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Preface

Cerebral palsy is defined as “a group of permanent disorders of the development of
movement and posture, causing activity limitation, that is attributed to non-progressive
disturbances that occurred in the developing fetal or infant brain.” It is the most
common motor disability seen in childhood. Cerebral palsy is caused by abnormal
brain development or damage to the developing brain that results in a person’s inability
to control his or her muscles. The most common structural problem is within the
white matter of the brain. It may occur during pregnancy, delivery, the first month

of life, or less commonly in early childhood. There are four types of cerebral palsy:
spastic, dyskinetic (also includes athetoid, choreoathetosis, and dystonic cerebral
palsies), ataxic, and mixed types. The most common of those is the spastic type

of cerebral palsy. Although there are treatment alternatives for cerebral palsy, there

is still room for improving the medical care of patients with cerebral palsy.

This book includes seven chapters covering etiology and pathophysiology of cerebral
palsy, and social impacts of the disease. It also examines current treatment modalities
for cerebral palsy.

Pinar Kuru Bektasoglu

Sivas Numune Hospital,
Department of Neurosurgery,
Sivas, Turkiye
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Chapter1

Aetiology and Pathophysiology
of Cerebral Palsy

Christian Chukwukere Ogoke

Abstract

The accurate identification of the actual causes (aetiology) of cerebral palsy (CP)
and understanding the causal pathways and the neuropathological correlations are
critical to the development of both prevention strategies and a holistic classification of
CP. The aetiology of CP is multifactorial with diverse and complex causal mechanisms.
It has remained a challenge to identify all the non-progressive disturbances and causal
pathways in CP despite pivotal contributions from recent advances in neuroimaging.
The objectives of this chapter are to discuss the risk factors for CP, elucidate the causal
pathways based on current perspectives and explain the pathophysiology of the clinical
manifestations of an abnormally developing or damaged motor system. It is expected
that at the end of this chapter, the reader should be able to comprehend the challenge
in accurately identifying the actual causes of CP and understanding the complex causal
pathways and explain the protean clinical features of CP.

Keywords: cerebral palsy, aetiology, risk factor, pathophysiology, multifactorial,
causal pathway

1. Introduction

The accurate identification and understanding of the actual causes (aetiology) of
cerebral palsy (CP), timing of insults, the causal pathways, mechanisms and “hows”
and “whys” (pathophysiology/neuropathological correlations) are critical to the
development of both prevention strategies and a holistic or standardized classifica-
tion of CP [1, 2]. However, it has remained a challenge to identify the non-progressive
disturbances or events and causal pathways/processes that led to the damage to the
developing motor system in the foetal/infant brain since most of these factors are
antenatal in timing [1, 3]. Though there are significant contributions from recent
advances in neuroimaging to our understanding of the aetiology and pathology of CP
and timing of insults, there are still limitations and these have debarred the emer-
gence of a comprehensive neuropathologic classification of CP [1, 2, 4].

It is obvious that CP is not a single disorder/disease but a group of aetiologically
heterogeneous disorders. This implies the aetiology is multifactorial and the causal
mechanisms multiple and complex [1, 5]. Thus, various aetiological/risk factors act
through multiple pathways to damage the developing motor system resulting in vari-
able phenotypes (clinical subtypes of CP) that have common denominators: abnormal
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pattern of posture and/or movement and presence of accompanying impairments.
Therefore, in simplistic terms, a plethora of factors acting at different times and more
commonly in combination interfere with brain development or specifically increase
the risk of damage to the developing motor system in the brain (CP).

2. Aetiology/risk factors for cerebral palsy
2.1 Aetiology or risk factors?

The most recent definition of cerebral palsy stipulates that the disorders col-
lectively termed cerebral palsy are attributed to non-progressive disturbances
that occurred in the developing foetal or infant brain [6]. The non-progressive
disturbances refer to events or processes that within a limited period/duration
(static in nature) permanently damage the brain (specifically motor development)
or influence the expected patterns of brain maturation [1, 6]. Many different
processes or events can result in this damage and so CP is understandably said to
be aetiologically heterogeneous (due to multiple aetiologies) and compatible with
many aetiologic diagnoses [1, 4]. Indeed, CP on its own is not an aetiologic diagnosis
[1]. Furthermore, CP is pathologically heterogeneous since different aetiological
factors acting at different stages of development result in different neuropathologi-
cal substrates even if they lead to the same clinical subtype [4]. For instance, both
severe neonatal encephalopathy from perinatal asphyxia and kernicterus from severe
unconjugated hyperbilirubinaemia are different aetiological factors for dyskinetic
(choreoathetoid/dystonic) CP but they damage different parts of the brain (the
ventrolateral nucleus of the thalamus and putamen versus globus pallidus and
subthalamic nucleus, respectively) [7, 8].

Direct causal links or relationships are difficult to establish with certainty and
explains why the phrase “attributed to” is used in the most recent definition with
respect to the causes of CP instead of “are due to” or “caused by” [1, 6]. Therefore,
risk factors (correlational) that increase the probability or chances of occurrence of
CP are epidemiologically more appropriate than causes. The significance of identifi-
cation/knowledge of actual causes/risk factors of CP is its implication for prevention.
That is, it will help devise prevention strategies for CP.

2.2 Identification of the actual causes of CP: the challenge

The accurate identification of the specific disturbance or specific timing of
the event or process that damaged the developing motor system has remained
difficult since most (about 75%) of the events occur in the antenatal (prenatal)
period [1, 6]. There is also a challenge in designing prospective studies to identify
risk factors across populations since only 2-3 per 1000 pregnancies will result in a
child with CP [3]. However, neuroimaging has made significant contribution to the
understanding of the aetiology and pathology of CP and timing of insults [4 5].
Neuroimaging can be used to identify the neuropathological substrates of the
various aetiologic or risk factors of CP, possibly provide information about timing
of insults and detect cerebral dysgenesis [2, 4]. Nevertheless, there exists some
limitations presently as neuropathologic—aetiological correlations are not yet fully
clear and comprehensive [4].
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2.3 Causal pathways/mechanisms

Certainly a large number of risk factors are associated with CP and have been
identified in numerous earlier studies [9-15] in different parts of the world. These
studies have shown that in many cases it is not a single factor but a combination of
risk factors (multifactorial) or a cascade of events or disturbances that result in CP
[3, 16, 17]. This gave birth to the concept of causal pathways or mechanisms in CP
causation and in disorders without a single definitive cause.

According to Stanley et al. [18], a causal pathway refers to a sequence of inter-
dependent events that culminate in disease. This implies that one risk factor leads
to another, to another and so on ultimately resulting to the disorder or disease. For
instance, prematurity is an important risk factor for CP and can lead to periven-
tricular leukomalacia (white matter injury), poor lung development or respiratory
distress at birth, birth asphyxia, increased risk of chronic bilirubin encephalopathy
(kernicterus) and so on, ultimately resulting in CP. Nevertheless, prematurity alone is
not a sufficient cause for CP since not all children born prematurely have CP. Another
example is breech presentation at birth leads to increased risk of cranial trauma or
injury and increased risk of CP in places where breech delivery per vaginam is rife.

From the foregoing, it is obvious that the risk factors in a pathway are intercon-
nected and in most cases additively increase the risk of CP. This explains the “two-hit
and “multi-hit” models that consider accumulation of risk factors/insults and a
synergistic increase in risk in causation of CP [16, 19]. That is, the brain of a neonate
with in-utero exposure to placental inflammation (chorioamnionitis/funisitis/chronic
vasculitis) or who had foetal growth restriction (“first-hit”) is more vulnerable or
conditioned to another injury like sepsis in the neonatal period (“second-hit”) (“two-
hit” model) while exposure to three or more adverse events/risk factors underlies the
“multiple-hit model” of CP causation [16, 19]. Another example of interaction of risk
factors is the increased cumulative risk of CP in a child with co-occurrence of early-
onset pre-eclampsia, foetal infection/foetal inflammatory response syndrome (FIRS),
perinatal asphyxia and neonatal sepsis [19].

