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ABSTRACT 

Cerebral palsy (CP) is the most commonly seen neurological disorder in children. The 

incidence of CP is two to four children per 1000 live births. With there being continuous 

advances in the medical field, the management of these children is continuously changing 

and evolving. The current preferred orthopaedic management of children with CP is single 

event multilevel surgery (SEMLS). Although SEMLS is well supported in the literature there 

is little evidence to show the outcomes of SEMLS in developing countries where resources 

are limited. Physiotherapy post SEMLS is less available in developing countries. There is 

little research showing whether the outcomes of SEMLS are still favourable with less 

physiotherapy intervention post surgery.  

There is a high prevalence of children who are infected with the Human Immunodefiency 

Virus (HIV) in South Africa. Many of these children have HIV Encephalopathy (HIVE) and as 

a result present with spastic diplegia. There is very little research investigating the 

appropriate management of these children. There is no research available comparing the 

management of these children to the management of children with spastic diplegic CP. 

The aim of this study was to determine the outcomes of SEMLS in children with spastic 

diplegia, either with CP or HIVE, Gross Motor Function Classification System (GMFCS) level 

two or three, who receive combined orthopaedic and physiotherapy management at Chris 

Hani Baragwanath Academic Hospital (CHBAH). 

Ten children with spastic diplegia were enrolled (six with CP, four with HIVE). All children 

underwent SEMLS at CHBAH and received therapy at a local clinic or hospital or a special 

needs school. Therapy consisted of predominantly a home-based exercise program. All 

children were followed up for a period of twelve months. The primary outcome measures 

were the Gross Motor Function Measure (GMFM), the Functional Mobility Scale (FMS) and 

the Edinburgh Visual Gait Score (EVGS). 

A total of sixty-seven procedures were performed with a mean of 6.7 procedures per child. 

From the baseline assessment there was an improvement in the EVGS of 6.8 at the six 

month follow-up and 6.4 at the one year follow-up assessment. There was a deterioration of 

2.77% in the GMFM-66 scores at the six month assessment, with an improvement of 3.23% 

at the one year follow-up. The FMS also revealed an initial deterioration in function, with 

return to pre-operative function at the twelve month assessment. Changes in the EVGS for 

this study were not clinically significant. Changes in the GMFM-66 were found to be clinically 

significant. There was greater functional change post SEMLS in this study in comparison to 
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previous studies. When comparing children with CP to those with HIVE the changes in the 

gait parameters, as measured by the EVGS, and those in function, as measured by the 

GMFM-66, were similar. Children who received therapy at the schools had better results 

when looking at the EVGS, whereas children receiving therapy at health care facilities had 

better results according to the GMFM-66. 

This study shows that SEMLS has similar outcomes in developing countries to those seen in 

developed countries. Children receiving therapy in different settings showed some 

differences with regards to improvement in function and gait parameters. This study also 

highlights the effectiveness of managing children with spastic diplegia due to HIVE similarly 

to children with spastic diplegic CP. 
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Chapter One - Introduction 

1.1 Background 

Cerebral Palsy (CP) affects two to four children per 1000 live births and is the most 

commonly treated neurological disorder in children (Yeargin-Allsopp, 2011). Despite CP 

being defined as a single insult to the developing brain it is a lifelong diagnosis, resulting in a 

child with CP accessing health care indefinitely (Narayanan, 2012). Over the years, the 

progressive development in the understanding of the brain has seen the concurrent 

expansion in the treatment strategies for children with CP. 

Currently, the treatment options available are vast and include the involvement of a variety of 

different health care professionals, namely neurologists, neurosurgeons, orthopaedic 

surgeons, speech therapists, occupational therapists and physiotherapists. When 

determining the appropriate treatment option, the treating clinicians need to bear in mind that 

each child with CP presents uniquely, and the management plan for each child should be 

determined according to their individual needs. A multidisciplinary approach with the whole 

team present at the time of decision making is extremely useful (Lukban, et al., 2009). The 

treatment offered by the health care professionals is diverse, with the more commonly 

accepted treatment options including prescription of medication, such as baclofen, anti-

epileptics and Botulinum Toxin, surgical procedures such as selective dorsal rhizotomy, 

muscle lengthening and corrective bony surgery for lever arm disease (Novak, et al., 2013).  

In recent times, the orthopaedic management of children with CP has seen a shift towards 

Single Event Multilevel Surgery (SEMLS) in preference to numerous single procedures being 

done over time. SEMLS is the term given to the surgical management of children with CP 

when two or more orthopaedic procedures are being performed to the musculoskeletal 

system, at more than one level, at one time (Harvey, et al., 2012; Narayanan, 2012; Bischof, 

2010). The benefits of SEMLS include one hospital admission, one rehabilitation period and 

the prevention of further secondary deformities from occurring as a result from only 

addressing one deformity at a time (Bischof, 2010).  

Bearing in mind that the natural progression for the walking child with CP is a regression in 

gross motor function (Hannah, et al., 2008; Beckung, et al., 2007), the aim of SEMLS in 

children with CP is to improve gait efficiency and appearance, gross motor function, 

independence and quality of life (Thomason, et al., 2011) and to maintain their ability to walk 

into adulthood. Current literature reveals that the gait and functional ability in children with 

CP does improve at a one and five year follow-up after SEMLS (Thomason, et al., 2011; 
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Rodda, et al., 2006) even though there is an initial regression in GMFCS level at three 

months post-surgery (Harvey, et al., 2007) 

Despite these findings there has been some debate with regard to an adequate follow-up 

period to accurately determine the true outcomes of SEMLS, with some clinicians reporting 

that follow-up should be at least five years post-surgery (Bischof, 2010).Thompson et al 

(2013) found that results are maintained at the five year follow-up period. Further debate 

pertains to whether the current literature regarding the outcome of SEMLS is sufficient due 

to the lack of well-designed randomised control trials, providing a high level of evidence 

(Narayanan, 2012). In spite of these concerns, SEMLS has been shown to have favourable 

outcomes when looking at gait, function and quality of life and it is widely accepted as a 

suitable treatment strategy for children with CP. 

With the majority of the research being conducted in developed countries there is little 

evidence to support the value of SEMLS in children with CP in developing countries. The 

discrepancy in the resources available in developing countries in comparison to developed 

countries leads to the need to investigate the effect that these resources have on the 

outcomes of the surgery. The lack of resources occurs in both the health care facilities as 

well as in the home setting. The former comprises of a lack of financial resources, clinician 

skills and capacity. The latter also includes financial resources as well as limited access to 

daily essentials, health care facilities and transport. The lack of resources can lead to the 

late diagnosis and treatment of children with CP resulting in an altered clinical picture with 

increased contractures and secondary complications (Khan, 2007). In light of this, one must 

question whether SEMLS will have the same outcomes in a developing country as in 

developed countries. 

The high prevalence of HIV in sub-Saharan Africa (Donald, et al., 2015; Lowenthal, et al., 

2014; Baillieu & Potterton, 2008) and the subsequent development and use of Highly Active 

Antiretroviral Therapy (HAART) has resulted in a population of children with associated 

sequelae who have previously not been treated and managed. HIVE is the most commonly 

seen neurological complication in HIV (Govender, et al., 2001), and these children present 

with bilateral hyperreflexia (Hilburn, et al., 2010). Thus with the children with HIVE 

presenting very similarily to children with CP, it is possible that, if the children who are HIV 

positive are compliant on HAART, that they can be managed successfully in the same 

manner as children with CP? 

With no research on the treatment of these children, it needs to be questioned whether they 

can be treated with the same principles as children with CP who present similarly. Do 
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children who are HIV positive presenting with spastic diplegia as a result of HIVE, have the 

same outcomes after SEMLS and physiotherapy as those presenting with spastic diplegic 

CP?  

Children in a developing country who had received little previous therapy showed an 

improvement in functional gait with SEMLS and intensive rehabilitation in the study 

conducted by Khan (2007). However when looking at many developing countries, the 

availability of a rehabilitation centre for intensive, long-term post operative rehabilitation after 

SEMLS is very limited. Further research needs to be done to determine the outcomes of 

SEMLS in a developing country where there is limited access to rehabilitation and therapy.  

1.2 Significance of the study 

Previously, very few surgical procedures were conducted on children with CP within the 

public health care setting in South Africa. With a consistent need for these services within 

our setting, it is essential to determine whether the gold standard of treatment in developed 

countries, stands strong in developing countries where resources available and therapy 

offered is limited. With the therapy offered in this setting differing slightly between that 

offered at schools compared to that offered in a health care facility, determining whether the 

place of therapy affects the outcomes of SEMLS is also essential. Lastly, many of the 

children receiving orthopaedic management in the public health care setting in South Africa 

have spastic diplegia as a result of HIVE. It is imperative to determine whether children with 

spastic diplegia due to HIVE who are receiving HAART can benefit from the same 

management as children with spastic diplegic CP.  

1.3 Problem statement 

The problem presented is two-fold, it is not known whether the outcomes of SEMLS in a 

public health care facility with limited resources and rehabilitation are the same as those 

seen in developed countries nor whether the outcome of SEMLS for children with static 

HIVE on HAART is similar to that of children with spastic diplegic CP.  

1.4 Research question 

What are the outcomes of SEMLS in children with spastic diplegia with Gross Motor 

Function Classification System (GMFCS) level two or three, who access health care at Chis 

Hani Baragwanath Academic Hospital (CHBAH), six months and one year post surgery?  
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1.5 Aim of the study 

To determine the outcomes of SEMLS in children with spastic diplegia, either with CP or HIV 

encephalopathy, with GMFCS level two or three, who receive combined orthopaedic and 

physiotherapy management at CHBAH, six months and one year post surgery using the 

Edinburgh Visual Gait Score (EVGS), Gross Motor Function Measure (GMFM) and 

Functional Mobility Scale (FMS) to detect change over time. 

1.6 Objectives of the study 

 To determine the gait pattern and functional level of children with spastic diplegia 

GMFCS level II or III referred to CHBAH pre SEMLS using the EVGS, the FMS, and 

the GMFM-66. 

 To determine the gait pattern and functional level of children with spastic diplegia 

GMFCS level II or III referred to CHBAH six months and one year post-SEMLS using 

the above mentioned tools. 

 To compare the gait pattern and functional level of children with spastic diplegia 

GMFCS level II or III pre and post SEMLS. 

 To describe the outcomes of SEMLS in both children with HIV encephalopathy and 

those with spastic diplegic CP. 

 To discuss the outcomes of SEMLS in children receiving therapy at schools and at 

health care facilities. 
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Chapter Two - Review of the literature 

CP has been described in the literature for over a century. The ever-evolving medical 

understanding and continuing research has brought with it a constant change in the 

management of children with CP. This literature review aims to describe the current 

recognised best practice with regards to the management of these children. It will also 

discuss the management of children with spastic diplegia as a result of HIVE in order to 

determine whether it is beneficial to manage the two conditions similarly. 

The literature was obtained through a comprehensive search using the Pubmed search 

engine via the Wits website, as well as google scholar. Key words used in the searches 

were: cerebral palsy, orthopaedic surgery, single-event multilevel surgery, physiotherapy, 

therapy, HIV, HAART and spastic diplegia. Literature that was published over the last ten 

years was reviewed, and only English literature was searched. Reference lists from sourced 

articles were used to find other relevant literature. 

2.1 Cerebral Palsy 

2.1.1 Definition 

Cerebral palsy (CP) is defined as a “group of disorders of the development of movement and 

posture, causing activity limitations that are attributed to non-progressive disturbances that 

occurred in the developing foetal or infant brain. The motor disorders of cerebral palsy are 

often accompanied by disturbances of sensation, cognition, communication, perception, 

and/or behaviour, and/or by a seizure disorder” (Rosenbaum, et al., 2005) . 

CP was originally described by Little in 1861 and was seen as a purely motor disorder for 

many years (Dzienkowski, et al., 1996). In association with the advances in the 

understanding of the development of the brain as well as the in the physiology and 

pathology of CP, came the realization that CP was not only a motor disorder, but the effects 

of the associated impairments, for example in cognition and behaviour, are an integral part 

of the condition (Rosenbaum, et al., 2005) 

As per the current definition, cerebral palsy results from a non-progressive insult to the 

developing brain. Although there is often not a clear understanding of the exact mechanism 

and pathway that resulted in the injury (Rosenbaum, et al., 2005), due to the continuing 

advancements made in the field of neurobiology our understanding is increasing. Looking 

specifically at the timing of the insult, this can occur whilst the foetus is still in the womb, 

during the birth process or after the baby is born, while the brain is still developing. Maternal 
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substance abuse, trauma during pregnancy, haemorrhages in the premature brain, birth 

asphyxia and infections just to name a few are examples of insults which can result in CP 

(Hayes, 2012; Dzienkowski, et al., 1996). 

2.1.2 Classification of Cerebral Palsy 

Children who present with CP differ immensely from one another, and they all have unique 

needs. The size of the lesion, the area of the lesion and the timing of the insult dictate the 

severity and type of movement disorder (Mayston, 2001; Dzienkowski, et al., 1996). This has 

resulted in the vast variety in presentation of children with CP, which has made it essential to 

classify CP into different categories. Professor Graham, in his commentary “Classifying 

Cerebral Palsy” looks at the classification of CP in three dimensions, the type of movement 

disorder, the topography or distribution, as well as the severity (Graham, 2005) which has 

been discussed similarly by others in the literature (Narayanan, 2012; Badr & Purdy, 2006). 

Type of movement disorder 

The purpose of classifying the type of movement disorder is to ensure that other significant 

aspects of the child’s condition, which can include sensory aspects amongst others, are not 

overlooked when planning the management of the child (Hayes, 2012). There are five main 

categories that are mentioned in the literature which are spastic, dyskinetic, athetosis, 

hypotonia and mixed. Although these are the most commonly mentioned categories, there is 

some variety with regards to the categories within the literature.  

Children with spastic CP present with muscle over-activity, spasticity, increased tendon 

reflexes, spasms, weakness and loss of dexterity (Narayanan, 2012; Hayes, 2012; Sheean, 

2002; Dzienkowski, et al., 1996). Dyskinetic CP will result in fluctuation in tone, involuntary 

movements, poor muscle control and as a result poor movement patterns (Hayes, 2012; 

Dzienkowski, et al., 1996) Hypotonic CP occurs when there is a consistent underlying low 

tone with decreased muscle activity. This type of CP is rarely seen and the link to the 

damage to the specific area of the brain is not widely reported on (Hayes, 2012). Another 

type of CP that is not commonly seen is ataxic CP and the features include poor balance, 

motor planning and co-ordination (Hayes, 2012; Dzienkowski, et al., 1996). Often children 

with CP do not fit perfectly into one category or another, but when classifying these children 

they must be classified according to their predominant feature (Rosenbaum, et al., 2005).  
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Anatomical distribution 

When referring to the distribution of CP, one refers to the anatomical distribution (Hayes, 

2012). The anatomical distribution should correlate with the MRI findings. Generally children 

with dyskinetic, hypotonic and ataxic CP present with whole body involvement, therefore 

anatomical distribution is commonly referred to with children with spastic CP. However this is 

not always the case, and when specific distribution occurs it should be stipulated. When 

referring to the distribution of tone, there are again variances within the literature (Graham, 

2005). Most commonly cited distributions are hemiplegia, diplegia or quadriplegia. With 

hemiplegia occurring when only one side of the body is affected, diplegia refers to the 

occurrence of the legs being more affected than the arms, and quadriplegia referring to the 

whole body involvement, with the arms often more affected than the legs (Hayes, 2012). 

Gross Motor Function Classification System (GMFCS) 

There is no gold standard or common outcome measure used when classifying children with 

CP according to the type of movement disorder and topography. This can be problematic, as 

it can result in poor communication and understanding amongst health care professionals 

and can therefore compromise patient care (Hayes, 2012; Palisano, et al., 2008; Graham, 

2005; Morris & Bartlett, 2004). However, the development of the GMFCS in 1997 facilitated 

an alternative way to classify children with CP. It is a simple, universal, easy to use tool, 

which has provided health care professionals with a validated outcome measure to assess 

function as well as a tool which provides insight into prognosis and therapy goals (Morris, 

2008; McDowell, 2008; Graham, 2005; Rosenbaum, et al., 2005). The GMFCS is a 

classification system designed specifically for use with children with CP. It is a five point 

ordinal scale and children are classified within a certain level according to the acquisition of 

specific gross motor skills. The GMFCS also has age specific criteria which have been 

decided upon according to age appropriate motor skills (Palisano, et al., 2008).  

The GMFCS has been widely reported on in the literature and it has been found to have 

good interrater reliability (kappa of 0.75) when tested amongst 51 physiotherapists and 

occupational therapists with no formal training (Palisano, et al., 2008). The validity has been 

investigated extensively, through the nominal group method and the Delphi consensus 

method, as well as through correlation between the GMFCS and the GMFM (Narayanan, 

2012; Palisano, et al., 2008; Beckung, et al., 2007; Graham, 2005; Morris & Bartlett, 2004). 

Morris & Bartlett (2004) conducted a systematic review of the literature to determine the 

extent of the use of the GMFCS, as well as to determine what the tool had been utilized for 
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when conducting research. Review of the literature found that the GMFCS has been used 

throughout the world, with translations into many languages including German, Swedish and 

Japanese. The validity of the tool was maintained after the translation was done. They also 

found that the GMFCS has been used extensively in observational and experimental 

research internationally. 

In 2007, McDowell conducted a study looking at the interrater reliability of the GMFCS 

between the treating physiotherapist, an experienced research physiotherapist, the care-

giver and a computer generated GMFCS. One hundred and forty three patients were 

included in the study. The results of the study revealed that the treating physiotherapist often 

scored the patient higher than the care-giver and the research physiotherapist. It was 

suggested that the treating physiotherapist assessed the capacity, rather than the day to day 

function whereas the research physiotherapist and the care-giver assessed the child’s 

consistent function. McDowell concluded a moderate to good agreement (kappa=0.63-0.75) 

using the GMFCS between health care professionals and families of children with CP 

(McDowell, et al., 2007). 

