.4-99.4%), specificity of 99.8% (95% CI: 78.9-

99.9%) and an AUC of 0.85 (95% CI: 0.61-1.00). The positive LR was 18.0 and the negative 

LR was 0.3. The scoliometer measurement showed a sensitivity of 50.0% (95% CI: 6.8-

93.2%), specificity of 91.7% (95% CI: 73.0-99.9%) and AUC of 0.71 (95% CI: 0.42-0.99). 

The positive LR was 6.0 and the negative LR was 0.5. 

 

Conclusions 

The psychometric evaluation of the clinical assessment showed an excellent interrater 

reliability and a high concurrent validity compared to the Cobb angle. Clinical spinal 

examinations seem appropriate as a screening tool to identify scoliosis in children with CP.  
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INTRODUCTION  

 

Children and adolescents with cerebral 

palsy (CP) have an increased risk of 

scoliosis (1). The reported prevalence 

varies between 15-64% based on age, 

severity of CP, and different definitions of 

scoliosis (1-3). This stands in contrast to 

idiopathic scoliosis in adolescents where 

the prevalence has been reported at 2-4% 

(4). In children with CP the risk of 

developing scoliosis is related to the 

child’s gross motor function and age (1, 5). 

Severe scoliosis is associated with pain, 

sitting problems, hip dislocation, 

windswept deformity (1, 6), all of which 

may impair physical function and quality 

of life. 

 

It is important to identify a progressive 

scoliosis early-on as the result of spinal 

surgery is related to the curve magnitude 

(7). It is desirable to have an examination 

tool with high sensitivity but it is also 

important to have high specificity to avoid 

unnecessary radiographic examinations. 

 

In 1994, a follow-up program and registry 

for children and adolescents with CP 

(CPUP) was initiated in the south of 

Sweden, an area of approximately 1.3 

million inhabitants.  CPUP has been 

classified as a Swedish National Health 

Care Quality Registry since 2005 and the 

program is also used in Norway, Denmark, 

Iceland, Scotland and New South Wales, 

Australia. These days>95% of all children 

with CP in Sweden participate in CPUP (8) 

and it is currently expanding to include 

also adults with CP.  

 

The main purpose of CPUP is to prevent 

hip dislocation, contractures, scoliosis and 

windswept deformities in individuals with 

CP (8-11). The program includes spinal 

examinations where the children undergo a 

standardized examination by their local 

physiotherapist twice a year until six years 

of age and then once a year. The spine is 

examined in forward bending and upright 

position with the child sitting on a plinth. 

In the event of scoliosis, it is graded as 

“mild”, “moderate” or “severe”. A child 

with a moderate or severe scoliosis is 

referred to radiographic examination. If the 

Cobb angle exceeds 40° operative 

treatment is considered. 

 

A commonly used evaluation test to screen 

for adolescent idiopathic scoliosis is the 

forward bending test that measures 

asymmetrical rib prominence (12, 13). It 

has been argued that this test does not have 

a quantitative documentation and the 

efficacy of the test to screen for scoliosis is 

still discussed (12, 13).  

 

The scoliometer (14) reliably measures the 

angle of trunk rotation and it is a 

commonly used tool to screen for 

adolescent idiopathic scoliosis (13, 15). 

The recommended cut-off value to warrant 

a radiographic referral in adolescent 

idiopathic scoliosis varies but ≥7° has been 

suggested (15). To our knowledge the 

scoliometer has not been used in screening 

for neuromuscular scoliosis. 

  

The Cobb angle has been the gold standard 

to quantify scoliosis on radiographic 

examination since 1948 (16). However, the 

Cobb angle is a two-dimensional analysis 

of a lateral deviation of the spine while the 

forward bending test and the scoliometer 

reflect a lateral deviation and rotation of a 

three dimensional deformity. Coehlo et al 

found a correlation that was considered 

good (r>0.7, p<0.05) between scoliometer 

measurement and the Cobb angle in 

screening for adolescent idiopathic 

scoliosis (17).  
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For a screening tool to be useful in clinical 

practice the sensitivity and specificity is 

vital. When screening for scoliosis in 

CPUP the purpose is to identify all 

individuals requiring further radiographic 

examination and rule out those who does 

not in order to minimize the dose of 

radiation exposure. 

 

Purpose 

The purposes of this study were to evaluate 

the interrater reliability of clinical 

examination and scoliometer measurement, 

and to evaluate their sensitivity, specificity 

and concurrent validity as screening tools 

by using radiographic examination with 

the Cobb angle as reference.  

 

 

MATERIALS AND METHODS 

 

In CPUP, all participating children have 

their CP diagnosis verified by a 

neuropaediatrician at four years of age. CP 

is defined as a non-progressive brain injury 

which has developed before the age of two 

years. Motor impairment and specific 

neurological signs are defined and 

classified according to the inclusion 

criteria of the Surveillance of Cerebral 

palsy in Europe (SCPE) network (18, 19). 

