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Cerebral palsy (CP) is predominantly a motor disability that is 
caused by a non-progressive insult to the developing motor brain. 
CP describes a group of permanent disorders of the development 
of movement and posture, causing activity limitations that are 
attributed to non-progressive disturbances that occurred in the 
developing fetal or infant brain. The motor disorders of CP are often 
accompanied by disturbances of sensation, perception, cognition, 
communication, and behaviour; by epilepsy; and secondary 
musculoskeletal problems.[1]

CP is the most common motor disability during childhood. The 
prevalence estimates of CP have been reported to range from 1.5 to 
more than 4 per 1 000 live births, in both developing and developed 
countries.[2] The Surveillance of Cerebral Palsy in Europe (SCPE) 
network reported a prevalence rate across 12 centres in Europe 
of 1.5  - 3 per 1 000 live births.[3] Currently, there is no established 
national registry of children living with CP in South Africa (SA). 
Two SA studies have indicated that the prevalence rates may be as 
high as 1.0 - 8.0 percent.[4,5]

Van Toorn et al.[6] reviewed 240 records of children with CP at 
Tygerberg Children’s Hospital in Cape Town, SA, investigating the 
aetiology of CP in these patients. They found that the origin of 
insults occurred predominantly in the perinatal or neonatal period 
in 38% of cases. Cerebral malformations (15.7%) and stroke (5.7%) 

were the most frequent antenatal causes, while birth asphyxia 
(17.3%), encephalopathy of prematurity (17.7%) and kernicterus 
(2%) were the most frequent perinatal causes.

In order to contribute to the paucity of CP data in SA, we 
undertook a retrospective study between 1 January 2012 and 
31  December 2012 to describe new cases of CP presenting at the 
CP clinic at Chris Hani Baragwanath Academic Hospital (CHBAH) 
in Soweto, Johannesburg. The aim of our study was to determine 
the demographics of patients referred to the CP clinic inclusive 
of imaging results, comorbidities, risk factors, and Gross Motor 
Functional Classification Scale (GMFCS) level.

Methods
Study centre
The CP clinic at CHBAH is held every week on a Tuesday. 
Children with CP from Soweto (population of ~1.3 million, 2011 
census[7]) and surrounding areas are seen at this clinic. It is run by 
2 specialist neurologists, 2 paediatric registrars (rotating through 
neurology every 2 months), nurses, physiotherapists, and speech 
and occupational therapists. Patients are referred to the CP clinic 
from the neonatal follow-up clinic at CHBAH and from clinics 
in Soweto and surrounding hospitals. Approximately 4 - 5 new 
patients and 20 follow-up patients are booked and seen per week 
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at the CP clinic; the services provided are consultancy, referral 
for physiotherapy, occupational therapy (OT), speech therapy, 
orthopaedics and dietetics. Selected patients are treated with 
botulinum toxin (Botox).

Data
All CP patients who presented for the first time to the CP clinic in 
2012 were screened for enrolment. Demographic data, radiology 
reports, GMFCS scores and perinatal history were extracted from 
the patient files. Patients excluded were those with syndromes 
and chromosomal abnormalities, and patients presenting with 
loss of previously attained milestones, suggesting a progressive 
disorder. A total of 145 patients from the 201 new cases of CP 
presenting to the CP clinic during the study period were included 
in the study.

Definition of terms
Preterm delivery was defined as born alive before 37 completed 
weeks of gestation while term delivery was defined as born between 
37 and 41 weeks’ gestation. Post-term delivery was defined as born 
at 42 weeks’ gestation and beyond. Gestational age was determined 
by first day of last normal menstrual period (LNMP) and/or early 
sonar (done before 20 weeks’ gestation) estimating the gestational 
age. Birthweight was defined according to the following categories: 
(i)  extreme low birthweight (ELBW): <1 000 g; (ii) very low 
birthweight (VLBW): 1 000 - 1 499 g; (iii) low birthweight (LBW): 
1 500 - 2 499 g; (iv) normal birthweight (NBW): 2 500 - 4 200 g; and 
(v) large for gestational age (LGA): >4 200 g.