Over the years, as the use of the tool increased, and the tool was used in different 

populations across the world, there came a need to expand and revise the GMFCS. When 

developing the Gross Motor Function Classification System, Expanded and Revised 

(GMFCS-E&R) the developers of the tool included the ICF framework, in order to take into 

account environmental and social factors that may affect performance. They also added an 

extra age band for children between the ages of 12-18 years (Morris, 2008). Pallisano et al 

(2008) used the nominal group technique and the Delphi survey consensus method to 

determine the content validity of the GMFCS-E&R. Eighteen physiotherapists participated in 

the nominal group technique, and 30 health care professionals participated in the Delphi 

survey. All participants were experienced in the field. Through this process the GMFCS-E&R 

was found to have content validity with an agreement of 80% (Palisano, et al., 2008).With 

the GMFCS having been researched extensively over the years, and having been found 

valid, reliable and stable, it has been cited it as the principle classification system for children 

with CP (Graham, 2005; Morris & Bartlett, 2004). 

2.1.3 Prognosis/ natural history 

Researchers at the CanChild Centre for Childhood Disability Research have been the 

forerunners with regards to the understanding of gross motor function and predicted 

outcomes in children with CP. The centre has been responsible for the development of the 

GMFM as well as the  GMFCS. These tools are both valid and reliable and are seen as the 



9 
 

gold standard within their category (Narayanan, 2012; Debuse & Brace, 2011; Palisano, et 

al., 2008; Beckung, et al., 2007; Graham, 2005; Morris & Bartlett, 2004). Following the 

validation and extensive use of these tools, the researchers at the CanChild Centre then 

sought to determine whether it was possible to predict the expected gross motor outcomes 

using the GMFCS level of a child, based on GMFM scores for a population of children with 

CP over time. From this they developed the Gross Motor Function Curves (Appendix I), 

which graphically indicate the average GMFM scores at a specific age for each GMFCS 

level. These curves have been further elaborated on to illustrate the percentile in which a 

child will fall, on scoring a specific GMFM-66 score, according to GMFCS level and age 

(Hannah, et al., 2008).  

Beckung et al (2007) used the GMFM and the GMFCS in order to predict gross motor 

outcome in children with CP according to the GMFCs level. Their study revealed similar 

results to that conducted by Hannah et al (2008).The gross motor function of children with a 

GMFCS level of five was shown to plateau at around three years of age, while children who 

fell within the GMFCS level one group reached a plateau in gross motor function at around 

eight years of age. A decline in function can be seen as early as at seven years of age in 

children falling within GMFCS level five, but only after 12 years of age in children with a 

GMFCS level of three and up (Hannah, et al., 2008; Beckung, et al., 2007).  

When looking at the GMFM scores per GMFCS level, the children within the GMFCS level 

five group reached a maximum GMFM score of twenty, with the level one group reaching 

close to ninety (Hannah, et al., 2008; Beckung, et al., 2007). Within each curve for each 

GMFCS level there is an expected variation of up to a score of 20 points. These variations 

have been calculated in percentiles for each GMFCS level (Hannah, et al., 2008). From the 

research it was determined that the Gross Motor Function Curves have been found to be 

valid and reliable in the prediction of gross motor function according to GMFCS level in 

children with CP. (Hannah, et al., 2008) 

When looking at the plateau and decline in the gross motor function of children with CP over 

time, one must consider the factors contributing to this. Bell et al (2002) looked at the gait 

parameters as well as joint range of motion in children with CP who did not undergo surgical 

intervention, over an average period of 4.4 years. They cited cadence, stride length, popliteal 

angle as well as specific joint range of motion during gait as aspects that significantly 

changed over time in children with CP who did not undergo surgical intervention. (Bell, et al., 

2002). This deterioration in the gait parameters and joint range of motion could most likely 

be one of the compounding factors leading to the deterioration in gross motor function in 

these children (Bell, et al., 2002).  
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With the above in mind it is important to remember that the natural progression in children 

with CP is a plateau in function, with an ultimate decline in function. Therefore an 

intervention that produces either an increase in function or maintains the plateau in function 

would be considered beneficial for a child with CP. 

2.2 Human Immunodeficiency Virus (HIV) 

The current estimated number of children infected with Human Immunodeficiency Virus 

(HIV) is 3.4 million, with more than 90% of them residing in sub-Saharan Africa (Donald, et 

al., 2015; Lowenthal, et al., 2014; Baillieu & Potterton, 2008). Vertical transmission occurs in 

95% of children with HIV in sub-Saharan Africa (Hilburn, et al., 2010). The early infection 

results in an increased susceptibility of the brain to the HIV virus, as the brain tissue is still 

developing and maturing (Hilburn, et al., 2010). Children with HIV have been found to have 

significant motor, cognitive, and language delay (Donald, et al., 2015; Hilburn, et al., 2010) 

with at least 50% of children with HIV presenting with associated neurological impairments 

such as visual impairment, auditory impairment, seizures, peripheral neuropathy and 

behavioural disturbances amongst others (Donald, et al., 2015; Govender, et al., 2001; 

Mitchell, 2001). 

2.2.1 HIV Encephalopathy (HIVE) 

HIVE is the most common CNS related complication in children infected with HIV (Govender, 

et al., 2001). High viral loads and infection at a young age increases the risk of HIVE 

(Mitchell, 2001) which is defined as disease, damage or malfunction of the brain as a direct 

result of the HIV virus and it can be static or progressive (Donald, et al., 2015; Mitchell, 

2006; Mitchell, 2001). HIVE can be clinically diagnosed if any two of the following are 

present; child must be HIV positive, the child may have a lack of growth in his or her head 

circumference, the child may show a regression or cessation in the acquisition of 

developmental milestones, and the child may present with diffuse symmetrical hyperreflexia 

(Hilburn, et al., 2010).  

HIVE has been divided into three sub categories, acute progressive, plateau and static. 

Acute progressive encephalopathy is associated with acquired microcephaly, a regression in 

milestones and deterioration in motor and cognitive functioning. The plateau category 

presents similarly to the progressive type, however deterioration is far more subtle. The 

static sub-category consists of non-progressive neurodevelopmental deficits. The ability to 

learn and achieve developmental milestones is present, although slower than normal 

(Mitchell, 2006). 
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One of the most commonly seen clinical manifestations of HIVE is spastic diplegia. There is 

very little evidence reporting gait in children with spastic diplegia as a result of HIVE. Many 

people have suggested that these children present similarly to children with spastic diplegic 

CP (Langerak, et al., 2014). The study by Langerak et al (2014) gives the first indication of 

gait parameters in children who have HIVE and present with spastic diplegia. They found 

that children with spastic diplegia due to HIVE can be divided into two categories as per 

finding on gait analysis. The first group were minimally involved, with their gait parameters 

close to those of a normal gait pattern. They had a mild increase in tone, mainly in the 

plantar flexors. This group had no limitations in joint Range Of Motion (ROM) and had no 

rotational abnormalities. The second group showed a more abnormal gait pattern, with a stiff 

knee and equinus at the ankle. They had increased tone in the lower limbs, which increased 

from proximal to distal. Some of these children in the second group had decreased ROM in 

the knees and ankles. The findings as per gait analysis differ from the gait abnormalities 

commonly seen in children with CP. The authors suggest that intervention be decided upon 

according to clinical findings and that further research in this area is needed to fully 

understand the therapeutic needs of children with spastic diplegia associated with HIVE. 

2.3 International Classification of Functioning, Disability and Health (ICF) 

For just over a decade, there has been a shift in focus amongst health care providers. 

Historically the health care provider focussed more on the systemic effects of the health 

condition, which was the focus of treatment. More recently the focus has shifted to the effect 

that the health condition has on the patients’ ability to function, with the main aim being to 

improve quality of life, the ability to complete everyday activities and to participate within the 

community (Novak, et al., 2013). This shift in focus has been accompanied by the 

development of the ICF, which was developed by the World Health Organization (WHO). It is 

a conceptual framework designed to be used in the management of all persons with illness 

and disability (Shula & Rihtman, 2008). 

The adoption of the framework was aimed at providing an internationally recognised 

framework, giving health care providers an internationally accepted “language” with which 

they could communicate patients’ needs, treatment modalities used as well as treatment 

goals (Franki, et al., 2012). The framework breaks down the patients’ condition into the 

different components that all affect the outcome of the patients’ condition. 

Franki et al (2012) gives the breakdown and definition for these components, which are body 

structures and functions, activity, participation, environmental factors and personal factors. 

All anatomical structures and physiological functions are incorporated into the body 
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structures and functions category. Activity is defined as the performance of a task, with 

participation being defined as the involvement in life situations and can be looked at as one’s 

highest level of function (Franki, et al., 2012; Shula & Rihtman, 2008). The effect of the 

environmental factors, such as access to health care and resources at home, as well as 

family structure and support, has a crucial effect on participation. Personal factors include 

age, gender and underlying health conditions to name a few (Franki, et al., 2012). The 

inclusion of the final two components of the ICF is essential for a complete understanding of 

the effects that a disease or disability has on the patients’ outcome and ultimately their 

involvement in life situations. The patients’ understanding of the condition as well as 

motivation could alone be the difference between one patient being able to participate in a 

specific life situation in comparison to another patient with the same disease or disability and 

impairment components (Shula & Rihtman, 2008).  

With a greater understanding of the ICF the ultimate aim of an intervention has been altered. 

Although most intervention strategies are aimed at making a change or correction at the 

body structure level, the outcome must show an improvement in participation or quality of life 

for the intervention to be deemed beneficial to the patient. 

2.4 The management of CP 

With the diversity of features in children with CP, comes the need for a wide-range of 

interventions used for the treatment and management of these children. This diversity 

necessitates the careful consideration of the entire management team in order to determine 

the intervention strategies appropriate to the individual’s needs and impairments (Friedman 

& Goldman, 2011). This leads to the importance of a holistic, thorough initial assessment, as 

well as on-going assessments to determine current, future and changing needs. 

According to the literature, the management of children with CP addresses two aspects, 

either the brain, where the motor disorder stems from, or the musculoskeletal components 

that occur secondary to the brain lesion (Lukban, et al., 2009). Therapy, which includes 

physiotherapy, occupational therapy and speech therapy, ultimately addresses the root 

cause of CP trying to lay down new motor paths by experience. Surgical management aims 

to change the musculoskeletal components of CP (Thomason, et al., 2011).  

With the ever increasing understanding of CP, has come a continuing, evolving practice with 

regards to the therapeutic practices and management of these children. Although vast 

research has been done, there is still a great need for further research to determine best 

clinical practice with regards to the treatment and management of children with CP in 
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different contexts. There is still a larger gap between the treatments that have an evidence 

base to support their use in the treatment and management of children with CP and the 

treatment approaches used in clinical practice (Novak, et al., 2013). 

2.4.1 Physiotherapy 

Physiotherapy, occupational therapy and speech therapy have been well established as 

appropriate and necessary interventions for the management of children with CP. The aim of 

physiotherapy intervention is to treat the musculoskeletal pathology in order to obtain 

improved movement patterns and muscle activation. The ultimate aim is to assist the 

children to achieve their highest level of function with the primary focus being gait and lower 

limb function. In conjunction with this the physiotherapists aim to minimise contractures and 

secondary complications and maintain function into adulthood (Martin, et al., 2010). Despite 

physiotherapy being seen as an essential element of the management of children with CP 

there is very little evidence of high quality to support this.  

The lack of clinical evidence may be due to a number of factors such as; a difficulty in 

measuring the outcomes of the therapy, the diverse features in CP resulting in the diverse 

therapeutic intervention strategies used, the intervention used is not always appropriate 

according to the clinical picture of the child and the studies conducted are generally of low 

level of evidence (Martin, et al., 2010; Anttila, 2008). This calls for caution and understanding 

when reviewing the literature with regard to the outcomes of the therapeutic management of 

children with CP as well as careful discernment when choosing a specific therapeutic 

intervention.  

The large number of physiotherapy interventions used in the treatment and management of 

children with CP brings with it difficulty when determining which techniques are appropriate. 

Four recent systematic reviews on the effectiveness of physiotherapy treatment for children 

with CP were reviewed in order to determine the most common practice with regards to 

physiotherapy intervention. The reviews covered a large range of treatment modalities from 

Neurodevelopmental Therapy (NDT), strengthening, stretching, aerobic exercises to 

constraint induced therapy and therapy with animals. For the purpose of this review the most 

common therapeutic modalities have been discussed below. A full summary of the reviews 

can be found in appendix II. 

Neurodevelopmental Therapy (NDT) 

The Bobath concept was pioneered by Dr and Mrs Bobath over sixty years ago and was 

originally established for the treatment of stroke patients. Over time the concept evolved,   
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and the principles were revised for the use in the treatment and management of children with 

CP. This subsection of the Bobath Concept was named Neurodevelopmental Therapy 

(NDT). As defined by Mrs Bobath, one of the founders of the Bobath and NDT concept, in 

1981, the Bobath concept is “…. A whole new way of thinking, observing, interpreting what 

the patient is doing, then adjusting what we do in the way of our techniques- to see and feel 

necessary, possible for them to achieve. We do not teach movements, we make them 

possible,” NDT uses the therapists’ understanding of the factors associated with the child’s 

functional limitations, in order to choose the correct treatment techniques to achieve that 

function. NDT was not designed to be used in isolation, but to be used in conjunction with 

other therapy and medical adjuncts such as Botulinum toxin (Mayston, 2008). Research 

performed since the NDT concept was established has led to the greater understanding of 

the neurology and pathophysiology of CP, which in turn has resulted in the development of 

the concept over the years (Mayston, 2008).  

Although NDT is widely recognised, the use of NDT has become increasingly controversial. 

This controversy has been due to articles such as the systematic review by Novak et al 

(2013) stating that NDT is not effective in the treatment of children with CP and that it should 

be no longer used in the treatment and management of these children. The outcomes looked 

at within the review was improvement of movement patterns, contracture prevention and 

improved gross motor function, with only some evidence showing improvement in gross 

motor function (Novak, et al., 2013).  

Anttila et al (2008) found that NDT in conjunction with other therapeutic techniques such as 

infant stimulation had better outcomes than just the use of NDT alone. More intensive NDT 

therapy also showed better results than a less intensive programme. Correspondingly Martin 

et al (2010) found that more intensive NDT therapy had greater effects than less intensive 

therapy. Furthermore the studies that they reviewed found a significant change in the GMFM 

post intervention with intensive NDT. Unfortunately, of the three studies reviewed only one 

was of a high level of evidence.   

A common trend in the research in all three reviews showed very poorly conducted clinical 

trials on the outcomes of NDT on the treatment on children with CP, with the majority having 

small sample sizes and low level of evidence (Novak, et al., 2013; Martin, et al., 2010; 

Anttila, 2008). The current literature does not provide enough evidence to support the use of 

NDT with regards to the CP population. This highlights the need for well conducted clinical 

trials, looking specifically at the outcomes of NDT in the management and treatment of 

children with CP. Future studies would also need to take into account the natural history of 
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CP, which is, as stated earlier, the plateau and ultimate decline in the functional ability of 

these children (Beckung, et al., 2007; Hannah, et al., 2008). 

Strength training 

Strength training in CP is a very broad concept. Included within strength training in CP is 

functional strength training, home-based strength training, as well as specific types of 

strength training such as isotonic, isometric, isokinetic and mixed strength training (Franki, et 

al., 2012). Three out of the four systematic reviews mentioned previously found a high level 

of evidence for the efficacy of strength training in children with CP (Franki, et al., 2012; 

Martin, et al., 2010; Anttila, 2008). Novak et al (2013) found that strength training had a 

relatively low level of evidence to support the use of it in the therapy of children with CP, and 

it should probably not be used.  

The benefits of specific strength training as well as functional strength training were similar. 

The benefits were seen mainly at the body structure and function level of the ICF and 

included localised improvement in muscle strength and increased endurance. Further 

benefits occurred at the activity level with improvements seen in gait parameters and gross 

motor function. Although differing results were found with regards to the improvement of 

gross motor function, the majority of the studies showed a significant improvement on the 

GMFM. There was however no investigation into the effects of strength training at the 

participation level of the ICF (Franki, et al., 2012; Martin, et al., 2010; Anttila, 2008).  

Studies that included a follow-up period after the conclusion of the strengthening program 

showed deterioration in strength after the completion of the strengthening program (Franki, 

et al., 2012). Some of the results at the follow-up period varied with the possible suggestion 

for the variation being the inclusion of the strengthening program into the daily routine at 

home (Martin, et al., 2010). Home exercise programs were shown to improve the 

performance of functional activities (Novak, et al., 2013). It can be concluded that 

strengthening programs do have their place in the treatment and management of children 

with CP, however the strengthening program needs to be included in the children’s’ daily 

routine in order to sustain the effects of the exercise. 

Treadmill training 

The concept of treadmill training in children with CP is underpinned by the motor learning 

theory (Chrysagis, et al., 2012; Mutlu, et al., 2009; Willoughby, et al., 2009). The motor 

learning theory suggests that the acquisition of new motor skills is determined by the laying 

down of new neuronal pathways during the repetition of that task (Chrysagis, et al., 2012) 
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(Willoughby, et al., 2009). Treadmill training therefore aims to give the children with CP the 

opportunity to lay down the neuronal pathways for normal movement patterns during gait.  

Studies for treadmill training in CP have been done with and without body weight support. 

The systematic reviews by Novak et al (2013), Martin et al (2010), Mutlu et al (2009) and 

Willoughby et al (2009) all show varying results within the literature with regards to the 

outcomes of treadmill training in children with CP. Very few well designed randomised 

control trails have been conducted and the sample sizes of the studies were very small. Little 

reference in the articles was given to the amount of body weight support used, the length of 

each treadmill training session, the frequency and length of intervention period as well as the 

varying treatment protocols per each GMFCS level. Few studies included a follow-up period. 

Outcome measures used assessed gross motor function, using the GMFM, gait parameters 

namely energy expenditure and speed as well as the effect on spasticity. The outcome 

measures of the studies focussed mainly on body structure and function as well as activity 

level, with none of the studies reviewed looking at participation within the community (Mutlu, 

et al., 2009; Willoughby, et al., 2009).  

All reviews stated that there was some evidence to support body weight supported treadmill 

training, with benefits seen in gross motor function and speed over short distances. However 

the evidence was too low to make assumptions about the population. Further randomised 

controlled trials with a large sample size are needed in order to prove whether partial body-

weight support treadmill training has positive outcomes on gait, quality of life and function in 

children with CP (Novak, et al., 2013; Martin, et al., 2010; Mutlu, et al., 2009; Willoughby, et 

al., 2009).  