Gross motor function is determined by the 

child’s physiotherapist according to the 

expanded and revised version of the Gross 

Motor Function Classification System 

(GMFCS) (20, 21). This is a 5-level 

system for children and adolescents with 

CP that is based on their self-initiated 

movement where level I delineates the 

highest level of function and level V the 

lowest. 

 

Children and adolescents ages 6-16 years 

at GMFCS levels II-V and enrolled in 

CPUP were recruited from five child 

rehabilitation units in southern Sweden. 

The participants and their families were 

informed about the study by their local 

physiotherapists and provided with 

invitation letters with information about 

the study. Written consent was obtained 

from all participants. Children were 

recruited consecutively until at least six 

children at each relevant GMFCS level had 

accepted. The decision to include six 

persons in each GMFCS level (except level 

I) was based on an earlier study evaluating 

the Posture and Postural Ability Scale in 

adults with CP (22, 23). In addition, a 

reliability study of the scoliometer by 

Bonagamba and colleagues included 24 

participants and that study had enough 

power to satisfactorily assess reliability 

(24). Children at GMFCS level I, which 

constitutes about 40% of all children with 

CP, do not have a higher risk of scoliosis 

compared to the risk of developing 

idiopathic scoliosis in adolescents (1) and 

were therefore not included in this study.  

 

The children were examined at one 

occasion by three examiners, independent 

of each other, during a period from 

November 2013 to March 2014. The 

examinations were performed by two 

physiotherapists and one paediatric 

orthopaedic surgeon, all with several years 

experience working with children with CP. 

The spine was examined with the child in a 

sitting upright position, with external 

support if needed, and then, still in sitting, 

with the forward bending. The degree of 

scoliosis was noted according to the CPUP 

classification (1) and graded as: 

 

-No scoliosis. 

-Mild scoliosis: discreet curve visible only 

on thorough examination in forward 

bending.  

-Moderate scoliosis: obvious curve in both 

extended and forward bending. 

-Severe scoliosis: pronounced curve 

preventing upright position without 

external support. 

 

In sitting position, a scoliometer was 

placed in forward bending at the top of the 

thoracic spine, with the 0 (zero) mark over 

the spinous process, and slowly moved 

down the spine noting the highest degree 



Spinal assessments in CP 
 

 4 

of truncal rotation. The degree of scoliosis 

was recorded separately and independently 

by the three examiners. A higher degree of 

truncal rotation indicates worse inclination. 

The value used to detect moderate scoliosis 

that should be referred to radiographic 

examination was set to >7°. 

 

Radiographic examinations were 

performed in a sitting position, in an 

anteposterior (AP) projection. The 

magnitude of the curve was determined 

based on the Cobb angle (16) and 

moderate or severe scoliosis was defined 

as Cobb angle  >20°.  

Ethical approval was granted by the 

Medical Research Ethics Committee at 

Lund University, Dnr 467/2013. 

 

Statistical analysis 

Interrater reliability for the clinical spinal 

examination and the scoliometer 

measurement was calculated using 

weighted Kappa scores (25). The 

magnitude of weighted Kappa was 

interpreted according to Fleiss 1981 where 

≤ 0.40 signifies poor agreement, 0.40-0.75 

fair to good agreement and  ≥ 0.75 

signifies excellent agreement (26). To 

calculate 95% CI for weighted kappa 

scores all GMFCS levels included were 

combined and 95% nonparametric 

bootstrap confidence intervals were added 

based on a 1000 re-samples (27, 28). 

 

To evaluate concurrent validity the Cobb 

angle was used as gold standard. Area 

under receiver operating characteristic 

curves (AUC), sensitivity, specificity and 

predictive values were calculated. The 

cutoff point chosen for clinical assessment 

was no or mild scoliosis versus moderate 

or severe scoliosis. We used averaged 

ratings for analyzing validity of the 

scoliometer but not for calculation of 

Kappa values. 

The AUC is a measure of the capacity of a 

test to classify a person correctly. In this 

study the AUC was used as a measure of 

the capacity to correctly identify scoliosis 

according to our definition. A value of 

<0.5 is not better than random,  > 0.7 is 

acceptable, >0.8 is excellent, and >0.9 is 

extraordinary capability (29).  

 

Likelihood ratio (LR) is a summary of the 

diagnostic accuracy of a test telling the 

ratio of the probability of a certain test 

result in individuals who do have the 

disease to the probability in individuals 

who do not. The definition of a positive 

LR is sensitivity/ 1-specificity. The 

definition of a negative LR is 1-sensitivity/ 

specificity. A positive LR greater than 10 

means that the test is good at confirming 

scoliosis. A negative LR less than 0.1-0.2 

means that the test is good at ruling out 

scoliosis (30). For all statistical computing 

R software environment version 3.0.0 and 

STATA version 13.1 were used. 