There are 5 types of CP, defined as follows: (1) spastic CP is a 
stretch-dependent hypertonus which can be abolished by posterior 
root section and may be of 2 types: (i) phasic spasticity that is velocity 
dependent and (ii) tonic spasticity. Spastic CP is further divided into 
4 subtypes: hemiplegia, diplegia, quadriplegia and double hemiplegia, 
according to which parts of the body are affected. Hemiplegia 
refers to documentation of unilateral involvement, diplegia refers 
to disproportionate lower extremity involvement, and quadriplegia 
refers to whole body involvement. Double hemiplegia refers to 
quadriplegia where the arms are significantly more affected than 
the legs; (2) dyskinetic CP is due to lesions in the basal ganglia and 
their pathways. It is characterised by involuntary movements (chorea 
or athetosis) and abnormal muscle tone which consists of rigidity. 
These patients usually present with an extensor dystonic posturing; 
(3) hypotonic CP is due to injury to the cerebellum and its pathways, 
and the tone is usually decreased in the trunk; (4) ataxic CP presents 
with a loss of orderly muscular co-ordination and movements that are 
performed with abnormal force, rhythm and accuracy. It occurs as a 
result of lesions in the cerebellum; and (5) mixed CP may involve a 
combination of the groups described above.[3,8]

We applied the current version of the GMFCS and the Gross 
Motor Function Classification System-Expanded and Revised 
(GMFCS-ER) to each case of CP in our study. The GMFCS-ER is 
a system that rates the patient’s locomotive function, taking into 
consideration the use of mobility aids and the execution of sitting, 
standing and walking activities. As motor functions of children differ 
according to age, functions have been defined for the following age 
categories: <2 years, 2 - 4, 4 - 6, 6 - 12 and >12 years. The definitions 
of GMFCS-ER were taken from the Can Child Centre for Childhood 
Disability Research.[9]

Some of the patients referred to the clinic had cranial sonars, 
computed tomography (CT) brain or magnetic resonance imaging 
(MRI) brain scans done. However, because of the large demand for 
CT and MRI imaging at CHBAH, not all CP patients were able to 

have brain imaging performed. The neuro-imaging results were 
based on radiology reports extracted from the patient’s clinical 
records. Neuro-imaging was performed at presentation and cranial 
sonars were repeated 3 - 6 months later. CT and MRI scans were 
not repeated. Neuro-imaging results were reported as suggested by 
Krägeloh-Mann and Horber, as follows: normal, miscellaneous, deep 
grey matter lesions (DGML), periventricular white matter lesions 
(PWML), and brain maldevelopments.[10]

Statistical analysis
Categorical data are presented as frequencies and proportions and 
further reproduced using histograms and tables. Continuous data 
are presented as means and standard deviations (SDs). The χ2 test 
was used to compare 2 categorical variables. All data were analysed 
using STATA version 12 (StataCorp., USA).

Ethics
Ethics approval was obtained from the ethics committee of the 
University of the Witwatersrand (ref. no. M130377). Data were 
collected from clinic files and entered onto a data collection sheet, 
and thereafter managed using Research Electronic Data Capture 
(REDCap).[11] REDCap uses a MySQL database via a secure 
web interface; with data checks used during data entry to ensure data 
quality.

Results
Demographics of CP patients
A total of 201 patient records were retrieved and reviewed. The age 
range of the patients was 3 months to 18 years, with a mean (SD) 
age at presentation of 34.7 (35) months. The age when patients first 
presented to the CP clinic was stated for 144 of the 145 patients 
seen (these patients were included in the study as the date of first 
presentation corresponded with the stipulated study timeline). 
Nearly two-thirds of the patients were male (Table 1). The majority 
of patients (75%) were born at term and 36 (25%) patients were 
preterm. The preterm cohort had a median gestational age of 30 
(interquartile range (IQR) 27 - 34) weeks and a median birthweight 
of 1 620 g (IQR 760 g - 2 000 g), while the babies who were born at 
term had a median gestational age of 37 (IQR 37 - 38) weeks with 
a median birthweight of 3 118 g (IQR 2 797 - 3 373). Forty percent 
(n=15) of the babies who were born preterm were LBW. Forty-
seven percent of preterm babies were born by emergency caesarean 
section v. 21% of term babies; there was no statistically significant 
difference (p=0.137). Table 1 shows the demographics of CP patients 
at CHBAH.