Aerobic exercise 

Aerobic exercise or endurance training has been found to have positive outcomes in children 

with CP (Novak, et al., 2013; Franki, et al., 2012; Anttila, 2008). These outcomes fall into all 

categories of the ICF. In terms of body structure and function, improvement has been seen 

in aerobic and anaerobic activity, muscle strength and agility, oxygen uptake, bone mineral 

density as well as weight control (Novak, et al., 2013; Franki, et al., 2012; Anttila, 2008). 

Franki et al (2012) was the only systematic review to comment on the outcomes at the level 

of activity, participation and quality of life. Their findings were that the GMFM scores 

improved, indicating an improvement in the activity level on the ICF. They also stated that 

patients reported improved participation and quality of life. Although outcomes of aerobic 

exercise have been shown to be favourable, the question remains as to the amount of 

exercise required and whether the effects will be sustained over a period of time.  
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Franki et al (2012) found the effects of the endurance training to be sustained at a nine week 

follow up period. On the other hand Novak et al (2013) in their review, suggest that the 

aerobic exercise needs to be sustained and a part of everyday life for the effects to be 

maintained over a prolonged period. It is questionable whether the follow-up period of nine 

weeks was long enough to determine the long term outcomes. It is likely, as with the normal 

population, that in order to maintain the outcomes, exercise will need to become a part of the 

child’s daily life. Further research will need to be done in this area to clarify this hypothesis. 

2.4.2 Orthopaedic management 

The orthopaedic management of children with CP GMFCS level one to three is primarily 

aimed at improving the abnormal gait pattern with the ultimate aim to maintain the ability to 

walk into adulthood. As already discussed, the gross motor function of children with CP, 

GMFCS level one to three, reaches a plateau around the age of seven years, and then 

shows a gradual deterioration over time (Hannah, et al., 2008; Beckung, et al., 2007). It has 

also been found that gait parameters deteriorate over time which is often related to pain, 

weakness, fatigue and balance issues (Harvey, et al., 2012). The abnormal gait parameters 

stem from the chronic muscle imbalance seen in these children. This chronic muscle 

imbalance also results in secondary skeletal changes, which further compound the abnormal 

gait pattern (Luca, 1991). With this in mind the early orthopaedic management is more 

conservative. Due to the structural changes that occur in these children over time, surgical 

management is indicated in the older child with CP (Bell, et al., 2002). These structural 

changes that occur can be both muscular and bony changes. Muscular changes that occur 

are known as fixed contractures, which occur due to the hypertonicity and decreased active 

use of the muscles. Bony changes occur as a result of the abnormal pull of the muscles as 

well as the delay in the attainment of motor milestones, which contributes to the moulding 

the bones. This abnormal bony development results in lever arm disease (Narayanan, 

2012). 

Previously, one surgical procedure was done at a time, which often resulted in unpredictable 

outcomes, recurrence of the deformity, as well as a need for annual surgeries, casting and 

physiotherapy. It was also found that the correction of one deformity needed to be 

accompanied by the correction of an associated deformity; otherwise the corrected deformity 

would re-occur (Luca, 1991). As a result SEMLS is the current preferred orthopaedic 

management of ambulant children with CP (Thomason, et al., 2013; Harvey, et al., 2012; 

Rutz, et al., 2012; Godwin, et al., 2009).  
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According to Thomason et al (2013) the principle behind the SEMLS is to achieve sagittal 

and axial plane balance, which will result in improved gait pattern and functioning.  SEMLS 

refers to the surgical management of a child with CP when more than one orthopaedic 

procedure, either a muscular or bony procedure, is performed at more than one joint at one 

time (Godwin, et al., 2009). The advantage of this is one hospital admission, one 

rehabilitation period and the prevention of secondary deformities that can occur if only one 

abnormality is addressed at a time (Narayanan, 2012; Bischof, 2010).  

SEMLS has been widely reported on over the last 25 years, with the advantages including 

increased joint range, improved gait pattern, decreased knee pain and discomfort, 

decreased energy expenditure during gait and the prevention of structural deformities from 

occurring (Thomason, et al., 2013; Godwin, et al., 2009; Gorton III, et al., 2009). Most recent 

studies have also shown improvement in function and independence post SEMLS which 

results in an improvement in quality of life (Thomason, et al., 2013; Harvey, et al., 2012; 

Thomason, et al., 2011; Godwin, et al., 2009). However on review of the literature, three 

systematic reviews were compiled stating concerns with regards to the current body of 

literature having insufficient high level evidence to support its use. 

McGinley et al (2012) conducted a systematic review of the literature that has been 

published on the outcomes of SEMLS from 1985 till 2010. The aim of the review was to 

determine the quality of the studies conducted on the outcomes of SEMLS. The literature 

search was conducted using four electronic databases, and after overview of 408 abstracts, 

58 articles met with the inclusion criteria which were then assessed for the review. The 

quality of the studies was assessed using the Methodological Index for Non-Randomised 

Studies (MINORS). Although there was an overall improvement in the quality of the studies 

that were conducted over the years, there were still some recently published studies that 

scored very poorly and were of very low quality.  

Some of the main concerns that the authors had with regards to the current literature was 

the small sample size, the lack of any details  regarding rehabilitation, inadequate recording 

of the type of procedures as well as any complications. The authors also determined that in 

order to assess the outcomes of SEMLS, one should consider more than one aspect with 

regard to the ICF. Therefore the outcomes measures used should look at gait, function as 

well as quality of life. The advantages of this article were that the authors reviewed a large 

number of articles, and strict inclusion criteria were used. Furthermore, there were two 

authors, and reviews were done separately and then discussed. The review was then 

compiled with consultation of a more experienced professional in the field, which helped to 

decrease bias. The final conclusion was that further research in the field should be 
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conducted as a Randomised Control Trial (RCT), as this is a higher level of evidence and it 

will add value to the current body of knowledge. They also determined that prospective 

studies were more beneficial than retrospective studies as it decreased the amount of bias 

(McGinnley, et al., 2012). 

Bischoff (2010) compiled a systematic review that focussed on the outcomes of the research 

as well as the quality of the research conducted. She concluded that the follow-up of current 

studies was too short and that the type of surgical procedures differed. Furthermore she 

noted that there was no comparison between single level and multilevel surgeries and that 

no randomised control trials had been conducted. Taking these factors into consideration 

she concluded that the current level of evidence for SEMLS in children with CP was low. 

Bischoff also concluded that long term follow-up was essential and that there was not 

sufficient literature to validate SEMLS over single level surgeries (Bischof, 2010).  

Narayanan (2012) stated, after his review of the literature, that the comparative studies that 

have been conducted have had a small sample size and short term follow up. Furthermore, 

there is no evidence to prove whether the improved function was due to the SEMLS or due 

to the intensive physiotherapy that the child received post surgery. The outcome measures 

used, that showed significant change looked at perceived outcome, and little change was 

noted in functional outcome measures such as the GMFM (Narayanan, 2012).  

It is apparent from the above reviews that further research in this area is required. There is 

enough evidence to validate the specific procedures used in the correction of specific 

deformities, however some clinicians’ main concern is that there is not enough literature 

which comprises of studies of a good quality, high level of evidence and long term follow up 

to support that SEMLS is effective in improving gait and function in children with ambulant 

CP (McGinnley, et al., 2012; Narayanan, 2012; Thomason, et al., 2012). This is not only due 

to the fact that very few randomised control studies have been conducted, but there have 

also been very few comparative studies conducted (Narayanan, 2012; Bischof, 2010). There 

was also a call for more prospective, well-designed studies to be conducted in favour of 

retrospective studies. Other questions that remain include what are the outcomes of SEMLS 

after a long follow up period, as well as what an adequate follow up period would be. The 

outcome measures used need to look at the actual function, not perceived function, at all 

levels of the ICF (McGinnley, et al., 2012; Narayanan, 2012; Bischof, 2010). 

Subsequent to the publication of the above mentioned reviews a pilot randomised control 

trial was conducted. Thomason et al carried out a pilot randomised control trail in 2011. The 

control trial was a single-centre pilot study to determine the sample size needed for a multi-
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centre study. Nineteen children were enrolled into the pilot study, 11 children were in the 

experimental group and eight in the control group. The follow up period was only 12 months, 

with the control group receiving surgery after the 12 month period. The Gait Profile Score 

(GPS) and the Gillette Gait Index (GGI) were used as objective outcome measures to 

analyse the effects of SEMLS on gait. The Functional Mobility Scale (FMS), GMFM-66 and 

time spent in upright were used to assess the functional outcome. The Child Health 

Questionnaire (CHQ) was used to assess the quality of life of the patient.  

The findings were that there was significant improvement in gait after the 12 month follow-up 

period in the surgery group, as compared to the control group. There were no significant 

changes in the control group after the 12 month period, despite physiotherapy consisting of a 

resistance strength programme of 12 weeks. There was also no significant improvement in 

functional ability or quality of life in the surgery and the control group at the 12 month follow-

up period (Thomason, et al., 2011). 

Although the sample size was small, this study was able to answer some of the above 

mentioned questions. This randomised control trial revealed that there is a significant 

improvement in gait in children with CP at a one year follow-up post SEMLS and 

physiotherapy. A further revelation was that there was no significant difference in gait in 

children who only received physiotherapy. This led the researchers to question whether it is 

ethical to retain a child in a randomised control trial for the period of more than a year, when 

the known progression of CP is deterioration in gait and functioning. Due to the outcomes of 

the study, all patients who were in the control group were then operated on, as the 

researchers felt that failing to operate on these children would lead to poor practice as the 

benefits of surgery were very evident (Thomason, et al., 2013).  

Despite the majority of the research that has been conducted having small sample sizes, 

there are some studies with large sample sizes which could help to understand the 

outcomes with regards to the population. Gorton et al (2009) conducted a well-designed 

cohort study to compare the outcomes of children with CP who received SEMLS to those 

who continued with regular standard physiotherapy. They had a total of 75 patients who 

underwent surgery and were matched by age, gender and GMFCS level to participants who 

did not undergo surgery. Significant improvement was seen in the children who received 

SEMLS at the one year follow up with regards to gait, as measured by the GGI, and quality 

of life as measured by the PedsQL in the gait domain. There was no significant change 

noted in the group of children who received only regular physiotherapy. Although 

improvements were noted in body structure and functioning, there was no evidence to prove 

that these would result in improvement at the activity and participation level of the ICF 
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(Gorton III, et al., 2009). The conclusions reached corroborates with the current literature 

(Thomason, et al., 2013; Harvey, et al., 2012; Gorton III, et al., 2009). As per the literature, 

there is improvement in gait and quality of life one year post SEMLS in comparison to 

children with CP who receive only physiotherapy. However, a one year follow up period is 

not enough to determine whether SEMLS results in a significant change at the activity and 

participation level of the ICF. 

Thompson et al (2013) conducted a five-year prospective follow-up study on 18 of the 

patients that participated in their randomised control trial pilot study. The patients were 

reassessed at one, two and five years post surgery. Improvements were noted at the one 

year follow-up period with regards to gait parameters, and at the two year follow-up period 

with regards to motor function and participation. They recorded an improvement of 3,3% on 

the patients’ GMFM-66 scores at the five year follow-up period, in comparison to pre-

operatively, as well as an improvement in the FMS over all three distances (Thomason, et 

al., 2013). When looking at a follow-up period of this length, it is essential to acknowledge 

the natural history of gait and function of children with CP, which is a plateau and then a 

decline, as mentioned above (Bell, et al., 2002). It can therefore be concluded that there is 

improvement in gait, motor function and participation post SEMLS at the two year follow-up 

period, and that this improvement is maintained at the five year follow-up period. 

Despite the lack of current literature that directly compares SEMLS with single level 

surgeries, there have been numerous well designed prospective studies which have 

concluded that there is an improvement in gait as well as function after a one to two year 

follow-up period following SEMLS (Thomason, et al., 2013; Harvey, et al., 2012; McGinnley, 

et al., 2012; Rutz, et al., 2012; Thomason, et al., 2011; Badr & Purdy, 2006; Godwin, et al., 

2009). With this in mind, many experts in the field regard well designed, prospective studies, 

with a long term follow up sufficient evidence to support that SEMLS has good outcomes in 

children with ambulant CP (Thomason, et al., 2012). 

Although there have been many studies conducted looking at SEMLS in developed 

countries, very few studies have been done in developing countries. Khan (2007) looked at 

the outcomes of SEMLS in children with previously untreated CP. Eighty five children were 

included in the study. All children had spastic diplegic CP and were not mobilising 

functionally prior to surgery. The children received intensive physiotherapy post-operatively 

which included a comprehensive home exercise programme. Appropriate orthotics were 

issued to the children. Mean follow-up assessment was done at 3.5 years post surgery. All 

children were able to walk post-surgery, with only 21% being therapeutic walkers and the 

rest being functional walkers, either with or without assistive devices. This study showed that 
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the outcomes of SEMLS can differ in developing countries in untreated CP in comparison to 

those seen in developed countries.  

2.5 The management of HIV encephalopathy 

2.5.1 HAART 

Highly active antiretroviral therapy (HAART) has changed the outcomes and lengthened the 

life expectancy of children living with HIV. According to Lowenthal et al (2014) prior to the 

advent of HAART, 50% of children with living with HIV died before their second birthday. 

HAART has dramatically increased the life expectancy of these children, with many of these 

children now living into adolescence and adulthood (Lowenthal, et al., 2014).  

Patel et al (2009) looked at 2398 perinatally HIV-infected children over a period of ten years, 

and found the occurrence of HIVE decreased with the increased administration of HAART to 

children with HIV. Furthermore they suggested that HAART decreases the HIV 

dissemination in the CNS and it slows or stops replication of the active infection in the brain 

(Patel, et al., 2009). HAART has also been associated with a more static encephalopathy 

(Langerak, et al., 2014). Early administration of CNS penetrating HAART is now seen as the 

gold standard of treatment for children with HIV (Hilburn, et al., 2010). In spite of this, 

HAART is not readily available to children in developing countries, and it is often given only 

after the initial insult to the brain has occurred (Hilburn, et al., 2010). Although HAART will 

assist in diminishing the risk for further damage, the initial insult has already occurred, and 

the children will need to receive appropriate treatment aimed at the management of the 

consequences of the damage (Hilburn, et al., 2010; Patel, et al., 2009).  

2.5.2 Physiotherapy 

HAART has changed the clinical picture of children with HIV, with many of them requiring 

continued rehabilitation and medical support (Lowenthal, et al., 2014; Potterton, et al., 2010). 

Little research has been done on the recommended therapy required for children with HIVE 

and other associated neurological complications related to HIV in children (Langerak, et al., 

2014). Baillieu & Potterton (2008) found that with 77.5% of children with HIV showed 

significant motor delay, and suggested that physiotherapist will play a large role in assisting 

these children to reach their appropriate milestones. This hypothesis has been well 

supported in the literature, although there is little evidence to support it (Nixon, et al., 2011; 

Hilburn, et al., 2010; Baillieu & Potterton, 2008; Potterton & Van Aswegen, 2006).  
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Potterton et al (2010) in their randomised control trial found a significant improvement in the 

motor and cognitive development in children infected with HIV who received a basic home- 

based exercise programme in comparison to those who did not receive a home-based 

exercise programme. This study illustrates the effectiveness of therapeutic intervention in 

children with HIV, provided that the intervention is appropriate.  Nixon et al (2011) proposed 

that the treatment of children with HIV, and by association HIVE, be aimed at activity and 

participation of the individual. Consequently it can be suggested that intervention of these 

children should be aimed at the treatment of the associated symptoms and complications as 

for children who are not HIV positive in order to improve activity and participation. Additional 

research in this area is required to determine whether children who are HIV positive can be 

treated according to their symptoms and whether they will have similar outcomes as their 

HIV negative counterparts. 

2.6 Outcome measures 

Using the ICF framework, assessment tools were selected with the aim of assessing the 

outcomes at the body structure and functioning, as well as at the activity level. 

2.6.1 Gait analysis 

With the advent of SEMLS for the surgical management of children with CP, came the need 

to accurately and objectively assess patients prior to surgery in order to ensure the correct 

management of patients. It has been found that clinical assessment alone does not give an 

accurate picture of the child’s needs. Patients with the same findings on clinical assessment 

may present differently when assessing their gait, and therefore have different surgical 

needs (Luca, 1991; Bjørn Lofterød, et al., 2007). Three-dimensional gait analysis is the 

current gold standard for the pre-operative assessment of children with CP (Bella, et al., 

2012; Maathuis, et al., 2005). It is seen as an objective outcome measure used to enhance 

subjective gait analysis (Bell, et al., 2002). The use of gait analysis assists with determining 

the appropriate surgical intervention as well as with the amount of correction required with 

regards to the derotation of the femurs (Wren, et al., 2013). 

Bjorn Lofterod et al (2007) compared the surgical plan for a patient as determined by clinical 

assessment, to the surgical plan as determined by gait analysis. They determined that the 

surgical plan differed when including three-dimensional gait analysis. They suggested that 

there is a need for three-dimensional gait analysis in order to accurately determine the 

appropriate surgical management for children with cerebral palsy.  
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The downfall with three-dimensional gait analysis is that it is an expensive tool that is not 

always accessible in developing countries (Gupta & Raja, 2012). Another negative aspect to 

take into account is the fact that it is very time consuming, which is a concern in the context 

of developing countries where resources, including time, are limited (Bella, et al., 2012). 

Observational gait scales have been developed to be used in health care settings where 

three-dimensional gait analysis is not feasible. As stated by Bella et al (2012) there are some 

limitations to the use of observational gait tools, namely poor validity, reliability, sensitivity 

and specificity, however their role in the surgical assessment of children with CP is still 

important. 

The Edinburg Visual Gait Score (EVGS) 

There are a number of observational gait assessment tools that have been developed, with 

the tools having various positive and negative features and varying in validity and reliability. 

Bella et al (2012) compared three observational gait tools namely; the Edinburg Visual Gait 

Score (EVGS), the Visual Gait Assessment Scale (VGAS) and the Observational Gait Scale 

(OGS). Eight children with CP GMFCS level one and two were included in the study. Four 

videos were taken of each child walking a distance of four meters. The observational gait 

tools were assessed by three experienced physiotherapists who received appropriate 

training on the tools. The highest interrater agreement was found for the EGVS, followed by 

the VGAS. Poor correlation was found between the examiners scores for the OGS. When 

comparing the results between the three tools there was significant correlation between the 

EVGS and the VGAS, but non-significant correlation between EVGS and the OGS as well as 

between the VGAS and the OGS (p=0.05). The EVGS had the best results of the three 

observational tools, showing almost perfect agreement with the kinetic analysis. The 

examiners determined that the EVGS and the VGAS were able to more accurately describe 

the gait of children with CP. Furthermore they stated the advantage of the EVGS over the 

VGAS was that the EVGS looked at all components of gait, including the pelvis and trunk, 

whereas analysis of these components has not been included in the VGAS (Bella, et al., 

2012). Therefore it can be deduced that the EVGS is the most accurate and appropriate 

observational gait tool when comparing it to the VGAS and the OGS. A copy of the EVGS 

can be seen in Appendix III. 