One identifiable challenge is that there are so many possible and complex path-
ways since the risk factors are numerous and each pregnancy presents new possibili-
ties [19]. Some examples of known CP causal pathways are shown in Figures 1-4
below. The significance of identifying and understanding all these complex causal
pathways is in formulating preventive strategies as earlier mentioned. Thus, more
research is needed to elucidate the combined effect and specific sequence of multiple
risk factors on the occurrence of CP.

»

2.4 Aetiology of cerebral palsy: historical vs. current perspectives and
well-resourced/high income countries (HICs) vs. low & Medium Income
countries (LMICs)

Historically, William J. Little and Sigmund Freud made significant contributions
to the understanding of the aetiology of CP [20]. In brief, Little first described spastic
diplegia (Little’s disease) and causally related it to difficult delivery, preterm birth
and birth asphyxia—a conception that has survived centuries [5, 20]. However, Freud
was the first to state that CP could result solely from antenatal or intrauterine factors
(in utero abnormalities of brain development) or combined with birth complica-
tions [5, 20]. This assertion which was at variance with that of Little derived from
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Causal pathway from maternal genitourinary tract infection to CP

his observations that children with CP had many other neurological disorders and
children with birth asphyxia could be completely normal [5, 20]. Nevertheless, the
contribution of the perinatal period to CP causation (Little’s view) has also been
supported by subsequent research [16]. But this is indeed much less frequent than

previously thought.

Current understanding of the aetiology of CP support more of Freud’s views since
epidemiological studies [9, 10] notably the National Collaborative Perinatal Project [9]
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Figure 4.
Casual pathway from placental pathology to CP.

brought to the fore that less than 10 percent of CP were causally related to birth asphyxia
but rather most predictors of CP were antenatal factors [10]. Thus, the debate on causa-
tion and timing has moved from intrapartum events (birth asphyxia, birth trauma/
complications, Little’s view) to antenatal factors or antecedents (cerebral dysgenesis,
genetics, maternal infection, Freud’s view) [4, 9, 10]. Further support for the significant
role of antenatal factors or “antecedents” in CP causation is the fact that the reduction in
perinatal asphyxia by improved perinatal and obstetric care in well-resourced countries
(HICs) of Europe and America did not lower the prevalence of CP [21]. Recent studies
involving neuroimaging and inflammatory markers [22-25] which continue to debunk
Little’s view of birth asphyxia as a major cause of CP abound in literature from devel-
oped countries of Europe and America. However, studies from low and middle income
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countries (LMICs) of Africa continue to implicate preventable perinatal and postnatal
aetiological factors in CP (perinatal asphyxia, kernicterus, meningitis, cerebral malaria)
[26]. Majority of these studies are of low-quality with simple cross-sectional design

and lacking appropriate control groups for proper assessment of risk factors [26]. The
studies involving neuroimaging and inflammatory markers are rare in LMICs due to
financial constraints, unavailability of equipment and lack of expertise. Therefore, the
type and quality of studies on aetiological factors in CP seen in well-resourced countries
are needed in developing countries (LMICs) to harmonize the spectrum of aetiological
factors and timing of insults in CP worldwide.

As regards the relative contribution of individual risk factors to CP causation, vari-
ations also exist between HICs and LMICs. It is well known that in HICs, improved
preventive measures, use of guidelines and better management of neonatal jaundice
have resulted in a significant reduction of cases of CP attributed to kernicterus [27].
Moreso, prolonged obstructed labour and breech delivery with its attendant increased
risk of intracranial haemorrhage/injury are currently rare in HICs owing to the high
rates of planned caesarean deliveries [19]. Furthermore, congenital rubella infection
and meningitis caused by Haemophilus influenzae Type B (HIB) and Neisseria menin-
gitidis have been significantly reduced through effective immunization programmes
in HICs while the recent introduction of the malaria vaccine is expected to reduce the
relative contribution of cerebral malaria to brain damage in malaria-endemic regions
[27]. The reducing incidence and severity of CP associated with prematurity has
been reported in some HICs [28]. Further reduction in the prevalence of CP among
children with low birth weight is expected with the implementation in many HICs of
guidelines recommending administration of magnesium sulphate (MgSO,) for neuro-
protection in imminent preterm delivery at <32-34 weeks of gestation (pre-eclampsia
and preterm labour) [19, 28].

2.5 Comprehensive list of risk factors for CP

A comprehensive list of risk factors for CP does not exist and a number of cases
may be devoid of known risk factors. A plethora of epidemiological studies [3, 9-25]
worldwide have been done to ascertain risk factors for CP and have reported countless
risk factors for CP categorized as antenatal (prenatal), perinatal (natal) or postnatal
(postneonatal) in timing. A meta-analysis [29] of 18 studies in China identified
six major risk factors for CP during pregnancy namely: advanced maternal age (>
35 years), multiple pregnancy, medicine use in early pregnancy, harmful environment,
recurrent vaginal bleeding during pregnancy and pregnancy-induced hypertension
(pre-eclampsia). A systematic review [26] of 25 articles identified 10 consistent risk
factors (statistically significant in each study) for CP in children born at term in well-
resourced countries/HICs namely: placental abnormalities, major and minor birth
defects, low birth weight, meconium aspiration, instrumental/emergency caesarean
delivery, birth asphyxia, neonatal seizure, respiratory distress syndrome, hypogly-
caemia and neonatal infections. Another systematic review of paediatric cerebral
palsy in Africa [26] reported that the most common risk factors identified in African
cohorts were birth asphyxia, kernicterus and neonatal infections. From the foregoing,
it is already clear that there are numerous risk factors for CP with variations in the
spectrum of risk factors for preterm and term babies (different gestation ages), HICs
and LMICs and strength of associations (some strongly correlated and others weakly
associated).
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Pre-pregnancy/maternal factors: low socioeconomic status, maternal medical conditions (server maternal iodine
deficiency/thyroid disorder, intellectual disability, epilepsy)

Antenatal: prematurity, genetic factors/mutations, congenital malformations/cerebral dysgenesis, placental
pathology, infections (TORCH, maternal genitourinary infections), Intrauterine growth restriction (IUGR/
FGR/SGA), multiple births, antepartum haemorrhage

Perinatal: perinatal asphyxia/birth complications, neonatal encephalopathy, perinatal stroke, kernicterus

Postnatal (postneonatal): meningitis/encephalitis (including cerebral malaria), kernicterus, traumatic head
injuries, shaken baby syndrome, cardiopulmonary arrest (near drowning)

TORCH syndrome refers to transplacental ¢/parturitional infections with Toxoplasmosis, Others (syphilis, HIV, EBY,
Zika, varicella, enterovirus), Rubella, Cytomegalovirus, Herpes simplex. FGR = Foetal Growth vestriction. SGA = Small
for Gestational Age.

Table1.
Risk factors for cevebral palsy.

Table 1 shows a list of risk factors for CP but the list is inexhaustive since many
cases of CP have unidentifiable aetiological factors. Subsequently, a discussion of some
of the risk factors with emphasis on their neuropathological substrates will follow.

3. Neuropathological substrates of some significant risk factors for CP

An awareness of the neuropathology of CP will facilitate comprehension of the
clinico-pathological correlates of CP—the phenotypes, clinical features and the
accompanying physical, mental or physiological impairments.

