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Background: While spasticity has long been considered the primary impairment in children
with cerebral palsy (CP), the presence of weakness is gaining increasing recognition and
importance and the coexistence of the two impairments may result in greater participation
restriction. Advances in neuroimaging technology have shown deficiencies in the muscle
morphology of those with CP, including decreased muscle volume, cross-sectional area and
muscle belly length, abnormal cocontraction and muscle imbalances. Postural dysfunction
such as poor reactive balance control, delayed muscle activation, top-down muscle
recruitment and a limited ability to accomplish task-specific postural adaptations by those
with CP, has been well documented. Postural control is necessary for the achievement of
most functional activities and the lack thereof can be severely disabling. Inconclusive
evidence exists in the literature to support one therapeutic intervention over another in
the management of CP and, in particular, in addressing postural control. Studies
researching electrical stimulation in those with CP have shown modest, significant
improvements in gait, lower limb muscle strength, hand function and anecdotal
improvements in health related quality of life (HRQoL). These positive effects warrant
further study to determine the efficacy of electrical stimulation in improving the strength of
the abdominal muscles in children with CP and whether this translates into improvements

in gross motor function and balance.

Pragmatic trials best determine the effect of treatment interventions in routine, everyday
situations. As these trials compare an intervention to the accepted standard/norm of
intervention rather than to a placebo, it is necessary to establish what specific regimes of
treatment are currently in use, how they are implemented and for what durations. In order
to determine whether FES adds value to existing regimes, it is therefore necessary to
describe the baseline treatment offered by therapists at the Institution and at similar

institutions in Johannesburg, in order to increase the generalisability of the results.



Objective: The primary objective of this study was to investigate the impact of functional
electrical stimulation (FES) on abdominal muscle strength and gross motor function in
children with CP. A secondary objective was to compare the content and intensity of
physiotherapy intervention offered by the therapists at the Institution, with that offered by

similar facilities in Johannesburg.

Survey of Intervention Strategies:

Methodology: A cross-sectional descriptive research design was used for this portion of the
study. Participants comprised all 25 physiotherapists employed at nine government special

needs schools in Johannesburg, offering physiotherapy to children with CP.

Instrumentation consisted of a checklist of intervention techniques created by the
researcher and approved by a panel of paediatric specialists, as well as a description of the
treatment regularity and intensity of children with CP treated by each practitioner.
Individuals completed the checklist anonymously after providing consent. As the numbers
included in this section of the study were small, descriptive statistics were used to describe
the characteristics of the therapists and the interventions utilised. The rank ordering of the
frequency with which the different interventions were used at the Institution, and in the

other centres, was calculated using Spearman’s rho, a non-parametric test.

Results: As three physiotherapists did not return their intervention checklist, the sample
consisted of 22 therapists. The mean years of experience in the experimental school were
17.75 (SD=7.89) and in the control schools 14.88 (SD=10.66). Nineteen therapists had some
degree of Neurodevelopmental Therapy (NDT) training. Post allocation varied from one to
five physiotherapists at each school. The Institution, at which the intervention was based, is
the only one of these schools that treats learners into their teens and offers a mainstream
curriculum until grade 12. The percentage of learners at the Institution with a physical
disability was 84.68% while the mean percentage at the other special schools was 54.74%.
The majority of schools treated children with cerebral palsy in groups. Treatment
techniques most commonly used by all participating physiotherapists were facilitation of

transitions between positions and general limb strengthening. No therapists employed the
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Power Plate, FES or Vojta therapy techniques in practice. The rank ordering of the
frequency of use of the most commonly used techniques by physiotherapists at the
Institution and the other special schools in Johannesburg combined were similar with a

correlation of rho=0.68 (p<0.001).

Discussion: The physiotherapists at the Institution where the study took place were found
to perform similar treatments to those therapists based at other special needs schools in
Johannesburg. Most therapists have specialist NDT training and many years’ experience but
have different workloads due to very high patient to practitioner ratios. Those treatment
techniques not employed were usually due to financial and/or time restraints. The
Institution was the only one of the nine schools still providing therapy for children with CP

in their teens.

Intervention study

Methodology: An experimental, randomised control trial with single blinding was used,
with a pragmatic design, for this part of the study. A sample of convenience was taken from
the Institution at which the researcher works. All children with CP between 5-18 years were
eligible for inclusion, if parental consent and participant assent was gained and children did
not suffer from epilepsy or have other scheduled medical interventions taking place prior
to or during the trial. Ethical approval was obtained and consent/demographic data
collected. Intervention was carried out by the four physiotherapists employed at the
Institution (including the primary researcher), after training and piloting took place.
Randomisation was stratified based on the Gross Motor Function Classification System
(GMFCS). Names were placed into the five relevant envelopes and alternating names
drawn were placed in the control and then the intervention group and so on by an
impartial individual. A trained assessor, blinded to the group allocation of participants and
with no knowledge of each child, evaluated each participant using the Gross Motor
Function Measure-66 (GMFM), the Timed Up and Go test (TUG), Timed Sit-Ups, the
Pediatric Reach Test (PRT), a Peak Flow Meter, and the Pediatric Quality of Life Inventory
3.0 CP Module (PedsQL) prior to and following the intervention. A participant evaluation of
the intervention was also completed, by those participants in the experimental group, after

the study took place.
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The control group continued to receive their usual weekly/biweekly physiotherapy
intervention, as did the intervention group. The experimental group received additional
concurrent FES for a six-week period during their usual physiotherapy sessions, as well as
an additional two passive sessions a week. The Microstim 2 (v2) devices were applied to
the bilateral external oblique muscles for 20 minutes each session. Therapy sessions lasted

45 minutes.

Data analysis: The STATISTICA version 11 software programme was used for all data
analysis. Descriptive statistics were used to portray demographic and medical
characteristics of participants. If normally distributed, parametric tests were used. If not,
non-parametric tests were employed. Ordinal data was analysed using non-parametric
tests. The two groups were compared at baseline to ensure that they were analogous. To
determine within group differences from baseline to post-intervention, the paired t-test or
Wilcoxon signed rank test was used. To test between group differences the independent t-
test or Mann-Whitney U test were used. Sub-group analysis was performed to determine if
participants classified at different levels of the GMFCS responded differently to
intervention. Correlations were performed to determine if changes in the different
parameters were correlated with one other. A one-way ANOVA determined if participants
classified at different levels of the GMFCS or of different ages responded differently to

intervention.

Results: Fifty-one out of 56 possible participants returned consent forms. A further four did
not meet the inclusion criteria set out for the intervention study. Twenty-two children were
randomly allocated to the experimental group and 25 to the control group. All of these
children completed the six-week intervention, as well as all pre- and post-intervention
outcome assessments applicable to each individual. No significant difference between
groups was detected on any outcome measure post intervention. Significant differences
found on analysis were improvements within group for GMFM-66 scores in all participants
combined (p=0.002), for the experimental group (p=0.016) and for the control group
(0.048). Within group differences were found for the whole group (p=0.009) and for the
control group (p=0.023) on peak flow meter readings in that expiratory flow was stronger
post- intervention. Significant improvements in HRQoL were detected within groups for the

combined group of participants (p=0.001), the experimental group (p=0.018) and the
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control group (p=0.029). The greatest number of participants showing improvements in

GMFM-66 percentage scores was between the ages of 14 and 18 years old.

Discussion: No significant improvements were found to support the effectiveness of FES of
the abdominal muscles of children with CP in comparison to conventional therapeutic
interventions (in terms of abdominal strength, gross motor function, balance, expiratory
lung function and HRQol). Based on this study, one cannot recommend the use of FES for
abdominal strength, balance and gross motor function in children with CP. While the
sample size of the study was large enough to detect a clinically important difference should
it have occurred, the participants ranged from the highest to the lowest GMFCS level,

standard deviations were large and subgroup analysis did not have enough power.

Both experimental and control groups did show significant improvements in GMFM-66,
peak flow and PedsQL measures following the intensive six-week intervention, thus
confirming that the therapeutic interventions used at the Institution, in the treatment of
CP, were associated with significant improvements in function. Despite the effectiveness of
an NDT-based, motor-learning approach used during routine intervention still being
debatable in current literature, regular implementation of these modalities, and the other
techniques employed at special needs schools in Johannesburg, does seem to be associated

with significant improvements in function, in children with CP.

In contrast to the widely accepted gross motor development growth curves that predict
that children with CP tend to plateau in function after seven years of age and reach a
ceiling to their motor development in their early teens, those children in this study making
the greatest improvements fell between the ages of 14 and 18 years old. This finding has
led the researcher to question the validity of these predictive curves, as well as use of the
apparently stable GMFCS for classification of functional ability, particularly for children with
CP in low-income countries who have not been exposed to regular therapeutic intervention
from a young age and into adulthood. Older children, particularly if they have had limited

access to treatment, may continue to benefit from intervention.



Conclusions: The physiotherapists at the Institution at which the study took place are
performing therapeutic interventions similar to those at the other government special
needs schools in Johannesburg. These interventions were found to be associated with
significant improvements in gross motor function, lung function and HRQoL over a six-
week period. Based on the experimental study, FES does not appear to improve these
functional outcomes and resources should not be used unnecessarily on including this
modality as an adjunct in the treatment of CP. Teenage children with CP in middle to low-
income countries that have not been exposed to regular therapeutic intervention from a
young age and through their teenage years, appear to possess the ability to continue
making functional, gross motor improvements beyond the plateau illustrated by
internationally accepted gross motor development growth curves. These results provide a
basis for further study as, should these results be corroborated, continued treatment of
children with CP, in middle to low income countries, into their teens, should be considered,

especially if early intervention was not possible or treatment was ceased early.
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1. Introduction

1.1 Background

Scholars and medical practitioners have debated the definition of cerebral palsy (CP) for
over 150 years (1). The most recent definition describes a heterogeneous group of
permanent movement and postural disorders due to disturbances occurring in the foetal or
infant developing brain (2). This definition has been expanded to include several
accompanying impairments and activity limitations experienced by this population, as laid
out by the World Health Organization’s (WHO) International Classification of Functioning,
Disability and Health (ICF) system (3). This model proposes a biopsychosocial model of
disability and health, providing a framework allowing for an integrated, globally understood
and accepted language to be used by health professionals when discussing and

documenting the assessment of and intervention provided for patients (4).

The prevalence of CP, estimated at between 2-2.5 per 1000 live births, has remained
essentially unchanged over the last 40 years (5). Due to advances in medical technology
and improving standards of neonatal care, more extremely preterm children now survive,

with up to 50 percent of those born before 27 weeks gestation being diagnosed with CP (6).

While spasticity has long been considered the primary impairment in children with CP, the
presence of weakness associated with the upper motor neuron lesion is gaining increasing
recognition and importance (7) and the coexistence of the two impairments may result in
greater participation restriction for the individual (8). With advances in neuroimaging
technology (6), studies have been able to exhibit deficiencies in the muscle morphology of
those with CP. Such changes include decreased muscle volume, cross-sectional area and
muscle belly length (9) as well as abnormal cocontraction and muscle imbalance between

agonist and antagonistic muscle groups (7).



A questionnaire completed by 83 adults with CP in America revealed that 55% experience
poor balance and 52% listed weakness as a worrying impairment. The study further
highlighted a significant association between weakness and limitations in social interaction

and participation outside the home (10).

Further to this, postural dysfunction such as poor reactive balance control, delayed muscle
activation (11), top-down muscle recruitment and a limited ability to accomplish task-
specific postural adaptations have been well documented (12). As a whole, the muscles
forming the core contract in order to increase the stability of the spine (13). The muscles
are typically activated in muscle synergies best suited to the specific activity required of the
individual (13)(14)(15). The decreased abdominal muscle activation (16) and lack of motor
planning allowing for accurate speed and force of muscle contraction, often evident in CP
(17)(18), further contribute to fallouts in balance and postural control (16). As postural
control is necessary for the achievement of most functional activities, the lack thereof can
be presumed to be severely disabling (19)(20)(21) and perhaps even argued to be the

primary impairment in people with CP (22).

The physiological contribution of the abdominal muscles to breathing is well documented
and respiratory muscle fatigue has been shown to limit exercise performance (23). Due to
decreased voluntary control of muscles, those with CP have been shown to have a
decreased total lung capacity and a significantly reduced functional residual capacity when

compared to normal predictive values (24).

Global strategies for treatment of CP include such techniques as Neurodevelopmental
Therapy (NDT) (25), conductive education (26) and constraint-induced therapy (27), all of
which, on systematic review, have shown inconclusive evidence to support the use of one
approach over another (28). An investigation of available literature by Harris and
Roxborough (29) was conducted due to the paucity of evidence available for intervention
to enhance postural control in children with CP. Their search confirmed that conclusive
support for techniques such as adaptive seating, lower extremity orthoses, external

perturbations or NDT, in the treatment of postural control, is still lacking.



Researchers have expressed the need to address the pathophysiological weakness present
in CP therapeutically (7). Trunk stabilisation and deep muscle targeting programmes have
been shown to improve abdominal strength and motor control in adults with no
neurological fallout (30). Hibbs et al maintain that core strengthening programmes can
avoid muscle recruitment imbalances, help re-learn motor control and thus improve neural

co-ordination and function (31).

Functional Electrical Stimulation (FES) is the application of an electrical current stimulating
a muscle’s innervating nerve, causing a muscle contraction to obtain functionally useful
movement (32). The use of electrical stimulation in the treatment of children with CP is
being increasingly investigated as the potential to improve strength and motor function
exists. Regrettably, any positive results reported need to be interpreted with caution due to

the poor methodological design or small sample sizes employed in all of these studies (33).

Studies researching the use of electrical stimulation of upper and lower limb muscles in CP
have shown modest significant improvements in gait parameters (34), lower limb muscle
strength (35), hand function (36) and anecdotal functional improvements to indicate
possible changes in health-related quality of life (HRQoL) (37). Only one study was found
investigating its use on the abdominals in infants with CP. The authors reported improved
sitting posture, trunk control and gross motor function in participating infants with CP
(following a six-week intervention using concomitant electrical stimulation over the
abdominals and posterior back muscles during NDT-based therapy) (38). The positive
effects demonstrated warranted further study, to determine its efficacy in abdominal
muscle use considering the large effect postural control has on motor skill acquisition
(20)(21). The use of FES of the abdominal muscles in children with CP as an adjunct to

therapy may enhance the effect of therapy and result in improved functional outcomes.

Pragmatic trials best determine the effect of treatment interventions in routine, everyday
situations (39). These trials compare an intervention to the accepted standard/norm of
intervention rather than to a placebo and have the distinct benefit of allowing practitioners
to continue with their customary treatment (where this would not be possible in a clinical
laboratory setting) (39). In order to establish whether FES adds value to existing regimes, it

is necessary to establish what specific regimes of treatment are currently in use, how they



are implemented and for what durations (40). If results are to be generalisable, then a
comparison between the baseline treatment offered by therapists at the Institution, with

those offered by therapists working at similar facilities in Johannesburg, need be made.