 

 

RESULTS 

 

In total, 28 children with CP (14 boys), 

with a median age of 12 years (range 6-16 

years) were included. All 28 children 

completed both the clinical and 

radiographic examinations. There were 

nine children in GMFCS II, seven in 

GMFCS III, six in GMFCS IV and six in 

GMFCS V (Table 1).  

 

Clinical assessment  

In 25 of the 28 children there was a total 

interrater agreement. Among these 25 

children 14 had no scoliosis, 7 mild, 2 

moderate, and 2 had severe scoliosis 

(Table 1). The 21 children with no or mild 

scoliosis had an average Cobb angle of 11° 

(range 0-21°). The 4 children with 

moderate or severe scoliosis had an 

average Cobb angle of 27° (range 9-38°).  

Interrater disagreement occurred in 3 cases 

(cases 9, 16 and 28; Table 1). 
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Table 1. Details of all participants and distribution of scores for the 3 raters (A, B, C) versus Cobb-angle. 

 

Case  Age GMFCS Sex   Clinical examination   Scoliometer   Cobb- 

Number         A B C   A B C   angle 

 
                          

1 6 IV F 
 

No No No 
 

1 1 3 
 

16 

2 7 III M 
 

No No No 
 

1 3 3 
 

9 

3 7 V F 
 

No No No 
 

2 2 3 
 

13 

4 9 III M 
 

No No No 
 

1 0 1 
 

13 

5 9 V M 
 

Mild Mild Mild 
 

5 5 3 
 

12 

6 10 III F 
 

No No No 
 

4 2 1 
 

16 

7 10 V M 
 

No No No 
 

3 2 2 
 

8 

8 10 II M 
 

No No No 
 

1 1 2 
 

10 

9 10 III M 
 

Mild No Mild 
 

4 3 6 
 

7 

10 10 II F 
 

No No No 
 

2 2 3 
 

0 

11 10 III F 
 

Moderate Moderate Moderate 
 

5 6 5 
 

23 

12 10 V M 
 

Severe Severe Severe 
 

13 18 12 
 

37 

13 11 IV F 
 

No No No 
 

2 0 3 
 

14 

14 12 II F 
 

Mild Mild Mild 
 

5 7 5 
 

13 

15 12 V F 
 

Mild Mild Mild 
 

5 2 6 
 

21 

16 12 II M 
 

Mild No No 
 

5 1 1 
 

11 

17 12 II M 
 

No No No 
 

1 1 2 
 

0 

18 12 II F 
 

Mild Mild Mild 
 

2 3 3 
 

13 

19 13 IV M 
 

Mild Mild Mild 
 

4 5 5 
 

15 

20 13 II F 
 

No No No 
 

2 2 3 
 

13 

21 13 IV M 
 

Severe Severe Severe 
 

14 20 15 
 

38 

22 14 V F 
 

Mild Mild Mild 
 

5 8 7 
 

7 

23 15 II M 
 

Mild Mild Mild 
 

5 5 5 
 

3 

24 15 III M 
 

No No No 
 

1 2 1 
 

17 

25 16 IV F 
 

No No No 
 

1 2 2 
 

0 

26 16 IV M 
 

No No No 
 

1 1 1 
 

19 

27 16 III F 
 

Moderate Moderate Moderate 
 

7 10 10 
 

9 

28 16 II F 
 

No Mild No 
 

6 6 6 
 

11 

                            

 

The spines were graded as no or mild 

scoliosis by all 3 raters. The average Cobb 

angle for the 21 children was 10° (range 7-

11°). The interrater reliability of the 

clinical assessment showed a weighted 

Kappa value of 0.96 (95% CI: 0.82-1.00). 

The sensitivity was 75.0% (95% CI: 

19.4%-99.4%), the specificity was 99.8% 

(95% CI: 78.9%-99.9%) and the AUC was 

0.85 (95% CI: 0.61-1.00). The positive 

predictive value was 75.0% (95% CI: 19.4-

99.4%) and the negative predictive value 

was 99.8% (95% CI: 78.9%-99.9%). The 

positive LR was 18.0 and the negative LR 

was 0.2 (Table 2-3). 

 

Table 2. Number of positive and negative cases of clinical spinal assessment and scoliometer 

measurement versus radiographic Cobb angle. (Average ratings of 3 examiners) 
 

    Clinical assessment 
 

Scoliometer 

    Positive Negative Total   Positive Negative Total 

Cobb angle Scoliosis > 20° 3 1 4   2 2 4 

  No scoliosis < 20° 1 23 24   2 22 24 

  Total 4 24 28   4 24 28 
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Table 3. Concurrent validity of clinical spinal assessment and scoliometer measurement versus radiographic 

Cobb angle.  
 

 

 

 

 

 

 

 

 

 

Scoliometer 

In 23 of the children all 3 examiners 

measured the scoliometer angle <7°. The 

average scoliometer angle in these children 

was 3° (range 0-6°) and the average Cobb 

angle was 12° (range 0-23°). In 3 of the 

children all examiners measured the 

scoliometer angle above the cutoff of ≥7°. 