The EVGS was developed at the Princess Margaret Rose Orthopaedic Hospital in Edinburgh 

by Read et al and was published in 2003. It consists of a 17 point assessment tool, with 

each point consisting of a description of an anatomical feature during gait. The tool is scored 

according to the deviation from normal of the specific anatomical feature during gait, with 

zero being within normal range, one being a slight deviation and two being a large deviation 
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from the normal gait pattern. Each point is accompanied by a description of the normal and 

the deviation so as to assist the scoring process and to standardise the tool (Read, et al., 

2003).  

In order to validate the EVGS, Read et al looked at intra-rater reliability and interrater 

reliability as well as to compare the results from the EVGS to the results from three 

dimensional gait analysis. Video recordings of five patients were assessed by five 

experienced examiners. There was good intra-rater reliability for all five examiners, with non-

significant differences seen between all the scores. A significant difference was calculated 

as 3.2 points. Complete agreement was found for 70% of the observations when looking at 

interrater reliability, with all 17 points on the scale having positive Kappa values. When 

comparing the joint angles of the assessments made with the EVGS to the results from the 

Vicon analysis, it was found that there was a 64% complete agreement between the two 

assessments (Read, et al., 2003). Further studies have also found the EVGS to have good 

interrater and intra-rater reliability, however clinical experience in the management of 

children with CP as well as in gait analysis results in greater interrater reliability (Viehweger, 

et al., 2010; Ong, et al., 2008). 

Gupta and Raja (2012) looked at the ability of the EVGS to detect change post-surgery. Fifty 

children who underwent surgery were assessed pre-operatively, at six months and one year 

post-operatively. There was found to be a significant difference between pre-operative 

scores and scores at six months and one year after the operation using post hoc analysis (Z 

= j5.31, P = 0.000; Z = j5.28, P =0.000, respectively). They determined that the meaningful 

clinically important difference (MCID) at the six month and one year post-operative 

assessment are 11 and 15 respectively. (Gupta & Raja, 2012).  

From the above findings it can be concluded that the EVGS is a valid and reliable tool and it 

is able to detect change after intervention. It can be used as an observational gait analysis 

tool in developing countries where three dimensional gait analysis is not available (Gupta & 

Raja, 2012; Maathuis, et al., 2005; Read, et al., 2003). 

2.6.2 The Gross Motor Function Measure (GMFM) 

The Gross Motor Function Measure (Appendix IV) is a standardised assessment tool used to 

assess the gross motor function of children with CP. The development of the GMFM was 

started in the 1980’s, with the first edition published in 1990. Over the years it has been 

worked on and developed and there are now two editions of the GMFM, the GMFM-88, 

which was developed first, and the GMFM-66 which was developed from it. The GMFM-88 
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consists of 88 items, which were originally selected from a review of the literature as well as 

input from clinicians, and evaluation of the Motor Control Assessment. The 88 items chosen 

fall within five dimensions, namely; lying and rolling, crawling and kneeling, sitting, standing, 

walking, running and jumping (Russel, et al., 2002). Each item is scored using a 4-point 

scale, with the scoring ranging from zero to three, with zero being unable to attempt and 

three being completed. As discussed by Debuse & Brace (2011) the GMFM looks at the 

capacity of a child, which is the child’s once-off performance in a structured environment, 

instead of capability, which is the child’s performance in a familiar environment which is 

usually assessed via a parent report questionnaire (Debuse & Brace, 2011). The GMFM has 

been used extensively in many settings and has been found valid (0.9 for younger than 48 

months, 0.6 for children older than 48 months) and reliable (intraclass correlation coefficient 

0.99) (Debuse & Brace, 2011). It has also been proven to be able to detect change over time 

after interventions such as botulinum toxin, dorsal rhizotomy, physiotherapy and orthopaedic 

surgery (Debuse & Brace, 2011; Beckung, et al., 2007). 

With use of the tool therapists identified some limitations with the GMFM-88. The GMFM-88 

can take up to one hour to complete, which can be impractical due to the time constraints 

faced in the clinical setting. The tool has a nominal scale, which means that the there is no 

set interval between different items on the scale making it difficult to interpret change in the 

scores. Lastly, if an item is not tested when using the GMFM-88 the child will receive a score 

of zero, rather than unachieved resulting in a score that does not accurately reflect the 

child’s ability (Russel, et al., 2000).  

Taking these limitations into account the developers of the tools set out to develop another 

tool based on the GMFM-88. Using Rasch anaylsis the developers of the tool managed to 

obtain interval scores. During this process the GMFM was shortened to a 66 item version, 

which was now scored using a computer program, and where uncompleted items can be 

taken into account and no longer scored as zero. With the tool having fewer items, it also 

meant that the time to complete the measure was less (Russel, et al., 2000).  

The GMFM-66 has subsequently been found as a valid (intraclass correlation coefficient 

=0.99) and reliable tool which is able to detect change after an intervention (P < .0001) 

(Russel, et al., 2000). With the above mentioned properties the GMFM-66 is the ideal tool to 

be used during clinical research. The GMFM-88 does still have added benefits when used in 

the clinical setting in certain circumstances. Both the GMFM-88 and the GMFM-66 have 

been used extensively in research world-wide.  
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In their systematic review of all outcomes measures used to assess the activity of children 

with CP, Debuse and Brace (2011) highlight some important aspects that need to be taken 

into account when using the GMFM for research. The GMFM only looks at the gross motor 

function of children, which leads it to be less sensitive in older children, as the attainment of 

gross motor skills in children with CP usually plateaus around the age of seven. Despite this, 

as mentioned earlier, the GMFM has been proven to detect change in gross motor function 

in children with CP over the age of seven after interventions that are focussed on the 

improvement of gross motor function, such as botulinum toxin or orthopaedic surgery 

(Russel, et al., 2002). The review also highlighted that the GMFM assesses mainly the 

function of the child and some activities that the child can perform, but no participation 

limitations are evaluated using the tool (Debuse & Brace, 2011). With the current trend in the 

focus of health care being that of activity and participation limitation (Shula & Rihtman, 

2008), with the utilization of the ICF framework as discussed earlier, it would be preferable to 

use the GMFM in conjunction with another valid and reliable tool which will assess the 

domains of activity and participation (Debuse & Brace, 2011). 

2.6.3 The Functional Mobility Scale (FMS) 

With no tools available to describe the functional mobility of children with CP, Graham et al 

(2004) sought to develop a tool that accurately described the mobility of children with CP, 

either with or without assistive devices, over different distances. The Functional Mobility 

Scale (FMS) (Appendix V) is a simple tool that can be completed either by the treating 

surgeon, physiotherapist or the parent. The scale rates the walking ability of the children at 

three different distances, 5m, 50m and 500m. These distances essentially look at the 

mobility of the children in different environments; at home (5m), at school (50m) and in the 

community (500m). The completion of these distances is rated from one to six, with one 

being completion of the distance by the use of a wheelchair or buggy, and six being 

independent mobility on all surfaces. The tool also takes into account crawling, and if the 

distance is not applicable (Graham, et al., 2004).  

In order to determine validity, the FMS was compared to the Rancho Scale (RS), a Child 

Health Questionnaire–Australian CHQ PF-50 (CHQ), and a Pediatric Outcomes Data 

Collection Instrument (PODCI)–version 2. Correlation for each subsection was determined 

using the Spearman rank correlation and significant correlation was found for each 

subsection with all the above mentioned tools (P < 0.05) (Graham, et al., 2004).  

Construct validity of the FMS was found by Harvey et al (2010), where they compared the 

FMS scores of a care-giver in comparison to those given by the treating physiotherapist. 
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They found substantial agreement for all three environments, with greatest agreement for 

the 50m and 500m distances (weighted kappa 0.71, 0.76 and 0.74 for 5m, 50m and 500m 

respectively) (Harvey, et al., 2010).  

The FMS has also been shown to have excellent interrater reliability as seen in the study 

done by Harvey et al (2010). Good interrater reliability was found over all three distances 

with the kappa coefficient being 0.87 for 5 m, 0.92 for 50 m, and 0.86 for 500 m. 

When looking at the ability of the FMS to detect change following SEMLS, Harvey et al 

(2007) found a significant deterioration in the FMS at three and six months post-surgery, with 

a return to baseline at one year post surgery. Further improvement was seen at two years 

post-surgery ( p= 0.05) (Harvey, et al., 2007). 

From the above mentioned findings it can be concluded that the FMS is a valid and reliable 

tool (Harvey, et al., 2010; Harvey, et al., 2007; Graham, et al., 2004). Additionally the FMS 

has been shown to detect change after SEMLS and thus can be used to assess post-

operative change in children with CP. 

2.7 Conclusion 

SEMLS has been widely researched, with a large amount of literature to support it 

(Thomason, et al., 2013; Harvey, et al., 2012; Rutz, et al., 2012; Godwin, et al., 2009). The 

quality of the research has improved immensely in recent times although there are still some 

limitations in the majority of the current research (McGinnley, et al., 2012). Research shows 

that there is a significant improvement in gait at the one-year follow-up period with results 

being maintained up to a five year follow-up (Thomason, et al., 2013). There is an initial 

deterioration in function at the six month follow-up, with return to the pre-operative function 

at the one year assessment (Thomason, et al., 2011). Significant changes in function are 

seen at the two year follow-up period, with results maintained at the five year follow-up 

(Thomason, et al., 2013). There is little research on the outcomes of SEMLS in developing 

countries where the resources available differ (Khan, 2007). The clinical picture of children 

with CP in developing countries is also altered due to late diagnosis and limited therapy 

(Khan, 2007). Further research is needed in order to determine the outcomes of SEMLS in 

this setting. 

More than 90% of children with HIV live in sub-Saharan Africa (Donald, et al., 2015; 

Lowenthal, et al., 2014; Baillieu & Potterton, 2008). The advent of HAART has meant that 

many children with HIV are now living much longer (Lowenthal, et al., 2014). These children 

are also living with complications associated with HIV, such as HIVE. There is little research 
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that has been done in terms of the clinical presentation and management of these children 

(Langerak, et al., 2014). It has been found that the gait in children with CP does differ to the 

gait in children with HIVE. They found that children with HIVE can be divided into two 

groups. The first group’s gait deviates slightly from normal gait. On gait analysis the second 

group had stiff knees and increased equinus. This is however the only study to date that has 

compared the gait of children with HIVE to those with CP (Langerak, et al., 2014). There is 

still no research on the appropriate management of these children. 

The correct physiotherapy management of children with CP has been widely reported on in 

the literature however most of the studies conducted are of poor quality and low level of 

evidence (Martin, et al., 2010; Anttila, 2008). Although a highly recognised therapeutic 

approach NDT had very little good quality evidence to support its use in the treatment and 

management of children with CP (Novak, et al., 2013; Martin, et al., 2010; Anttila, 2008). 

Strength training and aerobic exercise have been shown to be effective in the treatment and 

management of children with CP, although preferred duration and intensity has not been well 

documented (Novak, et al., 2013; Franki, et al., 2012; Martin, et al., 2010; Anttila, 2008). 

There is also little research with regards to the appropriate physiotherapy intervention post 

SEMLS (McGinnley, et al., 2012).  
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Chapter Three - Methodology 

This chapter contains a detailed report of the methodology used to conduct the research. 

3.1 Study design 

A longitudinal, single group, pre-test post-test design was used. 

3.2 Location  

This study was conducted at Chris Hani Baragwanath Academic Hospital (CHBAH). CHBAH 

is located in SOWETO, a township in the south of Johannesburg. SOWETO has a 

population of over 4 million people. The hospital is an academic hospital and provides a 

large variety of specialised services to the people of SOWETO. CHBAH also receives many 

referrals from the surrounding areas for patients requiring specialised care. It is the largest 

hospital in Southern Africa and has over 1500 beds. The paediatric services offered are vast 

and range from paediatric neurology, cardiology, respiratory, ICU, neonatal services, surgery 

as well as orthopaedics. There are two paediatric orthopaedic wards with 30 beds in each 

ward. All assessments were done in the neurology treatment gym of the physiotherapy 

department. SEMLS was provided and the research physiotherapist worked at the site. The 

research question evolved from outcomes of SEMLS seen at this site. CHBAH was therefore 

chosen as the site for the study. 

3.3 Description of subjects 

Children presenting with spastic diplegic CP or spastic diplegia as a result of HIVE, GMFCS 

II or III, who were referred to the orthopaedic clinic at CHBAH for assessment. All of the 

children who met the criteria for corrective surgery were considered for inclusion into the 

study. The children were referred by the surrounding clinics and special needs schools as 

well as primary health care facilities in different districts.  

All children eligible for SEMLS at CHBAH who met the inclusion criteria were invited to 

participate. Participants were recruited during the period from 1 January 2013 until 30 May 

2014. Eleven participants were recruited for the study. The small sample size was due to the 

small number of patients that were eligible for SEMLS. Further detail with regards to this can 

be seen in chapter five. Due to the high HIV rate in South Africa, many children present with 

spastic diplegia due to HIVE. With the advent of HAART the majority of these children 

present with a static encephalopathy. If HIV positive patients who are compliant on HAART 
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were excluded from the study it would not be a true picture of the patients seen and treated 

in the public South African health care setting.  

3.3.1 Inclusion criteria 

Children were included in the study if 

1. They presented with spastic diplegic CP or spastic diplegia due to static HIVE. 

2. They were GMFCS level II/III. 

3. They were able to walk at least ten meters with or without an assistive device. 

4. They were between the ages of six and eighteen years. 

5. They were able to follow two-part instructions. 

6. A care-giver was able to bring the child to weekly follow-ups at their regular place of 

therapy as required per the treatment protocol. 

3.3.2 Exclusion criteria 

Children were excluded from the study if: 

1. They presented with hemiplegic or quadriplegic CP. 

2. Their diagnosis was unconfirmed. 

3. They were GMFCS level I, IV or V. 

4. They had had orthopaedic surgery, or botulinum toxin within the last six months. 

5. They were HIV positive, and had not been receiving HAART for at least one year. 

6. They were HIV positive and their CD 4 count was less than 300 or they had high viral 

loads. 

3.4 Assessment Tools 

3.4.1 EVGS 

Three-dimensional gait analysis is the gold standard for the assessment of gait in order to 

assist with the management of children with CP (Bella, et al., 2012; Maathuis, et al., 2005). 

As three-dimensional gait analysis was not available for the purposes of this study, a video 

gait analysis tool was used. The EVGS has been found to be valid and reliable (Viehweger, 

et al., 2010; Ong, et al., 2008). The EVGS is a 17 item assessment scale. Each item of the 

assessment refers to a specific part of the anatomy during gait. The scorer can score each 

item ranging from zero to two, with zero being within normal range for gait, and two being a 

large variation from normal. The lower the score, the closer that the child’s gait is to the 

normal range (Read, et al., 2003). The EVGS was used for the purpose of this study as a 
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video could be taken, and assessed at a later stage. This also meant that the person 

assessing the video could be blinded to the HIV status of the child. (Appendix III) 

3.4.2 GMFM 

Gross motor function was assessed using the GMFM. This tool was selected as it is the gold 

standard for the assessment of gross motor function in children with CP (Debuse & Brace, 

2011). The GMFM-66 was used instead of the GMFM-88 as it has been found to be the 

preferred tool for research purposes. This is due to the fact that it uses an ordinal scale, it 

takes into account items that weren’t tested and it takes a shorter time to administer (Russel, 

et al., 2002). The GMFM measures performance on the day, not capability. Each child was 

given three turns to complete an item, as per the instruction manual. Each item can be 

scored ranging from a zero to a three. Zero was given if the child was unable to initiate the 

task, one if they were able to initiate the task, two if they were almost able to achieve the 

task, and three is they were able to achieve the task. The scores were given according to the 

guidelines given in the users manual. The higher the score indicates that the child has 

greater gross motor abilities (Russel, et al., 2002) (Appendix IV). 

3.4.3 FMS 

Like the GMFM, the FMS assessed the outcomes of the children following SEMLS at the 

activity level of the ICF. In contrast to the GMFM the FMS assessed the child’s capability, 

rather than their once-off performance (Graham, et al., 2004). The FMS has been shown to 

have good construct validity (Harvey, et al., 2010) and children were scored according to 

parent report. The FMS assesses the ability of the child to complete three different 

distances, 5m, 50m and 500m. Each distance was scored according to the assistance 

needed to complete the distance, see appendix V. The greater the score, the less assistance 

required for mobility. 

3.5 Procedure 

3.5.1 Recruitment 

Data collection occurred from January 2013 until June 2014. All the nearby schools for 

children with CP were contacted with regards to appropriate children for the study. The CP 

clinic was also screened by the physiotherapist for appropriate candidates. Candidates for 

the study were assessed by the orthopaedic surgeon at the Paediatric Orthopaedic Out-

patients Clinic at CHBAH. The child’s diagnosis was taken as per the diagnosis in the child’s 

out-patient file. Suitable candidates for surgery were then referred to the physiotherapist at 
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CHBAH for screening and selection. Appropriate candidates, according to the inclusion and 

exclusion criteria, were invited to participate in the study. Each participant and care-giver 

was given a written information sheet, along with a consent and assent form (Appendix VI & 

VII). All forms were written in English, but verbal translation was provided if needed. All 

participants and care-givers were given the right to refuse to participate in the study.  

3.5.2 Pre-operative management 

All participants were booked for pre-operative physiotherapy appointments. Each participant 

received either one or two pre-operative physiotherapy sessions, depending on the time of 

referral to physiotherapy prior to the date of surgery. A full explanation of the surgery, 

hospital stay and rehabilitation process was given to the care-giver and child. All of this 

information was also compiled into a basic information sheet (Appendix VIII) which was 

given to all the care-givers. Each child underwent a thorough functional assessment, and 

was issued a unique Home Exercise Programme (HEP) (Appendix IX) according to his/her 

needs.  The HEP sheet was standardized, but the appropriate exercises for each child were 

highlighted. All exercises given to the child were demonstrated to the caregiver. 