Risk factors
Table 2 shows the antenatal, perinatal and neonatal risk factors 
for CP  in the patients who were reviewed. The majority of CP 
patients had been diagnosed with neonatal encephalopathy (n=70, 
48%). More than two-thirds (n=50/70, 71%) of these patients were 
born  at  term. The largest contributing neonatal risk factor was 
infections (13%).

CP type
Mixed CP (39%) was the predominant type of CP seen in our 
patients, and spastic-dyskinetic CP was the most common subtype 
diagnosed (28% of patients). In 70% (n=29) of the patients in this 
subcategory, the predominant motor deficit was dyskinetic (inclusive 
of dystonia and choreoathetosis). There was no association between 
gestational age (whether term or preterm) and type of CP (p=0.960) 
(Table 3).
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Table 1. Demographics of CP patients seen at CHBAH

Characteristic Overall (N=145), n (%)
CP patients born preterm,
(N=36), n (%)

CP patients born at term,
(N=109), n (%)

Age at first presentation (months), n=144 *34 (35) *32 (36) *32 (30)
Gestational age (weeks), n=145 *36 (3) *32 (4) *37 (1)
Birthweight (g)

ELBW
VLBW
LBW
NBW
LGA
Unknown

*2 783 (770)
5 (3)
9 (6)
19 (13)
104 (72)
5 (3)
3 (2)

*1 815 (693)
5 (14)
9 (25)
15 (42)
7 (19)

*3 118 (449)

6 (6)
95 (87)
5 (5)
3 (3)

Mode of delivery
Breech
Normal vaginal delivery
Emergency caesarean section
Elective caesarean section
Unknown

5 (3)
90 (62)
40 (28)
7 (5)
3 (2)

3 (8)
9 (25)
17 (47)
5 (14)

2 (2)
81 (74)
23 (21)
2 (2)
3 (3)

Gender
Male
Female

92 (63.4)
53 (36.6)

21 (58.8)
15 (41.1)

71 (64.8)
38 (35.1)

CP = cerebral palsy; CHBAH=Chris Hani Baragwanath Academic Hospital; ELBW = extremely low birthweight; VLBW = very low birthweight; LBW = low birthweight; NBW 
= normal birthweight; LGA = large for gestational age. 
*Mean (SD).

Table 2. Risk factors of CP patients

Characteristic
Overall (N=145),
n (%)*

CP patients born preterm 
(N=36),
n (%)

CP patients born at term 
(N=109),
n (%)

Antenatal risk factors
Neonatal cerebral malformations
Congenital infections (congenital CMV, HIV)
Major and minor birth defects

6 (4.1)
8 (5.5)
6 (4.1)

4 (11.7)
2 (5.8)
3 (8.8)

2 (1.8)
7 (6.3)
3 (8.8)

Perinatal risk factors and sentinel events
Neonatal encephalopathy
Maternal pre-eclampsia
Antepartum haemorrhage
Prolonged/obstructive labour
Meconium aspiration
Cord around the neck

70 (48.2)
5 (3.4)
3 (2.0)
4 (2.7)
12 (8.2)
5 (3.4)

20 (58)
2 (5.8)
1 (2.9)
1 (2.9)

50 (45)
3 (2.7)
2 (1.8)
3 (2.7)
12 (10.8)
5 (4.5)

Neonatal risk factors
Intraventricular haemorrhage
Jaundice
Respiratory distress syndrome
Chronic lung disease
Infections (meningitis and sepsis)
Necrotising enterocolitis

3 (2.0)
8 (5.5)
10 (6.8)
6 (4.1)
20 (13.7)
3 (2)

3 (8.8)
5 (14.7)
10 (29.4)
6 (17.6)
8 (23.5)
3 (8.8)

3 (2.7)

12 (10.8)

CP = cerebral palsy; CMV = cytomegalovirus. 
*Each child may be counted in more than one category, and percentages may add up to more than 100%.