3.1 Prematurity and CP

Prematurity plays a relatively greater role in CP causation in HICs (increased
survival of preterm babies due to advanced healthcare systems) than in resource-poor
countries where the mortality rate of preterm/low birth weight babies remains high
[19]. Studies have shown that the prevalence of CP is inversely proportional to ges-
tational age and indeed a meta-analysis reports rates of 111.80 per 1000 live births in
infants born <28 weeks and 1.35 per 1000 for children born after 36 weeks [30]. Some
factors postulated to contribute to this increased prevalence of CP among children
born preterm include: infection/inflammation, organ immaturity, hormone and
growth factor deficiency, metabolic factors, environmental factors and pregnancy-
related complications [19]. In a word, prematurity increases susceptibility of the
foetus to multiple insults or accumulation of risk factors (“multiple hit phenomena”)
by increased predisposition to infection/inflammation, periventricular leukomalacia
(PVL), periventricular-intraventricular haemorrhage, Persistent pulmonary hyper-
tension of the newborn (PPHN), Respiratory Distress Syndrome (RDS), perinatal
asphyxia, Patent Ductus Arteriosus (PDA), encephalopathy of prematurity, mechani-
cal ventilation, unconjugated hyperbilirubinaemia and so on (see Figure 1 above).
This may explain why prematurity is a major risk factor for CP.

In prematurity, the neuropathological substrate for CP is a hypoxia-ischaemia-
infection-inflammation-glutamate excitotoxic-free radical-cytokine-mediated
cerebral white matter injury termed periventricular leukomalacia (PVL) [31]. The
selective vulnerability of the periventricular white matter to injury during this
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gestational period (24-34 weeks GA) relates to factors such as vascular immaturity/
arterial end zones in the periventricular region, significantly lower basal blood flow
to cerebral white matter, pressure-passive cerebral blood flow, high angiogenesis

and high proliferation, maturation and migration of glial cells and premyelinating
oligodendrocytes (pre-OLs) [31]. PVL manifests a spectrum of severity with the
most severe injury resulting in focal necrotic cysts (cystic PVL) and focal necrotic
but non-cystic gliotic scars (appears as punctuate white matter lesions on MRI) while
mild injuries result in diffuse white matter gliosis that is non-necrotic and non-cystic
termed chronic white matter injury (CWMI) [32]. The latter appears on MRI as dif-
fuse excessive high signal intensity (DEHSI) [32]. Obviously, the more severe lesions
of cystic PVL (focal cysts) are correlated more frequently with bilateral spastic CP
(spastic diplegia) and also with more severe motor deficits than the less striking
diffuse CWMI [32, 33]. Fortunately, owing to mitigation of preterm cerebral injury
through improved neonatal intensive care in HICs, cystic PVL is currently rare (<5%)
in very preterm infants [31]. This has contributed to some reports of dwindling
prevalence of CP associated with prematurity and significantly the occurrence of less
severe motor deficits [28, 32]. However, the currently predominant diffuse CWMI in
infants born prematurely translates to prominent cognitive disturbance, albeit with
minor motor deficits [32].

Ultimately, the result of PVL is delayed/impaired myelination caused by loss or
damage to the oligodendrocyte precursors (pre-OLs) in the periventricular region
[32]. The higher prevalence of preterm/LBW babies in HICs may partly explain why
white matter lesions are the commonest MRI findings in children with CP [28, 32].

It also contributes to spasticity being the most prevalent CP type since more medial
PVL damages descending corticospinal (pyramidal) tracts for lower limb control
resulting in spastic diplegia (spastic bilateral CP) and with more severe lesions
(lateral extension to the centrum semiovale and internal capsule) affect upper limbs
and intellectual functions in addition—spastic quadriplegia (spastic bilateral CP)
[28, 31, 32]. Thus, in spastic CP, the severity of motor deficit/functional impairment
and frequency of accompanying impairments correlate with the severity and extent
of brain injury [31, 32].

3.2 Infection, inflammation and CP

There is a consensus in the literature that infections/inflammation via cytokine-
mediated injury to the immature brain are causally associated with CP (see Figure 2).
Infection, inflammation and cytokines play a fundamental role in CP causation through
their link with preterm labour (prematurity), placental pathology (chorioamnionitis,
funisitis), congenital malformation, FGR, cerebral white matter injury (WMI) and
perinatal asphyxia [29, 33-37]. Studies including recent meta-analyses have shown
compelling evidence that maternal infections in pregnancy, intra-amniotic infection
(chorioamnionitis), evidence of FIRS and neonatal infections are causally associated
with CP [25, 29, 35-37]. Both transplacental TORCH infections (Toxoplasmosis, Others
[syphilis, Epstein Barr virus, HIV, Zika virus], Rubella, Cytomegalovirus [CMV],
Herpes virus), genitourinary infections (bacterial vaginosis, chlamydia, trichomonas,
UTI) and neonatal infections (GBS-early onset sepsis, neonatal pneumonia, men-
ingitis) have all been implicated in CP [37]. Many studies [22-25] in the twentieth
and twenty-first centuries have suggested that inflammatory phenomena/infections
play a more critical role in the aetiology of brain lesions common in CP. Additionally,
placental histology should be requested for in babies compromised at birth since
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chorioamnionitis, funisitis (umbilical cord inflammation) (placental pathology) are
evidence of infection predating labour [17].

In the setting of infection/inflammation, one neuropathological substrate for CP
is a cytokine-mediated cerebral white matter injury (PVL) in the preterm infant,
though minimal evidence exists for such a process in term newborns [37]. Other
mechanisms include: brain damage/cerebral dysgenesis by TORCH infections espe-
cially CMYV, direct cytokine toxicity to premyelinating oligodendrocytes (pre-OLs),
hypoxic brain damage by neonatal pneumonia with PPHN, ischaemic cerebral
damage from microvascular thrombosis and hypoperfusion in neonatal meningitis et
cetera [31, 33, 37].

3.3 Cerebral dysgenesis and CP

Disruption of the development of motor pathways that control movement and posture
is the underlying pathogenesis of CP attributed to cerebral malformations. Cerebral dys-
genesis has a firm causal link with CP and both cerebral and non-cerebral malformations
increase the likelihood of CP [17, 19]. Some brain malformations have genetic causes like
LIS1 and doublecortin (DCX), TUBA1A mutations in lissencephaly while acquired intra-
uterine infections such as CMV and Zika virus also cause cerebral malformations. A wide
range of cerebral malformations especially cortical migration defects are seen in children
with CP and include: lissencephaly, polymicrogyria, schizencephaly, cortical dysplasia,
agenesis of the corpus callosum, holoprosencephaly, and posterior fossa malformations
such as Dandy-Walker malformation and Joubert syndrome [19, 38].

Neuroimaging reliably detects cerebral malformations which mainly occur in
early gestation thereby implicating antenatal aetiological factors [4]. The detection of
cerebral malformation is useful in establishing that the aetiology of CP is unrelated
to perinatal events and this may protect the attending Obstetrician from “maternity
negligence” claims that are rife in HICs [4, 17].