1.2 Aims and objectives

Based on the reasoning above, the overall aim of the study was to investigate the impact of

FES on abdominal muscle strength and gross motor function in children with cerebral palsy.

The specific objectives were:

. To determine whether the physiotherapy treatment of children with CP offered
at the Institution was similar to other special needs schools, by comparing the
content and intensity of physiotherapy intervention offered by the therapists

at the Institution with that offered by other similar facilities in Johannesburg

. To determine whether concomitant therapeutic intervention using FES would
result in a significantly different improvement in children with cerebral palsy,
in comparison with a control group of children with cerebral palsy receiving

only routine physiotherapy, in the following parameters over time:

* Abdominal muscle strength as measured by the number of sit-ups
completed in one minute

* Gross motor function, with particular emphasis on balance, as determined
by scores on the Gross Motor Function Measure-66 (GMFM-66), Pediatric
Reach Test (PRT) and the Timed Up and Go (TUG)

* Respiratory function, as measured by Peak Flow Meter readings

* Self-perceived health-related quality of life (HRQoL), as assessed by the
Pediatric Quality of Life Inventory 3.0 CP Module (PedsQL) and the
participant evaluation of the intervention

. To determine if a relationship exists between demographic and medical

characteristics and improvements in functional status made by participants



1.3 Research question

Does FES administered regularly, in conjunction with typical physiotherapeutic
intervention, over a period of six weeks, improve abdominal muscle strength and gross
motor function in 5-18 year old children with cerebral palsy compared to routine

physiotherapy treatment?

1.4 Significance of the study

Weakness (41) and dysfunction of postural control mechanisms are central to CP, causing
disturbances in activities of daily living and attainment of functional independence
(18)(19)(22)(42)(43)(44)(45)(46)(47)(48). This may necessitate complete or partial
dependence on the assistance of a caregiver for essential daily tasks detrimental to family
dynamics, parental psychological well-being and time spent on work or other
responsibilities (49)(50)(51). As CP cannot be cured, an enormous economic burden is
placed on family members and the state while covering life-long therapy, adaptive
equipment and medical interventions to correct secondary impairments
(52)(53)(54)(55)(56)(57). This is further compounded by the fact that current medical

technology has helped prolong the expected life span of those with CP (58).

Premature birth remains the single highest risk factor for the development of CP in high-
income countries (59). Peri- and postnatal causes of CP, such as maternal or neonatal
infection, stroke and encephalopathy (60) need to be considered in low to middle-income
countries, like South Africa (SA). Poor health care standards, frequent mother-to-child
transmission of Human Immunodeficiency Virus (HIV)(61) and high rates of postnatal
trauma caused by violent crime or motor vehicle accidents (62) may possibly account for a

greater prevalence rate of CP in such countries (61)(63).



Researchers have speculated that almost 80% of the world’s people with disabilities reside
in resource-poor countries but, unfortunately, accurate prevalence rates of CP in countries

like SA are generally not available (63)(64).

National governing bodies require that any therapeutic intervention given by health
professionals complies with current evidence-based practice (29)(65)(66)(67). To date very
few studies of high methodological quality have provided evidence for the effective use of
different physiotherapy techniques for the treatment of CP (68)(69). This is concerning as
CP has been cited as the most commonly treated condition by paediatric physiotherapists
(70). While much time is spent by therapists on enhancing postural control in those with
CP, little evidence is available to support the interventions used to achieve this (29)(46).
The same can be said for FES, where a paucity of available evidence and contradictions in
the few studies that have been undertaken make it difficult to advocate for its use in the
treatment of CP, despite generally positive findings (33)(71)(72). Early intervention is seen
as crucial to maximise the potential for plastic changes to the developing brain, as well as
to the outcome prognosis for children with CP (73). Consequently, the therapists at the
Institution have the opportunity to make clinically and functionally relevant changes in the
lives of the children they treat, as they are most often accepted to the school from a very
young age. Should this study show statistically significant effects on gross motor function,
strength, postural control and HRQol, then FES could provide a cost effective and easily
administered adjunct to normal physiotherapy intervention, improving the lives of the

children at the Institution with CP.

If a greater sample size and more stringent methodology, than previous studies, are
employed during the study, this may provide the most reliable evidence for the
introduction and use of FES in paediatric clinical practice to date. Conversely, if the
intervention is not found to be effective, then valuable resources will not be wasted on an

ineffective treatment in the future.



1.5 Research setting

The Institution, at which the study was based, is a special needs school for children with
physical disabilities in Johannesburg, SA. The school offers a mainstream curriculum from
nursery school level until matric/grade 12. While approximately one third of the school
admissions have a diagnosis of CP, the school also accepts children with a range of
orthopaedic, neurological, congenital and medical conditions causing limitations in physical
functioning. Classes are small, to cater for adapted education and physiotherapy,
occupational therapy, speech therapy and nursing services are provided (during the school
day) to those children requiring such intervention. These therapies are provided to children
of all ages attending the school. The school is government-funded and most children
attending the school hail from poor socio-economic circumstances, thus necessitating

external bursaries to compensate for hostel accommodation, transport, school fees, etc.



2. Literature review

2.1 Overview of the review

The following literature review presents arguments for the feasibility of FES as an
intervention strategy for improving abdominal strength and gross motor function in
children with CP. The review begins with the current definition of CP, a review of
classification systems, followed by the incidence and prevalence of CP in low, middle and
high-income countries, based on different subtypes of CP. Diagnosis and the aetiology of CP
are presented next. The following section describes the various impairments associated
with CP, as well as a description of the development of postural control in both typically
developing children and children with CP, leading into the activity limitations and

participation restrictions that these impairments can result in.

Research explaining motor learning and the gross motor development growth curves for
prognosis in CP is presented. This is followed by an overview of the available treatment
techniques used by physiotherapists in the treatment of CP. A description of FES and
empirical evidence advocating the use of FES and at what parameters is then presented,
with an overview of different practice schedules subsequently. The next section of the
review describes available standardised outcome measures for the assessment of children
with CP and the selection of those used in the study. Finally, different study designs are

explained and a summary of the above information concludes the literature review.

Relevant literature for use in the review was sought by entering keywords such as cerebral
palsy, impairments, abdominal muscles, balance, strength, physiotherapy, electrical
stimulation, GMFM and GMFCS, etc. into online databases such as CINAHL, PubMed,
Science Direct, BioMed Central and Medline. While reading these articles, any applicable
references cited were also sought, using the above method. Articles were limited to those

freely available, full text articles, published in English.



2.2 Definition, classification and epidemiology

2.2.1 The definition of CP

CP has been alluded to in literature since as early as 1862. William Little, a British
orthopaedic surgeon, was the first person to group birth defects resulting in spasticity and
contractures together; referring to this disorder as “Little’s Disease”. By the 1960s Sigmund
Freud (a Viennese neuropathologist at the time) coined the term CP to describe a group of
infantile motor disorders (1)(74). As our knowledge of the workings of the human brain
continues to grow and evolve so too does the definition of CP (5)(74). Despite numerous
attempts at multidisciplinary conferences to determine a consensus on the definition of CP,
this has never been fully realised with various definitions still employed in different parts of
the world (2)(74). One aspect that throughout history has always been agreed upon is the

permanent nature of CP and that it is a non-progressive disorder (2)(75).

CP should be considered not as a diagnostic term, but rather a clinical description of a
group of conditions (2)(76). In 2006, an executive committee comprised of specialists in
their respective fields was assembled at an international workshop in America to develop
an updated definition of CP that might be acceptable for international use. After

deliberation the agreed upon definition was as follows:

Cerebral palsy (CP) describes a group of permanent disorders of the development of

movement and posture, causing activity limitation, that are attributed to non-progressive
disturbances that occurred in the developing fetal or infant brain. The motor disorders of
cerebral palsy are often accompanied by disturbances of sensation, perception, cognition,

communication, and behaviour, by epilepsy, and by secondary musculoskeletal problems

(2).

This definition recognises that the disorder is primarily a motor defect but also includes
impairments of a different nature that can equally affect activity (2)(77). While generally

recognised and accepted globally, this definition does still create some ambiguity in that no



upper age limit is given for diagnostic purposes and there is no consensus regarding the age
at which brain maturation ceases, and a diagnosis of CP can no longer be given. Several
researchers deem cortical development complete by two years of age while other groups
of professionals consider any child under the age of five, with damage to the brain, as

having CP (26)(59)(74)(77).

In summary, CP can be seen as a group of primarily motor disorders, which occur due to
damage taking place while the brain is still developing. These motor disorders cause
difficulties with movement and posture and may be accompanied by a multitude of
concomitant impairments. These impairments all lead to limitations in daily functioning as
well as participation in society making CP a globally experienced disorder with extensive

consequences for the individual.

2.2.2 The classification of CP

Generally speaking, classification requires the meaningful grouping of distinctive features
of data in a way that can be clearly understood by anyone using the classification system
(78). A global attempt to standardise the classification of CP has been made in order to
provide a language all practitioners involved in the management of CP can use to
communicate with one another and with those with CP and their families (77)(79)(80). Such
systems also enable more accurate diagnosis, comparison between similarly classified
individuals with CP, as well as provide a baseline to assist with monitoring of progress or

regression and to help plot prognosis (2).

As with the definition of CP, the widespread acceptance of the classification system
outlined by the Task Force on Childhood Motor Disorders, the group for the Surveillance of
Cerebral Palsy in Europe and the International Workshop on Definition and Classification of
Cerebral Palsy is acknowledged. This system encompasses all of the different subsystems of
classification that have been previously used to try and give each individual the most
specific classification possible; attempting to allow for the recreation of the same

classification by any professional assessing the person with CP (81)(82). Unfortunately, little
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empirical evidence exists to support the interrater reliability of these models and as CP
covers a heterogeneous group of disorders different in each instance; classification by
different practitioners remains inconsistent (80)(81). Nevertheless, the system outlined by
the above professional bodies remains the most thorough system of classification to date
and will be described below. It is suggested that any assessment of CP should include the

person’s age, any radiological findings and any clinical observations made (2).

2.2.2.1 Classification by type of motor disorder

The first subsection of classification is that most widely used in other systems; classification
by type of motor disorder (2). In the past, this merely meant making a distinction between
“pyramidal motor disorders”/upper motor neuron lesions (with damage occurring at a
corticobulbar or corticospinal level resulting in weakness and increased stretch reflexes) or
“extrapyramidal motor disorders” (due to damage to the non-primary motor cortical areas,
cerebellum or basal ganglia with no associated weakness or changes in spinal reflexes but
still causing a loss of motor control) (79). Previously, pyramidal damage was thought to be
associated with spasticity and extra-pyramidal damage with dystonic or athetoid-type
features. It is now widely accepted that most people with CP have elements of both;
further complicating classification (79). With this in mind, systems now further divide
motor disorder into spastic, ataxic or dyskinetic (subdivided into dystonic and

choreoathetotic) motor types (2)(76)(77).

Tone can be explained as the relaxed muscle state when a limb is passively moved causing
a stretch on the moving muscles. Hypertonia is therefore a higher than normal resistance
to this externally induced movement or stretch (79). Spasticity, on the other hand, is
hypertonia but with added resistance to passive stretch based on both the speed and
direction of the externally imposed movement or with increased resistance above a certain

threshold speed or range of movement (i.e. a “spastic catch”) (77)(79).

Dystonia involves involuntary twisting movements characteristic to each individual with CP

seen at rest or usually with attempts at voluntary movement. This is due to activation of
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muscles in an in-coordinated sequence resulting in the sustained or intermittent, repetitive
abnormal postures seen (77)(79)(83). Where dystonia’s involuntary movement causes
sustained postures, chorea causes distinct, fragmented involuntary movement observed in
random sequences. The rapid, unpredictable movements seen in chorea appear to flow
from one portion of the body to another at different speeds and in different directions and
do not cease at rest (77)(83). In contrast, during athetosis, no distinct fragments of
movement are seen and involuntary movement involves slower, writhing-type movements
of the distal body (and may involve the head, neck and trunk). Such involuntary movements
occur continuously and occur more rhythmically than athetotic movements, making
maintenance of a stable posture difficult. Generally these two abnormal motor types do

not occur in isolation and “choreoathetosis” is usually seen (2)(77)(83).

Finally, in ataxia, a difficulty in motor planning leads to an in-coordination of the speed,
force, directionality and accuracy with which movement is executed. This may lead to a
visible intention tremor and/or past pointing. Children with this classification tend to be
primarily hypotonic. The incoordination of movement experienced is often associated with
difficulties in maintaining the body’s sense of equilibrium, leading to balance fallouts and

thus an uncoordinated, unsteady gait (2)(84)(85).

It is well documented in literature that spastic CP originates from damage to the cortex of
the brain, dyskinetic disorders from damage to the basal ganglia and ataxia from lesions of
the cerebellum (2)(86)(87). Historically, CP has been linked to lesions of white matter in the
brain (76)(88). With advances in and more regular use of MRl in neonatal brain imaging,
greater understanding of the mechanism causing CP has been achieved and different
injuries seem to occur based on the prenatal or postnatal period at which damage takes

place (88)(89).

Due to vulnerability of the periventricular white matter in the first two trimesters of
pregnancy, a lack of myelination of nerve cells occurs while the lungs are still
underdeveloped resulting in poor nerve transmission and decreased oxygenation during
this period (89)(90). Damage occurring at this time almost exclusively causes periventricular
leukomalacia (PVL) (89)(90). This is a common finding in babies born prematurely due to

foetal distress (89) and in those children later presenting with spastic diplegic CP
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(2)(76)(82)(91). Insult during the third trimester more often leads to thalamic and brain
stem injury (89). Asymmetrical myelination of the posterior capsule seen in term infants or
asymmetrical PVL is most often associated with hemiplegia and spasticity is most often
seen when damage has occurred after 37 weeks due to migrational brain malformations
(such as schizencephaly, lissencephaly and heterotopia) (2)(76)(82). In addition to PVL
those children presenting with quadriplegic CP tend to have damage to cortical, subcortical

and other areas of the brain (92).

As most people with CP present with “mixed” motor types, numerous texts have suggested
classifying individuals based on their predominant motor type. It is advised that relevant
secondary motor types are still documented as this can make for more appropriate
surgical, pharmacological and therapeutic intervention (2)(77)(81)(83)(93) (94). It is further
suggested that the functional ability of the individual is made explicit, as well as any

secondary impairments listed at this point (2).