Table 3. Type of CP

Characteristic

Overall
(N=145), 
n (%)

CP patients born preterm
(N=36),
n (%)

CP patients born at term
(N=109),
n (%)

Spastic diplegia 25 (17) 5 (14) 20 (18)
Spastic hemiplegia 19 (13) 3 (8) 16 (15)
Spastic quadriplegia 7 (5) 1 (3) 6 (6)
Dyskinetic 13 (9) 3 (8) 10 (9)
Hypotonic 21 (14) 5 (14) 16 (14)
Ataxic 3 (2) 2 (3) 1 (2)
Mixed 57 (39) 17 (42) 40 (39)
CP = cerebral palsy.
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Imaging results
Imaging in the form of cranial ultrasound (35.2%, n=31), CT scan 
(57.9%, n=51), and MRI of the brain (6.7%, n=6) was performed on 
88 (60%) of the patients reviewed. Imaging results were reported as 
suggested by Krägeloh-Mann and Horber.[10] There were 6 patients 
(6.8%) with brain maldevelopments of whom 2 patients had 
lissencephaly, 3 had schizencephaly, and 1 had polymicrogyria. 
PWML included lesions such as periventricular leukomalacia (PVL), 
lesions from intraventricular haemorrhage (IVH), and lesions from 
periventricular or haemorrhagic infarcts. The majority of patients 
had PWML (54%, n=48). PVL occurred in 12.5% of patients, and 
IVH was reported in 4.5% of patients. Cortical/DGML included basal 
ganglia lesions, parasagittal injury, multicystic encephalomalacia, 
thalamic lesions and middle cerebral artery infarcts. Miscellaneous 
findings were hydrocephalus, slit-like ventricles, ventriculomegaly, 
cerebral oedema and cerebral atrophy. Eleven patients had normal 
neuroimaging results.

Comorbidities
Intellectual impairment was the most frequent comorbidity, and was 
reported in 35% of patients. Orthopaedic complications were seen 
in 28% of our patients. Patients with mixed CP (spastic-dyskinetic 
group) had the most orthopaedic complications (34%, n=14) which 
included contractures, hip dislocations, subluxations, osteopenia 
and osteoporosis. Hip dislocations were a significant problem in 
patients with spastic quadriplegia, occurring in more than half of 
them (57%, n=4). Generalised tonic-clonic epilepsy was seen in a 
majority of patients (28%, n=42). Most patients (42.5%) had seizures 
at the beginning of their course and stabilised with treatment. 
The dyskinetic CP type comprised the majority of patients with 

severe intellectual impairment (100%, n=13). Visual and hearing 
impairment were the least occurring complications (10% and 7% of 
patients, respectively) (Table 4).

GMFCS level
More than a third (36.50%) of the patients were found to be 
functioning at GMFCS level III. Patients with level IV (26.8%) and 
level V (13.7%) GMFCS were the most severely affected, as they were 
wheelchair bound (Table 5). The type of CP (p=0.008), intellectual 
impairment (p=0.027) and orthopaedic complication (p=0.003) 
correlated with a higher GMCSF level.

Discussion
Cerebral palsy is the most common cause of childhood disability 
worldwide and especially in SA with an estimated incidence of 
3  per  1  000 live births.[2] In our cohort of patients, the mean age 
at first visit was found to be 34.1 months (2.8 years). Patients who 
were referred from institutions outside CHBAH had a mean age 
at first presentation of 45.6 months (3.8 years). The transition 
of care of CP patients from neonatal follow-up clinic occurs at 1 
year for term infants and 18 months corrected age for preterm 
infants. These infants would have been followed up because they 
had had a complicated neonatal period (complicated by neonatal 
encephalopathy, sepsis, prematurity and other risk factors for CP).

The incidence of CP in boys was 30% higher than that in girls 
(63.4% v. 36.6%; p=0.01) in our study. Research into some of the 
causes of CP has revealed that gender differences in the immature 
brain are strongly influenced by intrinsic differences between 
male and female cells; this is due to their distinct chromosomal 
complements. Evidence suggests that cellular pathways involved in 

Table 4. Comorbidities seen in CP patients

Characteristic
Overall, 
n (%)*

CP patients born preterm, 
n (%)

CP patients born at term, 
n (%)

Seizures
Focal
Generalised tonic clonic
Other (myoclonic/absence/tonic)

10 (7)
42 (29)
10 (7)

2 (6)
10 (28)
2 (6)

8 (7)
32 (29)
8 (7)

Intellectual impairment 51 (35) 12 (33) 39 (35)
Feeding difficulties (dysphagia, reflux, drooling) 51 (35) 10 (28) 41 (38)
Language delay 49 (34) 18 (50) 31 (28)
Poor nutrition, failure to thrive 44 (30) 10 (28) 34 (31)
Orthopaedic (contractures, osteopenia, fractures) 41 (28) 13 (36) 28 (26)
Pulmonology (aspiration pneumonia, recurrent 
lower respiratory tract infections)

25 (17) 12 (33) 13 (12)

Visual abnormalities 15 (10) 6 (17) 9 (8)
GIT (constipation, vomiting, bowel obstruction) 10 (7) 6 (17) 4 (4)
Auditory 10 (7) 5 (14) 5 (5)
CP = cerebral palsy, GIT = gastrointestinal tract. 
*Each child may be counted in more than one category, and percentages may add up to more than 100%.