The average scoliometer angle for these 3 

children was 13° (range 7-20°, Table 1). 

Two children were measured both below 

and above the cutoff. In one child (Case 

14; Table 1) 2 of the examiners measured 

5° and the third examiner measured 7°. 

The Cobb angle was 13°. In the second 

child (Case 22; Table 1), one examiner  

measured 5° while the other two examiners 

measured 7° and 8° respectively. The Cobb 

angle was 7°. The interrater reliability of 

the scoliometer measurement showed a 

weighted Kappa value of 0.86 (95% CI: 

0.64-0.92). The sensitivity was 50% (95% 

CI: 6.8%-93.2%), the specificity was 

91.7% (95% CI: 73.0-99.9%), and the 

AUC was 0.71 (95% CI: 0.42-0.99)(Table 

3). The positive predictive value was 

50.0% (95% CI: 6.8-93.2%) and the 

negative predictive value was 91.7% (95% 

CI: 73.0%-99.9%). The positive LR was 

6.0 and the negative LR was 0.5. (Table 2-

3). 

 

DISCUSSION 

 

We found both the clinical assessment 

method and the scoliometer measurement 

to have high interrater reliability. The 

clinical assessment showed a higher 

specificity, sensitivity and a larger area 

under the curve compared to the 

scoliometer method. For both the clinical 

examination and the scoliometer, the 

negative and positive predictive values 

were the same as for specificity and 

sensitivity. The reason for this was that the 

outcome table was symmetrical on the 

diagonal with the same number of false 

positives and false negatives (Table 2). 

The predictive value could otherwise have 

been negatively influenced by the low 

prevalence of scoliosis. The informative 

value and the usefulness of the test were 

refined for the clinical assessment by 

analyzing the LR.  

 

A limitation of this study was the small 

number of children with moderate or 

severe scoliosis. This could explain the 

wide CI for sensitivity for both assessment 

methods. The purpose was to evaluate the 

screening method used to identify scoliosis 

in a population of children with CP and to 

select those in need of further 

investigation. The specificity of the clinical 

assessment was high (99.8 %) thereby 

reducing unnecessary referrals for 

radiographic examination. 

 

There was no disagreement among the 

assessors regarding the rating of moderate 

or severe scoliosis. The higher kappa 

values for the clinical assessment may 

partially be explained by the narrow range 

of the scale (0-3).  

    Clinical assessment vs Cobb   Scoliometer vs Cobb 

Prevalence        95% CI       95% CI 

Sensitivity (%)   75.0 19.4 99.4   50.0 6.8 93.2 

Specificity (%)   95.8 78.9 99.9   91.7 73.0 99.9 

Area under curve (AUC)   0.85 0.61 1.00   0.71 0.42 0.99 

Likelihood ratio (+)   18.0 2.4 133.0   6.0 1.1 31.2 

Likelihood ratio (-)   0.3 0.1 1.4   0.5 0.2 1.5 

Positive predictive value (%)   75.0 19.4 99.4   50.0 6.8 93.2 

Negative predictive value (%)   95.8 78.9 99.9   91.7 73.0 99.9 
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The cutoff point for the scoliometer 

measure was set to 7°. When screening, a 

balance has to be struck in terms of not 

referring too many or too few for a 

radiographic examination and this is 

related to the sensitivity and the specificity 

of the test. Bunnell (15) studied the 

outcome of spinal screening with 

scoliometer in adolescent idiopathic 

scoliosis and recommended 7° as an 

appropriate referral criterion. To use 7° as 

the referral criterion reduced the prognostic 

referral rate from 12% to 3% compared to 

if 5° would have been the criterion for 

referral. When creating guidelines for 

assessment of adolescent idiopathic 

scoliosis Coelho (17) et al concluded that 

if a cutoff point of 5° for scoliometer 

measurement was used the sensitivity 

would be approximately100% and the 

specificity approximately 47%. However, 

if 7° was used as the cut-off instead, the 

sensitivity dropped to 83% while the 

specificity rose to 86%. The results from 

Coelho and colleagues informed the choice 

of cut-off point in this study. The purpose 

of screening for adolescent idiopathic 

scoliosis is to detect scoliosis in time to 

start bracing, and thereby reducing the 

need for surgery. In neuromuscular 

scoliosis, an additional purpose of 

screening is to find a progressive scoliosis 

in time for surgery. It is also important to 

identify postural asymmetries that induce a 

worse sitting position with poor head 

control, uneven weight distribution, and 

pelvic obliquity which could increase the 

development of contractures, windswept 

position, and hip dislocation (22). 

 

The clinical assessment and the 

scoliometer measurement proved 

somewhat difficult when examining 

children who had problems bending 

forward in sitting because of decreased 

flexibility of spinal muscles, short 

hamstrings or limited hip flexion. In one 

person a baclofen pump prevented the 

child from bending forward properly. For 

these individuals a moderate or severe 

scoliosis is often apparent when sitting in 

an upright position. As a consequence, 

when the child is unable to bend forward, 

the examiner is only likely to miss a mild 

scoliosis.  