After this session the children continued their HEP and any other regular therapy sessions, 

i.e. at their school, until surgery as well as after surgery. The surgical procedure, and therapy 

plans were communicated with the treating therapists either verbally or via a letter.  

3.5.3 Surgical management 

All surgeries were done by the same orthopaedic surgeon. The assistants for the surgeries 

varied due to staff rotation. 

3.5.4 Post-operative management 

All children received daily in-patient therapy post-surgery (Monday-Friday), until the date of 

discharge. The CHBAH treatment protocol (Appendix X) for children post SEMLS was 

followed for all children during their hospital stay and as an out-patient. Once discharged the 

children were followed-up one week post discharge at CHBAH by the physiotherapist and 

orthopaedic surgeon. If the child was receiving therapy at another institution prior to surgery, 

they continued with their therapy at that institution. The frequency of therapy varied in the 

different institutions. Children who received therapy at the schools received weekly therapy 

during the schools term. Children who received therapy at health care facilities received 

weekly therapy for the first six weeks, then monthly therapy after that. These children were 

followed up every three months by the team at CHBAH after the initial one week follow-up. 
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During this period the children and care-givers were encouraged to continue with their HEP 

on a daily basis. The HEP was adjusted according to the child’s needs at each follow-up 

session.  If surgery occurred during or close to school holidays, therapy was continued at 

CHBAH until schools re-opened. Children were readmitted for one to two weeks if the child 

was found to be non-compliant with the HEP. Therapy was not standardised in order to 

determine whether the therapy that the children were currently receiving was adequate, or 

whether changes needed to be implemented. 

Re-assessment was done using the EVGS, FMS and GMFCS-66 at six months and one 

year post surgery. Where possible all follow-up assessments were done on the same day as 

the child’s follow-up appointment with the orthopaedic surgeons. Any child who missed a 

scheduled appointment or assessment date was contacted telephonically and rebooked. 

3.5.5 Measurement 

The GMFCS level was allocated to the child by the operating orthopaedic surgeon and the 

physiotherapist at CHBAH in consultation with each other. 

A full clinical assessment was done by either an orthopaedic surgeon or an orthopaedic 

registrar. This assessment was repeated at six months and one year post-surgery. Due to 

six monthly staff rotations, the children were not necessarily assessed by the same 

orthopaedic surgeon or orthopaedic registrar at each consultation. This assessment 

consisted of radiological examination as well as a clinical examination.  

The radiological examination consisted of review of an AP pelvis x-ray. The x-ray was used 

to determine the Migration Index. The Migration Index determines the amount of subluxation 

that is occurring at the hip joint.  

During the clinical examination the orthopaedic surgeon or registrar measured the popliteal 

angle, the rotational profile, active and passive joint range of motion at the hip, knee and 

ankle, which included identification of any fixed contractures. An assessment of their gait 

was also done. Each patient was also assessed by the operating orthopaedic surgeon prior 

to surgery.  

The full functional assessment, which included the GMFM-66 and the FMS, was completed 

by one physiotherapist in the CHBAH physiotherapy department. The physiotherapist had 

five years’ experience at the commencement of the study and she was NDT trained. Due to 

the nature of the study, the physiotherapist was not blinded to which assessment it was 

being done, whether it was the pre-operative or one of the post-operative assessments, or to 
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the HIV status and place of therapy. The GMFM-66 was completed according to the 

guidelines in the user’s manual (Gross Motor Function Measure (GMFM88 & GMFM66) 

User’s Manual (2002)). The FMS was completed according to care-giver report. 

The video used for the EVGS was taken by the assessing physiotherapist in one of the 

treatment areas in the physiotherapy department at CHBAH. The video was taken with a 

Canon Legria HF R206 HD Camcorder. The children walked a distance of ten meters across 

the length of the treatment room. For each video the children had to walk from the one end 

of the room to the other end of the room and back, a total distance of twenty meters. At least 

two videos were taken of each patient, one in the coronal and one in the sagittal view. 

Children used appropriate walking aids during completion of the required distance. All 

equipment used was recorded. The children were barefoot during the video assessment. 

The videos were copied onto a disk and given to a second orthopaedic surgeon, with more 

than five years’ experience, to score according to the EVGS. The date at which the video 

was taken was concealed and the videos were randomised. The videos were assessed by 

the orthopaedic surgeon on his private computer off site. 

3.6 Ethical considerations 

3.6.1 Permission to conduct research 

Permission to conduct research was granted by the research board of CHBAH. Selected 

children and their parents were given information sheets with an attached consent and 

assent form respectively (Appendix VI & VII). The parents of all the children consented to 

participate in the study. 

3.6.2 Ethical clearance 

Application for ethical clearance was made to the Human Research and Ethics Committee 

(Medical) of the University of the Witwatersrand and approval was granted (Clearance 

number M120907) (Appendix X). 

3.7 Statistical Considerations 

The primary objective is to determine the gait pattern and functional level of children post 

SEMLS and compare this to their pre-operative function. With this data, the aim was then to 

determine whether the outcomes of SEMLS in developing countries are similar to those seen 

in developed countries. The secondary objectives being to describe the outcomes of SEMLS 

in children with spastic diplegia as a result of HIVE as well as in children with spastic diplegic 
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CP. A further objective was to discuss other factors that may influence the outcomes of 

SEMLS. The outcomes were measured according to gait parameters, gross motor function 

and functional gait using the EVGS, GMFM and FMS. 

3.7.1 Data Analysis 

Due to the small sample size, the data was not analysed statistically. For the purpose of this 

study, the data was analysed descriptively, using the Minimum Clinically Important 

Difference (MCID) as per the literature to determine whether the results showed clinical 

significance.  
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Chapter Four - Results 

The results obtained during this study can be found in the chapter below. 

4.1 Demographics 

The table below (Table 4.1) describes the age at all assessments, as well as the gender, 

GMFCS level, HIV status and place of therapy for all patients. All participants were referred 

to the CHBAH paediatric orthopaedic clinic and accessed public health care.  

Eleven children were recruited to the study. One child was lost to follow-up. The child 

attended one post-operative physiotherapy appointment after rescheduling, and then she 

defaulted. Her primary care-giver had no personal cell-phone and needed to be contacted 

either via the child’s father or her neighbour. This was very difficult, as the primary care-giver 

was often not with these two people when they were contacted. After numerous phone calls, 

a follow-up assessment appointment was made, and confirmed the day before. The child 

and her care-giver did not attend the clinic or the physiotherapy appointment. The therapist 

was unable to contact her to determine why they did not attend the appointment.  
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Table 4.1 Age, gender, GMFCS level, HIV status and place of therapy for all particpants  

Number 
 

Age pre-
operatively 

Assistive 
devices 

Gender 
 

GMFCS 
level 

HIV 
 

Place of 
therapy 

1 8yrs 3m 
Bilateral 
AFOs* M 2 -ve CHBAH 

2 8yrs 9m Left AFO* M 2 -ve 

Vanderbijl-
park 
Hospital 

3 11yrs 0m 
Rollator, 
knee brace F 3 -ve 

Hope 
School 

4 11yrs 1m 
Bilateral 
AFOs* M 2 -ve 

Klerksdorp 
Hospital 

5 12yrs 0m 
Elbow 
crutches^ F 2 -ve 

Hope 
School 

6 14yrs 5m 
Bilateral 
GRAFOs* F 2 -ve 

Germiston 
Hospital 

7 6yrs 6m 
Bilateral 
AFOs F 2 +ve 

Private 
Therapist  

8 8yrs 0m 

Bilateral 
AFOs, 
rollator^, 
crutches  F 3 +ve 

Hope 
School 

9 8yrs 1m 
AFOs, 
rollator M 3 +ve 

Isibeleni 
School 

10 10yrs 7m 
AFOs, 
crutches^ F 3 +ve CHBAH 

AFO- Ankle Foot Orthosis.  
GRAFO – Ground Reaction-force Ankle Foot Orthosis 
*Not compliant with use 
^progressed to the use of another or no device. 

All demographics for the participants can be seen in the table above. With regards to the 

children who were HIV positive, the mean baseline CD4 count was 1757.25 (Range 795 - 

3024). Two of the baseline viral loads were not detectable, one specimen was rejected, and 

one was 540.  

Most of the children were admitted the day before surgery. The mean length of stay was 

8.63 days and the standard deviation was 3.15. 

Five children attended physiotherapy within the government health care setting, either at a 

clinic or at a hospital, four children attended special needs schools in Gauteng where they 

received physiotherapy, and one child received therapy from a volunteer physiotherapist in 

the community. Children receiving physiotherapy at the schools had weekly physiotherapy, 

except during school holidays. Children receiving therapy in the government health care 

setting or the community received weekly physiotherapy initially for six weeks, then monthly 

therapy there-after. 

The mean age of the children in this study at the time of surgery was nine years and ten 

months, with a standard deviation of two years and four months. The ages ranged from six 
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years six months to fourteen years five months. The average time to first follow-up was six 

months and thirteen months at the second follow-up appointment.   

Three children had previously received Botulim Toxin more than six months prior to the 

surgery. No children had previously had any surgical intervention. 

4.2 Surgical procedures 

The surgical procedures performed are summarised in table 4.2 below. 

Table 4.2 A summary of the surgical procedures performed per patient 

Patient Number of 
procedures 

Adductor 
release 

Hamstring 
release 

VDRO Semi-T 
transfer 

Strayer Psoas 
release 

Rectus 
femoris 
release 

MTP 
fusion 

1 8 B B B B     

2 5  B B  L    

3 7 B B   L B   

4 4  B B      

5 6 B B B      

6 8 B B  B    B 

7 8 B    B B B  

8 6  B B  B    

9 8  B B B  B   

10 7  B B B R    

B- Bilateral; R-Right; L-Left 
VDRO-Varus Derotation Osteotomy, Semi-T- Semi Tendinosus, MTP- Metatarsal Phalangeal 

The table above (Table 4.2) indicates the number and type of surgical procedures that the 

patients underwent. A total of 67 surgical procedures were performed, with an average of 6.7 

procedures per patient. The most common procedure was the hamstring release in nine of 

the ten patients, all were done bilaterally, followed by the Varus Derotation Osteotomy 

(VDRO) in seven patients, which were again all bilateral. 

There was only one adverse event noted from the surgery. Patient number three’s left 

femoral nerve was partly cut during an over the brim psoas lengthening. The nerve injury 

resulted in a partial loss of sensation in the leg, generalised weakness, especially with 

regards to hip flexion and knee extension and severe pain. These factors all contributed to 

deterioration in her class work and difficulty concentrating at school. A repair was done and 

she was given a TENS machine to manage her pain. At the one year follow-up period her 

pain was being fully managed with a TENS machine and some of her sensation had 

returned to her leg. She still had generalised weakness in her leg and was using a brace to 

assist with ambulation at the one year follow-up assessment. 

Two children have undergone a second surgery for removal of their blade plates. To date no 

children have required any further surgical correction or Botulim Toxin.  
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4.3 Gait analysis  

The pre and post-operative EVGS scores are presented in the table below (Table 4.3.1). 

Table 4.3.1 A comparison of pre-operative and post-operative EVGS scores 

 Pre-operative Six months post-operative One year post-operative 

 Right Left Right Left Right Left 

1 11 20 2 18 4 16 

2 14 23 9 12 12 10 

3 21^ 23^ a* a* a* a* 

4 13 4 9 1 8 10 

5 15 14 15 17 15 14 

6 14 12 9▫ 11▫ 8▫ 11▫ 

7 14 23 14 15 15 13 

8 22^ 24^ 13^ 28^ 17▫ 8▫ 

9 19^ 17^ 18^ 17^ 20^ 21^ 

10 22 23 16 19 19 22 

Mean 16.00 17.78 11.67 15.33 13.56 13.78 

Standard 
deviation 

4.00 6.74 4.90 7.26 5.81 4.97 

*Use of a brace during gait 
^The use of a reverse walker or rollator 
▫The use of crutches 
a- No result  
 

In order to complete 10m for the gait analysis, pre-operatively three children used rollators 

and the remaining seven children were able to complete this distance independently. Videos 

were scored without the use of splints, namely ankle foot orthosis (AFO’s). Six months post 

operatively two children were still using a rollator and one child was now using crutches. This 

changed at one year post-operatively as one child had progressed from using a rollator to 

using crutches for this distance. The orthopaedic surgeon was unable to score the videos for 

child number three post-operatively, as she was using a brace for gait, and this would 

significantly alter her score.  

When using the EVGS the greater the score, the more that the child’s gait deviates from the 

normal. A score of zero would indicate a normal gait pattern in that leg, however as all 

children in the study have spastic diplegia, where both lower limbs are involved, it is not 

expected to get a score of zero for any of the assessments. The mean scores for each leg 

decreased at both the six month and one year post-operative and therefore improvement 

was seen in the gait pattern at each assessment. 

The mean score per child for the three assessments were 33.78, 27.00 and 27.33, going 

from pre-operative to the final assessment. All scores for child number three were excluded 

from the analysis. The change in the means from the pre-operative to the six month post-

operative assessment was 6.78, with little further change in the mean at the one year post-

operative assessment. Pre-operatively the scores per leg ranged from four to twenty four. 
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The ranges for the six month and one year post-operative assessments were two to twenty 

eight and four to twenty two respectively.  

The average change in the EVGS scores at each follow-up are represented in the table 

below (Table 4.3.2). 

Table 4.3.2 A summary of the average change in the EVGS scores 

 

The mean change in the score per child from the pre-operative assessment to the six month 

post-operative assessment was 6.8 and change was seen at all joints that were assessed. 

There was a small overall deterioration of 0.3 from the six month to the one year post-

operative assessment, with the change at the one year post-operative assessment in 

comparison to baseline being 6.5. The greatest change at the six month post-operative 

assessment was seen at the knee, followed by the foot. The most deterioration from the six 

month to the one year post-operative assessment was seen at the knee, followed by the 

trunk and pelvis. The change in the knee range during gait corresponds with the change in 

the popliteal angle at each assessment. The mean popliteal angles for the pre-operative, six 

month and one year post-operative assessments were 48.75, 26.75 and 29.75 respectively.  

Looking at the change from the initial assessment to the one year post-operative 

assessment, there was an overall improvement seen at every joint, except at the pelvis 

where the scores remained the same. 

 

 

 

 

 

 

Change from pre-
operative to six month 
post-operative scores 

 

Change from six month 
post-operative to one 
year post-operative 

scores 

Change from pre-
operative to one year 
post-operative scores 

 

Total 6.8 -0.3 6.5 

Foot 1.2 0.9 2.2 

Knee 3.4 -0.9 2.5 

Hip 0.9 0.3 1.2 

Pelvis 0.3 -0.3 0.0 

Trunk 0.9 -0.3 0.6 
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4.4 Functional outcome measures 

4.4.1 GMFM-66 

The GMFM-66 scores are represented in the table below (Table 4.4). 

Table 4.4.1 A comparison of pre-operative and post-operative GMFM-66 scores  

 GMFM-66 
Pre-

operative 
Six months 

post-
operative 

One year 
post-

operative 

1 69.63 72.16 74.16 

2 80.93 79.11 92.05 

3 50.09 44.56 46.5 

4 82.99 89.7 92.05 

5 71.22 61.51 65.33 

6 76.75 69.63 74.16 

7 72.63 69.63 70.04 

8 52.09 53.38 55.15 

9 50.85 50.62 53.86 

10 69.63 67.75 75.34 

Mean 67.68 65.81 69.86 

Std dev 12.35 13.65 15.24 
Scores improved 
Scores decreased 
 

The GMFM-66 has no normative values to which it can be compared to, however the higher 

the GMFM-66 score the more functional the children are. After the age of seven years, due 

to a plateau in function, there is usually a plateau in the GMFM-66 score. This score can 

however change after an intervention.  

The GMFM-66 scores ranged from 44.56 to 92.05 over the three assessments. There was a 

2.77% decrease in the mean GMFM scores at the six month follow-up assessment. The 

scores did however increase by 6.71% from the six month to the one year follow-up 

assessment. This indicates in an overall improvement of 3.23% from the pre-operative 

GMFM scores to those at the one year follow-up assessment. Six patients GMFM scores 

improved in comparison to baseline at the one year follow-up assessment, and four scores 

decreased. 

The cadence of the children was assessed at each follow-up. The mean cadence at the pre-

operative, six month post-operative and one year post-operative assessments were 0.57m/s, 

0.50m/s and 0.65m/s respectively 
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4.4.2 FMS 

Below is a table comparing pre-operative and post-operative FMS scores. 

Table 4.4.2 A comparison of pre-operative and post-operative FMS scores 

  
Pre-operative 

  
  

Six months post-
operative 

  
  

One year post-
operative 

  
  

  5m 50m 500m 5m 50m 500m 5m 50m 500m 

1 6 6 6 6 6 N 6 6 N 

2 6 6 6 6 6 6 6 6 6 

3 C 1 1 1 1 1 1 1 1 

4 6 6 6 6 6 6 6 6 6 

5 5 5 5 3 3 3 5 4 3 

6 6 6 5 6 6 5 6 6 5 

7 5 5 5 5 5 5 5 5 5 

8 2 2 2 C 2 2 3 3 3 

9 C 1 1 C 1 1 2 1 1 

10 5 4 N 5 3 N 5 3 3 

What is important to note about the above table is the change in assistance needed during 

gait. One of the aims of the surgery is to maintain the children’s current ability to walk into 

adulthood, or to improve their current mobility. An increase in the FMS scores will indicate 

that the child is using less assistance for mobility and therefore an improvement has been 

seen. 

The change in the FMS at each follow-up is represented in the graph below (Graph 4.4). 

 

Figure 4.4 Changes in FMS scores for the 5m, 50m, and 500m distances at the six month and one year 
follow-up. 
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At the six month follow-up assessment, there was an overall decline in functional mobility, 

with one to two children needing more assistance during gait for each distance. At the one 

year follow-up period, some of the children were starting to mobilize with less assistance, 

and therefore improvement was seen. 

4.5 HIVE and CP 

All children in the study who were HIV positive presenting with HIVE, were receiving HAART 

and had a history of compliance prior to participation in this study.  

Demographics for each group can be seen in the table below (Table 4.5.1). 