Table 5. Gross Motor Classification System level

Characteristic
Overall, 
N=145 (%)

CP patients born preterm,  
n=36 (%)

CP patients born at term, 
n=109 (%)

Level I 9 (6.2) 2 (5.5) 7 (6.4)
Level II 24 (16.5) 4 (11.1) 20 (18.3)
Level III 53 (36.5) 18 (50) 35 (32)
Level IV 39 (26.8) 9 (25) 30 (27.5)
Level V 20 (13.7) 3 (8.3) 17 (15.5)

CP = cerebral palsy.
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neuronal death after infant brain injury differ between male and 
female. Sex chromosomes rather than sex hormones have been 
implicated in the gender difference. Male newborns have a higher 
incidence of brain-based developmental disabilities as they are more 
prone to extreme prematurity and its complications.[12]

The contribution of prematurity and ELBW in the increasing 
prevalence of CP is due to improved obstetric and neonatal care. 
Premature birth before 28 weeks’ gestation and post-term deliveries 
(>42 weeks’ gestation) are associated with an increased risk for CP.[13] 
McIntyre et al.[14] performed a systematic review of risk factors for CP 
in children born at term in developed countries. The conclusion of 
their study was that placental abnormalities, major and minor birth 
defects, LBW, meconium aspiration, instrumental or emergency 
caesarean delivery, birth asphyxia, neonatal seizures, respiratory 
distress syndrome, hypoglycaemia and neonatal infections were all 
statistically significant contributing risk factors for CP. The leading 
risk factor for the development of CP in our cohort of patients was 
neonatal encephalopathy. The incidence of perinatal asphyxia in our 
population is high and was reported to range from 8.7 to 15.2 per 
1 000 live births as opposed to the lower rate of 1 to 6 per 1 000 live 
births in the developed world.[15] Risk factors for the development 
of neonatal encephalopathy may be due to antenatal, intrapartum 
and postnatal factors, which in turn may be due to placental, fetal 
or maternal factors as well. It is important to recognise these factors 
and manage them appropriately to diminish the risk factor for the 
development of CP.

Mixed CP (spastic-dyskinetic subtype) was the most common 
type of CP seen in our cohort of patients. Spastic CP is the most 
common type of CP, occurring in 70 - 75% of all cases, and 
dyskinetic CP is the second most common type and accounts for 
10 - 15% of cases. Ataxic CP accounts for less than 5% of cases.[16] 
The high number of patients in our study population diagnosed with 
mixed predominantly spastic diplegic CP could be due to improved 
prenatal, natal and neonatal intensive care of premature infants. 
Dyskinetic CP was associated with neonatal hyperbilirubinaemia and 
hypoxic ischaemic encephalopathy. There was a strong association 
between the type of CP and the GMFCS (p=0.009).

The GMFCS has been used as a measure of severity. Level I 
denotes the least impairment in physical capabilities and level V 
denotes the worst impairment. The importance of early physical 
treatment is emphasised, as individuals with a poor GMFCS score 
(grade III and IV) may regain some functionality with intense 
treatment.[17] Howard et al.[18] studied the distribution of motor 
impairment in a large population cohort of patients with CP from 
the Victorian Cerebral Palsy Register (VCPR) for the birth years 
1990 - 1992 in Australia. They found that GMFCS classification level 
I was the most common (35%) level and the remaining cases were 
distributed fairly equally from levels II to V (14 - 18% per level). In 
our study, most patients were found to be functioning at level III 
(36.50%), 27% were at level IV, and 12.5% level V. These patients 
had no means of independent movement and were diagnosed 
with quadriplegic (8.9%) or dyskinetic (3.4%) types of CP. A small 
proportion (16%) of patients were functioning at GMFCS level II 
and only 6% at level I GMFCS. The dissimilarity is that level I, which 
is the mildest form, is the most common in higher-income countries. 
This finding echoes improved neonatal care, early diagnosis of CP, 
the different aetiologies and their timely detection, the quality of 
rehabilitation, and adherence to therapy in higher-income countries 
which is probably lacking in lower-middle-income countries.