2.2.2.2 Classification by anatomical distribution/topographical characteristics

The second subsystem of classification is based on the anatomical/topographical
distribution of CP. This section is divided into hemiplegia (where upper and lower limbs on
the same side of the body are most affected), diplegia (where the lower limbs are more
affected than the upper limbs) and quadriplegia (where the upper limbs are equally or
more affected than the lower limbs) (2)(59)(77)(86). This system can be difficult to utilise as
there is often ambiguity surrounding the extent to which each body part is affected and
many systems still make use of terms such as “monoplegia” or “tetraplegia” further

confounding classification (2)(59)(77).
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2.2.2.3 Classification by causation and timing of CP

As medical technology has improved, it has become more customary in high resourced
settings that infant brain imaging takes place. The final subsystem of classification
suggested by the International Workshop on Definition and Classification of Cerebral Palsy
panel is to record the causation and timing of the brain insult in CP, where possible. This

allows one to correlate findings on imaging with physical motor fallouts observed (89).

2.2.2.4 Classification using the Gross Motor Function Classification System

(GMFCS)

Most classification systems have been supplemented with an indication of the proposed
severity of the condition but this can be very subjective and thus unreliable in its allocation
(95)(86). It was for this reason that the GMFCS (Appendix |) was first created, based on the
ICF framework previously described (see section 1.1 Background), in order to provide a
more reliable and valid standardised tool with which to classify the severity of CP
(2)(96)(97)(98)(99)(100). It has since become the most internationally accepted
measurement instrument for the severity of CP (2)(97)(101)(102). After much adaptation,
in 1997 the GMFCS was published, providing a system of classification of children with CP
between the ages of one and 12 based on self-initiated rather than passive movement and
focused on overcoming environmental and societal factors (96)(97)(100)(103)(104). This
system provides five broad categories into which practitioners can place a child, even after
having had very little initial contact with that particular individual (101). Distinction
between the levels is based on general motor functioning and mobility and the degree to
which adaptive aids are required in order to be independent (96)(100). As the scale is
ordinal, no inference can be made that an equal distance exists between each level and the
next (96)(103)(100). The original scale gave guidelines for allocation of level to children
with CP in categories below two years, 2-4 years, 4-6 years and 6-12 years of age
(2)(101)(205). In 2007, a further category was added allowing the classification of children
with CP from ages 12-18 as well. The descriptions for levels I-V vary depending on the
relevant age category (100). A simple overview of category break down can be seen in

Table 1 below (100).
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Table 1: Gross Motor Function Classification System (GMFCS) overview of basic levels (adapted from

Rosenbaum et al (2002) (104))

GMFCS

Level

Description

Walks without limitations (problems encountered are with higher

level gross motor activities)

Walks with limitations (may struggle with walking longer distances,

have difficulty running and jumping and require holding rails when using stairs)

Walks using a hand-held mobility device indoors (and wheeled mobility

outside in the community)

IV | Self-mobility with limitations; may use powered mobility (highest level of
function is sitting)
V | Transported in a manual wheelchair (generally dependent on others

for all mobility)

The validity of the GMFCS has been studied extensively (2)(50)(97)(104) and interrater

reliability has been quoted as 0.75 (50)(96), with good content validity (95) and excellent

agreement between classification performed by medical practitioners and the families of

those affected with CP (97).

2.2.2.5 Conclusions regarding classification

There is unfortunately still no consensus over which classification system should best be

used in describing CP, but the more thorough the recording of presentation the better the
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opportunity for similar classification between medical professionals and the more accurate
the prognosis for families. Comprehensive classification involves determining the most
predominant type of motor disorder and listing any secondary motor types, as well as
recording the anatomical distribution of symptoms, the causation and timing of the onset
of CP (if known) and using the GMFCS to measure the severity of CP based on an
individual’s age-related functional ability. As CP is such a heterogeneous group of
conditions, one might assume that studies including all classifications in their sample would

have greater generalisability to the wider CP population.

2.2.3 Incidence and prevalence

In this section, the incidence and prevalence of CP, as well as the association between
gestational age, subtype of CP and prevalence, are discussed. Subsequently, prevalence in
high and middle to low income countries are compared, followed by statistics available for

the prevalence of CP in SA.

Incidence accounts for the number of new cases of a particular disease or disorder
occurring over a particular period. More relevant is prevalence, which accounts for the
proportion of a specified population living with that disease/disorder at a particular point in
time (63). Disappointingly, despite advances in antenatal and neonatal care, global
incidence rates have remained constant over time at between 1-2.5 per 1000 live births
(5)(60)(76)(82)(106)(107)(108)(109)(110)(111)(112)(113). This is due, in part, to the fact
that very low birth weight and severely preterm babies now survive
(5)(58)(60)(76)(106)(107)(114). Estimated prevalence rates may be inaccurately low as very
severely affected infants may die prior to official diagnosis of CP and those with only minor

impairments may underreport their diagnosis (76).

Prevalence can be further broken down by classification where various studies with large
samples have listed that between 71-90.6% of those with CP have a predominantly spastic
motor type, with between 2.6-16% being dyskinetic and 1-5.6% ataxic. These studies did

not all account for those classified as having a mixed motor type of CP

16



(10)(57)(81)(111)(115)(114)(116). When separating prevalence rates by anatomical
distribution, those with diplegia account for the majority with 49-73%, hemiplegia 26-38%
and quadriplegia 8-11% of the total prevalence rate of CP (96)(114)(117).

Internationally, there is a trend for a slightly higher prevalence of CP in males, with studies
citing statistics of between 58-61% (57)(59)(82)(87)(110)(111). It is reported that 15 million
babies worldwide are born preterm each year (accounting for a tenth of all new-borns),
with a trend toward increased incidence of preterm birth due to the current availability of
infertility treatments, increasing maternal age and maternal health problems (118). All 11
countries listed as having a preterm birth rate of 15% or more in 2010, were low income
countries (118). The incidence of CP is inversely proportional to gestational age
(60)(91)(119). Preterm births account for the greatest proportion of those diagnosed with
CP and the prevalence rate of very preterm and very low birth weight new-borns is raised
from the overall prevalence of 1-3 to 19-152 per 1000 live births in these children
(76)(82)(111)(119)(120). Genetic mutations associated with advanced paternal age have
also been linked to a higher incidence of CP; particularly in athetoid/dystonic presentations

(121).

Disability incidence and prevalence rates are universally higher in low income countries and
areas, with CP cited at 3.33-4.7 per 1000 live births in these areas (82)(111)(112)(114). Low
birth weight is also associated with socioeconomic status (82)(111)(112)(114). Two schools
of thought surround these higher rates. Firstly, rates may only appear higher due a lack of
accurate diagnosis due to diagnosis being made by unqualified professionals or without the
use of standardised outcome measures or neuroimaging technology in low-income areas
(63)(64). Secondly, poor socioeconomic circumstances can lead to a lack of antenatal care,
home births, where avoidable birthing complications cannot be treated, and a lack of
finances to seek medical assistance after such births (118). Such problems may be self-

limiting for prevalence rates though as many of these children do not survive (64).

Very little evidence is available regarding the prevalence of CP in SA, as a national CP
register does not exist. Other studies have cited SA incidence statistics as high as 28-64 per
1000 live births in their discussions (63), but no South African based country-wide

prevalence studies could be found.
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2.2.4 Diagnosis and aetiology

In recent years, neonatal Magnetic Resonance Imaging (MRI) has become more
commonplace, in order to establish a diagnosis of CP based on damage to the brain evident
on such scans (76)(87). Due to a lack of resources in middle and low-income countries, it
can be assumed that diagnosis of CP is primarily made based on clinical observations, as
funding for expensive MRI technology is not always available. The wider picture of motor or
anatomical distribution of CP may be different in such countries, due to the differing causes

and timing of injury seen, compared to high-income countries.

Determining the aetiology of disease is important as it gives valuable insight into how the
condition should be managed, what prognosis is expected and whether future prevention
is possible (59)(87)(110). Greater detail on diagnosis and the aetiology of CP (Appendix Il)

can be found in section 6.

Poor socioeconomic status forms a further risk for the development of CP
(76)(107)(111)(122) with perinatal risk factors particularly prevalent in less resourced
sections of society (113). Statistics on the breakdown of subtypes of CP are generally not
available for low-income countries and neuroimaging even less available (76). As
preventable perinatal causes of CP are still rife in these areas, due to lack of ante- and
postnatal quality medical care and poor maternal education, one can assume that
prevalence of quadriplegic and dyskinetic CP is higher than in rates given for the developed

world (63)(76)(111).

Assumptions can also be made that in SA, listed as having 5.6 million persons living with
HIV in 2011 (123), and almost all new paediatric cases occurring due to mother-to-child
transmission (61), that postnatally acquired CP due to encephalopathy will be higher than

in high-income countries (63).
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2.3 Manifestations of CP

Based on an internationally accepted biopsychosocial model of medicine (3)(124), in 2001
the WHO released a system of documenting disability called the International Classification
of Functioning, Disability and Health (ICF), following almost a decade of collaboration
between professionals. The aim of doing so was to create a classification system using a
universal language for health practitioners to describe disability (77)(125)(126)(127). In
2006, the United Nations Convention on the Rights of Persons with Disabilities defined

disability as:

...a difficulty in functioning at the body, person, or societal levels, in one or more life
domains, as experienced by an individual with a health condition in interaction with

contextual factors (127).

Rather than concentrating on the cause of a supposed disabled minority, the ICF
acknowledges that a decline in health, at one point or another in a lifespan, is a universally
experienced phenomenon and the focus is rather on the impact this has on functioning (4).
The ICF classifies disability based on the interaction between three different components:
impairment, activity limitation and participation restriction. Impairment is defined as a loss
or abnormality of anatomical structure/physiology or of psychological function, an activity
limitation is a difficulty in performing daily tasks due to impairment, and participation
restriction is any limitation of the disabled individual in their interaction within society

(77)(98)(128)(129)(130)(131).

While historically a focus has generally been placed on treating disability at impairment
level, research now encourages a move toward addressing participation and activity to
achieve more meaningful outcomes (124)(132). By using an ICF framework for assessment
and addressing the different components of disability, the aim is to enable the planning of
interventions that will provide functional improvements, creating opportunities for greater

participation of those with disabilities (127). This functional-developmental approach is
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particularly relevant in a paediatric context (133). A discussion of each of the three ICF

categories follows.

2.3.1 Impairments

Physical impairments such as spasticity have been cited in literature since the 1800s (1).
Below, the impairments of tone and mobility, muscle strength, postural control, energy
expenditure and respiratory dysfunction are explained. Further to these
physical/musculoskeletal impairments are those of the sensorimotor system and cognition,
along with other impairments such as epilepsy, impairments of vision, hearing and speech,
and behavioural difficulties. While not directly relevant to the study at hand, these
secondary impairments all influence performance and thus, need to be understood in order
to comprehend the global picture of CP and how an intervention may affect these

parameters. For this reason, these impairments are briefly described in Appendix IIl.

Studies have shown that the severity of musculoskeletal impairment experienced is a
strong indicator of the likelihood of developing sensorimotor and/or other accompanying
impairments (6) and the significance these other impairments may have on limiting
function should not be underestimated (2). GMFCS level is associated with the severity and
number of accompanying impairments; with level V persons with CP experiencing the most

severe and the greatest number of impairments (134)(120).

While the condition itself it not progressive, the physical impairments discussed below
commonly give rise to secondary complications (50)(68)(76)(129)(135), particularly in more
severe presentations of CP (136). These, mostly orthopaedic, complications are briefly

illustrated in section 6.3 in the appendices.

The following sections are of great importance to the understanding and management of
CP, as numerous studies have shown that the number of people living with CP who now

experience a multitude of disabling impairments is increasing (59). Approximately 60% of
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children with CP experience at least one impairment over and above their primary physical

impairments (120).

2.3.1.1 Musculoskeletal impairments

Abnormal muscle tone and joint mobility

As was outlined in section 2.2.2, tone can be explained as the relaxed muscle state when a
limb is passively moved causing a stretch on the moving muscles. Hypertonia is therefore a
higher than normal resistance to this externally induced movement or stretch (79).
Spasticity, on the other hand, is hypertonia but with added resistance to passive stretch
based on both the speed and direction of the externally imposed movement or with
increased resistance above a certain threshold speed or range of movement
(77)(79)(93)(137)(138). Spasticity is said to be a result of the upper motor neuron lesion
occurring in CP (139), hyperexcitability of the tonic stretch reflex (137) and a lack of cortical
inhibition of excitatory neurotransmitters acting at spinal cord level (140)(141)(142).
Although primarily as a result of neural damage, hypertonia and/spasticity may have a
musculoskeletal component (54). Spasticity can be exacerbated by voluntary attempts at
movement, changes in psychological state and, at times, innocuous external stimuli (79).

Dyskinetic and ataxic movement disorders have already been described in section 2.2.2.

Although difficult to prove, the assumption is made that the resistance to movement
caused by spasticity eventually leads to muscle shortening and thus decreased active joint
excursion. Over time, this leads to limited passive joint range of motion and subsequently
joint contractures in those with CP (49)(93)(142)(143)(144)(145). This limitation in range is,
in fact, a consequence of changes to the actual intrinsic muscle structure of those with CP.
While agreement has not been met on the exact mechanism by which this occurs, studies
have shown the muscle fibres of those with spasticity to be shorter than normal samples,
“rounded” or to have a “moth-eaten” appearance (146)(147). Such alterations in intrinsic

muscle fibre properties, and possible fibrosis of muscle fibres in these subjects, lead to

21



what is referred to as myoplastic hyperstiffness or passive muscle stiffness, with reports of
spastic muscle fibres being up to twice as “stiff” as normal muscle fibre samples
(147)(148)(149). This concept has been further validated by the fact that hypertonia has

been shown to exist in the absence of electromyographic (EMG) activity as well (150).

Muscle weakness

While spasticity has historically been considered the most disabling impairment
experienced by those with CP, literature now supports the idea that weakness causes
greater limitation in function (7)(129)(151)(152)(153). Furthermore, it is possible for both
spasticity and weakness to coexist (77). Weakness is an inability of muscle structures to
exert a maximal force when contracting actively (7)(84)(154). This is often difficult to
observe in children with spasticity, as the resistance exerted can be mistaken for muscle
strength (84). Weakness has been expressed as being inversely proportional to gross motor
function (153) and increasingly more authors now acknowledge that weakness is a major

cause of functional limitation in CP (155).

Muscle weakness forms part of the so-called “negative motor signs” group of impairments
linked to the upper motor neuron lesion of CP. Other negative signs include reduced
selective motor control (i.e. difficulty activating the correct sequence of muscles), ataxia
(uncoordinated activation of muscles during movement) and apraxia/developmental
dyspraxia (uncoordinated activation of muscles needed to achieve a specific goal-directed

task) (84).