3.4 Genetic mutations and CP

Genetic aetiology for CP is predictable since CP occurs more frequently in some
families/consanguineous families (familial clustering), monozygotic twins and con-
genital malformations and should be suspected even in those without traditional risk
factors [39]. Rare genetic mutations (inherited or de novo) or CP-associated genes
are implicated in CP [40, 41]. Indeed, current studies employing new genetic testing
techniques called Next Generation Sequencing (NGS) such as whole exome sequenc-
ing (WES), whole genome sequencing (WGS) and copy number variant analysis
continue to identify pathogenetic variants (copy number variants and single nucleo-
tide variants) and likely pathogenic variants in some cases of CP [40]. For instance,
some implicated gene mutations (pathogenic variants) involve KANK1, AP4MI,
GAD1, ZC4H2 genes [17, 41]. CP genomics is currently evolving and the discovery of
more CP-associated genes or genetic mutations underlying CP is expected to add to
the presently known panel of pathogenic variants [41].

The neuropathology of genetic mutations in CP stems directly from disrupting
early brain development (specifically motor development) (cerebral malformation)
and indirectly through genetic susceptibility to different pathways that cause differ-
ent neuropathologies [41]. These different pathways include infection/inflammatory
cytokine responses, foetal growth restriction/IUGR, prematurity or perinatal stroke
since genetic susceptibility has been reported to underlie these other risk factors [41].
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3.5 Foetal growth restriction (FGR) and CP

Birth weights below the tenth percentile (10th centile) for gestational age (GA)
(small-for-gestational age; SGA) remains a major aetiological/risk factor for CP in
both term and preterm babies as shown by multiple studies [42-44]. The risk of CP
has been reported to increase with increasing severity of foetal growth restriction
(FGR) with babies below the 3rd centile having the greatest risk [44]. However, it has
been shown that the large for gestational age (LGA) baby also has increased risk of CP
[44]. Recall that macrosomic babies have higher risks related to maternal diabetes and
obstructed labour [27] FGR acts indirectly to damage the developing brain through
chronic hypoxia-ischaemia resulting from impaired placental function (utero-placen-
tal insufficiency) and increased occurrence of perinatal asphyxia and hypoglycaemia
[27, 32, 33] (see Figures 3 and 4). Thus the neuropathology includes grey matter and
WMI (PVL).

3.6 Multiple pregnancy/births and CP

Twinning and higher-order births (triplets, quadruplets, quintuplets, sextuplets,
septuplets) from natural or spontaneous conception and Assisted Reproductive
Technology (ART) are well-known risks factors for both cerebral dysgenesis and
CP [45, 46]. Indeed, the risk of CP increases with increasing number of infants
[46]. Peterson et al. [46] in a study of multiple births in Western Australia reported
prevalence of CP of 1.6, 7.3 and 28 per 1000 live births in singletons, twins and trip-
lets respectively. The increased risk of CP in multiple births is a consequence of the
increased odds of congenital malformations, placental vascular anomalies, FGR, low
birth weight (LBW), preterm birth, co-twin death and birth complications/asphyxia
(see Figure 3) [19, 27, 46]. More so, the increased risk of CP among co-twins has been
attributed partly to monochorionic placentation and in-utero death of the co-twin. The
“dissolving” or “disappearing twin” is said to release thromboplastin and emboli that
can damage the brain of the surviving twin (disappearing twin syndrome) [19, 27, 46].
But a more common setting for brain injury in monochorionic twins by ischaemia and
infarctions is the twin-twin transfusion syndrome (TTTS) that results from abnormal
placental vascular anastomoses (A-V connections) in which placental tissue supplied
by an artery from a donor twin is drained by a vein from the recipient twin [19, 27, 46].

The increasing rate of multiple births reported in HICs suggests an increasing con-
tribution of multiple births to CP pathogenesis [46]. However, a recent large popula-
tion-cohort study based on Surveillance for Cerebral Palsy in Europe (SCPE) registers
found a decreasing risk of CP among the multiples despite the increased prevalence
since the 1990s [47]. This study [47] further reported that multiples displayed similar
severity of motor impairment as singletons and concluded that advances in obstetric
care accounted for these changes in CP risk among preterm low birth weight multiples.

Patently, the neuropathologies of multiple births are the indirect effects on the brain
of prematurity, FGR, congenital malformations and hypoxic-ischaemic injury and cere-
bral infarctions (intrauterine stroke) to which multiples are predisposed (see Figure 3).

3.7 Birth/perinatal asphyxia, hypoxic-ischaemic encephalopathy (HIE) or
neonatal encephalopathy and CP

Earlier in the discussion, very important facts concerning birth/perinatal
asphyxia, HIE and birth complications have been mentioned owing to their
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significance and the abundance of studies and discussions on them in the literature.
Here, a highlight of the definitions/subtle differences between these terms and the
neuropathology of neonatal encephalopathy (NE) are emphasized.

Hypoxaemia means a diminished amount of oxygen in the blood supply and at the
cellular level while ischaemia is insufficient perfusion; in this context, insufficient
cerebral blood flow (CBF) [48]. Ischaemia is usually but not necessarily preceded
or accompanied by hypoxia at the cellular level and so the combined term hypoxic-
ischaemic injury is applied to describe the combined effect of ischaemia and hypoxia
in causing cerebral damage (HIE) [48]. Asphyxia (“suffocation”) implies an impair-
ment of respiratory gas exchange accompanied by increased PCO,, decreased PO,
(hypoxia) and acidosis. In the early stages of asphyxia, the increased PCO, increases
CBF through vasodilatory effects on cerebral arteries while later impaired CBF
occurs. The ultimate result of ischaemia, hypoxia and or asphyxia is cell death/neu-
ronal necrosis (cerebral damage) through deprivation of O, and glucose and energy
depletion [48]. When asphyxial events occur in the first or second stage of labour, it
is strictly referred to as “birth asphyxia” but “perinatal” or “peripartum asphyxia”
is a preferred term since it encompasses foetal or maternal prepartum conditions
that predispose to intrapartum hypoxic injury, intrapartum hypoxic injury (birth
asphyxia) and the postpartum period of resuscitation for compromised babies with
low APGAR scores [49]. Indeed, a failure to initiate and or sustain breathing at birth
(birth asphyxia) may originate in the peripartum period (shortly before, during and
immediately after birth) with antecedents further upstream in the antenatal period.
The latter concept gave birth to the term “Neonatal Encephalopathy” (NE) which is
broader than the other terms and has better correlation with CP and long-term neuro-
developmental outcome than birth or perinatal asphyxia that is usually not confirmed
in most studies [49].

According to the 2014 report of the American College of Obstetricians and
Gynaecologists’ (ACOG) Task Force on Neonatal Encephalopathy, Neonatal encepha-
lopathy is a clinically defined syndrome of disturbed neurologic function in the
earliest days of life in an infant born at or beyond 35 weeks of gestation, manifested
by a subnormal level of consciousness or seizures, and often accompanied by diffi-
culty with initiating and maintaining respiration and depression of tone and reflexes
[50]. Thus hypoxic-ischaemic injury (HIE) is only one cause of NE though a signifi-
cant one. Indeed, a wide range of metabolic, dysgenetic and infectious disorders in
the antepartum and postpartum periods also result in NE or are risk factors for NE
[49, 50]. Most risk factors for NE are ante-partum risk factors [49, 50].

In the literature, one clearly identified challenge is determining with certainty
that an intrapartum hypoxic ischaemic injury is responsible for NE or HIE except in
few cases when there is a clinically recognized sentinel event like abruptio placentae,
umbilical cord prolapse, ruptured uterus, maternal cardiac arrest or amniotic fluid
embolus [49, 50]. In view of this, in 2014 the ACOG published criteria for confirming
NE due to an acute peripartum or intrapartum event. The neonatal signs reported to
be consistent with acute peripartum or intrapartum event are: [50].

a. APGAR scores of <5 at 5 and 10 minutes
b.Foetal umbilical artery academia (pH < 7.0 &/or base deficit >12 mmol/L

c. Neuroimaging (MRI or magnetic resonance spectroscopy [MRS]) evidence of
acute brain injury consistent with hypoxic-ischaemic injury,
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d.Presence of multisystem organ failure (cardiac dysfunction, metabolic &
haematologic abnormalities, hepatic, renal & gastrointestinal injuries) consist-
ent with HIE.