The present study is one of the few in SA, after Molteno and 
Arens,[19] and van Toorn et al,[6] to describe neuroimaging and 
GMFCS in patients with CP. The major neuroimaging findings in 

our cohort of patients were PWML, occurring in 54% of patients; 
this is in contrast to the study by Kakooza-Mwesige et al.,[20] who 
found that the most common imaging abnormality in their Ugandan 
cohort of patients was primary grey matter lesions (found in 44% of 
patients). PVL was seen in 12.5% of patients (both term and preterm 
infants) in our study. Children who are born at term with PVL are 
more likely to have diffuse brain injury than those born preterm, 
indicating differential timing of the brain injury. PVL affects the 
motor, cognitive and social adaptive patterns of children born 
preterm.[21,22] IVH, reported in 4.5% of our study population, is a 
complication of prematurity, especially of VLBW infants. Patients 
with IVH have a 50% risk of developing CP.[23] Basal ganglia lesions 
(DGML) were the least-seen imaging abnormalities, and they 
were seen in patients with asphyxia. These lesions are associated 
with congenital hyperbilirubinaemia and kernicterus, and patients 
present with dyskinetic and ataxic types of CP. There was no 
association between neuroimaging and GMFCS (p=0.44).

The comorbid conditions associated with CP are those that 
adversely affect the child’s quality of life rather than the CP itself. 
In our study, intellectual impairment (35%), seizures (42.5%), 
and orthopaedic (28%) and gastrointestinal problems (41%) were 
frequent among patients, similar to a study in South India by 
Amoghimath et al.[24] and a study in South Egypt by Abas et al.[25] 

These studies as well as ours show that CP in developing countries 
has a different clinical profile regarding severity and associated 
disabilities when compared with developed countries where there 
is adherence to good-quality rehabilitation therapy. There was an 
association between orthopaedic complications and GMFCS levels 
(p=0.003).

Study limitations
The study was a retrospective study from a single centre, over a 
period of one year. As it was a consecutive convenient sampling of 
all CP patients who presented for the first time to the CHBAH CP 
clinic, it therefore introduced sample bias. As the study was a review 
of clinical records, some data were missing from the clinical records. 
The neuroimaging results were not retrieved and reviewed by a 
blinded radiologist; they were based on radiology reports in patient 
records. The gender ratio in the general neurology and paediatric 
clinics was unknown, and we were therefore unsure whether we saw 
more males at the clinics than females. It was not known whether 
female infants (term and preterm) with neonatal encephalopathy die 
in the perinatal period, as this would have skewed the ratio towards 
males being more frequently diagnosed with CP than females. The 
clinical records had insufficient information about antenatal and 
intrapartum risk factors for CP.

Conclusion
In our cohort of patients, PWML was frequently reported on 
imaging results, and DGML was infrequently described, in contrast 
with other developing countries; some patients had normal imaging 
reports. Most of our patients functioned at GMFCS level III, with 
a higher GMFCS level correlating with the type of CP, intellectual 
impairment and orthopaedic complications. The majority of CP 
patients had been diagnosed with neonatal encephalopathy. We 
believe this research has important clinical and research implications, 
especially in the era of medicolegal litigation concerning CP. We have 
shown that there are a variety of risk factors for CP and that imaging 
may be normal in patients diagnosed with CP. The prevention and 
management of hypoxic ischaemic brain injury is fundamental in 
decreasing the incidence and complications of CP, especially in our 
country where the incidence is high. Treatment modalities such 



9        SAJCH     APRIL 2020    Vol. 14    No. 1

RESEARCH

as induced hypothermia have been shown to improve outcome of 
patients with hypoxic and traumatic brain injury.[26] In our neonatal 
department, induced hypothermia is offered to patients who meet 
the criteria for neonatal encephalopathy. Future research is needed to 
assess the link between risk factors, timing of the occurrence of risk 
factors, and neuroimaging in the prevention of CP.
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