 

Summary/Conclusion 

In summary, this study showed an 

excellent interrater reliability for both the 

clinical spinal assessment used in CPUP 

and for the scoliometer measurements. The 

sensitivity was higher for the clinical 

assessment compared to the scoliometer 

measurement, while the specificity was 

almost the same for both methods. There 

was a high validity correlated to the Cobb 

angle measurement. The clinical spinal 

assessment method used in CPUP seems to 

be an appropriate screening method for 

scoliosis in children with CP.  
 

 

List of abbreviations 

AUC = Area under curve 

CP = Cerebral palsy 

CPUP = Cerebral palsy follow up 
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Abstract

Objective: To evaluate construct validity, internal consistency and inter-rater reliability of the Posture 
and Postural Ability Scale for children with cerebral palsy.
Design: Evaluation of psychometric properties.
Setting: Five child rehabilitation centres in the south of Sweden, in November 2013 to March 2014.
Subjects: A total of 29 children with cerebral palsy (15 boys, 14 girls), 6–16 years old, classified at Gross 
Motor Function Classification System (GMFCS) levels II (n = 10), III (n = 7), IV (n = 6) and V (n = 6).
Main measures: Three independent raters (two physiotherapists and one orthopaedic surgeon) assessed 
posture and postural ability of all children in supine, prone, sitting and standing positions, according 
to the Posture and Postural Ability Scale. Construct validity was evaluated based on averaged values 
for the raters relative to known-groups in terms of GMFCS levels. Internal consistency was analysed 
with Cronbach’s alpha and corrected Item–Total correlation. Inter-rater reliability was calculated using 
weighted kappa scores.
Results: The Posture and Postural Ability Scale showed construct validity and median values differed 
between GMFCS levels (p < 0.01). There was a good internal consistency (alpha = 0.95–0.96; item–total 
correlation = 0.55–0.91), and an excellent inter-rater reliability (kappa score = 0.77–0.99).
Conclusion: The Posture and Postural Ability Scale shows high psychometric properties for children 
with cerebral palsy, as previously seen when evaluated for adults. It enables detection of postural deficits 
and asymmetries indicating potential need for support and where it needs to be applied.
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Introduction

Asymmetric postures can cause contractures, bone 

and joint deformities in immobile children with 

cerebral palsy.1–4 Most of these deformities can be 

prevented via active surveillance and therefore 

identification of asymmetries and postural deficits 

should be used to screen for contractures.5–9

The Posture and Postural Ability Scale (PPAS)10 

is the only clinical assessment tool designed to 

assess ‘quality’ and ‘quantity’ of posture sepa-

rately, in the four basic body positions: supine, 

prone, sitting and standing. ‘Quality’ of posture, 

relates to the shape of the body, that is, the particu-

lar alignment of body segments in relation to each 

other and to the supporting surface. ‘Quantity’ 

refers to postural ability, that is, the ability to stabi-

lize the body segments relative to each other and to 

the supporting surface. This means control of the 

centre of gravity relative to the base of support dur-

ing both static and dynamic conditions.11,12 The 

levels of postural ability are based on the original 

work by Noreen Hare13 to assess children and ado-

lescents with severe motor impairments and scolio-

sis. Her Physical ability scale has been evaluated 

for inter-rater and intra-rater reliability in chil-

dren.13 The levels are also based on the related 

Chailey levels of abilities14 evaluated for validity 

in children with cerebral palsy.15 Pauline Pope 

modified these scales and added items for quality 

of posture for use with people with disabilities 

regardless of age and diagnosis. All three scales 

have been used by trained therapists in England 

since the 1990s. In 2011, Pope and colleagues in 

Iceland and Sweden expanded and revised the 

assessment tool into the PPAS. It has shown excel-

lent inter-rater reliability (kappa 0.85–0.99), high 

internal consistency (alpha 0.96–0.97) and con-

struct validity (p < 0.02) for adults with cerebral 

palsy when used by trained professionals, but it has 

not previously been evaluated for use with children 

or for less experienced raters. It is currently used in 

National follow-up programmes for adults with 

cerebral palsy in Sweden and Iceland.

The purpose of this study was to evaluate con-

struct validity, internal consistency and inter-rater 

reliability of the PPAS for children with cerebral 

palsy.

Methods

Children between 6 and 16 years old who partici-

pated in the Swedish national cerebral palsy health-

care programme called CPUP,5,16 were recruited 

from five child rehabilitation units in southern 

Sweden. Invitation letters and written information 

about the study was given to the families by their 

local physiotherapists. Written consent from all 

families who agreed to participate was sent to the 

Department of Orthopaedics at Lund University. 