However, the presence of other significant risk factors such as maternal infection,
IUGR/FGR, foetomaternal haemorrhage, chronic placental lesions and neonatal
sepsis makes it unlikely that an acute intrapartum event is the sole underlying patho-
genesis of NE [50].

In the earlier report in 2003, the criteria required to define an acute intrapartum
hypoxic event as sufficient to cause CP were: [51].

a.Evidence of a metabolic acidosis in foetal umbilical cord arterial blood obtained
at delivery (pH < 7.0 & base deficit >12 mmol/L)

b.Early onset of severe or moderate NE in infants of 34 or more weeks of gestation
c. CP of the spastic quadriplegic (spastic bilateral) or dyskinetic type

d.Exclusion of other identifiable aetiologies such as trauma, coagulation disorders,
infectious conditions or genetic disorders.

Obviously, the pivotal role of neuroimaging in delineating brain lesions from
diverse aetiologies in CP is recognized by its inclusion in the more recent criteria by
ACOG. The neuropathology of NE, though variable depending on gestational age,
nature of insult and type of intervention, includes the following predominant pat-
terns of injury in term infants identified by MRI: [49, 52].

* Selective neuronal necrosis: This is the most common injury pattern and involves
widespread neuronal necrosis/loss in a characteristic distribution depending on
severity and temporal characteristics of the insult. With very severe and very
prolonged insults, there is global or diffuse neuronal injury; that is, all levels of
the neuraxis (cerebral cortex, basal ganglia, thalamus, brain stem and anterior
horn cells of the spinal cord) are affected and the usual long-term sequelae are
severe spastic bilateral CP (spastic quadriplegia) with many accompanying
impairments due to widespread neuronal injury. The anterior horn cell injury
(“hypoxic-ischaemic myelopathy”) may explain the characteristic persistence of
hypotonia into the first months of life and when severe the unusual persistence
into childhood of hypotonia and weakness—the so-called “atonic CP” with
atonic quadriparesis. With moderately severe and prolonged insults, cerebral
cortex-deep nuclear (cerebral neocortex, hippocampus, basal ganglia [putamen]
and thalamus) injury occurs while severe but abrupt insults cause deep nuclear-
brainstem (basal ganglia [putamen]-thalamus and brainstem nuclei) injury. The
cerebral cortical injury is most prominent in the perirolandic cortex and depths
of sulci while the deep nuclear grey matter injury is most prominent in the thala-
mus and putamen with the intervening posterior limb of the internal capsule
(PLIC) affected in moderate or severe thalamo-putaminal injury. In basal nuclei-
thalamic injury, neuronal loss, gliosis and hypermyelination in the putamen and
thalamus may evolve into status marmoratus (marbled appearance). The basal
ganglia-thalamic lesions (BGTL) explain the occurrence of dyskinetic (dystonic/
choreoathetoid) CP in NE/HIE (severe perinatal asphyxia) with manifestations
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of abnormal involuntary movements, tone variability and relatively spared intel-
lectual functions due to the cortical sparing.

* Parasagittal cerebral injury (“watershed infarcts”): This refers to bilateral cere-
bral cortical and subcortical white matter ischaemic lesions in the parasagittal
and superomedial aspects of the cerebral convexities (in the arterial end/border
zones or “watershed areas”).

* PVL (CWMI): apparently similar to “non-cystic” PVL of very premature infants.

In encephalopathy of prematurity, the main neuropathological feature remains
PVL with additional intraventricular haemorrhage with or without periventricular
haemorrhagic infarction [31]. The ultimate consequence of PVL is delayed/impaired
myelination of cerebral white matter and secondary dysmaturation of grey matter
structures such as cortex, thalamus and cerebellum [31].

It is important to note that although MRI best defines the nature and extent of
cerebral injury in NE, it is severely limited in determining the aetiology of hypoxic-
ischaemic injury and the exact timing of the insult [49, 52]. This may partly explain
the apparent contradiction of findings of MRI studies with earlier reports of epide-
miological studies [49]. Epidemiologic studies suggest that 70% of CP causation are
related to chronic antenatal factors while MRI studies suggest that 75% of cerebral
injury in CP occur in the perinatal/intrapartum period owing the preponderance of
acute injury patterns (acute peripartum lesions) [49]. In the study by Cowan et al.
[53], of 245 infants who had an MRI scan after neurological signs and evidence of
intrapartum/perinatal asphyxia ((“neonatal encephalopathy”), 80% had MRI evi-
dence of acute peripartum lesions consistent with hypoxic-ischaemic injury, only 4%
had MRI evidence of antenatal injury, 16% had normal MRI scans and 4% had other
disorders like neuromuscular or metabolic disease [53].

3.8 Perinatal stroke and CP

In children, the perinatal period is associated with the highest risk of stroke and its
long-term correlate of spastic unilateral CP (spastic hemiplegia) [54]. Both perinatal
arterial ischaemic stroke (foetal/intrauterine and neonatal arterial ischaemic stroke)
(PAIS) and cerebral venous sinus thrombosis (CSVT) increase the likelihood of later
development of CP [54]. Perinatal ischaemic stroke (PIS) is defined as “a group of
heterogeneous conditions in which there is a focal disruption of CBF secondary to
arterial or cerebral venous thrombosis or embolization, between 20 weeks of foetal
life through twenty-eighth postnatal day confirmed by neuroimaging or neuropatho-
logical studies” [55]. Thus, PIS can be of arterial or venous origin (arterial more
common), focal or multifocal and occur during intrauterine/prenatal (foetal), intra-
partum or postnatal (neonatal) period. In the causation of PAIS, multiple risk factors
usually interact [19, 54]. This implies that the pathogenesis of PAIS is multifactorial.
The risk factors involved could be maternal, placental or neonatal factors. Some
maternal factors include smoking, preeclampsia, thrombophilia, maternal infections
and intrapartum complications while neonatal factors are male sex, APGAR score
of <7 (5 minutes), prolonged resuscitation, congenital heart disease, thrombophilia,
early-onset sepsis/meningitis and vascular abnormality [19, 54]. The placental factors
include chorioamnionitis, chronic villitis with obliterative foetal vasculopathy, throm-
botic vasculopathy and small placenta (see Figure 4) [19, 54].
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The neuropathological lesions of PAIS are localized areas of infarction (necrosis
of all cellular elements) within the distribution of single (or multiple) major cere-
bral vessel(s) (specific vascular distribution) and commonly with cavity formation
depending on the time of occurrence. Focal and multifocal necroses of brain in the
prenatal and early postnatal periods are associated with dissolution of tissue and
cavity formation variously termed porencephaly, hydranencephaly and multicystic
encephalomalacia which have all been reported by MRI studies on CP [4, 54].