Table 4.5.1 Age, gender and GMFCS level for the CP group and the HIVE group 

 Age 
Mean 

(Std dev) 

Gender 
 

GMFCS level 
 

CP 
(n=6) 

10 yrs 11 months 
(26.97) 

 

F=3 
M=3 

II=5 
III=1 

 

HIVE 
(n=4) 

8 yrs 4 months 
(32.71) 

 

F=3 
M=1 

II=1 
III=3 

 

The above table highlights that the CP group had more children of a lower GMFCS level 

than the HIVE group. The GMFCS levels of each group links with the pre-operative EVGS 

and GMFM-66 scores of each group. The CP group had mean scores of 30.66 and 79.14 for 

the EVG and GMFM respectively, whereas the HIVE group mean scores were 41 and 69.3.  

A comparison of the results of the outcomes measure for each group can be seen in the 

table below (Table 4.5.2). 
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Table 4.5.2 Pre-operative and post-operative scores between the CP and HIVE group 

  EVGS GMFM-66 FMS 
Change from 

pre-operative to 
six month post-
operative scores 

CP 7.40 -2.49 -6 

HIVE 6.00 -0.95 -3 

Change from six 
month post-

operative to one 
year post-

operative scores 

CP -1.00 4.60 3 

HIVE 0.50 3.25 10 

Change from 
pre-operative to 
one year post-

operative scores 

 

CP 6.40 2.11 -3 

HIVE 6.50 2.30 7 

 

Overall change in the EVGS for both the CP and HIVE group were similar when looking at 

both the EVGS and GMFM. With regards to the EVGS the CP group had a larger initial 

improvement (7.4), with a deterioration of one at the one year post-operative assessment. 

The HIVE group showed continued improvement up to the one year follow-up period, with 

the greatest change of six occurring at the six month follow-up. 

In terms of function both groups had an initial deterioration in their GMFM-66 scores, with 

the change in the mean scores for the CP group and the HIVE group being 2.49 and 0.95 

respectively. There was an increase of 2.11 (2.93%) for the CP group and 2.3 (3.75%) for 

the HIVE group from the initial assessment to the one year follow-up assessment.  

Looking at the functional gait of the children, the CP group had an overall decrease in 

functional gait of six as measured on the FMS, but with improvement seen from the six 

month post-operative assessment to the one year post-operative assessment of three. The 

HIVE group also had an initial deterioration in functional gait however there was an overall 

improvement of seven at the one year post-operative follow-up period.  
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4.6 Place of therapeutic intervention 

Baseline demographics for each group can be seen in the table below (Table 4.6.1). 

Table 4.6.1 Age, gender and GMFCS level for the children attending therapy at a school and those 
attending therapy at a health care facility 

 Age 
Mean 

(Std dev) 

Gender 
 

GMFCS level 
 

Schools 
(n=4) 

9yr 9months 
(24.46) 

F=3 
M=1 

II=1 
III=3 

 

Health care facilities 
(n=6) 

9yr 11mo 
(33.02) 

F=3 
M=3 

II=5 
III=1 

 

The pre-operative functioning of the two groups is depicted by the pre-operative EVGS and 

GMFM-66 scores. The schools group had a lower pre-operative functioning with a mean 

EVGS score of 38.75 and a mean GMFM-66 score of 56.06. The mean EVGS score for the 

health care facilities group was 32.17, with the mean GMFM-66 of 75.43.  

Results of the outcomes measure for each group can be seen in the table below (Table 

4.6.2). 

Table 4.6.2 Pre-operative and post-operative scores between the children attending therapy at the 
schools and those attending therapy at the health care facilities 

  EVGS GMFM-66 FMS 
Change from 

pre-operative to 
six month post-
operative scores 

Schools 1.00 -3.55 -7 

Health 
care 

facilities 

9.70 -0.76 -2 

Change from six 
month post-

operative to one 
year post-

operative scores 

Schools 4.30 2.69 10 

Health 
care 

facilities 

-2.70 4.97 3 

Change from 
pre-operative to 
one year post-

operative scores 

 

Schools 5.30 -0.85 3 

Health 
care 

facilities 

7.00 4.21 1 

The health care facilities group showed a large overall change in the GMFM and the EVGS. 

The schools group had a larger change with respect to the FMS. 
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4.7 Conclusion 

As determined by using the EVGS all children had a gait pattern that deviated from the 

normal gait pattern. The variation of the deviation of the gait pattern was vast, with the EVGS 

scores per leg ranging from two to 23, with the highest possible score being 34 per leg. 

Pre-operatively the children in the study had moderate to high levels of gross motor function, 

with a mean GMFM-66 score of 67.68 and the majority of the children participating in the 

study walked independently prior to the surgery in the home, school and the community as 

assessed by the FMS. 

There was an overall improvement in the gait pattern of the children post-operatively, and 

the improvement continued until the one year follow-up. In contrast there was an initial 

deterioration in function, as measured by the GMFM-66 at the six month follow-up, but there 

was improvement in function at the year follow-up period. Similarly there was a deterioration 

seen in functional gait at the six month follow-up, with some improvements seen at one year. 

Some children were however, still needing more assistance for gait than pre-operatively.  

Both the CP group and the HIVE group had similar outcomes as described for the group as 

a whole. The only difference seen was that there was initially a large change in the gait in 

the CP group at the six month assessment, with a small decline in the EGVS seen at one 

year. The CP group also still required more assistance for gait at the one year follow-up 

assessment than pre-operatively. 

The schools and the health care facilities group both showed overall improvement in all 

areas, except for the GMFM-66 scores of the schools group which was still lower than the 

pre-operative scores. 
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Chapter Five - Discussion 

5.1 Gait 

Using gait analysis to determine outcomes post SEMLS, shows an improvement in gait up to 

the one year follow-up period (Gorton III, et al., 2009).These results have been found to be 

maintained up to the five year follow-up period (Thomason, et al., 2013). This study yielded 

similar results with an improvement of the mean EVGS scores at the one year follow-up. The 

mean change in EVGS was 6.4 from the pre-operative assessment to the one-year follow-

up, with a deterioration of 0.3 from the six month to the one-year follow-up assessment. 

Regarding the EVGS scores, Gupta & Raja (2012) reported that for a large effect size of 

1.15 and 1.22 at the six month and one year follow-up assessments respectively, the 

minimum clinically important differences (MCID) are 11 and 15. According to this, the 

change in gait in this study is not clinically significant. It has been reported that a medium 

effect size is 0.5 with a large effect size being anything above 0.8 (Offinger, et al., 2008). 

With this in mind it needs to be questioned whether a smaller change in EVGS will still show 

a difference clinically. Further investigations need to be done to determine the change in 

EVGS for an effect size of 0.8 and 0.5.   

Gupta & Raja (2012) also found a change of 12.08 from the pre-operative assessment to the 

six month post-operative assessment and a small improvement of 1.18 from the six month to 

the one year post-operative assessment. The initial change in their study was almost double 

the change seen in this study. A deterioration of 0.3 was seen in this study from the six 

month to the one year post-operative assessment which also contrasts to Gupta & Raja’s 

(2012) findings.  

There were some differences in this study in comparison to the study by Gupta & Raja 

(2012) that may account for the differences in results. The mean number of procedures per 

patient was 3.7, and some of the children underwent single level surgery, whereas the 

children in this study all received multilevel surgery with a mean of 6.7 procedures per child. 

Therefore the children would have required a shorter recovery period due to decreased 

intervention. Most of the procedures done by Gupta & Raja (2012) were soft tissue 

procedures, mainly at the foot. However seven out of the ten children in this study received a 

VDRO, which is a bony procedure, and recovery period after bony procedures is generally 

longer. 
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Another consideration when comparing this study to the study by Gupta & Raja (2012) is that 

80% of the children in their study were of GMFCS level III, whereas in the current study only 

40% were of GMFCS level III. It has been documented that there is greater change post 

SEMLS in children who have a higher GMFCS level (Harvey, et al., 2012). Therefore the 

difference in pre-operative functioning could account for some of the differences in the post-

operative change in the EVGS when comparing the two studies. 

Post SEMLS there is a larger improvement in gait from the pre-operative assessment to the 

six month follow-up period, with small improvements continuing to the one year follow-up 

(Gupta & Raja, 2012). The result of this study showed a small deterioration from the six 

month follow-up assessment to the final assessment at one year. This deterioration was 

seen at the knee, followed by the trunk and pelvis. The research shows improvements in gait 

parameters at all joints except at the pelvis, but only with regards to pelvic tilt, at short-term 

follow-up of one year. There was no significant deterioration in these parameters at mid to 

long term follow-up (Thomason, et al., 2013; Rutz, et al., 2013).  

The deterioration in gait parameters in this study may be attributed to the limited therapeutic 

intervention. There is little evidence in the literature with regards to the correct amount of 

therapeutic intervention post SEMLS (McGinnley, et al., 2012). Thompson et al (2013) 

reported that the children in their study received regular physiotherapy immediately after the 

surgery. At three months post-surgery the children then received twelve weeks of intensive 

physiotherapy. During this period the children received physiotherapy three times a week. 

Gupta & Raja (2012) did a week to ten days of intensive physiotherapy and training with 

regards to a HEP at either six or twelve weeks post-operatively. The children in this study did 

not receive an intensive block of therapy after twelve weeks, and training on the home-

exercise programme was limited. It is possible that the therapy programme, although 

relatively effective, as the children did improve post SEMLS, needs to be changed to include 

a block of intensive therapy for four weeks at three months post-surgery. 

Deterioration seen in the knee could be associated with the decreased compliance in the 

use of assistive devices. When available children received key stone splints, to wear over 

the knee at night to maintain hamstring length. Compliance with these was poor by the end 

of the study. The children, except those attending schools, were only attending therapy once 

a month by the one year follow-up period, and therefore maintenance of the knee range of 

motion (ROM) was very dependent on the child’s stretching and use of assistive devices at 

home. 
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There was also a small deterioration seen in the trunk and pelvis. With no surgeries being 

performed at this level, the deterioration here is most likely linked to the therapy received. It 

is possible that there was not enough emphasis on trunk strengthening in the rehabilitation 

and home exercise program given. This could have resulted in the deterioration in the trunk 

and pelvis during gait. 

5.2 Functional outcomes 

5.2.1 GMFM-66 

The results of the present study revealed an initial deterioration in the function, as measured 

by the GMFM-66, at the six month follow-up period, with an overall improvement in function 

of 3.83% at the one year follow-up assessment. Due to the small sample we were unable to 

determine whether the results were statistically significant although Thomason et al (2011) 

only found a statistically significant difference in GMFM-66 scores at the two-year follow-up 

period. 

When looking at function, cadence can also give an indication whether there was a 

functional change in gait. The change in the mean cadence corresponds to the changes in 

the GMFM-66 seen at each follow-up, with there being an initial deterioration with an overall 

improvement at one year.  

There was a large change of 2.18 from the mean pre-operative to the mean one year post-

operative GMFM-66 scores, which were 67.68 and 69.86 respectively. It has been reported 

that the minimum clinically important differences (MCID) for the GMFM-66 of a large effect 

size (0.8) is 1.3 (Offinger, et al., 2008). Therefore it can be determined that there was an 

observable change in function which was clinically significant.  

The improvement in the mean GMFM-66 scores at the one year follow-up period is greater 

in comparison to the prospective study done by Thomason et al (2013). They showed a 

change in mean GMFM-66 scores of only 0.2 at the one year post-operative assessment, a 

change of 4.1 at the two year post-operative assessment and an overall change of 3.3 at the 

five year post-operative assessment.  

The greater improvement in GMFM-66 at the one year follow-up assessment in our study 

could be due to the fact that these children had not reached their full functional potential prior 

to surgery. It has been documented that late diagnosis and limited physiotherapy is typically 

seen in children with CP in developing countries (Khan, 2007). Due to the plasticity of the 

infant brain, it has been proposed that early intervention is key to optimising function in 
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children with CP (Hadders-Algra, 2014). Furthermore children with CP who receive more 

frequent physiotherapy, with stretching and exercises present with fewer contractures and 

secondary complications (Knox & Evans, 2002).  From this it can be deduced that children 

with CP who are diagnosed late and have limited access to health care facilities, including 

physiotherapy, are more likely to have greater contractures and secondary complications. It 

is therefore likely that these children did not reach their full functional potential prior to 

surgery. 

Little research has been done in developing countries but a study in India yielded similar 

results. Children with untreated CP changed GMFCS level after SEMLS and intensive 

physiotherapy (Khan, 2007). This differs from studies in developed countries where GMFCS 

levels has been found to remain constant post SEMLS (Rutz, et al., 2012). Therefore it is 

possible that there will be a greater change in function post SEMLS in children in developing 

countries who have previously had limited access to health care facilities. Ongoing post- 

operative physiotherapy must be emphasised pre-operatively to all care-givers involved in 

potential SEMLS. 

5.2.2 FMS 

When looking at the outcomes as assessed by the functional mobility scale, an initial 

deterioration was seen at six months, with a return to baseline at twelve months. Similarly 

Harvey et al (2007) found that there was an initial deterioration in the FMS scores at three 

and six month assessments, with a return to previous function at one and an overall 

improvement seen at the two year follow-up period. At one year, over the 5m distance, two 

children scored better, one child scored worse, with seven children remaining the same. 

Over the 50m distance, one child scored better, two children scored worse and the rest 

remained the same. Two children scored better, two worse and six the same over 500m. 

When compared directly to the results from the pilot randomised control trial by Thomason et 

al (2011) (Appendix XI) over 5m this study yielded slightly better results with only one child 

scoring worse than pre-operatively, results were similar over 50m, and there were some 

children who improved over 500m in this study with no improvements at this distance seen in 

the randomised control trial.    

As with the GMFM-66, the slightly more favourable results seen with regards to the FMS 

scores in this study could also be attributed to the fact that these children had limited access 

to health care facilities prior to the surgery. Another aspect to consider is whether these 

children were mobilizing using the correct device prior to surgery.  
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The FMS is a tool designed to measure performance and not capability (Harvey, et al., 

2010). One’s performance is directly related to the therapeutic input and resources. It was 

noted by the clinician that when using the FMS in this context, children used a specific 

device or no device for a certain distance, even if that was not the most effective device for 

the child over that distance. The clinician attributed this to a lack of therapeutic intervention 

and resources available, as well as inexperience of the treating clinician. This is illustrated in 

child number one. He scored highly on the FMS pre-operatively; however his GMFM-66 

scores were relatively low in comparison to the group. His mother reported that he received 

no assistance with any distances pre-operatively, however when going very far, she would 

carry him on her back. It is possible that he would have been able to mobilize using sticks or 

crutches over 500m, however he was never advised of this or issued any devices. 

Two children were non-applicable for the distance of 500m as they were carried. In this 

setting, wheelchairs are not readily available to children who require them only for longer 

distances. Another challenge with utilizing a wheelchair for mobility in the community is that 

public transport is often inaccessible to patients in wheelchairs, which results in patients 

either having to use private transport which is costly. This then leads to the alternative and 

the children are carried by their mothers. This mode of assistance was not accounted for 

within the FMS and it can be assumed that in a developed country, they would have either 

been using a wheelchair or at least crutches for this distance. The use of an alternative 

device would have altered their FMS scores. The children in this study were issued the 

appropriative assistive devices, if available, after the surgery, resulting in the child being able 

to complete the distance post-operatively. Therefore some of the change in FMS scores 

could be attributed to the correct device being issued post operatively.   

5.3 HIVE and CP 

There is very little research with regards to the management of the complications associated 

with HIV. In this study clinicians sought to determine the outcomes post SEMLS in children 

with CP and HIVE in a developing country. 

Looking at the EVGS, both groups improved at the one year follow-up assessment, with the 

change in the mean scores being very similar. The CP group showed greater improvement 

at the six month assessment than the HIVE group with deterioration seen at the one year 

assessment. The HIVE group continued to improve up until the final assessment. The 

reason for the deterioration of the EVGS in children with CP is unclear. It is possible that this 

group was less compliant with the use of assistive devices and the home exercise 

programme.  
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With the MCID of the GMFM-66 being 1.3 (Offinger, et al., 2008) both groups showed a 

meaningful clinical change in the GMFM-66 scores at the one year follow-up assessment. 

The CP group had an overall improvement of 2.11 and the HIVE group had an improvement 

of 2.3. As discussed earlier these results are better than those seen in other studies and the 

results are similar between the two groups. The HIVE group showed less deterioration in 

function at the six month follow-up assessment. With the limited understanding of the 

appropriate medical and therapeutic intervention for children with HIVE (Langerak, et al., 

2014) this population of children has previously received limited therapy. With the limited 

therapy comes a change in the clinical picture and more potential for change post 

intervention as discussed above (Khan, 2007). These factors may have contributed to the 

smaller initial decrease in function seen in the HIVE group post SEMLS. 

The limited therapeutic intervention and by association the limited access to assistive 

devices is most likely also a contributing factor for the HIVE group having a greater 

improvement in FMS score at both the six month and one year post-operative follow-up.  

In order to fully understand the outcomes of this study in children with CP and those with 

HIVE, it is important to discuss the different aspects that may have affected the outcomes. 

Two of these aspects are age and pre-operative functional level. 

 The age of the children in this study ranged from six years six months to fourteen years five 

months. Due to the plateau in function of children with CP from the age of between six and 

seven years and the musculoskeletal changes that occur as a child reaches puberty, SEMLS 

is only done on children older than six years of age (Narayanan, 2012). The CP group mean 

age was two years seven months older than the HIV encephalopathy group. It has been 

documented that older children tend to have better functional outcomes after SEMLS 

(Svehlik, et al., 2011). The larger mean age of the CP group could possibly have resulted in 

the CP group having better outcomes than the HIVE group. 

The HIVE group had a lower initial GMFM-66 score of 61.3 in comparison to that of the CP 

group. There is a documented ceiling effect of the GMFM-66 as well as the FMS (Harvey, et 

al., 2012; Debuse & Brace, 2011) and therefore the higher the child’s GMFCS level the less 

potential there is for change. This would then result in the HIV group having more potential 

for change as a result of this its lower pre-operative function.  

When looking at the two groups, one can see that they both had favourable outcomes post 

SEMLS. Although the groups are small and no deductions can be made with regards to the 

population, this study has given an indication that SEMLS could be a viable option in the 
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treatment and management of children with CP and those with HIVE. It has opened the door 

for further research to be done in the area. 

5.4 Place of Therapeutic Intervention 

All the children in the current study continued to receive physiotherapy at the facility that they 

were receiving physiotherapy at prior to surgery, or were referred to their local health care 

facility for physiotherapy. The aim of this was to look at the outcomes of children receiving 

therapy at schools and those receiving therapy in health care facilities. 