Those who accepted were examined once during a 

period from November 2013 to March 2014. All 

children who participated had cerebral palsy veri-

fied by a neuropaediatrician, with a non-progressive 

brain injury before the age of 2 years, and motor 

impairment and specific neurological signs, defined 

by the inclusion criteria of the Surveillance of 

Cerebral Palsy in Europe (SCPE) network.17

Children were invited consecutively until at 

least six children at each level II–V of the Gross 

Motor Function Classification System (GMFCS)18 

had accepted. The classification has five levels 

based on self-initiated movement. The level of 

gross motor function was classified by each child’s 

local physiotherapist. The selection of six subjects 

at each GMFCS level was based on a previous psy-

chometric evaluation of the PPAS for use with 

adults.10 In order to evaluate construct validity, we 

used known groups based on the GMFCS levels, 

assuming that posture is likely to be more asym-

metric and postural ability more impaired in chil-

dren at lower levels of motor function, such as 

GMFCS level IV and V. The study was approved 

by the Medical Research Ethics Committee at 

Lund University, number D467/2013.

The PPAS10 is designed to assess postural control 

and asymmetries in people with severe disabilities in 

four basic body positions; supine and prone lying, 

sitting and standing. Quality of posture is rated for 

position of head, trunk, pelvis, legs, arms and weight 

distribution in the frontal plane, and the sagittal 

plane. Symmetry and alignment scores 1 point for 

each item, while asymmetry or deviation from mid-

line scores 0 points. The total score varying from 0–6 

points for each position in the frontal and the sagittal 

plane is calculated separately. Quantity is rated on 

an ordinal scale, where postural ability ranges from 
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‘unplaceable in an aligned posture’ (level 1), to 

‘placeable in an aligned posture but needs support’ 

(level 2), ‘able to maintain position when placed but 

cannot move’ (level 3), ‘able to initiate flexion/exten-

sion of trunk’ (level 4), ‘able to transfer weight later-

ally and regain posture’ (level 5), ‘able to move out 

of position’ (level 6) and the highest level of ability 

‘able to move into and out of position’ (level 7). It is 

important to note that levels 1 and 2 relate to the per-

son with little or no postural ability. Thus it is possi-

ble to have a person with a high level of ability, that 

is, ‘able to move into and out of position’ who scores 

0 for quality of posture owing to contracture, deform-

ity or strategies used to gain stability.

All children were examined at their local child 

rehabilitation units on one occasion by three inde-

pendent raters: two physiotherapists and one paedi-

atric orthopaedic surgeon. All raters had many years 

of experience working with children with cerebral 

palsy, but only one of the physiotherapists had pre-

vious experience of the PPAS. The other two raters 

got brief instructions before assessing the children. 

The children were instructed by one of the physio-

therapists to get into and out of supine, prone, sit-

ting positions on a plinth and into and out of a 

standing position. If they were unable to do this by 

themselves, they were placed in the position and 

instructed or guided according to their cognitive 

abilities to maintain position, initiate flexion of the 

trunk (in supine) or extension (in prone), transfer 

weight laterally and regain position, and move out 

of position, according to the levels of the PPAS. If 

needed, children were provided with manual sup-

port to stay in position. The children were also 

instructed to sit, stand or lie down in prone or supine 

as straight as possible, or were placed as straight as 

possible in the specified position and allowed to set-

tle. The experienced physiotherapist gave instruc-

tions and handled the children, and the other two 

raters observed. All three raters recorded their 

observations simultaneously and independently on 

separate scoring sheets. All assessments took less 

than 10 minutes to complete for each child.

Statistical analyses

Construct validity was evaluated for known-

groups validity based on the GMFCS levels using 

Jonckheere-Terpstra for analysis of arithmetic 

average values given by the raters. Inter-rater reli-

ability for three independent raters was calculated 

using weighted Kappa scores19 with 95% non-par-

ametric bootstrap confidence intervals calculated 

based on 1000 re-samples.20,21 The levels of agree-

ment were set to poor (⩽0.40), fair to good (0.40–

0.75), and excellent agreement (⩾0.75).22 The 

internal consistency was evaluated through 

Cronbach’s alpha,23 a measure of item inter-relat-

edness calculated with averaged values for the 

three raters, and corrected Item–total correlation,24 

indicating the correlation between each item and 

the total score. Cronbach’s alpha, if item is deleted, 

corresponds to the value achieved if a specific 

item is removed and the level should exceed 0.2.24 

For all statistical computing an R software envi-

ronment was used.

Results

In total 29 children with cerebral palsy (15 boys, 

14 girls), born 1997–2007, median age 12 years 

(6–16 years) were assessed. Their gross motor 

function was classified as GMFCS levels II 

(n = 10), III (n = 7), IV (n = 6) and V (n = 6).

Distribution of scores for all raters varied 

between each GMFCS level in all four positions 

(Figure 1). The median score was higher in supine 

or prone positions, which require less postural abil-

ity, compared with a sitting or standing position 

(Table 1). The PPAS showed construct validity 

based on the ability of the assessment tool to differ 

between known groups represented by GMFCS 

levels II–V, where children at GMFCS level II pre-

sent higher scores than children with lower levels 

of motor function (Table 1, Figure 1). It could dif-

fer in postural ability between individuals at differ-

ent levels of gross motor function and was able to 

identify postural asymmetries in children at all the 

GMFCS levels II–V. There were no differences in 

scores for posture and postural ability related to the 

age of the children.