3.9 Unconjugated hyperbilirubinaemia and CP

Severe unconjugated hyperbilirubinaemia remains a significant perinatal/postnatal
aetiological factor for CP in LMICs of sub-Saharan Africa and south Asia due to sub-
optimal management of neonatal jaundice [56, 57]. However, in HICs, kernicterus spec-
trum disorder (KSD) also occurs especially in preterm/low birth weight babies where
brain damage may be present at levels of total serum bilirubin (TSB) below the “safe
level” or without signs of acute bilirubin encephalopathy (ABE) (the so-called “low
bilirubin kernicterus”) [56]. Some causes of unconjugated hyperbilirubinaemia that
manifest as ABE and KSD include Rhesus and ABO incompatibilities, G6PD deficiency,
prematurity/low birth weight and Crigler-Najjar syndrome type 1 while the risk factors
for KSD are: asphyxia, prematurity, low birth weight, acidosis, sepsis, hypoalbuminae-
mia, hyperthermia and respiratory distress [56-58]. The latter are factors that facilitate
bilirubin neurotoxicity (BNTx) by making it easier for the hydrophobic, lipid soluble
free or unconjugated bilirubin to cross the blood brain barrier (BBB) to damage specific
regions of the brain (selective bilirubin neurotoxicity) [56, 57].

The neuropathology of ABE and KSD comprises bilirubin (yellow) staining of
brainstem nuclei (“kernicterus”) and neuronal necrosis, loss and gliosis in the basal
ganglia/nuclei (Globus pallidus & subthalamic nucleus) and hippocampus [56-58].
Thus, the major areas of neuronal damage (selective bilirubin neurotoxicity) are basal
nuclei/ganglia (globus pallidus), subthalamic nucleus of thalamus, oculomotor and
cochlear (auditory) brainstem nuclei and the cerebellar dentate and Purkinje cells of
the cerebellum in preterm infants [8, 56-58]. On MRI, the main findings in ABE are
bilateral and symmetrical abnormalities (hyperintensities) of Globus pallidus and
subthalamic nucleus (rarely hippocampus) on Ty and T,-weighted images [4]. These
neuropathological substrates underlie the clinical manifestations of dyskinetic CP
(basal ganglia injury) and the accompanying impairments of sensorineural deafness
(cochlear/auditory nuclear damage), gaze palsies (brainstem CN III, IV, VI nuclear
damage) in kernicterus [56-58].

3.10 Meningitis/meningoencephalitis, cerebral malaria and CP

Preventable postnatal risk factors for CP are more prevalent in LMICs than HICs
and include bacterial meningitis, meningoencephalitis and cerebral malaria [3, 59-61].
In a population-based study in Uganda, cerebral injury resulting in CP was attributed
to cerebral malaria/cerebral infections in 25% of cases [60]. Over 90% of cases of cere-
bral malaria occur in sub-Saharan Africa and in children under 5 years of age [59-61].

In brief, the neuropathology of meningitis/meningoencephalitis comprises diffuse
neuronal injury (necroses) and cerebral white matter injury (PVL similar to that of
prematurity) through a complex cascade of inflammatory cytokine-mediated dam-
age that leads to cerebral oedema, increased intracranial pressure, decreased CBF,
vasculitis and thromboses, ischaemia and infarction [62]. On the contrary, the precise
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neuropathogenesis of cerebral malaria has not been fully elucidated but a number of
theories have been put forward including the “mechanical (sequestration) hypoth-
esis” and the “cytokine storm hypothesis” [63]. In a word, regardless of either vascu-
lar obstruction from sequestration of parasitized red blood cells in brain capillaries
and venules or cytokine-mediated inflammatory injury, ultimately, cerebral malaria
causes grey and white matter damage. Severe spastic bilateral CP specifically spastic
quadriplegia is the expected long-term correlate of these postnatal CNS infections
since they are diffuse processes with extensive brain damage [64]. Indeed, Iloeje and
Ogoke [64] in their study on severity of CP in children found a strong correlation
between postnatal CNS infections and severe/non-ambulatory CP. Thus the greater
contribution of postnatal CNS infections to CP causation in LMICs may in part be the
reason for the relatively poorer gross motor function in children with CP from LMICs
compared to their counterparts from HICs [64].

4. Clinico-neuropathological correlations in CP: the “hows and “whys”

The clinical features, clinical subtypes of CP and the accompanying physical,
mental and physiological impairments are described here in relation to the aforemen-
tioned neuropathological substrates of CP.

4.1 Overview of brain areas and pathways involved in control of posture
and movement

The normal control of movement (voluntary and involuntary, gross and fine),
maintenance of a stable posture and balance, muscle tone and coordination of motor
activity involve intricate interactions between the cerebral motor cortex, basal nuclei/
subcortical grey mater (putamen, globus pallidus, subthalamic nucleus, substantial
nigra, thalamus), brainstem nuclei (vestibular nucleus, superior colliculus, red
nucleus) and cerebellum with the cells of the ventral or anterior horn of the spinal
cord (alpha and gamma motor neurons) [65]. On emerging from the anterior horn
cells, the motor neurons in peripheral nerves (lower motor neurons [LMN]) innervate
the muscles of the body to effect movement/muscle contraction [65]. Each alpha motor
neuron and all muscle fibres that it innervates constitute a motor unit—the functional
unit of the motor system [65]. Functionally, the descending motor pathways from the
brain to spinal cord (upper motor neurons [UMN]) are subdivided into pyramidal and
extrapyramidal pathways [65]. The pyramidal pathway arise from the cerebral cortex
and send motor signals to the spinal cord (corticospinal tract) and to brainstem nuclei
(corticobulbar tract) for voluntary control of muscles of the body and face respec-
tively [65]. The extrapyramidal tracts (vestibulospinal, reticulospinal, rubrospinal,
tectospinal tracts) take their origin from different brainstem nuclei and project to the
spinal cord for control of involuntary/automatic muscle activity like control of muscle
tone through the stretch reflex, posture and movement [65]. The stretch reflex arc for
maintenance of muscle tone is controlled by the inhibitory influence of corticospinal
and dorsal reticulospinal tracts and facilitatory influence by medial reticulospinal
and vestibulospinal tracts [65, 66]. The basal nuclei function to facilitate or fine tune
voluntary movement while inhibiting undesired movements and they receive projec-
tions from the motor cortex and project back to the motor cortex through the thalamus
[65]. Thus, the occurrence of unwanted involuntary movements in basal ganglia
injury. The cerebellum is also deeply involved in maintenance of balance, posture and
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coordination of movement and damage to it produces ataxia [65, 66]. The pyramidal/
corticospinal tract is increasingly vulnerable to damage at different points along their
long course to the spinal cord and commonly include their site of origin at the cerebral
cortex, corona radiata and the white matter (internal capsule) between the thalamus
and basal nuclei [65]. This may contribute to the high prevalence of spastic CP and

its combination with other forms of CP in the so-called “mixed CP” subtypes such as
spastic dystonic CP and combinations of spasticity and choreoathetosis.

4.2 Neuromotor impairments and musculoskeletal deficits in CP

In spastic CP, the brain lesions in the various predominant locations disrupt the
descending pyramidal pathways resulting in an UMN syndrome whose primary
manifestations are categorized into positive and negative features that act in concert
to cause secondary progressive musculoskeletal pathology/impairments [66-68]. The
positive features of UMN syndrome are spasticity, hyperreflexia, clonus, co-con-
traction while the negative features include weakness, loss of selective motor control
(SMC), poor balance, fatigability and sensory deficits [66-68]. The positive features
result from brain lesions disrupting the facilitatory corticobulbar fibres (from the
premotor cortex), thus leading to inhibition of the dorsal reticulospinal tract (from
the brainstem ventromedial reticular formation) which exerts inhibitory control over
the stretch reflex [66-68]. Spasticity refers to a velocity-dependent increase in muscle
tone with exaggerated tendon jerks due to hyperexcitable or increased tonic spinal
stretch reflex [65-68]. This implies that the loss of inhibition of the spinal stretch
reflex by descending pathways result in overactivity of the spinal stretch reflex and
underlies the findings of spasticity, hyperreflexia and clonus in pyramidal CP
[66-68]. The voluntary output from the motor cortex activates motor neurons
targeting the agonist muscles while simultaneously inhibiting the antagonist muscles
through the Ia interneurons (reciprocal inhibition) [66]. It is the loss of this reciprocal
inhibition of antagonist muscles during voluntary command that underlies co-
contraction and it makes generation of force or movement difficult [66].