Research has shown that even those mildly affected by CP have considerably decreased
strength in comparison to their typically developing (TD) peers (151)(156) and particularly
in those with spastic CP (9). In 2010, a systematic review by Mockford and Caulton
concluded that all studies examined showed that all persons with CP experience some
degree of weakness and that all children in the studies reviewed were weaker than their TD

counterparts (7).
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Studies have shown that, in general, the weakness experienced in CP tends to manifest
more distally with the greatest weakness seen in the ankle dorsiflexors (causing drop foot
during gait) (129); followed by the hip extensors. The quadriceps muscles seem to fall
within normal muscle strength ranges (7)(157)(158)(159). Little evidence exists to enable
comment on the strength of the upper limb in CP. Significantly decreased abdominal
muscle activation has been noted in children with CP when compared to their TD peers (16)
and a link has been recorded between poor abdominal muscle activation and poor

functional outcomes in this population (160).

Dysfunction may be linked more to the imbalance between the strength of agonist and
antagonist muscle groups in CP rather than the weakness of any single muscle group (157).
As can be expected, weakness is more pronounced in those with diplegic CP than those
with hemiplegia (156). Interestingly, studies testing the strength of children with
hemiplegia have found that even the supposedly ‘unaffected’ side is markedly weaker than

TD children of the same age and height (157)(161).

Muscle properties of those with CP compared to TD persons

The most fundamental part of the motor system is a motor unit, comprised of muscle fibres
innervated by a motor neuron and the adjoining neuromuscular junction (8). During typical
development, muscles grow by increasing muscle fibre size. This occurs for the first two
decades of life after which progressive atrophy begins to occur with ageing (162)(163). The
muscle force produced by an individual depends on how many and at what rate these
motor units are recruited. In TD individuals, this differs depending on the specific muscle
contracting (8). As a self-preserving mechanism, the smallest motor neurons will activate
the weakest motor units first and then, as an increasing intensity of muscle contraction is
required, motor units will fire sequentially until ultimately the largest units are engaged
(145). Muscles can be distinguished as either “phasic”/fast acting (containing almost equal
amounts of slow/type | and fast/type Il muscle fibres) or “tonic”/postural muscles (which

are made up of a greater proportion of slow-twitch/type | muscle fibres) (145).
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The imbalance between agonist and antagonist muscle strength and the impaired cortical
inhibition of neural pathways previously explained may account for the frequently
documented co-contraction of antagonist muscle groups seen in CP
(42)(163)(164)(165)(166). Another explanation frequently cited is that the intrinsic muscle
properties themselves are altered in those with CP (137). It has been speculated that these
muscles may be essentially normal at birth but due to inactivity, impairment and abnormal
postures and attempts at movement, muscle morphology begins to adapt and change over

time (90)(144)(145)(166).

Due to advances in imaging technology and biopsy histology, studies have revealed
differences between the visco-elastic properties of the muscles of those with CP and TD
children and adults (54). Such changes may include a greater predominance of type I/slow-
twitch muscle fibres (8)(93)(145), larger variation in muscle size (8)(54)(93)(163) (with
generally decreased cross-sectional area and thickness of muscles) (9)(167) and decreased
sarcomeres in series present (8)(167). The less sarcomeres present in series, the shorter the
length of the fascicle; impairing muscle extensibility and thus inhibiting the muscle power
possible (9)(168)(146). Other morphological changes seen are an increased collagen and fat
content in muscles, as well as poorer quality collagen when compared to age-matched TD
peers (8)(54)(144)(163)(169). Neurological causes of weakness in CP may include an
inability to increase the firing rate of motor units sufficiently during movement (8)(145) and
pre-emptive muscle contraction before the necessary time, leading to inaccurate

movement (8).

Over and above the intrinsic muscle changes evident in CP, immobility and disuse can lead
to further muscle atrophy aggravating the weakness seen in this population (170). Further
exacerbating the problem of weakness is the sheer number of treatment modalities used in
the management of CP that inhibit muscle strength. Almost all surgical procedures and
medications used to address spasticity and secondary impairments, as well as certain
immobilising orthotic devices, have weakness as an unfortunate side effect of the
intervention (151)(156)(171). This will be discussed in more detail in upcoming sections of

the study.
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All of the factors discussed above negatively affect the muscle force, torque and speed of
contraction possible in CP (167). As is evident by the sheer volume of research on the
subject, weakness is a critical impairment experienced by all of those with CP and its effect
on function and independence is vast. While it is widely accepted that postural
disturbances are, in part, due to a lack of abdominal muscle activation in this population,
few studies have specifically concentrated on assessing this empirically. Most researchers
proclaim that due to the negative impact of weakness on global functioning in CP, this
parameter should be addressed during rehabilitation. The lack of convincing investigation
into abdominal strength and intervention to improve this in CP warrants further study, as

gains in strength may lead to gains in posture and motor function.

Posture

Posture can be defined as the vertical positioning of body segment/segments against
gravity and balance is how one adapts this posture in response to internal/external
perturbations in order to prevent falling (172)(173). Postural control is essential for
independent functioning (46)(174). Efficient balance requires the effective operation of the
visual, somatosensory and vestibular systems (43)(46)(172)(173)(175). The primary
responsibility of the motor system in humans is to maintain an upright spine for function
and this requires an efficient synergy between muscular structures around the trunk and
sufficient postural tone (14)(176). In order for adequate posture to take place, one needs
to be able to maintain the centre of mass within the body’s base of support

(18)(43)(48)(174).

Previously, maintenance of balance was assumed to be due to reflexive reactions to
external stimuli (177)(178). Balance is however, nowadays perceived as a complicated
mechanism requiring many intact processes. Studies have shown that postural strategies
can be learnt with practice and exposure to certain environments and motor experiences,

thus negating the idea of balance originating from pre-programmed reflexes (177)(178).
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The somatosensory system is employed first in order to alert the brain to the fact that a
challenge to posture has occurred (whether an internal perturbation due to movement
about to take place or an external stimulus threatening the stability of the body in space)
(172)(177)(176). Secondly, the brain predicts the nature of the disturbance about to take
place, based on the above information received, and anticipatory postural adjustments
occur in order to minimise the fallout caused by the perturbation (176). This can be seen as
early as in 4-6 month old TD infants, where anticipatory neck and trunk muscle activation
occurs simultaneously with upper limb muscle contraction during reaching
(12)(18)(43)(164)(176). This is the start of developing postural control and balance (174). In
adults, these patterns become integrated and more refined over time so that trunk
adjustments to perturbation do not alter the trajectory of the reaching hand and
movements in general are smaller and more graded (17)(20). In TD children, these postural
adjustments continue to develop until approximately 10 years of age, by which time adult-
like postural control mechanisms are possible (16)(20). In general, in standing, young
children tend to stabilise themselves during tasks by limiting the degree to which the trunk
is allowed to move (to provide a stable base from which movement can take place). Adults,
on the other hand, tend rather to improve stability by controlling the size of all anticipatory
movements for greater precision during tasks (20). In the first year of life top-down muscle
recruitment is typically employed but thereafter balance reactions generally become
organised from the supporting surface upwards (i.e. distal upwards) when attempting to
regain control of posture (46)(179). It has also been said that specific, predictable muscle
activation sequences/synergies occur in response to the direction of the perturbation
taking place (18)(43)(180). For example, a perturbation displacing the body forward results
in activation of dorsal muscles and backward displacement causes contraction of the
ventral muscles (12)(18). These gross direction-specific muscle synergies develop first and
are later refined with practice and repetitive feedback during movement (18). As well as
being direction-specific, postural adjustments are also task-specific (178). Postural control
mechanisms may require interplay between numerous body systems, but most essential to
the attainment of adequate postural control for basic function, is the ability to activate the

“core” appropriately.
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Core stability

“Core” stability can be explained as the balance between passive spinal structures and
active muscle control enabling appropriate trunk movement and posture against gravity
and during the activities expected of the body (15)(31). The core acts as a stable base from

which movement of the limbs can take place (15).

Debate surrounds exactly which structures should be included in descriptions of the core.
There is consensus that the muscles around the trunk form a type of cylinder encasing the
vital organs and the spine. A comprehensive list of suggestions for inclusion consists of the
axial skeleton (i.e. the spine, pelvic and shoulder girdles), the diaphragm (forming a roof
over the core), the paraspinals and gluteal muscles (posteriorly), the abdominal muscles
(anteriorly), the pelvic floor muscles (creating the base of the cylinder) and all related
ligaments, tendons, intervertebral discs, etc. (13)(15)(31)(181). Other muscles that have, on
occasion, been included as part of the core are the psoas major, quadratus lumborum,

latissimus dorsi and shoulder girdle muscles (31)(181).

As a whole, the muscles forming the core contract in order to increase the stability of the
spine (13). The way in which these muscles are activated depends on the specific
movement or activity required of the body. Each muscle plays a particular role but
generally the core muscles do not act in isolation but rather form synergies to achieve the
desired goal-directed movement (13)(14)(15). A balance between the so-called local
muscles (which act segmentally due to their attachment to the lumbar vertebrae) and more
global muscles (attached to the pelvis and/or hips) is necessary to ensure adequate
mobility and stability of the spine (31). Figure 1 shows the anatomical situation of these

muscles. Each relevant muscle, and its role in postural stability, is described below.
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Figure 1: Core stabilising muscles

(adapted from
http://www.zazzle.com/deep_core_stabilizing_muscles_anatomy_poster_1-
228846587710743159) (182))

The transversus abdominis (TA) muscle is the deepest of the abdominal muscles and is
widely considered central to core muscle function (14)(181)(183). During complex tasks,
the TA tends to be activated before the other abdominal muscles, as well as preceding limb
muscle activation. Its horizontal fibres act as a corset around the abdomen and its
contraction inward stabilises the spine and can regulate intra-abdominal pressure
(14)(13)(181)(183)(184). It is less active during passive or supported postures than it is
when the subject is moving in upright and unstable positions (14). A study by Saunders,
Rath and Hodges also showed that the TA is the only abdominal muscle that contracts

tonically during gait and running (while the others act phasically during these tasks) (183).

The oblique muscles are also considered primary spinal stabilisers (154). They consist of the

internal oblique (10) and the large external oblique (EO) muscles (which are the most
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superficially situated abdominals) (185). Together the obliques act as trunk lateral flexors
and rotators. Axial rotation occurs in the direction of the contracting side while the
contralateral side contracts isometrically for stability (186)(187). In order to maintain
equilibrium, core stability in all three planes of movement are necessary, making rotation a
vital component of the maintenance of balance (15). This rotation is also necessary in order
for dissociation between the trunk and pelvis to take place during the swing through phase
for efficient gait as well as to allow reaching of the upper limbs across the midline (188). As
well as rotating the trunk, these muscles are responsible for preventing an anterior tilt of
the pelvis to allow the maintenance of an upright spine (181). It has been shown that an
increased degree of anterior pelvic tilt in children with CP is associated with a decreased
ability to complete sit-ups, possibly representing poorer abdominal strength (153). It could
be postulated that the increased lumbar lordosis associated with the anterior pelvic tilt
seen frequently in CP further exacerbates the “crouch” gait commonly experienced by this
population (explained later in section 2.3.2 Activity limitations), further limiting balance
and stability as the pelvis is considered the level of the body’s centre of gravity. Assaiante
has also shown that a stable pelvis is a precursor to the attainment of independent

locomotion in TD children (179).

The rectus abdominis (RA) muscles run anteriorly, parallel to the spine, and are a major
flexor of the trunk. They are said to brace the spine during heavy loading activities (31). In
their review Akuthota, Scott and Nadler express the opinion that the RA is commonly
overemphasised during strength training, thus usually neglecting the weaker EOs (181). The
obliqgue muscles and RA only contract after the muscle responsible for limb movement has
been activated (184). The abdominal muscles are also responsible for forced expiration,
lung volume regulation and changes to the length of the diaphragm (184)(189)(190)(191).
EMG and ultrasound imaging have shown all the abdominal muscles to be inactive during
quiet breathing. These measures demonstrated strong contractions of the RA, EO and TAs
in adult subjects during voluntary and forceful expiration, speech, laughter and voluntary

coughing (192).

The thoracolumbar fascia encases the muscles of the back and communicates between the
upper and lower limbs for coordinated movement (181). The erector spinae muscles (i.e.

longissimus and iliocostalis) run superficially from the pelvis to the cervical region of the
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spine (181) and act as powerful spinal extensors (186). The local muscles, deep to the
erector spinae muscles, include the multifidi, rotatores and intertransversi muscles of the

spine that act segmentally to assist with stability (181).

Often excluded in literature about the core is the quadratus lumborum that acts strongly in
an isometric fashion to assist with stabilising the spine (181). Also neglected in research is
the role the muscles around the hip (namely the gluteus maximus and medius) play in core
stability (181). These muscles contract to stabilise the trunk over the body’s base of
support and provide strength for forward propulsion during gait (15)(172). To a lesser
extent (due to its attachment in the lumbar region), psoas major may contribute to some
extent toward spinal stability (181). As with the TA, the diaphragm contracts increasing
intra-abdominal pressure and increasing the stability of the spine. The pelvic floor muscles

contract in synergy with the TA drawing up the base of the core (181).

Posture and core stability in CP

As CP is defined as a disorder of movement and posture, it is assumed that all children with
CP will experience difficulty with maintaining balance and postural control
(42)(164)(180)(193)(194). As has been previously discussed, the development of postural
control begins in early infancy. Any delays in attaining postural control can have
detrimental effects on gross motor milestone acquisition, as postural adjustments are
required for all activities (20)(21). In addition, without opportunities to experience
movement and attempt new motor tasks in more severely affected children with CP, and
due to the numerous impairments experienced by this population, the learning of postural
adjustment may not be achieved (177)(195). Without reactive postural control, children

with CP are unable to counteract unexpected threats to their balance (21).

During the exploration of new gross motor tasks, infants and children rely heavily on visual
cues for postural control. The vestibular system begins to contribute more toward balance

from approximately six years of age (179). As is discussed in the appendices, one of the
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difficulties experienced by the CP population is that of visual impairment (section 6.3),

which further contributes toward postural instability in these particular children (175).

A study on ambulant children with CP revealed that all participants showed direction-
specific postural adjustments but that muscle activation in children with diplegia and
hemiplegia was in a top-down fashion (43). Only children with level V GMFCS mobility
limitations do not show direction-specific postural adjustments (46). The same few
stereotyped muscle synergies were noted in all children with diplegia limiting their freedom
of movement (43). Those participants who were ataxic employed TD bottom-up muscle
synergies but the activation of these muscles was delayed. All children taking part in the
study showed excess co-activation of antagonist lower limb muscles in standing.
Interestingly, when TD children were made to stand in a crouched position like those with
CP during platform perturbations, they too demonstrated excess co-activation of these
muscles (43). Children with quadriplegic CP tend to recruit muscles more slowly and weakly
than their TD and less affected CP counterparts (7). These particular postural characteristics

seen in children with CP are endorsed in numerous studies (12)(16)(17)(18)(42)(164) (187).