The PPAS showed excellent inter-rater reliability 

for three independent raters with weighted Kappa 

values of 0.77–0.99 (95% CI 0.60–1.0) (Table 2). 

There was a high internal consistency for all items 

where Cronbach’s alpha if item deleted ranged from 
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0.95–0.96 with a 95% confidence interval (CI) of 

0.90–0.98 for all items. Corrected item-total correla-

tion varied between 0.55–0.91 (95% CI 0.20–0.95) 

(Table 3).

Discussion

The PPAS shows sound psychometric properties 

for children and adolescents with cerebral palsy, 

comparable with a previous study with adults.10

There are several limitations to this study. One 

of the raters had special training and long experi-

ence using the PPAS, while the other raters had 

many years of clinical experience working with 

children with disabilities but no previous experi-

ence or knowledge of rating posture or postural 

ability. All three raters observed the children at the 

same time, but the children were only instructed 

and handled by the experienced physiotherapist. 

This may have affected the outcome for raters with 

Figure 1. Distribution of scores for PPAS at each GMFCS level in all four positions.
All observations are marked with a different colour for each rater, red = rater A, blue = rater B, green = rater C. The squared 
points connected with a line are means of each GMFCS level.
GMFCS: Gross Motor Function Classification System; PPAS: Posture and Postural Ability Scale.
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different professions and varying previous knowl-

edge of using the PPAS. The weighted kappa coef-

ficient was 0.77–0.99 indicating an excellent 

inter-rater reliability, in agreement with results pre-

viously reported for experienced raters (0.85–

0.99).10 From our experience, we would recommend 

some training to minimize errors and make the 

assessment smoother. Securing reproducible meas-

ures is important for any assessment tool. This 

could be evaluated either by repeated measures on 

different occasions or by different raters on the 

same occasion.24 We chose to evaluate agreement 

between raters on the same occasion. The reason 

for that is that posture in children with cerebral 

palsy may change over time and any disagreement 

between two occasions could represent responsive-

ness to change rather than measurement error. In 

the previous evaluation of the PPAS,10 the ratings 

were based on photos and videos, however the pre-

sent study shows similar results in spite of different 

Table 1. Known-groups validity of the PPAS. Median, minimum and maximum values for each level of the GMFCS 
level II to V, and p-values calculated with Jonckheere-Terpstra for averaged values for the three raters.

GMFCS II GMFCS III GMFCS IV GMFCS V P-value

 Median Min Max Median Min Max Median Min Max Median Min Max

Supine Postural ability 7 7 7 7 5 7 6 4 7 3.5 2 6 <0.001
 Posture frontal 6 1 6 5 2 6 5 0 6 1 0 5 0.001
 Posture sagittal 6 4 6 4 1 6 4 0 6 3 0 6 <0.001
Prone Postural ability 7 7 7 7 6 7 6 4 7 3 1 6 <0.001
 Posture frontal 6 3 6 5 2 6 6 2 6 2 0 6 0.003
 Posture sagittal 6 2 6 4 0 6 3 1 6 1.5 0 6 0.001
Sitting Postural ability 7 7 7 7 3 7 5 2 7 2 1 2 <0.001
 Posture frontal 6 4 6 6 2 6 6 0 6 2 0 4 0.002
 Posture sagittal 6 2 6 4 2 6 5.5 2 6 2 0 5 0.009
Standing Postural ability 7 7 7 5 2 7 2 1 3 2 1 2 <0.001
 Posture frontal 4 2 6 3 0 6 1 0 6 1 0 4 <0.001
 Posture sagittal 6 3 6 2 1 5 1 0 6 1 0 3 <0.001

GMFCS: Gross Motor Function Classification System.

Table 2. Weighted kappa scores for the PPAS. Inter-rater reliability for three raters calculated with weighted 
Kappa scores, and non-parametric bootstrap confidence intervals (95% CI).

Weighted Kappa 95% CI

Supine Postural ability 0.99 0.96 1.00
 Posture frontal 0.86 0.74 0.94
 Posture sagittal 0.90 0.84 0.95
Prone Postural ability 0.98 0.94 1.00
 Posture frontal 0.94 0.88 0.98
 Posture sagittal 0.93 0.83 0.97
Sitting Postural ability 0.97 0.89 0.99
 Posture frontal 0.85 0.73 0.93
 Posture sagittal 0.82 0.66 0.90
Standing Postural ability 0.97 0.96 1.00
 Posture frontal 0.77 0.60 0.88
 Posture sagittal 0.87 0.78 0.94
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methodology. The numbers are quite small, partic-

ularly for the children with more severe impair-

ments, with a total of 12 children at GMFCS level 

IV–V compared with a total of 17 children at 

GMFCS II–III. However, the results are statisti-

cally significant, but a bigger sample might have 

provided a narrower confidence interval.