In spastic CP, there is significant weakness that contributes to abnormal posture and
movement. The weakness is consequent on a number of factors such as reduced muscle
size/volume, reduced muscle activation, lower frequency motor unit firing rates and
increased Type 1 muscle fibres due to an altered neural input to muscle (reduced neuro-
muscular activation) caused by the damage to the descending corticospinal tracts [68].
This is also accompanied by decreased muscle endurance and loss of selective motor
control (SMC) [67, 68]. Loss of selective motor control is the impaired ability to single
out the activation of specific muscles in response to demands of a voluntary posture or
movement [67, 68]. For example, the co-activation of quadriceps femoris (knee exten-
sion) and gastrocnemius (ankle planter flexion) in a child with severe spastic CP [68].
The weakness, impaired SMC and poor balance (negative features) are pivotal in deter-
mining when or if a child with CP will walk [67, 68]. It is also important to note that
some surgical interventions for spasticity such as muscle lengthening, tendon transfer,
selective dorsal rhizotomy and intrathecal baclofen all reduce muscle strength while
orthoses and serial casting may worsen weakness through immobilization [67, 68]. The
reduced descending excitatory signals on muscle growth results in impaired muscle
growth (smaller muscles) and a short muscle-tendon unit which contributes to muscle
weakness in spastic CP(“short muscle disease”) [67, 68]. The failure of muscle growth
to progress at same speed with bone growth (muscle-to-bone growth rate discrepancy)
which is more prominent in bi-articular muscles like rectus femoris, hamstrings and
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gastrocnemius underlies the joint contractures and gait abnormalities such as toe-
walking and flexed-knee gait in spastic CP [67, 68].

In non-spastic or extrapyramidal CP with damage to the basal nuclei, the clinical
manifestations are abnormal, involuntary, uncontrolled, recurrent and occasionally
stereotyped movements with fluctuating tone and persistence of primitive reflexes
[68]. In dystonia, there are involuntary sustained or intermittent muscle contractions
of both agonist and antagonist muscles causing twisting and repetitive movements
and or abnormal postures with increased tone [65-68]. Choreoathetosis is charac-
terized by a combination of random-appearing sequence of one or more discrete,
excessive and rapid movements or fragment of movement of proximal body parts/
trunk (chorea) with slow, continuous, writhing movements of distal body parts that
impedes maintenance of a stable posture (athetosis) [65-68]. Both dystonic and
choreoathetoid movements impair function [68].

However, the terms spastic (pyramidal) and extrapyramidal CP are strictly
incorrect [5, 65]. It is more accurate to refer to these as “predominantly spastic” and
“predominantly non-spastic” [65] . Due to the complex interactions of the upper
motor neuron system (the pyramidal, extrapyramidal and cerebellar pathways) with
anterior horn cells to control posture and movement, lesions causing CP in real life
usually involve both pyramidal and extrapyramidal pathways [65]. This explains
the clinical combination of motor/movement abnormalities such as spasticity with
dystonia, and spasticity with choreoathetosis (“mixed CP”). Thus, the mixed CP
subtype should actually be very common but spastic CP remains the commonest type
thereby exposing the subjectivity and imprecision in assessment of patients based on
the physiologic classification of CP [2, 69].

In the rare ataxic CP with damage to the cerebellum, clinical features are hypo-
tonia, limb incoordination, and poor balance and these result in instability and a
compensatory wide base of support with elevated, outstretched arm postures to
improve balance during gait (ataxia) [65, 68].

Therefore, the primary neurologic correlates of early brain injury in CP include:
[2, 66-68].

* Delayed developmental milestones; invariably and most severely affecting the
motor domain

* Abnormalities of movement or motor patterns, muscle tone and reflex patterns
including persistence of primitive reflexes

* Abnormalities of gait and posture ranging from toe-walking to crouched gait

* Muscle weakness, poor balance, impaired selective motor control

* Incoordination and ataxia
4.3 Secondary impairments and accompanying disorders in CP

The accompanying physical, mental or physiological impairments identified in the
current definition of CP include epilepsy, cognitive impairment (intellectual disability),
speech, visual and hearing impairments and secondary musculoskeletal pathology [1].

These secondary or accompanying impairments are significant since they may cause more
functional limitation than the primary motor dysfunction (the core feature of CP) [1, 2].
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4.3.1 Epilepsy

Epilepsy is a chronic brain disease characterized by two or more unprovoked
or reflex seizures more than 24 hours apart or presence of an epilepsy syndrome
[70]. Epilepsy remains a common accompanying disorder in CP occurring in
30-60% of children diagnosed with CP [71, 72]. Both CP and epilepsy in most
cases arise from the same underlying neuropathological substrate [71]. Cerebral
dysgenesis (disorders of cortical malformation like lissencephaly, cortical dyspla-
sia, heterotopias, corpus callosal agenesis), cortical infarctions (perinatal stroke
and meningoencephalitis) and diffuse cortical neuronal necrosis (severe neonatal
encephalopathy/HIE) are neuropathological substrates for both CP and epilepsy
[71]. Thus the aetiology of epilepsy in CP could be structural (cerebral dysgenesis,
infarctions, postnatal head trauma), postinfectious (CMV, Toxoplasmosis, post
meningoencephalitis) or genetic [70]. The latter occurs in cases of CP who on
newer genetic testing techniques (WES, WGS) also show genetic or copy number
variants pathogenic for epilepsy with or without a family history of epilepsy [70].
Epilepsies in CP are more common in spastic quadriplegia and hemiplegia owing
to the cerebral cortical involvement in spastic quadriplegia and hemiplegia and are
relatively uncommon in spastic diplegia due to the relative sparing of the cortex in
PVL of prematurity [71-73].

It has been reported that epilepsy is more prevalent in severe CP/GMFCS levels
IV-V and in the presence of co-morbid intellectual disability (ID) [72]. These findings
most likely relate to the degree/topography of cortical injury since diffuse cortical
neuronal necrosis (SNN) from severe neonatal encephalopathy/HIE or cortical mal-
formations result in spastic quadriplegia that is usually associated with severe gross
motor dysfunction (non-ambulatory status) [2, 49].

4.3.2 Cognitive deficits/intellectual disability (ID), behavioural, attentional
and socialization defects

The ID that occurs in severe CP is a consequence of mainly the cerebral cortical
injury with injury to the basal nuclei, thalamus and cerebellum playing an addi-
tional role [49]. Intellectual retardation almost invariably accompanies the diffuse
variety of selective neuronal necrosis (SNN) in severe NE/HIE in term infants [49].
In preterm infants, intellectual function is more severely affected (significantly
lower intelligence quotients [IQ]) in those with spastic quadriplegia than spastic
diplegia [32]. In the PVL of encephalopathy of prematurity, more severe lesions
with lateral extension into the centrum semiovale and corona radiata would be
expected to affect upper extremities in addition (spastic quadriplegia) and intel-
lectual functions as well [32]. The primary white matter injury in encephalopathy
of prematurity leads to secondary dysmaturation of grey matter structures with
widespread reduction in cerebral volumes (cerebral cortex, deep nuclear grey
matter, hippocampus, total cerebral tissue and cerebellum) [32]. White matter
injury also underlies the deficits in executive function, behavioural disturbances
and socialization deficits and partly explains why language delay, Attention Deficit
Hyperactivity Disorder (ADHD) and Autism Spectrum Disorder (ASD) may
accompany CP especially in children born prematurely [32]. Hyperactivity and
inattention may in part be due to involvement of neurons of the reticular activating
system (RAS), the basal nuclei or the cerebellum [32].
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4.3.3 Visual abnormalities/squints and cortical visual impairments