With the overall greater improvement in the GMFM and the FMS seen in this study in 

comparison to the literature, although small, this study can serve as a step forwards in 

determining an effective physiotherapy program post SEMLS in this setting. With the 

majority of the therapy intervention consisting of a prescribed, progressive, home-based 

exercise programme as issued by the physiotherapist, it can be concluded that home-based 

exercise programs should be explored more with regards to treatment of children post 

SEMLS. This approach is supported in the literature which states that exercise programmes, 

including home-based exercise programmes, are effective in the management of children 

with CP. (Novak, et al., 2013).  

The children, who received therapy at the schools, received more regular therapy. The 

children at the schools received therapy weekly, whereas the children at the health care 

facilities received therapy only once a month by the one year follow-up assessment. Based 

on the increased therapy received at the schools, this group would be expected to have 

greater outcomes. The outcomes for the two groups were similar, but the small sample size 

means that no conclusions can be made with regards to the reasons for this. 

The change in the mean of the EVGS scores at the six month assessment was far greater in 

the health care facilities group. The schools EVGS did continue to improve, but the health 

care facilities group mean score deteriorated up to the final assessment. Again a possible 

contributing factor to this could be that the children in the health care facilities group had 

received less therapy pre-operatively, and therefore had not reached their full potential prior 

to surgery. The improvement in the EVGS scores in the schools group from the six month to 

the one year post-operative assessment could be contributed to persistent interaction with 

the children, and more consistent stretching of the appropriate muscles during therapy. The 

health care facilities group showed deterioration in gait parameters which could be linked to 

the lack of consistent stretches and use of assistive devices as their supervision was limited. 

This is highlighted by the fact that deterioration in the EVGS scores occurred at the knee and 
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foot from the six month to the one year assessment. These are the joints where assistive 

devices such as knee splints and AFO’s are used to maintain ROM. 

When looking at the specific joints on the EVGS for the schools group, deterioration was 

seen at the trunk and pelvis. As there were no surgical procedures done at these levels, 

deterioration in these areas could be related to the focus of the therapeutic intervention. It is 

possible that more emphasis was placed on the maintenance of lower limb ROM than on the 

maintenance of overall strength. 

The health care facilities group did much better when looking at the GMFM-66 scores. They 

only had a limited decrease in function initially, with a large overall change in function at the 

final assessment. As per the GMFM-66 the schools group did not return to their pre-

operative function at the one year assessment. This is worse than results seen in the 

literature, where children usually return to their pre-operative function at the one year follow-

up assessment (Thomason, et al., 2013). One of the contributing factors to this decline is 

that patient number three who had the complication in surgery, fell into the schools group. 

Due to the small sample size and only four children attending therapy at schools, it is likely 

that her outcome greatly affected the overall picture. If the GMFM-66 scores of this child are 

removed, the mean scores of the rest of the group returns to baseline at the one year follow-

up assessment.  

Another aspect to consider in terms of the decreased functional change in the schools group 

in comparison to the health care facilities group is that it is possible there was limited focus 

on functional ability in therapy at the schools, with more focus on maintenance of ROM. 

When comparing these two groups there is an apparent difference in the functional ability 

pre-operatively and this could also have had an effect on the outcomes. As stated above the 

greater the child’s GMFCS level the less potential there is for change. This contrasts to the 

findings in this study as the schools group showed less change however the schools group 

had an overall lower GMFCS level than the health care facilities group.  

Despite the small sample size in the schools group the results of this study highlights some 

important factors with regards to the type of therapeutic intervention children with CP and 

HIVE are receiving. Using the ICF as a guideline, treatment should be aimed at change at 

the activities and participation levels, and not merely at the body structure and functioning 

level. The lower limb ROM was maintained in the children at the schools. However there was 

no functional improvement at one year, whereas the other children showed a clinically 

significant improvement at one year post surgery. There was also deterioration in the trunk 
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and pelvis as seen during gait analysis, which contrasts to the literature (Thomason, et al., 

2013; Rutz, et al., 2013). With the therapy being done in the schools being based mainly on 

therapeutic approaches such as NDT, and as seen in the literature there is very little 

evidence to support the use of therapy in the management of CP (Novak, et al., 2013), it 

needs to be considered whether the therapy received at the schools is the most effective 

intervention or whether a physiotherapist prescribed home-based exercise programme is 

more effective as the literature shows strong evidence for the effectiveness of home-based 

exercise programmes in the management of children with CP (Novak, et al., 2013). In order 

to maintain ROM in the group attending therapy at the health care-facilities, wearing of the 

assistive devices should be added into the home-based exercise programme. Further 

research is needed in this area as no conclusions can be drawn from this study. 

5.5 Limitations of the study 

5.5.1 Small sample size 

The small sample size proved to be a great limitation of the study. The small number of 

children meant that a result from one patient, for example child number three who had a 

complication in surgery, could easily skew the results. Furthermore this also meant that 

statistical analysis was not possible. 

Historically, there was little orthopaedic management of children with CP in the public health 

care setting, in particular at Chris Hani Baragwanath Academic Hospital. This coupled with 

the fact that, due to the high volumes of patients, there is no physiotherapy service provided 

to children with chronic disabilities over the age of six years, meant that many children with 

CP no longer access public health care as there was no service previously available to them. 

Therefore the number of children with CP attending the orthopaedic clinic at CHBAH for 

assessment was limited. As the service continues to grow, there should be more and more 

children who fit the criteria for orthopaedic management at CHBAH. 

The limited physiotherapy service available for children with CP in the public health care 

sector is another contributing factor to the small sample size. Many of the children, who were 

assessed for surgery, were found to be too weak for surgery. These children either received 

botulinum toxin, or a physiotherapy strengthening programme for possible re-assessment for 

surgery in six months to a year. Child nine was previously assessed, received Botulinum 

toxin and physiotherapy, and a year later was stronger and an appropriate candidate for 

surgery. It is predicted that as the service continues to grow, more patients will be 

appropriate candidates for surgery. 
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The number of children with spastic diplegia associated with HIV encephalopathy was less 

than the number of children with spastic diplegic CP. In order to make a proper comparison, 

these numbers should have ideally been equal. Since the advent of HAART, children with 

HIV have an increased life expectancy (Lowenthal, et al., 2014) and with that has come a 

group of children with medical and rehabilitation needs that have not been previously 

investigated. There has been no research on the orthopaedic management of these children, 

and therefore the guidelines for inclusion were unknown. Consequently it was difficult to 

ascertain which of these children were good candidates for surgery and as research 

continues better guidelines will be established. 

5.5.2 Short follow-up period 

According to the research, changes in gait post SEMLS occur at one year follow-up, with 

changes in function occurring at the two-year follow-up period (Thomason, et al., 2011; 

Rodda, et al., 2006). Although this study had better than expected outcomes in function at 

the one year follow-up period, in order to properly understand the outcomes of the study, 

these children need to be followed up for at least two years, but ideally five years post-

surgery (Bischof, 2010). As this was the first study of its kind in South Africa, a one year 

follow-up period was used to determine the outcomes post SEMLS in comparison to studies 

done in developed countries. The same time frame was used in the pilot randomised control 

trial conducted by Thomason et al (2011). This study has given a good indication that the 

results of SEMLS in children with spastic diplegia in the public health care setting in a 

developing country are favourable, and has opened the door for further research in the area. 

5.5.3 Study design 

Despite randomised control trials (RCT) being the gold standard with regards to the 

methodology for high quality research, there has been debate as to the ethical 

considerations pertaining to conducting a RCT on the outcomes of SEMLS. Although this 

study was not a RCT, it is a prospective study which has been suggested in the literature as 

an appropriate way in which to conduct research in order to determine the outcomes of 

SEMLS. 

The use of blinded assessors is ideal when conducting research. When this is not possible, 

as in this study, it is preferential to have an independent assessor. Unfortunately, due to the 

study being conducted in a busy clinical setting, with high case loads and physiotherapists 

with limited clinical experience it was not possible to get an independent physiotherapist to 

conduct the GMFM and the FMS. Due to the nature of the video analysis, it was possible to 



58 
 

get an independent assessor, who was blinded to the date of assessment as well as HIV 

status and place of therapy.  

The availability of space in which to conduct the research was limited, and all assessments 

were done in the neuro physiotherapy gym. As this is a busy treatment area there were often 

other people in the room during the assessment. This resulted in the inability to remove extra 

clothing for the videos, which made analysis of the videos challenging.  

5.5.4 Omission of assessment of quality of life indicator in the outcome measures  

The latest research regarding SEMLS has highlighted the importance of using the ICF 

framework when selected appropriate outcomes measures (McGinnley, et al., 2012). With 

this in mind, this study used outcome measure at the body, structure and functioning level, 

as well as at the activity level. However there was no outcome measure that assessed 

quality of life. Research shows a change in quality of life post SEMLS (Thomason, et al., 

2011) at the two year follow-up period, and therefore in follow-up studies, a quality of life 

measure should be included. 

5.6 Strengths of the study 

McGinley et al (2012) suggest considerations to be taken into account when conducting 

research on SEMLS. According to those guidelines the strengths of this study are as follows; 

 Detailed inclusion and exclusion criteria. 

 All patients had spastic diplegia and were of GMFCS level II and III. 

 All previous orthopaedic intervention, and botulinum toxin administration, was 

mentioned. 

 It was a prospective study. 

 There was adequate reporting of surgical procedures, post-operative length of stay, 

physiotherapy protocol and orthotics used. 

 Outcomes measures used were on different levels of the ICF and included the 

GMFM-66 and a gait measure, and the administration of these was mentioned in 

detail. 

 The gait analysis was done by a blinded independent assessor. 

 All adverse events and additional surgical procedures were mentioned. 

 Results were related to the MCID. 

 It is the first study comparing the outcomes of children with CP to those with spastic 

diplegia as a result of HIVE. 
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5.7 Suggestions for further research 

The results of this study have yielded the following recommendations for further research: 

 The children in this study should be followed up for five years in order to determine 

the long term outcomes of SEMLS in developing countries. 

 Further studies should be conducted to determine the effect that differing 

physiotherapy intervention will have on the outcomes of SEMLS. Possibly with a 

weekly physiotherapy group and home exercise programme group with monthly 

check-ups 

 Further studies need to be conducted with a larger sample size looking at the 

outcomes of children with HIVE post SEMLS. 

 A similar study with a larger sample size, at more than one institution needs to be 

conducted with at least a two year follow-up period. 

The conclusions drawn from this study will be presented in chapter six.  
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Chapter Six – Conclusion 

This study is important as it is a step towards increasing the understanding with regards to 

the outcomes of SEMLS in developing countries. It is also the first study to lookat  the 

outcomes of SEMLS in children with spastic diplegia as a result of HIVE. 

The results of this study reveal that there are favourable outcomes of SEMLS in children in 

developing countries. Children in this study did not show clinically important changes in gait, 

however clinically important changes were seen in function at the one year follow-up period. 

The change in function seen was greater than in previous studies. This could be due to the 

fact that due to limited access to health care facilities prior to surgery many of these children 

(especially those from health care facilities without access to specialised CP schools) had 

not reached their full functional potential. 

The children with HIVE showed favourable results. This was seen both in the gait 

assessment as well as functional changes. As the first study of its kind, it has opened the 

door for further research in the field to compare the two groups. Further research is needed 

with larger comparison groups as well as a longer follow-up period. 

When looking at the two therapy groups, each group did better in a specific assessment. The 

schools group had favourable outcomes in terms of the gait parameters and the health care 

facilities group had good functional outcomes. Further research needs to be done in order to 

optimise outcomes. Guided by the outcomes of this study it is suggested that a combination 

of the two therapeutic approaches should be investigated.   

The outcomes of SEMLS in children with CP in developing countries are similar to the 

outcomes seen in developed countries. Furthermore children with HIVE had similarly 

positive outcomes to children with CP. This evidence reinforces the importance of further 

research in order to fully understand the practice of treating children with spastic diplegia, 

either with CP or HIVE, in developing countries through the use of SEMLS and regular 

physiotherapy at follow-up.  
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Appendix I: Gross Motor Function Curves 

  

(Hannah, et al., 2008)  
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Appendix II: Summary of the systematic reviews on the physiotherapy 

management of children with CP. 

Study (year) Studies reviewed 
(number) 

Therapies investigated (number, High level 
of evidence(HLE)) 

Outcomes 

Anttila et al 
(2008) 

Published, full-length 
articles or full written 
reports of RCTs 
since 1990. (n= 22) 

 Comprehensive physiotherapy 
approaches including 
Neurodevelopmental therapy (NDT) 

        (n=6, HLE=1) 

 Upper extremity treatments 
(n=4, HLE=2) 

 Strength training programs 
(n=4, HLE=0) 
 

 Constraint induced therapy 
(n=2, HLE=1) 

 Cardiovascular fitness and aerobic 
training programs  
(n=2, HLE=1) 

 Sensorimotor training programs 
(n=1, HLE=0) 

 Balance training  
(n=1, HLE=0) 

 Therapy with animals 
(n=2, HLE=0) 

 Limited, contradicting evidence of effectiveness 
of NDT. 
 
 

 Moderate evidence of effectiveness on hand 
function and ADLS. 

 Moderate evidence of ineffectiveness for 
strength training. 
Conflicting evidence for HEP. 

 Moderate evidence of effectiveness on hand 
function. 

 Limited evidence showing effectiveness at body 
structure and function level. 
 

 Limited evidence with short-term effects. 
 

 Limited evidence with some effectiveness at the 
body structure and function level. 

 Limited evidence with no effectiveness on 
muscle symmetry. 

Martin et al  
(2011) 

Published, full text 
articles from 1995 to 
October 2009 
(n= 35) 

 Strength training 
(n=16, HLE=7)  

 Functional training  
(n=5, HLE=3) 
 

 Body-weight supported treadmill training  
(n=6, HLE=1) 

 NDT  
(n=3, HLE=1) 

 Significant improvement in strength at follow-up 
in the majority of the studies. 

 Significant improvement at the body structure 
and functioning as well as at the activity level. 

 Contradicting findings, with generally non-
significant outcomes which were not sustained. 

 Significant improvements on the GMFM with 
high intensity of therapy. 

Franki et al 
(2012) 

Full text, original 
articles published 
from 1995 to 
December 2009 
(n=83)  

 Stretching 
(n=5, reviews=3, intervention=2) 
 

 Massage 
(n=4) 
 
 

 Strengthening 
       (n=26, reviews=6, interventions=20) 

 
 
 
 
 
 
 
 

 Electrical stimulation 
(n=13) 
 
 
 
 
 
 

 Weight-bearing 
(n=7, reviews=1, intervention=6) 
 
 
 

 Balance training 
(n=6, reviews=1, intervention=5) 
 

 Treadmill training  
(n=13, reviews=3, intervention=10) 
 

 Endurance training 
(n=10, reviews=2, interventions=8) 

 Weak evidence on effectiveness, with one 
study stating significant change at the body 
structure and function level. 

 Significant change noted at the body structure 
and function level in one study, and 
improvement at the personal level in three 
studies. 

 Isotonic strength training showed significant 
improvements at the body structure and 
function level as well as at the activity level.  
Functional strength training only showed 
significant improvement at the body structure 
and function level. 
High level of evidence was found for isokinetic 
strength training at all levels of the ICF. 

 More significant change in the body structure 
and function level as well as in the activity level 
seen when using neuromuscular nerve 
stimulation in comparison to threshold electrical 
stimulation. However one study of high level of 
evidence comparing the two found no 
significant difference. 

 There was a high level of evidence showing 
positive effects at the body structure and 
functioning level, but no significant change at 
the activity and participation level. 

 Improvements were noted at the body structure 
and functioning level as well as at the activity 
level in some studies. 

 Low level of evidence for positive effects at 
body structure and function level as well as at 
activity level 

 High level of evidence was found for 
improvements at body structure and function 
level, activity level, participation level and 
quality of life. 

Novak et al 
(2013) 

Systematic reviews 
published from 1935 
to 2013, if no 
systematic reviews 
were found for a 
specific intervention, 
studies with a lower 
level of evidence 
were included. 
(n=166) 

 Animal-assisted therapy 
(n=2, HLE=0) 
 
 

 Bimanual training 
(n=2, HLE=2) 
 

 Casting 
(n=14, HLE=13) 

 Studies conducted were of poor quality. Some 
evidence to show improvement in emotional 
well-being and independence. “Yellow-light.”* 

 Studies of good quality to show improvement in 
hand function. “Green-light.” 

 Poor quality studies conducted. There is 
evidence to support the use of casting in the 
lower limbs, but not in the upper limbs or with 
botulinum toxin. “Green-light” for lower limbs, 
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 Coaching parents 
(n=1, HLE=0) 
 

 Constraint-induced movement therapy 
(n=5, HLE=5) 

 Context-focussed therapy 
(n=1, HLE=1) 

 Early intervention 
(n=7, HLE=7) 
 

 Electrical stimulation 
(n=6, HLE=6) 
 

 Fitness training 
(n=7, HLE=7) 
 
 
 

 Goal-directed therapy 
(n=7, HLE=7) 
 
 
 

 Home programmes 
(n=3, HLE=3) 
 
 
 

 Hydrotherapy 
(n=3, HLE=3) 
 

 Massage therapy 
(n=8, HLE=8) 
 
 

 NDT 
(n=7, HLE=7) 
 
 
 
 
 

 Parent training 
(n=1, HLE=1) 
 

 Strength training 
(n=10, HLE=10) 
 

 Stretching 
(n=4, HLE=4) 
 

 Treadmill training 
(n=5, HLE=5)  
 

 Vojta 
(n=7, HLE=7) 

“Yellow light” of upper limbs and botulinum 
toxin. 

 Very low quality evidence to show improved 
parent handling skills and coping. “Yellow-light.” 

 Moderate quality of evidence to show 
improvement in hand function. “Green-light.” 

 A single study of high quality showing 
improvement in function. “Green-light.” 

 Studies of moderate to low quality showing 
improvement in motor function and cognition. 
“Yellow-light.” 

 Evidence of moderate to low quality showing 
improvement in gait parameters and muscle 
strength. “Yellow-light.” 

 Moderate quality of evidence showing 
improvement in aerobic fitness, activity and 
participation. “Green-light” for aerobic fitness, 
“Yellow-light” for activity and participation.  

 Moderate to high quality of evidence to show 
improvement in motor function and hand 
function. “Green-light” for hand function and 
“Yellow-light” for motor function.  