Younger children with CP tend to activate the neck and spinal extensors en bloc in order to
increase stability during reaching tasks but this tendency seems to dissipate from
approximately four years old (12)(175). Motor planning in order to activate muscles with
accurate speed and force is another frequently cited problem in CP (17)(18) and decreased
abdominal muscle activation contributes to reduced balance and postural control (16).
While numerous studies indicate deficits in abdominal muscle strength and activation in
this population (16)(17)(18)(160), no studies could be found investigating the relative
strength or activation of back extensor muscles in people with CP, making it difficult to
comment on whether deficits in these muscles also exist. Increased postural sway during
static standing has also been noted in CP populations (47). Poor core strength is strongly

associated with an increased risk of soft tissue injury and pain in all populations (13).

The development of postural stability is essential for the attainment of developmental
gross motor milestones in infants and later independent functioning. Postural control and
balance requires a complex interaction of muscle synergies and sensory systems. Core
stability requires balanced functioning of all of the core components to enable appropriate

postural adaptations, depending on the activity. CP, by definition, involves disordered
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posture and movement, thus severely limiting the ability to adequately attain the postural
control necessary for physical tasks and the ability to counteract external threats to
balance. The top-down muscle recruitment, delayed or in-coordinated muscle synergies
and muscle weakness/decreased activation of the abdominal musculature experienced by
people with CP, all contribute to postural deficits. Balance and posture-specific
rehabilitation has the potential to improve task-directed activity as it has been shown that

postural strategies can be learnt, if not naturally acquired.

Energy expenditure

All of the above listed morphological differences and physical impairments present in those
with CP contribute to an increase in energy expenditure during activity. These factors
coupled with slower movement (especially during gait), manifest in compromised
cardiovascular fitness and general endurance (22)(70)(124)(132)(162)(196). Indicators of
poor cardiorespiratory fitness such as poor oxygen uptake, increased heart rate and low
blood lactate concentrations in people with CP have been described in medical literature
(197). One could perhaps assert that the adapted biomechanics seen in CP are employed in

order to reduce the physiological cost of walking.

Respiratory dysfunction

Respiratory dysfunction is widespread in children with CP, with a reduction of up to 35% in
respiratory function compared to their TD peers (198)(199). The physiological contribution
of the abdominal muscles to breathing is well documented and respiratory muscle fatigue
has been shown to limit exercise performance (23). Due to decreased voluntary control of
muscles, those with CP have been shown to have a decreased total lung capacity,
decreased vital capacity and a significantly reduced functional residual capacity when
compared to normal predictive values (24)(199)(200). Without adequate abdominal muscle

strength, children with CP experience a weak cough making expectoration during illness
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difficult (189). The impaired mucociliary clearance often found in this population may also

contribute toward a greater frequency of chest infections (198).

These changes are of great consequence as the leading cause of mortality in this population
is respiratory related complications (such as aspiration pneumonia and swallowing
difficulties). The highest mortality rates are seen in more severely affected quadriplegics
and severe cognitive impairment is directly associated with early death (5)(198)(200)(201).
Difficulty swallowing liquids can lead to the need for the insertion of a gastrostomy for
feeds but the aspiration of saliva in those severely affected cannot be completely

eliminated (58)(198).

Increased incidence of respiratory disorders, postural discomfort due to physical
impairments, aspiration and gastro-oesophageal reflux (GOR) (as the coordination of
smooth muscle internally is also affected) can all lead to altered sleep patterns in children
with CP. Difficulties with breathing during sleeping can lead to increased waking during the
night and disturbance of circadian rhythms. This further negatively impacts cognition,

concentration and general behaviour (5)(10)(108)(198)(200)(202).

It can be postulated that by improving abdominal muscle strength, respiratory function
may be improved in this population, thus lessening the effect of secondary complications

that lead to higher mortality rates.

Summary of impairments

As is evident from the sheer volume of research on the subject, the impairments seen in CP
are many and their effect on functional independence considerable. The primary physical
impairments of tone, posture and balance are seen in all subtypes of CP and morphological
changes to muscle, when compared to TD study participants, are now evident. Almost all
people with CP experience concomitant impairments as well. These include impairments to
cognition, perception, proprioception, vision, hearing, speech, behaviour and respiration.

Epilepsy is also commonly associated with CP. These impairments, coupled with the
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primary physical impairments seen in CP, can lead to a perceivable worsening in the
condition (despite the primary cortical lesion being non-progressive) due to the

development of secondary complications, such as bony deformity and pain.

While each of the above impairments, when observed individually, have negative effects on
functioning, all of these impairments have a negative effect on the development of
postural control, vital to all activities and daily tasks. It is likely that addressing core
strength and postural control during rehabilitation may prevent many of the secondary
complications experienced, while improving independence and motor skill acquisition in

CP.

2.3.2 Activity limitations

Activity limitations are those difficulties of an individual in fulfilling daily tasks or activities
(130). Limitations in mobility are widely understood and almost one third of people with CP
require assistive devices in order to mobilise (10)(57). As previously mentioned, in recent
years there has been a move away from purely impairment-based treatment for CP as the
outcomes of these interventions have little carry over into real life situations (79)(124). As
secondary complications can further limit functionality over time, greater attention needs

to be paid by practitioners to addressing the development of activity limitations (59)(79).

The GMFCS system discussed in section 2.2.2 is considered the gold standard for classifying
the mobility of children with CP (77) as it is the only classification system that has been
proven valid and reliable for use in this population (80). Its accessibility and ease of use
enables both practitioners and family members/caregivers involved in the lives of those
with CP to make classifications using the measure for greater ease of communication
between stakeholders (80). Studies have shown the measure has a high level of acuity in
predicting future functioning, with classifications on the scale made at 12 years of age
generally representing the level that individual will remain at through adulthood

(77)(80)(203). A study by Rethlefsen, Ryan and Kay went so far as to say that those
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classified as levels I and Il have an 88% chance of still walking as adults and those children

in wheelchairs will remain wheelchair bound as adults with 96% certainty (77).

Gait is particularly difficult to achieve without adequate postural control as single leg
stance is required during swing through (179). For those children with CP who are able to
mobilise, patterns of gait differ in comparison to their TD peers. In CP, a lack of core
strength is said to contribute to the typical upright posture seen which includes an
increased lumbar lordosis and an anterior pelvic tilt; although this has not been proven
empirically (204). Unger determined that a decreased ability to complete sit-ups was

associated with an increased anterior pelvic tilt in children with CP able to stand (160).

A typical “crouch” gait is often adopted by older children with CP, as spasticity, the effects
of gravity and increasing body weight with age tend to pull the hips and knees into a
markedly flexed position while walking. This is usually observed in children with a diplegic
distribution of CP (205). Due to spasticity, this may be accompanied by excess hip
adduction and internal rotation resulting in a scissoring gait. This is further exacerbated by
the inherent hip abductor weakness seen in CP (41). In those children that toe walk (due to
a limited range of Achilles tendon and gastrocnemius muscle length) balance is also
compromised as the base of support available is small and heel strike is not possible when

mobilising (205).

Due to limited range of motion and active control at the ankle joint, those with CP tend to
utilise greater degrees of hip protraction/retraction than is necessary during gait to
compensate for the lack of contribution from the ankle (48). The abdominal muscles have
been found to contract for longer periods than in TD children during mobility (22). This
widespread muscle activation may be necessary to compensate for a lack of stability
against gravity but limits the smaller postural adaptations that are possible when external
perturbations take place (22)(44). The larger the threat to balance the more plainly the
compensatory mechanisms used in CP can be seen (45). Such patterns present problems as
the overcompensating muscles are no longer adequately able to complete the function

they were originally intended for (22).
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Gross motor function is directly associated with the ability to complete activities of daily
living (132). Tasks such as dressing, independent or caregiver assisted transfers, washing
and basic mobility are all hindered by the development of the secondary complications
mentioned in Appendix Il and can worsen HRQoL (50)(55). Such limitations in activities of
daily living are more frequently experienced the more severe the level of CP (125). As
would be expected, children with diplegic CP perform better during activities of daily living
than those with quadriplegic CP and better during self-care tasks than those children with

one side of the body more affected (125).

Abdominal activation and postural control fallouts experienced by those with CP have
widespread implications on gait patterns, energy expenditure and the fulfilment of

activities of daily living. This, in turn, affects the HRQolL of those with the condition.

2.3.3 Participation restrictions

As well as describing activity limitations experienced by those with disabilities, the ICF
advocates that greater attention be paid to social integration and functionality within the
environment appropriate to this population. More importantly, the focus of this framework
is on ability rather than disability (2)(3)(56)(124). In order to achieve this, individuals with
CP, family members/caretakers and the medical practitioners concerned all need to be
involved in management and planning. In addition, psychosocial factors need to be taken
into account (3)(70). This transition to a less impairment based model of treatment has
been slow and a 2007 study by Engelen, Ketelaar and Gorter showed that within the ICF
framework only 20.4% of 451 treatment goals set by practitioners included in their study
were aimed at activity limitation or participation restriction (126). Treatment outcomes
should also be assessed in real life situations as an improvement in a clinical setting does
not necessarily equate to a functionally meaningful improvement in the individual’s

working or home environment (3).

Interviews with adolescents with CP and their parents have revealed that communication

between them and strong family relationships, as well as social integration with their peers,
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is vital for satisfactory HRQoL. Maintaining functional independence after leaving school
was also highlighted as important to this population (206). Unfortunately, barriers to
achieving this level of independence include those of the physical environment,
transportation, access to appropriate assistive devices and therapeutic interventions

required, as well as societal views and stigmas surrounding disability (206)(207).

It is understood that the level of physical independence possible in CP is directly associated
with the level of social participation that takes place (208). Another source has claimed that
while GMFCS level is associated with motor activity, the scale is not correlated to
participation and this varies across GMFCS levels depending on the individual’s
circumstances (209). Socioeconomic factors, access to medical intervention and social

support systems have higher correlations to levels of participation (125)(207).

A lack of social integration has a negative impact on the psychological wellbeing of children
with CP and many adolescents and adults with CP find themselves socially isolated
(26)(210). In order to ensure adequate participation is achieved it is essential that activities
are planned that the child wants to do rather than those that the family or therapists think
will be appropriate. These activities should then be adapted to ensure a level of success

during these tasks to promote self-esteem and social interaction (3)(124)(135)(211).

A Canadian study revealed that adults with CP tend to be involved in meaningful
relationships, attend university, move out of home and achieve gainful employment less
than their TD counterparts. They are also less likely to take part in recreational activities
(210) which negatively affects social integration and the development of a community
identity (135). This study concluded by recommending that treatment and educational
systems should include vocational training, psychological counselling and assistance with
social integration and that these factors should be combined with the treatment of
physical impairments and mobility restrictions in order to offer a more holistic service
(210). Participation in leisure/outdoor and other physical activities has been directly linked

to psychological wellbeing and physical development (135)(207).

Related studies have confirmed that less than half of those with CP are employed in either

full or part time work and 65-88.7% have never married. Seventy-five percent of people

37



with CP were found to still live with their parents as adults (10)(212). The majority of those
with CP cease receiving rehabilitative services after their eighteenth birthday. A possible
reason for this, provided by Bottos et al. is that practitioners feel greater outcomes are

achieved with early intervention (212).

In conclusion, as children with CP participate significantly less than their TD peers do,
treatment needs to focus less on physical impairments and more on facilitating social
integration and active participation in their environment (207)(213)(214). As has been
illustrated above, all stakeholders involved need to be included in the management of
those with CP and, more importantly, interventions need to be meaningful to the individual
in order for relevant psychosocial outcomes to occur. For this reason, the inclusion of
HRQoL outcome measures have been advocated during experimental studies in order to
determine whether the intervention assessed has psychosocial as well as physical
implications (56)(53)(67)(215). In order for resultant functionally meaningful outcomes,
interventions should be assessed in everyday situations rather than in clinical/laboratory
settings. It is for this reason that the outcome of pragmatic trials is more relevant in the
field of rehabilitation (39). While impairment-based interventions may improve those
specific impairments, in order for clinically meaningful changes to take place therapeutic
interventions should be implemented in a more functional, task-oriented way. This will be

elaborated on in the section below.

2.4 Motor learning and physiotherapy for the child with CP

Brain development continues after a baby is born, with maturation thought to continue
until at least two years of age (26). Motor development does not cease at this point and, as
has been discussed in previous sections, skill acquisition and refinement of gross motor
function continues until adolescence (194). This natural phenomenon has led to much
research in the field of motor learning in order to try to understand what processes occur

in the brain to allow for the learning and accomplishment of new tasks.
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This section begins with an explanation of the principles of motor learning and neural
plasticity. It is followed by the development of gross motor growth curves for children with
CP. Intervention techniques used in the treatment of children with CP in Johannesburg are
many and varying. Those treatment modalities used most often by Johannesburg
physiotherapists, in the management of CP, as well as those techniques aimed at
addressing weakness and postural deficits, are discussed next. A description of the
remaining techniques used can be found in the appendices. The section below ends with an
explanation of electrical stimulation and its use in different conditions, its use in CP and the
recommended parameters for use, followed by a section on practice schedules and the

frequency of intervention in general.

2.4.1 Motor learning and neural plasticity

Neuroplasticity is the human brain’s ability to adapt itself to the changing needs of the
individual (87). Once neural maturation of the brain has been reached in infancy, the brain
determines which synaptic connections are still necessary and the remainder are
eliminated in order to refine neural processing (87). Plasticity is the ability of the brain to
enable structural transformation to facilitate motor recovery and development (173).
These changes include additional sprouting of dendrites, cortical re-organisation and the
development of new synaptic connections (173)(216). Changes to the neurons themselves,
as well as adaptations to pre- and postsynaptic functionality are also possible (173). After
brain insult, new neurons do not develop but rather the circuitry of existing neurons is
rerouted to compensate for damaged cortical areas unable to elicit particular motor

actions (194).

The above can be explained by the “neuronal group selection theory” where genetics
determine how neural networks develop (in terms of cell division, cell migration and
dendritic sprouting or death) into interconnected neuronal groups each responsible for
particular motor outputs (194). The process of neural development is then further
established by somatosensory input from the environment (164). The “dynamic systems
theory” takes this a step further by explaining neuroplasticity as an interaction between

sensory, psychological, musculoskeletal and environmental factors (194).
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As has been demonstrated in neuroimaging studies on adult stroke patients, neuro- and
cortico-genesis occur following the brain insult experienced as an attempt to try to re-
establish synaptic connections in the brain (87). Motor learning can be defined as “the

acquisition of new skills with practice” (69).