The internal consistency represents the aver-

age of the correlations among all items. It was 

0.95–0.96, which by far exceeds the recom-

mended 0.8.24 We anticipated a high homogeneity 

since all items assess aspects of posture and pos-

tural ability. For the same reason, methods such as 

factor analysis, often used to differentiate between 

items in different domains in questionnaires, 

would not be appropriate in this case. Corrected 

item-total correlation showed a slightly lower 

value for sitting posture in the sagittal view. This 

is an important consideration when using the 

PPAS in clinical practice. It can be difficult to 

assess whether or not the hips are flexed to 

approximately 90° depending on the position of 

the pelvis and the height of the plinth. In sitting, if 

the plinth is not adjustable or if using a chair, pro-

vision of additional support for the feet is neces-

sary, especially for children at different heights. 

The results are comparable with the findings of a 

similar previous study using the PPAS to assess 

posture in adults with cerebral palsy.

Construct validity of the PPAS was evaluated 

through its ability to differ between known groups in 

terms of the GMFCS levels in children with cerebral 

palsy. There are many tools to assess balance for 

individuals who are ambulant, but most of them 

require at least the ability to maintain sitting or 

standing independently. The PPAS is designed for 

use with people at a lower level of gross motor func-

tion. Children at GMFCS level II can walk and stand 

unsupported. The highest level of ability is to move 

into and out of position, therefore, an anticipated 

ceiling effect in postural ability was seen for chil-

dren at GMFCS level II. The strength of the PPAS is 

that it identifies postural asymmetries and devia-

tions at all GMFCS-levels presented in this study.

Children with severe motor impairments fre-

quently remain in a sitting or lying position for sev-

eral hours a day. A sustained posture over longer 

periods of time leads to tissue adaptation and 

development of secondary complications, such as 

contractures, deformities and pain.2,3,25 However, 

this can be prevented by early detection and appro-

priate interventions,6,9,26,27 including provision of 

adaptive seating, standing or night-time support 

equipment.27–29 The PPAS is sensitive to identify 

small asymmetries and deviations at all levels of 

motor function and is likely to detect asymmetries 

at an early stage. It is well recognized that persis-

tent asymmetry will increase over time, leading to 

Table 3. Internal consistency of the PPAS. Cronbach’s alpha if item deleted with 95% CI for three independent 
raters followed by corrected item-total correlation with 95% CI showing the correlation between each item and 
the total score.

Cronbach’s 95% CI Item-total 95% CI

Supine Postural ability 0.95 0.91 0.97 0.84 0.68 0.92
 Posture frontal 0.95 0.91 0.97 0.83 0.56 0.92
 Posture sagittal 0.95 0.91 0.97 0.79 0.49 0.91
Prone Postural ability 0.95 0.91 0.97 0.85 0.72 0.93
 Posture frontal 0.95 0.91 0.97 0.78 0.40 0.89
 Posture sagittal 0.95 0.91 0.97 0.82 0.55 0.91
Sitting Postural ability 0.95 0.90 0.97 0.91 0.82 0.95
 Posture frontal 0.95 0.91 0.97 0.87 0.73 0.94
 Posture sagittal 0.96 0.92 0.98 0.55 0.20 0.79
Standing Postural ability 0.96 0.92 0.97 0.70 0.44 0.83
 Posture frontal 0.95 0.91 0.97 0.77 0.58 0.87
 Posture sagittal 0.95 0.91 0.97 0.72 0.50 0.83
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established contracture and deformity.1–4 Early 

detection is essential if these problems are to be 

prevented or minimized.

The ability of the PPAS to identify problems of 

posture and postural ability at an early stage, not 

only highlights the need for early intervention, but 

provides information on what postural support is 

appropriate and where it needs to be applied. For 

example, children rated as level 1 (unplaceable) 

would require customized seating and standing 

support owing to fixed deformities and contrac-

tures. The quality of posture indicates if support or 

adaptations are required to improve weight distri-

bution, or to get head, trunk, pelvis, legs, arms and 

feet in a neutral position. In addition, the assess-

ment does not require any special equipment; it is 

easy to use in a clinical setting and takes about 

10 minutes to complete. Its use should facilitate 

evaluation of those therapeutic interventions 

designed to increase functional ability and to pre-

vent secondary complications.

The PPAS shows construct validity, internal 

consistency and excellent inter-rater reliability for 

raters with experience of children with cerebral 

palsy. It can detect postural deficits and asym-

metries, which enable early detection of potential 

problems and provides information relevant to pos-

tural support solutions in order to improve function 

and prevent musculoskeletal deformities.

Clinical messages

The Posture and Postural Ability Scale 

shows high psychometric properties for 

children with cerebral palsy.

The Posture and Postural Ability Scale 

identifies asymmetries in children at vary-

ing levels of motor function and can be 

used for children with mild to severe pos-

tural deficits.
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