 Evidence of moderate quality showing 
improvement in the completion of functional 
tasks and participation. ”Green-light” for 

functional tasks, and “Yellow-light” for 
participation. 

 Poor quality evidence to support improved 
vitals and gross motor function. “Yellow-light.” 

 The studies conducted were of poor quality. 
There is conflicting evidence that it decreases 
pain, increase ROM and improves function. 
“Yellow-light.” 

 Poor quality of evidence to show that it does 
not normalise movement patterns, it does not 
prevent contractures and does improve 
function. “Red-light” for movement patterns and 
contracture prevention, “Yellow-light” for 
improvement in function. 

 Evidence of poor quality to support 
improvement of parenting skills. “Yellow-light.” 

 Poor quality evidence to support improvement 
in upper and lower limb strength. “Yellow-light.” 

 Insufficient evidence to show improvement in 
muscle length and contracture prevention. 
“Yellow-light.” 

 Evidence of poor quality showing improved 
weight-bearing and functional gait. “Yellow-
light.” 

 Poor quality evidence to show improvement in 
strength and movement. “Yellow-light.” 

*Interventions were graded according to a traffic light system. “Green-light”- do it, “Yellow-light”- probably do it, and “Red-light”- 
do not do it. 
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Appendix III- The Edinburgh Visual Gait Score 
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Appendix IV- The Gross Motor Function Measure 
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Appendix V- The Functional Mobility Scale  
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Appendix IV- Parent information sheet and consent form 

 
Parent information sheet for patients undergoing surgery 
 
PARENT INFORMATION SHEET 
 
Dear Parent. 
 
Hello. My name is Linda Wood and I am a physiotherapist working at Chris Hani 
Baragwanath Academic Hospital Physiotherapy Department. I am currently doing a study 
looking at the recovery of children with cerebral palsy after the operation known as single 
event multilevel surgery, as discussed in the pamphlet that you received. As you have 
already discussed with the doctors your child will benefit from this operation. As a result your 
child has been identified as a possible participant in our study. 
 
Reasons for conducting the study 
We would like to find out how the walking ability of children with CP improves or changes 
after the operation. We want to look at how your child was walking before the operation and 
compare this to how your child walks after the operation. All the information will be used to 
look at how the operation helps children with CP and whether the physiotherapy programme 
works well or if it needs to be changed. 
 
What does the study entail? 
Your child will be booked into two out-patient physiotherapy sessions before the date of the 
operation. In these sessions your child will be given a home exercise programme, which will 
be practiced and demonstrated during the physiotherapy appointment. We will also look at 
what your child is able to do and how your child walks using standard tests. The standard 
tests include a video assessment of your child walking. These tests will not harm your child 
in any way. During the therapy sessions you will also be asked to complete a questionnaire 
about your daily habits. After the two physiotherapy appointments your child will be given a 
date when they will be admitted for the operation. During the hospital stay your child will 
receive physiotherapy on week days. After discharge from the hospital you will have to come 
back a week later for a check up with the doctors and a physiotherapy appointment. Your 
physiotherapy appointments will then continue as needed. At six months and one year after 
the operation you will need to bring your child back to the hospital for a doctors appointment 
and so that we can complete the assessments again. 
 
Taking part in this research study is voluntary and no person will be advantaged or 
disadvantaged in any way from choosing to participate or not to participate in this study. 
All of your child’s information will be kept confidential and no information that could identify 
you would be used in the research report. You may choose to withdraw from the study at 
any stage. 
 
The participation of you and your child in this research would be greatly appreciated. This 
information is important to us at the physiotherapy department in order to provide the best 
service to you and your child as well as to other patients. 
 
Thank you for your time.  
If there are any questions or any other information that you may require please feel free to 
contact the researcher at Chris Hani Baragwanath Academic Hospital Physiotherapy 
Department. 
 
Linda Wood 
0711743887 
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CONSENT FORM 

 

Research problem: To look at the changes in walking pattern of children with CP after the 

operation known as single event multilevel surgery. The assessment will be done before the 

operation, and at six months and one year after the operation. Standard tests will be used to 

see if there is any change.  

 

I ___________________ understand the purpose of the study and give consent for my child 

__________________ to participate in the research. I have read and understand the 

information and all my questions have been answered. I am fully aware of the procedures 

and the fact that the assessments will not harm my child in any way. I am aware that I may 

withdraw my child from the research without any prejudice towards my child or myself.  

 

 

 

_________________     ___________________ 

Caregiver      Researcher 

 

 

_____________     _____________ 

Date       Date 
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Appendix VII- Patient information sheet and assent form 

 
Patient information sheet for patients undergoing surgery 
 
PATIENT INFORMATION SHEET 
 
Dear patient. 
 
Hello. My name is Linda Wood and I am a physiotherapist working at Chris Hani 
Baragwanath Academic Hospital Physiotherapy Department. I am currently doing a study to 
look at how children manage after they have had a surgery like the one you are going to 
have. If you would like to you can be a part of my study.  
 
What you need to do to be a part of the study? 
To be a part of the study you will have to do some easy exercises to see how well you can 
do them. We will ask your mom/dad about how you walk at home and at school and we will 
also take a video of you walking, so that we can have a proper look at how you walk. These 
tests will be done 3 times, before the operation, 6 months after the operation and 1 year after 
the operation. 
 
You can decide whether you want to be a part of the study or not. If you change your mind 
during the study and don’t want to be a part of it anymore, that is also ok. You will not be 
treated any differently if you decide that you do not want to be part of the study. None of the 
tests that we will do for the study will cause any pain. 
 
It would really help me a lot if you decide to be a part of the study. 
 
If you have any questions please ask me or any of the doctors. 
 
Linda Wood 
 
0119338309 
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ASSENT FORM 

 

I _________________________ say that it is ok for the physiotherapists to test me for this 

project. I understand what this project is about and I understand what I am expected to do as 

a part of the study. I understand what has been explained to me about the surgery, the 

recovery, the importance of exercise and the tests that will be done to look at my walking. I 

know that taking part in the assessments for the study will not harm me in any way. I am 

aware that I may say that I do not want to be tested in for this study. 

 

 

 

_________________    __________________ 

Patient      Researcher 

 

 

____________    _____________ 

Date      Date 
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Appendix VIII- Patient information sheet 

SURGERY FOR CHILDREN WITH CP! 

 
WHAT IS CP? 
Cerebral palsy, or CP is the term used for children who had an injury to the brain either before 
birth, during birth or just after birth. The brain tells the rest of our body what to do. It helps us 
move, think and speak. If the brain is damaged it can effect one or more of these abilities. The 
brain damage is permanent, so although children with CP improve over time they will always find 
certain tasks difficult, like walking. 
 
WHY DO WE DO SURGERY FOR CHILDREN WITH CP? 
The damaged brain is unable to send the proper message to the muscles of the arms and legs. 
This results in an abnormal activity in some of the muscles. This abnormal activity can cause 
shortening of some muscles and the abnormal formation of some of the bones in the legs, which 
makes it difficult to perform activities like walking. The aim of the operation is to correct the 
abnormal bone formation and lengthen short muscles to help with better walking. 
 
WHAT DOES THE SURGERY INVOLVE? 
There is more than one type of operation that is usually done on children with CP to help with the 
walking. The surgery that will be done may be lengthening of the muscles and/or cutting and 
fixating the leg bone into a better position. The operation that is done will depend on what the 
doctors find when they examine your child. During the operation, all problems with the muscles 
and bones in the legs, found on assessment, will be corrected at the same time. This means that 
your child will only have to have to come to the hospital for one operation. the fact that they do 
one operation to correct all the problems means the time it will take for your child to recover from 
surgery will be long, often up to one year. 
 
RECOVERY 
The operation is a very big operation, and it is normal for your child to have a lot of pain after the 
operation. The doctors will make sure that he or she gets the proper pain medication as needed. 
Your child will stay in the hospital for 2-4 weeks after the operation, in order to monitor him or her 
and for early physiotherapy. The operation is a big operation which means that recovery is slow 
and your child may lose some of his or her function temporarily after the operation as his or her 
muscles will be very weak. For this reason your child may need a wheelchair in order to move 
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around at home and school for the first few months after the operation. Only after 6 months to 
one year will your child start to be able to complete all his or her previously achieved daily tasks. 
Improvement in the completion of daily tasks will only be seen after that. Recovery does differ 
from child to child and the type of operation will affect the length of recovery. 
 
PHYSIOTHERAPY AFTER SURGERY 
 Physiotherapy plays a very important role in your child’s recovery after the operation. 
Physiotherapy will help to strengthen the weak muscles, and will help to get your child back to his 
or her functioning before the operation as well as help improve the functioning from there. 
The physiotherapist will see your child every week day whilst he or she is in the ward. On 
discharge you will continue to come for weekly physiotherapy sessions for one month. If you are 
managing with the home exercise programme after one month you will only need to come for 
monthly follow-up session to monitor your child’s progress and change the home exercise 
programme if needed. If your child is receiving regular physiotherapy at another hospital or school, 
they will continue with therapy there. The therapist from CHBAH will send a letter to your 
physiotherapist explaining the operation and the exercises that were done in the hospital. If you 
are unable to attend a scheduled appointment please contact the physiotherapy department to 
rebook. It is also important to attend all follow-up appointments with the doctors. 
 
Compliance with the home exercise programme and therapy sessions is essential for the best 
possible outcome after surgery! 
 
ASSISTIVE DEVICES 
Following surgery your child may need splints, and or walking aids. These will all be ordered by 
the physiotherapist if and when they are needed. It is very important to wear, use and care for the 
assistive device as instructed by the physiotherapist. All splints should be brought to every therapy 
session so that they can be checked and used during the session if needed. 
 
Chris Hani Baragwanath Hospital Physiotherapy department 
011 933 8309- Lizzy-Clerk 
011 933 8818 
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Appendix IX- Home exercise programme sheet 

HOME EXERCISE PROGRAMME! 

Strengthening 

1. Ly on your stomach every day for ________ while watching TV or playing a game. 
2. Ly on your back, on a stable surface, i.e. the floor. Bend both knees, keeping your feet on the 

floor. Using your legs, lift your bum off the surface. Keep your bum up for ___sec. Repeat 
_____ times, _____ times a day. 

3. Ly on your back, on a stable surface, i.e. the floor. Bend both knees, keeping your feet on the 
floor. Get someone to hold your feet flat on the floor. Try and lift your shoulders off the floor or 
try to touch your knees, keeping your arms in front of you. You can repeat this exercise 
reaching from side to side. Repeat _____times, _____times a day. 

4. Sit on the floor with your legs straight in front of you. Push your knees down into the floor. 
Hold for _____ sec. Repeat _____ times, _____ times a day. 

5. Sit on a high surface, with your feet off of the ground. Cross your arms over your chest. Lean 
backwards slowly without falling over and then come back up. Then repeat to your right and 
left. Repeat _____times, _____times a day. 

6. Sit on a bench or chair with your knees bent. Lift one foot up so that your knee is straight, but 
do not lean backwards. Hold for ______ sec, then bring slowly down. Repeat with the other 
leg. Repeat _____ times, _____ times a da 

7. Position yourself on the floor on your hands and knees. Your hands must be in line with your 
shoulders, your knees must be 10 cm apart. Keeping your body straight slowly lift up one arm 
to reach for an object and then slowly bring it back down. Repeat with the other side. Repeat 
_____times, _____times a day. 

8. Position yourself on the floor on your hands and knees. Your hands must be in line with your 
shoulders, your knees must be 10 cm apart. Keeping your body straight slowly lift up one leg 
and then slowly bring it back down. Repeat with the other side. Repeat _____times, 
_____times a day. 

9. On the floor, sit in kneeling, with your legs directly under your bum, NOT in W-sitting. Lift your 
bum off the floor so that your legs and trunk are in a straight line. This is known as high 
kneeling. Hold this position for _____ sec. Repeat _____times, _____times a day. 
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10. Find a big light box, and a friend. Get into high kneeling. You and your friend must sit 
opposite each other and each hold one side of the box. Push against each other until 
someone wins or your get tired. Repeat _____times, _____times a day. 

11. Sit on a low chair or a bench with your feet flat on the ground. Make sure your ankles are 
slightly behind your knees, 10cm apart from each other. Come forwards up, over your legs in 
order to stand up. Make sure you are using your legs and NOT your arms to stand. Stand up 
straight and reach as high as your can. Slowly sit back down, again using your legs and NOT 
your arms. Repeat _____times, _____times a day. 

12. Stand with your back against the wall. Get your heels as close to the wall as possible, and as 
straight as possible. Slowly bend your knees, coming down towards the floor, making sure 
that your knees do not come together and that your heels stay on the floor. When you can’t 
come down any more, hold for _____ sec then slowly comes back up. Repeat _____times, 
_____times a day. 

13.  Play with a ball in standing. While you are playing with the object, make sure that you are 
reaching up high for the object making yourself as tall as your can, but keep your heels on the 
floor and your knees as straight as possible. Do not let your legs come together. Play like this 
for ________. 

14. In standing, place your _____leg on a raised surface, i.e. a box, placing most of your weight 
on your _____ leg. Try and stand as straight as possible, not leaning over to one side, and 
not using your hands to help. Play like this with a ball for _________. 

15. Stand in front of a step. Put one leg onto the step, then slowly step up using that leg. Once at 
the top of the step, slowly come back down. Repeat with the other side. Repeat _____times, 
_____times a day. 

Stretching 

1. Ly on your stomach, resting on your elbows every day for ________ while watching TV or 
playing a game. 

2. Sit on the floor with your legs straight and your back against the wall. Reach forward and try 
to touch your toes. Hold for _____ sec. 

3. Sit on the floor with your knees bent and your feet touching. Gently press your knees down 
towards the floor. Hold for _____ sec. 

4. Stand on a step. Place one of your heels slightly off the step, pushing it downward towards 
the floor. Hold for _____ sec. Repeat with the other leg. 
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Appendix X- Chris Hani Baragwanath Academic Hospital 

Physiotherapy treatment protocol for SEMLS. 

 
         Chris Hani Baragwanath Academic Hospital 
        Physiotherapy Department 

                                                                                        

Protocol for the management and treatment of children having SEMLS  

Purpose:  To establish guidelines for Physiotherapists regarding the assessment, treatment 

and management of children undergoing SEMLS (Single Event Multi-Level Surgery). 

 Procedure: 

Pre-Surgery 

 All patients should come for at least one pre-surgery physiotherapy session at Chris 
Hani Baragwanath hospital. This will help to build a relationship between the 
therapist and the family. This session will also enable the therapist to explain to the 
parents the physiotherapy requirements post surgery, as well as the home exercise 
programme and what to expect. 

 Do not forget to explain to the child about the surgery and the fact that he/she will 
experience pain and be weaker, and will need to work hard with the exercises in the 
ward  and at home.  

 In the pre-surgery physiotherapy session a handout will be given to the family 
explaining what to expect post surgery and showing the daily exercises (see 
appendix1). The parents must be informed that the exercises will need to be done 
daily at home for optimal outcome, and that the recovery period is up to one year. 
The post surgery exercises should be practiced pre-surgery to help with 
understanding and compliance. In addition to the exercise handout, the parents will 
also receive a list for wheelchair hire if necessary for long distances (see appendix5). 

 Included in the pre-surgery assessment should be the following outcome measures: 
the FMS, the Edinburg visual gait scale and the HESI (see appendices 2, 3 &4). 

 Prior to the surgery, appropriate surgical appliances should be ordered and or made 
for the child, i.e. splints, AFO’s, gaiters, abduction pillows. 
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 The parents must be given adequate time to ask about the surgery, and to consider 
the implications of surgery. Remember, it is the parents decision whether to operate 
or not, and the post surgery rehab will require much work and sacrifice from the 
family. 

Post surgery (during admission in the ward) 

 One of the most important aspects post surgery is to ensure that there are adequate 
pain control measures in place. The medication chart must be checked on a daily 
basis. 

 All treatment must be done within pain limits, after pain medication has been 
administered. 

 Day 1 post surgery: Check the child’s chest and position him/her correctly, in supine 
with the knees extended and the legs abducted. No passive movements or 
maintenance of range to be done, as the child is usually in too much pain. 

 Day 2 post surgery: Start with gentle passive movement in the hips, focusing on hip 
abduction and flexion, within the limits of pain. The therapist must also maintain full 
extension in the knees, soft splints may be required to maintain this position. 

 Passive joint range and mobilization will continue until the child’s pain allows 90 
degrees of hip abduction and flexion, and until the doctors give orders to mobilize the 
child to the chair, which is normally 1 week post surgery. 

 1 week post surgery:  
o Continue to maintain passive range in the joints and length in all “at risk 

muscles”. If necessary the child can be referred to OT for soft splints to help 
maintain the range, ie knee extension. 

o Active exercises can commence, but these need to be open chain exercises. 
Active movement must be done within pain limits. 

o The child can be mobilized to the chair daily, but not for periods exceeding 30 
minutes. 

o The child must lie prone daily in the ward for at least 30 minutes, but 
preferably longer. 

 2 weeks post surgery: 
o Weight-bearing can commence, initially a standing frame is preferable to aim 

for optimal extension in standing. 
o Weight-bearing exercises can commence. 

 Once the therapist is satisfied with the child’s progress, and is sure that the child will 
not regress at home, the child may be discharged. 

 

On discharge: 

 Physio OPD appointment to be made on the same day as the doctor’s follow-up 
appointment (about 2 weeks after discharge) 

 The therapist must meet with the parents to discuss the home exercise program and 
pain management/positioning at home. 

 The parents should be informed that the child should return to School once pain free, 
even if the POP’s are still on. 

 The family must be given the contact list for wheelchair hire. 

 If the child lives out of the CHBAH catchment area or attends a School where there is 
a physio, the treating therapist must be contacted, an appointment made, and a 
referral letter written. 
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Follow-up at Physiotherapy: 

 During follow-up, strength training must be continued. 

 Follow-ups will be weekly for the first month, for children in the CHBAH catchment 
area, and then 2 weekly thereafter until the therapist feels that monthly appointments 
are suitable. 

 During this period the therapist must update the home exercise program and 
continue to liase with the doctors about progress. 

 As all children are different, the pace at which the exercises progress and the general 
management will depend on the individual. 
 

Protocol generated by:   Linda Hitchman   

Date:       August 2012 

Review date:     August 2013     
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Appendix XI- Ethical clearance certificate 
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Appendix XII- FMS scores for the pilot randomised control trial by 

Thompson et al (2011) 

 