While neural plasticity occurs due to insult/injury to the brain as described above, it may
also occur due to varying sensory experiences and through repetition and learning
(90)(173)(216). The brain adaptations that take place occur in response to the specific

environmental circumstances of the individual (217).

Physiotherapy can enhance this process by providing the opportunity for repetition of
movement and the teaching of specific skills (218). The practitioner should also allow for
exposure to external sensory experiences, otherwise not encountered, to further promote
motor learning (90). When a task is not yet independently achievable, therapists can assist
with the motor learning process by facilitating/guiding the movement required to achieve
the expected goal. With repetition the brain begins to recognise the motor demands of the
task and the muscle synergies required and hands-on facilitation can progressively be
withdrawn (178)(219). In order for these synergies to be retained for future application,
both internal and external feedback of success is needed (69)(173). Without the physical
experience of the activity, one cannot interpret the requirements of its successful

completion and so practitioner demonstration of the task does not suffice (220).

As CP is a disorder of the developing brain, it occurs at a time when the potential for neuro-
plastic changes are most likely (194)(216). It is for this reason that early intervention
ensures the best possible functional outcomes in children with CP (22)(216). Cortically, the
greatest changes are seen when skill development is goal-directed (i.e. relevant/meaningful
to the particular individual with a specific and attainable goal) and when practice takes
place over time (71)(75)(90)(221). Such therapy may enable new synaptic connections to
develop allowing motor outcomes that the damaged areas of the brain are not able to
generate (90). The more active the participation of the child in the task at hand, the more
likely that compensatory neural mechanisms will become established (75)(194). The
massed practice of functional, task-specific activities, by those with CP, has been shown to

be effective. The active engagement of the participant and intensive repetition of such
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activities leads to the development of the motor plans/programmes otherwise absent in
such subjects by reinforcing neural pathways, and many professionals now advocate for

guantity of movement over quality of movement (222).

In Bar-Haim et al’s 2010 study, 78 Israeli children with CP were randomly allocated to two
groups; one receiving Neurodevelopmental Therapy (NDT) and the other an experimental
group receiving therapy based on motor learning. Both treatment groups made significant
immediate improvements in gross motor function but while at six months post-
intervention the NDT control group demonstrated deterioration in GMFM-66 scores, the
intervention group displayed stability in their scores up to nine months following the motor
learning intervention (69). This treatment included the practice of goal-directed activities
that were meaningful to and selected by each individual, feedback provided by different
means during and after the task for knowledge of results, intermittent cognitive tasks and

changes to the environment in which the task was completed (69).

In order for tasks to be meaningful to the individual and for motor learning (and thus the
development of new synaptic connections and retention of motor improvements) to occur,
intervention needs to be goal-directed, task orientated, and the individual needs to be an
active participant. It can be surmised that treatments aimed at improving impairments
experienced by those with CP, introduced during functional, goal-directed activities, may
provide greater opportunities for motor learning to take place and thus, ensure better

functional outcomes of treatment.

2.4.2 Motor development growth curves

In 2002, Rosenbaum et al published an investigation that revolutionised the ability of
practitioners to prognosticate about children with CP (101). This study tracked the progress
of 657 children with CP, under the age of 12 on acceptance into the study, for almost four
years. Participants were part of the West Sweden CP register and were recruited through
the ambulatory rehabilitation centres at which they all received regular treatment in
Ontario, Canada (96)(115). Treatment received by participants at these facilities included
developmental interventions such as physiotherapy, occupational and speech therapies,
medicinal and surgical intervention and the prescription of orthoses, when indicated

(96)(105). As these centres are publicly funded, the authors concluded the sample was
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representative of the greater CP population, as the majority of affected children had access
to these facilities (101)(105). The children were assessed repetitively using the
standardised GMFM-66 (which will be discussed in detail later in this literature review).
Participants were stratified based on their GMFCS level of motor functioning as well as
their age, making it possible to create a predictive “motor curve” for each level (101)(115).
Each of these curves was found to be significantly different from the other (105). As the
large sample was deemed representative of the tested population, the authors inferred
generalisability to a much wider population (105). These curves provide a platform from
which to base comparisons for all practitioners globally and the study has been widely
accepted and adopted (101)(105). The curves created allow greater ease in communication
with families regarding their child’s prognosis and a way to monitor the success or failure of

therapeutic interventions (96)(105)(216).
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Figure 2: GMFM-66 developmental gross motor growth reference curves (adapted from Hanna et al (2008)

(101))

42



As can be seen in Figure 2 above, basic assumptions regarding the motor abilities of a child
with CP can be made based on the motor curves. Once classified using the GMFCS, one
needs only find the child’s age on the graph and the relevant GMFCS line graph will give an
indication of the expected GMFM-66 score, as a percentage, up to a 95% confidence
interval (101). This can be done visually by assessing the graph or for greater accuracy by
consulting the tabulated percentiles laid out by the authors (101). As can be seen on the
graph, at birth all GMFCS levels are unable to perform any of the items on the GMFM-66
outcome measure. The period of greatest gross motor development for all levels is during
infancy, with development eventually levelling off as individuals reach a ceiling to their
potential skill attainment in early adolescence (103)(105)(106). As would be expected, the

less severely affected children have the greatest potential for improvement (223).

As no child is the same and as the presentation of CP is not stable, variability from one
individual to another is inevitable. Performance may undulate and this should not
automatically be associated with clinically significant effects of treatment (101). It has been
proposed that up to 90% of children with CP reach their motor potential by five years of
age with a generalised plateau in progress seen by age seven (96)(105). The same is seen in

typically developing children (221).

Between 1981 and 2002, 317 of the 409 children born with CP listed on the West Sweden
CP register took part in a study assessing the natural history of CP. The authors found that
75% of the population classified at GMFCS level | was able to accomplish 90% of the
GMFM-66 items by the age of five, with a large proportion reaching 100%. Many of these
children (most of who were classified as having hemiplegia) reached similar scores to their
age-matched TD peers. Those at level Il closely followed these scores with the majority of
this category having a diplegic distribution. By age seven, in general, the remaining groups
were able to complete 80%, 30% and 20% of the outcome measure for levels I, IV and V

respectively, plateauing after this point (96).

The attainment of independent sitting has been strongly associated with the potential for
independent gait, with 90-100% of those sitting before the age of two ambulating
independently later in life and only 50% of those sitting between 2-3 years having the

probability of doing the same (70). The most severe two groups also show a tendency
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toward gross motor decline over time (50)(115). It could be speculated that this is due to
secondary complications and an increase in body weight with growth rather than
deterioration in the condition itself (115). Accelerated decline in walking ability and in

physical impairments occurs from adolescence into adulthood (212).

A further study, by Hanna et al, tracked the progress of the original participants following
the Ontario study. The curves that were developed, as these children aged, established that
those with a classification of a level | or Il on the GMFCS plateaued as was previously
shown, and a steady decline in GMFM-66 scores for GMFCS levels I1I-V as children with CP

enter their teenage years was noted, which continued into adulthood (115).

The developmental gross motor growth curves established by Rosenbaum et al have
created a globally accepted way of communicating between therapists and predicting the
motor outcomes of children with CP, of varying severities, over time. The curves have
demonstrated that children make the greatest gains in motor functioning during infancy
and thus one can advocate for the need for early intervention in order to achieve the
greatest therapeutic outcomes possible. The fact that these curves show most children
plateau in their attainment of new motor skills by the age of seven has led to debate
surrounding whether or not therapy should continue into adolescence and adulthood.
While further improvements may not be possible, the curves have also demonstrated that,
with secondary complications due to primary impairments and environmental factors, a
steady decline in function may occur over time. For this reason, one might assert that
therapy should be a lifelong service offered to those with CP in order to maintain physical
functioning, promote independence and social participation, and thus prevent the
development of secondary complications. These curves were developed based on the
repetitive assessment of children with CP receiving regular therapeutic, medical and
surgical intervention of a high quality, as needed, from a young age until adulthood. For
this reason, it may be proposed that such curves might not accurately represent the
prognosis of children with CP in low-income countries, where early intervention is not
always possible, resources and professional expertise are limited and intervention may not

continue beyond a certain age.
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2.4.3 Intervention strategies

The above outcome measures and the predictive curves based on them have allowed for
more specific planning for therapeutic intervention for CP (101) and goal attainment and
progress should be tracked based on the expected motor outcomes for each specific child’s
age and gross motor level (103). The World Confederation for Physical Therapy claims the
role of this profession is to “develop, maintain and restore maximum movement and

functional ability throughout the lifespan” (224).

No treatment exists capable of reversing the cortical damage present in CP and thus it can
be categorically stated that no cure exists (90). As discussed in section 2.4.1, in order for
treatment outcomes to have clinical and functional carry over into real-life situations, goals
set need to be meaningful to each individual (70). Based on ICF concepts, a global move
toward family-centred treatment has occurred with emphasis placed on the individual and
relevant family members playing an active role in goal setting and the management options
chosen (70)(87). A person is more motivated to work toward achieving a goal when they
themselves have outlined the activity as something of importance to them (126). Goals set
should always be specific, realistically attainable and measurable in order to monitor
progress (225)(226). A general consensus has been met that early intervention leads to

more promising outcomes of treatment (26).

Physiotherapists play a central role in the multi-disciplinary team involved in the
management of children with CP (68) and therapy is usually ongoing throughout childhood
(227). With the integration of the ICF into many physiotherapy practices there has been a
move away from solely focusing on the maintenance of body functions and prevention of
secondary complications at impairment level only, with a greater emphasis placed on
participation and accomplishing maximal functional independence (67)(68)(69)(138).
Previously, therapy strictly followed a system of trying to attain developmental milestones
in the chronological order in which TD infants attain these gross motor skills. Waiting for a
particular milestone to be reached before progressing to work on other proficiencies is
unrealistic, as children with central nervous system (CNS) disorders may never reach

certain milestones but may still be able to achieve higher functioning tasks with
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adapted/compensatory patterns of movement (124). If therapeutic activities set are not

age-appropriate and child friendly; goals will not be realised (228).

Any treatment modality adopted should be based on scientifically proven data
(25)(143)(229). This is made difficult by the vast contradiction evident in current literature
either supporting or negating the use of each intervention available for the treatment of CP
(27). This is confounded by the lack of research available of sound methodological quality
(48)(230) and systematic reviews have been constructed to try and bring together all of the
available literature based on certain techniques to try and improve practitioner
understanding (25)(48)(231). Numerous treatment options exist but as each child with CP
presents differently, the choice of modalities needs to be made based on each individual’s

primary difficulties (232).

CP intervention can be broken up into rehabilitative techniques, medical treatments and
surgical procedures (87). As pragmatic trials require that an experimental intervention be
compared to ‘typical/routine’ intervention (see section 2.6), a checklist of possible
techniques, for the rehabilitation of children with CP, was created by the researcher
(Appendix IV) for use in this study. This will be discussed in detail in section 3.1. As was
explained above, those popular therapeutic interventions, with an emphasis on improving
gross motor function, strength and balance, included in the checklist, are described below.
Other techniques employed by physiotherapists in Johannesburg, as well as a summary of
medically/surgically based interventions, alternative therapies and other therapeutic
modalities that have been not been included in the intervention checklist (as they do not
form part of typical physiotherapy intervention) can be found in the appendices proceeding

the conclusion of the study (Appendix V).

2.4.3.1 Neurodevelopmental therapy

Since its inception in the 1940s, neurodevelopmental treatment/therapy (NDT) (more

commonly known as Bobath therapy after its founders Dr. Karel and Mrs. Bertha Bobath)
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has become the most widely accepted and administered system approach to the

management of children with CP (169)(178)(219)(233).

In her commentary on the evolution of NDT, Margaret Mayston describes this treatment
approach as a way of thinking and analysing rather than as a specific treatment technique
(48)(170). The NDT trained individual is expected to use their expertise in analysis of
movement and critical reasoning to formulate treatment goals specific and functionally
meaningful to each individual. Any intervention performed in order to achieve these goals
should be based on empirical evidence (170). In 2000, it was estimated that 88% of
physiotherapists working with patients with CNS disorders in the United Kingdom were

NDT trained (170).

Initially the Bobaths surmised that the motor deficits seen in children with CP were purely
due to their physical impairments and that if one could “inhibit” hypertonicity, spasticity
and abnormal reflex activity then positive changes would carry over into functional mobility
(170)(178). However, hands on techniques cannot inhibit neurotransmitter release to
effect cortical changes, and facilitatory techniques used in NDT work rather on the visco-
elastic properties of muscle and stretch reflexes (170). Thus the initial static “reflex
inhibiting postures” children with CP were placed in to reduce spasticity were abandoned
and replaced by “tone-influencing patterns” of movement that are facilitated using key
points of control on the body to try to elicit more natural and effective patterns of
movement (25)(178). These techniques still did not amount to functional overflow into
real-life situations though and improvements seen ceased after handling was withdrawn.
Consequently, current NDT based ideas now encourage greater active participation of the
individual during treatment (25)(233) and practice and repetition of tasks is necessary to
ensure retention of realised goals (170) with an emphasis on play in young children (178).
One can consider the NDT process as being initiated by preparation of the body through

stretching and facilitation, leading into more active functional tasks (169).

Handling techniques used include facilitation of transitions between functional positions,
facilitation of repetitive movements with assistance, facilitation of weight shifts to co-
activate trunk muscles and facilitation of trunk rotation vital for developing equilibrium and

postural reactions (173)(234). Once motor learning begins to take place, the degree of
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hands-on facilitation provided is withdrawn to begin to enable independent achievement
of functional movement (234). The premise behind these techniques is the supposed

II’

promotion of “normal” motor and postural development and the prevention of secondary
complications at impairment level (25)(27). Constraint-induced therapy (CIT) has long been
incorporated into NDT treatment in order to facilitate compensatory mechanisms and
forced use of the more affected side (170). For more details on this modality, please see

Appendix V.

In order for studies evaluating treatments to be of a high standard, they require
randomisation of trial situations as well as large sample sizes to allow for generalisability
(226). As can be seen above, NDT is an approach that encompasses a multitude of
treatment ideas and techniques. As CP is a heterogeneous group of disorders, with
presentation varying widely, it is exceptionally difficult to conduct a study where each
practitioner would use the same techniques as one another or even where a single
practitioner would use the same treatment protocol for two different subjects with CP
(229). It is also difficult to account for external variables such as environment, social
participation and other therapies that may also affect motor performance in this
population during studies (229). Further confounding study results are wide variances in
teaching methods employed during NDT training throughout the world and the fact that it
is a continuously changing concept so course content varies depending on when the course
was undertaken (27)(173)(233). Studies assessing the effectiveness of NDT have also not
been standardised in terms of treatment length and frequency, making comparison
between studies difficult (25). The aspects that are globally agreed upon though, are the
need for children with CP to be active participants in therapy and that there is a need for
long-term management of this population in order to maintain progress made and

continue to prevent secondary complications from arising (27).

In 2001, the American Academy for Cerebral Palsy and Developmental Medicine (AACPDM)
released an evidence report evaluating research available on the NDT approach. Twenty-
one studies were included in their systematic review and were analysed based on the
quality of each study. Small sample sizes were utilised in most studies and power
calculations were generally not listed, so any positive effects should be interpreted with

caution. Eighty-six of the 101 studies demonstrated no significant effect of NDT over other
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modalities and a number of studies showed greater improvements in the control group.
Therapy administered more frequently did not appear to improve functional outcomes.
Only eight studies demonstrated statistically significant gross motor improvements and
while all other outcomes showed inconclusive or contradictory results, findings for
improvement in joint range of movement were generally positive (25). A 2010 review of

physiotherapy interventions available for the treatment of CP had similar findings (68).

NDT is the most widely accepted and implemented approach to the rehabilitation of
children with CP globally. It is a system approach encompassing many, varying treatment
techniques based on the facilitation of active movement to assist motor learning and skill
acquisition. Handling techniques focus on the attainment of functional, goal-directed
activities through facilitating transitions between postures, abdominal muscle activation
and weight shifts/postural adjustments. As the approach is constantly changing, based on
changing neurological evidence, and as the approach to teaching professionals varies
widely throughout the world, the parameters included in studies assessing the treatment
modality are inconsistent, making comparison between studies difficult. Small sample sizes
or poor methodological reporting further compounds this problem. While this intervention
continues to be the most commonly used modality in the treatment of CP, a lack of
convincing empirical evidence supporting its effect leaves room for the need for further,
more rigorous, quality study on NDT or the need for new and alternative, effective

treatments to replace its use.

2.4.3.2 General limb strengthening

As has been discussed throughout this literature review, weakness is a primary deficit in
children with CP. Speculation exists that if strengthening of weak muscles were possible in
this population then functional improvements may be associated (235). Previously,
strengthening in CNS disorders has been strongly discouraged, as it was believed that such
exercises would worsen spasticity and muscle tightness and that the requirements for
strengthening could not be fulfilled due to difficulties with selective motor control

experienced by this population (26)(151)(205)(236). Current literature dispels this belief as
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no change in spasticity has been observed after resistance training trials in numerous

studies involving people with CP (152)(158)(171)(236).

The American Academy of Pediatrics claims that strengthening in adolescents can be
effectively used as long as safety precautions are adhered to and submaximal resistance is
added (especially in those with disabilities) (205). Authoritative bodies have stated that
strengthening can begin as early as a child is able to take part in sporting activities (i.e. as
young as six years old) (159)(237). Damiano, Dodd and Taylor noted that repetition of
movement is not enough to gain changes in muscle strength and individuals with CP
require principles of muscle loading and resistance in order to improve muscle torque, as
do those who are TD (151). A 2005 summary of systematic reviews on the topic noted
strengthening programmes used in CP selected a few specific exercises (that could be
performed using free weights or gym equipment)(236) and 5-10 reps of each activity were
performed in sets of 3-4, at 50-65% of maximal output. These studies noted promising
results of strength training programmes in this population (236)(237). Resistance should be
increased progressively as strength improves for the best possible outcome
(152)(238)(239). Positive changes in torque have also be seen when programmes include

exercising until fatigue (236)(238)(240).

In their 2013 randomised control trial (RCT), Taylor et al recruited 48 children between 14
and 22 years old who were randomised into equal groups. Half continued conventional
therapy while the experimental group took part in a biweekly specific progressive
resistance-training programme for 12 weeks. The study was of high methodological quality
and results can be generalised for children of GMFCS levels Il and Il with confidence. While
participants showed statistically significant improvements in targeted lower limb muscle
strength post intervention, these improvements did not translate into improvements in
mobility parameters (235). Recent reviews have echoed this finding with significant
improvements in strength seen post intervention with no carry over into improvements in

functional performance (68)(152)(158)(171)(205)(236)(238).

Numerous studies exist portraying the positive effects of strengthening programmes in CP
but most do not specify the exact programme used, making comparison between studies

and prescription of strengthening parameters difficult (152). The only possible side effect of
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progressive resistance training noted is transient muscle soreness following exercising
(156)(152)(236) and no negative effect on growth (237) or spasticity (152)(158)(171)(236) is
associated with strengthening as was previously thought. As weakness is such a vastly
limiting impairment seen in most, if not all people with CP, positive gains in muscle
strength observed in most experimental studies in this population are encouraging. The
need exists for intervention protocols to incorporate goal-directed activities so that gains in
strength might also equate to gains in mobility and general independent functionality as

well.

2.4.3.3 Core/abdominal muscle strengthening and posture-specific/balance

training

Core stability has been explained at length in section 2.3.1.1. As the core is seen as
fundamental to the body’s stability and to all limb movement, much research has
surrounded ways in which to strengthen this group of muscles. Most of this research has
been in the field of musculoskeletal rehabilitation and sports conditioning (181). Despite
the popularity of core strengthening programmes, little evidence exists to support the use
of techniques such as plyometrics, perturbations, concentric/eccentric/isometric

abdominal contractions or balance-specific training (21)(29)(31).

The assumption exists that improvements in core muscle strength will translate into
improved upright sitting or standing posture in children with CP (38). It has been proposed
that reconditioning should begin with teaching the individual how to actively recruit
inhibited muscles in the appropriate sequences before strengthening can begin (31).
Voluntary contraction of the abdominal muscles needs to be at greater than 60% of the
maximal possible contraction in order for hypertrophy of the muscles and neural activation
to take place (31). Unfortunately, no one exercise exists that is able to activate all the
muscles of the core simultaneously so training programmes need to contain varied,
adapted resistance activities for the greatest strength outcomes (154)(181). Activities
proven to activate each of the abdominal muscles individually include sit-ups or ‘crunches’

for the rectus abdominis, sit-ups with additional trunk rotation for the EO and IO muscles
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and drawing-in activities for the deeper TA (154). Exercises should start in the most stable
supine and prone positions with the base of support slowly decreasing to four-point
kneeling and eventually standing during training. To further increase the postural demands
of activities, strengthening exercises themselves may be performed on an unstable surface
(13). Such surfaces include wobble boards, balls, rollers etc., adding the stimulation of

different proprioceptors during balance rehabilitation (181).

Another way of training balance is to impose an unexpected external perturbation to
provide the recipient with the opportunity to learn the necessary postural reactions to
maintain the body within its base of support (172)(177). This can be done in a number of
ways, either with a manual hands-on approach or by the machinery often used in balance
studies. This includes a handle held that pushes and pulls on the upper limbs or a moving
platform that rotates or tips in different unanticipated directions (172)(177). Studies
exposing TD infants to up to 100 perturbations daily have shown significant improvements
in direction-specific postural adaptations and the use of accurate muscle synergies to
counteract the specific balance perturbations applied (18). Similar results were found for
studies including participants with CP (18). Unger found that a four-week trunk targeting
intervention, using whole body vibration for prepubescent children with CP, resulted in
significantly improved abdominal muscle strength (as measured by timed sit-ups) (160). No
studies could be found investigating resistance training for the abdominal/core muscles

specifically in children with CP.

It is important to note that when a more functional, meaningful outcome/target was added
to balance training, postural adaptations and reaching distance were greater (47)(220).
Abdominal strengthening can also improve functional forced vital capacity in children with

CP; positively influencing expiratory function (191).

Poor abdominal muscle activation has been closely linked to postural deficits in children
with CP. While no studies exist investigating resistance training for the abdominal muscles
specifically, in this population, significant gains in limb muscle strength with resistance
training, and improvements in strength of the core using vibration therapy and external
perturbations, provide evidence that abdominal muscle strength gains may be possible in

these children with resistance training programmes. If one can improve what is considered
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to be the most significant impairment in children with CP, then functional gains may be
possible in this way and secondary complications may be avoided if such intervention is

regularly provided.

2.4.3.4 Summary of treatments

Numerous approaches to management and techniques for treatment of CP exist but very
little concrete evidence is available to recommend one over another. Regardless the
treatment modality, the individual should always be considered when selecting a means of
management and possible positive functional outcomes/patient comfort, etc. should
always outweigh possible side effects (93). While NDT is the most widely employed
treatment system for CP globally, studies on its effect are inconsistent as its
implementation varies widely from professional to professional and the concept is
constantly evolving, making comparison between studies difficult. Many studies have
indicated no significant improvement in gross motor function with intensive NDT
intervention compared to traditional treatments. The use of passive stretching, CIT,
orthoses, Vojta therapy and conductive education have different facilitative, educational
and supportive aims but all have in common the fact that little, if any, scientific evidence
exists to support their use (see section 6.5.1 Rehabilitative treatment modalities). The same
can be said for complementary and alternative therapies used in the rehabilitation of

children with CP (see section 6.5.4)

Medical and surgical interventions (discussed in section 6.5.2 and 6.5.3) for the treatment
of CP can lead to significant improvements in spasticity and the prevention of secondary
impairments, yet all carry severe side effects, one of which being excessive weakness. The
only convincing positive outcomes found, on a review of available literature, were for those
rehabilitative interventions aimed at improving muscle strength. Resistance training
programmes have seen statistically significant improvements in limb muscle strength and
preliminary studies on external perturbations and vibration therapy have shown
encouraging improvements in abdominal strength with treatment in CP. As well as

improving cardiovascular function and psychosocial factors, gait training, exercise therapy
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and hydrotherapy have also demonstrated improvements in strength in those with CP. As
has been reiterated throughout this review, weakness is a prevalent and severely disabling
impairment experienced by those with CP. It is not surprising, then, that so many currently
used treatment modalities have improving this impairment as their aim. Many of these
techniques require expensive equipment (e.g. treadmills, vibration plates, hydrotherapy
pools) and thus a need for a more practical, cost-effective and easily administered

intervention for the strengthening of those with CP exists.

2.4.4 Functional Electrical Stimulation as a rehabilitation tool

Surface electrical stimulation (ES) can be defined as the application of an alternating
current to a nerve supplying an impaired muscle. This stimulates an electrical impulse
which travels to the affected muscle mimicking an active muscle contraction (33).
Neuromuscular electrical stimulation (NMES) is a term used for any application of great
enough amplitude to elicit a visible muscle contraction. Muscles require intact innervation
for this modality to work (37). Cyclic NMES is generally a passive treatment whereby the
affected muscle is electrically stimulated at a set duty cycle, over a specific period of time,
without voluntary or active movement of the stimulated muscles by the participant. This
intervention is based on the assumption that the electrical stimulation causing repetition of
movement stimulates the somatosensory cortex, which, in turn, causes long-term
potentiation in the motor cortex allowing for motor learning to take place by changing the

excitability of motor neurons (241).

In order for ES to be classified functional electrical stimulation (FES), the above muscle
contraction needs to take place during a meaningful functional activity (32)(33)(242)(243).
This stimulation may be timed specifically to contract when that particular muscle is meant
to contract during a task, but not necessarily so (71)(244). FES has also been described as
the stimulation of impaired muscles in order to augment task-specific movement to
improve motor control with time (32)(245). By achieving a muscle contraction during
functional activities it is believed the muscle may ‘learn’ how to contract actively over time

and strength gains may allow for the weaning off of machine use with time (246).
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The mechanism by which ES can improve muscle strength is assumed to be the overload
principle which increases muscle size and selective type Il muscle recruitment to improve
synaptic potential of the stimulated muscle (33)(71)(242). A 2013 study investigating FES
use for drop foot and improved gait parameters in 14 ambulant children with CP confirmed
this by demonstrating statistically significant gains in gastrocnemius muscle size when
compared to baseline measurements and measures of the untreated side following FES
intervention (245). Application to the antagonist muscle groups may reduce spasticity in

the agonists via reciprocal inhibition (35).

Threshold electrical stimulation (TES), on the other hand, is a low threshold current
stimulating a subcontraction that can be administered over long periods and while asleep.
It has been proposed that stimulation during the release of hormones whilst sleeping can
aid circulation and promote muscle bulk (33)(71)(242). Merrill affirmed, in his 2009 review,
that the few studies available investigating TES are inconclusive (71). In Sommerfelt et al’s
randomised, controlled crossover trial, 12 children with CP received nightly TES for 12
months. No changes in spasticity or muscle strength were noted when applied to the lower
limb antagonist muscle groups (247). These results were mirrored by Dali et al in their
double-blind RCT (248). Steinbok, Reiner and Kestle did note significant improvements in
GMFM scores in an experimental group of 20 children receiving nocturnal TES but, again,

no strength gains or changes in spasticity were seen (249).

Transcutaneous electrical nerve stimulation (TENS) is a modality more often used for pain
relief, but can be administered passively at home to reduce spasticity and increase blood

flow in distal muscles (250).

For all electrical modalities, electrical current is administered through self-adhesive
electrodes of varying shapes and sizes applied via leads to the skin (251). Contraindications
for use include implanted pacemakers, open wounds and cancerous tumours and ES should
not be applied over the temples or neck (252). Care should be taken to monitor for
worsening of spasticity or epileptic symptoms and possible skin reactions to the

intervention. Therapy should cease should these side effects not subside
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(244)(251)(252)(253). A slight reddening of the skin under the electrodes following

stimulation is deemed normal (251).

ES has been used in the rehabilitation of numerous neurological disorders, including spinal
cord injuries, stroke, multiple sclerosis, Parkinson’s disease and traumatic brain injuries, in
an attempt to reverse the effects of muscle atrophy and regain voluntary motor control

(217)(244)(254).

FES is most commonly used during gait training, with application over the dorsiflexors to
allow for heel strike and swing through, not possible due to the frequent equinus deformity
or drop foot seen in CP and strokes (244)(246). This application can act as a substitute for
more uncomfortable and limiting rigid orthoses aimed at achieving the same functional
outcome (255). Two RCTs using the Odstock Dropped Foot Stimulator (ODFS) in stroke
patients demonstrated significant improvements in walking speed and up to 25% decreases
in the physiological cost of walking over the control group. Improvements seen ceased
immediately once the ODFS was removed (244). A third study also showed significant
improvements in dorsiflexor muscle strength and notable reductions in ankle spasticity

following use of the ODFS (218).

NMES used in a RCT over the abdominals of adults with no neurological fallout
demonstrated a 100% increase in abdominal isometric strength and endurance in the
experimental group, a 72% greater improvement than the control group. No other changes
in body composition parameters were seen following intervention (256). A case study
following a C3/4 tetraplegic patient revealed that daily use of abdominal ES, timed for the
end of inspiration, improved his chronic postural hypotension by increasing blood pressure
and peak expiratory flow sufficient enough to stimulate a cough not otherwise possible
(257). These results were confirmed by studies by Zupan et al, Gollee et al and Linder, who
also noted improvements in resting tidal volume and maximum expiratory pressure with

abdominal ES in patients with spinal cord injuries (189)(190)(258).

Reviews of such studies warn that caution should be exercised when interpreting these
results as bias may have been introduced to many studies due to poor methodological

design and quality (259).
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In a 2009 RCT, a large sample of children with CP was divided into a control group and an
experimental group receiving NMES to the gluteus medius muscles during gait. A further
control group of TD children was added and this was one of the few studies available listing
their treatment parameters in detail. After three different management programmes using
the NMES were completed, results showed significant improvements in walking speed,
stride length and hip adductor muscle tone. The authors explained the mechanisms behind
these improvements as reciprocal inhibition and increased blood flow to the abductor

muscles (41).

Other positive changes noted by studies, after the use of NMES/FES for the treatment of
those with CP, include significant increases in dorsiflexion range of movement passively and
during the swing-through phase of gait (32)(33)(255)(260) and wrist extensor strength and
range of movement, as well as bilateral hand function (36)(261)(262)(263). Anecdotal, and
not necessarily significant, improvements cited include decreased falls, increased
participation in sporting activities (35) and increased awareness of the more affected limb

(36) following periods of ES.

In contrast, studies have demonstrated no significant difference in quadriceps (242) or
gluteus maximus strength (264), walking cadence or stride length (34) or gross motor

function (264) following these interventions.

The only study found evaluating the effect of ES over the core muscles included 26 infants
with CP. Both control and experimental groups continued with their usual NDT-based
therapy and the intervention group received concomitant ES over the abdominals and
posterior back muscles simultaneously for 30 minutes, six days a week, for the duration of
the six-week study. The ramped delivery of ES was set at a 35 Hz frequency, 250 us pulse
width and intensity was adjusted based on each child’s individual tolerance levels.
Following the intervention, improvements in the sitting dimension of the GMFM and
radiographic spinal kyphotic angle were significantly greater than those improvements
seen in the control group. Only the experimental group experienced significant lessening of

Cobb angle as well (i.e. the magnitude of curvature present in the spine). Park et al
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hypothesised that these improvements in posture were due to improved abdominal

strength and control due to the ES intervention (38).

While many studies exist investigating the effect of ES in children with CP, generally
positive findings cited are difficult to accept, based on the lack of controlled trials available
and the lack of information presented on the parameters or outcome measures used. The
statistical power of these studies is also questionable due to small sample sizes included
(32)(71). Most of these studies note that any positive treatment effects encountered are

not maintained after cessation of the intervention (71)(263)(265).

Unfortunately, most studies found that investigated the use of ES in children with CP do
not make mention of the particular parameters used when ES was administered (243).
Those studies with statistically significant positive findings employed frequencies of
between 20 and 40 Hz and a 50-350 us pulse width (38)(41)(249)(260)(262). In contrast, no
improvements were observed in studies using a 40 Hz frequency with a 300 us pulse width
(247), 35 Hz and only 1-5 us (248) and 32 Hz with 300 pus (34). Maffiuletti has suggested
that stimulation frequencies need to be between 50 and 100 Hz and output intensities as
high as possible in order for muscle strength changes to take place (243), but no studies

exist to illustrate whether such high parameters are either safe or tolerable in children (33).

Despite conflicting research outcomes, interest in the use of ES in the rehabilitation of
various CNS disorders continues, as it provides a cost effective, non-invasive and easy to
use intervention that can also be applied at home and during daily activities
(27)(33)(248)(249)(266). As was mentioned in the summary of available treatment
techniques for the rehabilitation of CP above (section 2.4.3.4), weakness and a lack of
postural control are considered the most disabling impairments present in CP. Preliminary
studies on the application of NMES/FES have shown significant improvements in dorsiflexor
and wrist extensor muscle strength in children with CP and a 100% increase in abdominal
isometric strength and endurance in adults without neurological fallouts. The only study
available investigating the use of ES over the abdominal muscles of children with CP
demonstrated significant improvements in postural outcomes and gross motor function,

accounted for by the authors as improvements in abdominal strength and control.
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Additional clinically significant changes seen during these studies were increased walking
speed, stride length, physiological cost of walking, dorsiflexion and quadriceps range of
movement, respiratory function, hand function and reductions in spasticity. As with any
treatment modality, studies always exist with opposing outcomes and due to a general lack
of quality methodological design, it is difficult to either advocate or discourage the use of
ES in this population with confidence. With this said, the numerous impairments possibly
addressed by ES makes it a plausible adjunct to current therapeutic interventions. Added to

this, few, if any, contradictions and side effects of this modality exist.

While NMES elicits a muscle contraction over the areas stimulated, the added contraction
during meaningful functional activity of FES may lead to motor learning with repetitive use
and thus, as well as the improvements in parameters listed above, may also lead to
improvements in independent function. With so many possible beneficial results and the
ease of application, lack of side effects and cost-effectiveness of FES, the need exists for
studies of greater methodological rigour on the intervention to take place in order to clarify

whether its use should be added to routine physiotherapy intervention.

2.4.5 Practice schedules, frequency and structure of treatments

As with many of the treatment techniques available for the use in CP, studies on practice
schedules and the recommended frequency of treatment vary greatly. Numerous
systematic reviews exist which collate research studies on the subject and the general
consensus is that there is no statistically significant difference in physical or functional
outcomes based on the intensity of therapy given (25)(68)(225)(267). These results can be
regarded highly, as study designs and statistical power have improved greatly in such
studies in recent years (68). There is uncertainty whether any positive effects seen in
certain studies offering high intensity therapy are maintained after these periods of high
frequency and the practicality and cost of administration needs to be considered before
implementation (225)(267)(268). Martin, Baker and Harvey proffered that the greatest
confounding variable affecting all CP studies is the lack of detail provided on what “usual”

therapy entails when control groups continue to receive their accustomed or “usual”
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therapy during the study (68). Despite the lack of sound scientific evidence to support the
use of more intensive intervention, many professionals still, feel that the neural
reorganisation taking place following repetitive, task-orientated activity warrants more

intensive therapeutic input (222).

Quality systematic reviews have determined that intensive physiotherapy does not lead to
greater functional outcomes than more traditional weekly or biweekly physiotherapy
sessions. In order for the results of any intervention study to be interpreted accurately, the
baseline typical/conventional therapy received by control groups needs to be explained in

detail in the study write up.

2.5 Outcome measures

In the following section, the general psychometric properties inherent in scientific research
design are explained, followed by descriptions of standardised outcome measures available
for the measurement of gross motor function, balance, abdominal strength, lung function
and HRQoL. In each instance, the options available for the measurement of these factors in
children with CP specifically are mentioned, ending with a description of the specific

outcome instruments selected for inclusion in this study.

2.5.1 Psychometric properties

In order for an outcome measure to be considered worthy of use in scientific, evidence-
based study, certain psychometric properties need to be inherent. These include validity,
reliability and responsiveness (33)(126)(215)(269)(270). Reliability explains obtaining
similar outcomes after repeated administration of a test, if the characteristic being
measured remains constant (56)(128). This can be further broken down into test-retest and

intra- and interrater reliability that infer stability in different testing circumstances (139).
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Validity, in general terms, demonstrates that an outcome measure is able to measure that
which it was intended for (128) (i.e. content validity) (104). More specifically, construct
validity looks at whether the instrument actually measures characteristics specific to that
subgroup of people (56). Concurrent validity determines whether different measures
evaluating the same health outcome are correlated to one another (271) and criterion-
related validity is used to ensure a new measurement tool and the gold standard for that
characteristic are in agreement with one another (104). Finally, responsiveness describes
the sensitivity of a measure to detect real or clinically meaningful changes in outcome

determinants (269)(272)(273).

Measurement tools can be divided into three subgroups, depending on what they are
intended to measure. A discriminative tool differentiates between individuals with or
without certain characteristics, predictive tools categorise individuals based on their
prognosis and evaluative tools are those generally used in RCTs to determine change in
functional status following an intervention or over a particular period of time

(128)(269)(274).

Other factors that should be considered when selecting a standardised outcome measure
are the specific sample to be investigated, funding availability and the practicality of its use
for the specific study outlined (128)(228)(271). Certain measures may have floor or ceiling
effects, where the most and least severely affected participants may achieve the
lowest/highest possible score on the measure respectively, despite their functional abilities

varying greatly (271)(275).

As so many different outcome measures for the evaluation of children with disabilities
exist, one needs to take all of the above into account before making the appropriate

selection. Evaluation tools should also be selected to fulfil all aspects of the ICF framework

(3).
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2.5.2 Measuring impairment

2.5.2.1 Measuring balance

Laboratory based studies on postural control often cite electromyography (EMG) as their
primary outcome measure for balance related changes, following postural interventions
(276). In their 2008 study, Zaino and McCoy determined that centre of pressure kinetic
measures of postural control have superior test-retest reliability to EMG measures in a
sample of children aged 8-14 (276). Such measures include computerised moveable force
plates on which participants stand, as described in section 2.4.3.3 (11)(277). Measures may
be calculated for the time it takes an individual to recover from an unexpected
perturbation or the distance their centre of pressure travels, following this balance
disturbance (11). While such measures are considered the gold standard for measurement
of postural control, they are expensive, space consuming and inaccessible to most

practitioners (278).

Simple measures that are more practical in their clinical application include timed single leg
standing (with eyes open at first and closed as a progression), the degree of tilt possible
when standing on a tilt board (interrater reliability Spearman’s r =0.87-0.99 and r=0.98;
test-retest reliability r=0.59-1.00 and poor respectively) and tandem walking or walking

along narrow surfaces, as tested in children aged 5-12 years (277).

Very few balance measures created specifically for use in disabled children exist (277) and
the above measures all require that the participant have the ability to stand independently.
The Berg Balance Scale has been found to have excellent reliability when used in adult
populations (ICC=0.98) but has proved more complicated to administer in children and has
shown less promising psychometric properties when used for this purpose (174)(279). It is
for this reason that Franjoine, Gunther and Taylor piloted a modified paediatric version of
this scale in 2003, using 40 TD children and 20 5-15 year old children with mild to moderate
motor impairments. This version decreased the time expected for static positions,

rearranged the order of tasks into a more logical, sequential developmental sequence and
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added meaningful goals to each item (174)(279). Results from the pilot study revealed
excellent test-retest reliability (ICC=0.998) and interrater reliability (ICC=0.997). The
authors concluded that the Pediatric Balance Scale might provide an excellent alternative
means of measuring balance in children between the ages of 5-15 with disabilities as it is
quick and easy to administer and shows excellent preliminary reliability. Limitations listed
were the lack of validity calculations for the scale and the absence of higher functioning

balance tasks included (such as balance during gait and overhead activities) (174)(279).

The original Functional Reach Test (FRT) was created for the prevention of falls in the
elderly (278). The individual is made to stand (wearing whatever footwear or orthoses are
preferred) and a measurement is taken from the acromion process to the third metacarpal
phalangeal joint with the upper limb outstretched in front of the person, parallel to the
floor. The distance reached forward before a step is taken is then measured and the
difference in lengths recorded (280). Such measurements are usually taken with the
assistance of a yardstick or drawings on the wall behind the participant for greater accuracy
of measurement. Three trials may be attempted before recording the final measurement

(281).

While the FRT has proved reliable for use in paediatrics, it is only relevant to those children
able to stand independently (278). Bartlett and Birmingham tested the original FRT and a
modified version that has the participant sitting with their back upright against a backrest
and their lower limbs angled at 90 degrees, with the feet placed flat on the floor. The same
procedure as above took place for forward reaching and further measurements were taken
with the shoulder abducted to 90 degrees for lateral reaching toward the left and right
(281). Testing, using 19 TD and 10 children with CP below the age of 12, proved good
construct validity of the new Pediatric Reach Test (PRT), as seen by significant associations
between this new measure and computerised balance plate measurements during reaching
and GMFCS levels (r=0.65; p=0.003). Reliability of the different reaching components
proved moderate-to-excellent (ICC=0.50-0.97) (278). In children, this measure is a good
indication of postural responses to internal rather than external perturbations (i.e. to “self-

initiated movement”) (278).
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While numerous studies have since supported the use of the PRT for balance testing in
disabled children, it is limited in that it only tests anticipatory postural control and not
balance in more dynamic situations (174). Such reviews have suggested the inclusion of
measures such as the Timed Up and Go (TUG) or the Timed Up and Down Stairs to assess
transitions between movements and balance reactions during more complex motor tasks,

such as walking and stair climbing (174).

Originally called the Get Up and Go when used for mobility testing in frail, aged populations
the TUG sees the participant seated as for the PRT, wearing their usual shoes and orthotics
if indicated. On a specified verbal cue, the individual is expected to stand and walk a
distance of three metres marked on the floor. At a designated point, signalling the end of
the three metres, the participant turns and returns to their starting position seated
comfortably. A trial may be attempted prior to timing the procedure. Assistive devices are

allowed during testing if necessary (171)(280)(282).

Studies in the elderly have demonstrated excellent interrater (ICC=0.99) (280) and test-
retest reliability (283), for the measure and use is simple, quick and bears a low
administrative burden (283)(282)(284). Studies demonstrating the reliability of use in
children are more limited (284) and Williams et al have suggested giving very simple
instructions, timing starting only when the child decides to walk and adding a more
meaningful task to the procedure to encourage best performance in children (284). In their
study, within session (ICC=0.80-0.89) and test-retest reliability (ICC=0.83) were good and
responsiveness and validity were proved when administered in children with disabilities (CP
and spina bifida) aged 3-19. The TUG was also able to differentiate between the first three
GMFCS levels (284).

2.5.2.2 Measuring abdominal strength

Laboratory-based research generally employs computerised dynamometers, such as Biodex
units, for strength testing. Testing of isokinetic knee strength in children with CP aged 9-15

proved high reliability of the Cybex Il isokinetic dynamometer (285). Due to their extreme
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size and expense, such units are not practical for use in general research or clinical settings
(286). On the other hand, more portable and less expensive hand-held dynamometers are
growing in popularity (286)(155), although authors have cautioned against the use of this
equipment due to the great variability between raters found on testing (155). One such
study found intrasession and intersession ICCs of 0.84 or greater but with standard errors
of measurement from 6.72 to 25.26 in children with CP aged 7-17 (287). For more specific
abdominal strength readings, surface EMG is available for superficial muscles but in order
to target the deeper abdominals much more invasive fine-wire EMG is necessary (30).
Muscle properties, such as abdominal muscle thickness, can be assessed using ultrasound
imaging but these readings give a more indirect idea of muscle strength left open to

interpretation (30).

Core muscle strength is routinely tested in sports rehabilitation and conditioning settings.
Isokinetic a