Ptosis, oculomotor and gaze abnormalities result primarily from disturbance or
injury to brainstem cranial nerve (CN) nuclei (CN III, IV, VI, VII). in the deep nuclear-
brainstem variety of SNN associated with severe and abrupt hypoxic-ischaemic insults
in term infants. Severe diffuse cortical necrosis (SNN) involving the visual or occipital
cortex underlies impairment of cortical visual functions in children with CP since
many of them have cerebral cortical atrophy [49]. Nevertheless, in prematurity, visual
impairment could be a consequence of retinopathy of prematurity or injury to white
matter visual pathways (PVL) (cerebral visual impairment [CVI]) [32]. PVL is strongly
associated with visual impairment since the principal area of injury includes the optic
radiations (geniculocalcarine tracts) and visual association areas [32]. This implies that
more severe PVL with more extensive lesions involving the peritrigonal white matter,
optic radiations and occipital cortex correlates with poorer future vision [32].

4.3.4 Hearing and speech deficits, feeding difficulties and undernutrition

Brainstem CN nuclear involvement in severe NE/HIE underlies the accompanying
feeding difficulties due to poor coordination and impairments of sucking (CN V),
swallowing (CN IX & X) and tongue movements (CN XII) [49]. It is also possible that
in addition to the nuclear injury (bulbar palsy), corticobulbar disturbance (pseu-
dobulbar palsy) contributes to these deficits [49]. The ultimate consequences of the
feeding difficulties in young children with CP are undernutrition and stunting unless
alternative means of feeding like gastrostomy are employed. However, some well-fed
non-ambulatory children with CP may become overweight due to the imbalance
between energy intake and utilization.

Oral-motor-dysfunction (from bulbar and or pseudobulbar palsy) causes speech
deficits due to weakness and poor coordination of the muscles innervated by CN'V,
VII, IX, X and XII that are involved in speech and phonation. Injury to the dorsal
cochlear nuclei and or cochlea, superior olivary nucleus and inferior colliculus result
in hearing deficits in CP [49]. Free or unconjugated bilirubin damages the brainstem
auditory nuclei and auditory nerve (bilirubin neurotoxicity) in auditory neuropathy
spectrum disorders with or without sensorineural hearing loss (ANSD). This explains
the common co-morbid sensorineural deafness in dyskinetic CP secondary to chronic
bilirubin encephalopathy (Kernicterus spectrum disorders) [56, 57].

4.3.5 Musculoskeletal problems, gait abnormalities and pain

The musculoskeletal pathology such as muscle shortening/contracture, bony
torsion, joint instability, premature degenerative arthritis in weight-bearing joints
are secondary to the integrated effects of the positive and negative features of the
UMN syndrome in CP [67, 68]. These musculoskeletal problems and the resultant
gait abnormalities and pain are progressive as they worsen over time without early
intervention [67, 68]. As children with CP grow, the growth of bone outpaces that of
the skeletal muscle resulting in contractures such as gastrocnemius contracture and
planter flexed or equinus gait [67, 68]. Thus juveniles develop scoliosis, hip disloca-
tion/subluxation, and fixed contractures as growth spurts occur [67, 68]. Immobility
contributes to the pathogenesis of the musculoskeletal abnormalities and explains in
part the increased frequency of orthopaedic complications in children with severe
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gross motor dysfunction or non-ambulatory CP (spastic quadriplegia/Gross Motor
Function Classification [GMFCS] levels IV/V) [67, 68].

5. Conclusions

The aetiology of CP is attributed to the interaction of multiple risk factors which
through complex causal pathways within a limited duration disrupt brain development or
augment the risk of damage to the motor system in the foetal/infant brain. It has remained
a challenge to identify with certainty the timing of these non-progressive disturbances.
Nevertheless, the increasing role of genetic susceptibility in CP causation is evolving.

A link between neuropathology and the clinical-neurological features of CP
(neuromuscular deficits, accompanying impairments, severity/functional level, clini-
cal types) exists. However, limitations currently remain in devising a comprehensive
neuropathologic classification of CP due to inconsistent structure-function correla-
tions and difficulties in estimating timing of insults. Overall, a gap currently exists in
our understanding of the aetiology and pathogenesis of CP despite the pivotal roles of
advanced neuroimaging and evolving genomics.
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Chapter?2

Management of Spasticity
and Cerebral Palsy Update

Yasser Awaad

Abstract

Cerebral palsy is a very common medical problem, which has many challenges
facing patients, family, caregivers, and medical team. The fast-based technology
helped us to find new ways to manage and treat cerebral palsy. Treatment and
management is a multi-disciplinary approach to reaching the optimal results. The
managing team includes a general pediatrician, pediatric neurologist, pediatric
rehabilitation, pediatric neurosurgeon, pediatric orthopedic surgeon, and other
ancillary medical services. In our management plan, we have to consider the patient,
family, and caregivers as parts of our plan. Raising awareness in the communities
especially young mothers and general pediatricians to recognize the problem early
and seek medical help and also early referrals to specialized centers will help to have
early intervention and obtain better results.

Keywords: management, spasticity, cerebral palsy, treatment, update

1. Introduction

The focus of this chapter is the management of spasticity in CP children by
demonstrating the different treatment options available to the child and his/
her family. Spasticity was defined by Lance as a “velocity-dependent increase in
tonic stretch reflexes (muscle tone) with exaggerated tendon jerks, resulting from
hyperexcitability of the stretch reflex [1].

Treatment for spasticity was documented as early as the late nineteenth century
when surgeons Abbe and Bennet discussed decreasing tone in a spastic limb through
sensory rhizotomies. Different treatment modalities have been introduced over years
to address the complications of spasticity in CP children.

Cerebral palsy (CP) should not be considered as a diagnosis but as a label [2]; it is
an umbrella term. The definition is not sufficiently precise to guarantee agreement
as to which patients to include under this label, but the additional inclusion criteria
required are not yet internationally standardized. It is a group of permanent disorders
of the development of movement and posture, causing activity limitation, that are
attributed to nonprogressive disturbances that occurred in the developing fetal or
infant brain.
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2. Spasticity management

Cerebral palsy is a difficult condition for many reasons, not least of which is
because there is no cure. This neurological condition is caused by brain damage
that is irreversible. This does not mean, however, that there is no hope for children
diagnosed with cerebral palsy. Spasticity is a common symptom of cerebral palsy. It
is characterized by stiff muscles that are difficult to control. In fact, several existing
therapies can make a big difference, and there are now numerous emerging treat-
ments that are changing how both children and adults live with cerebral palsy.

2.1 Physical therapy

Physical therapy relieves pain and muscle stiffness, improves mobility, and
prevents future problems such as muscle tightness. It is always recommended as the
first therapy intervention. It improves motor skills and can stop movement problems
from worsening in the future. It includes varieties of treatment modalities such as
strength, flexibility exercises, heat treatment, massages, and special equipment for
CP children to give them more independence. How much the PT will help to improve
the child’s condition depends on the severity and CP type the child has. Mild cases
only require some physical therapy. The best chance to improve the child’s condition
is with early intervention. Mobility can be improved by preventing contractures and
joint dislocations by keeping the body strong and flexible. PT can improve the level
of self-reliance of most CP children. The goal of PT is to make everyday movements
easier. It can improve coordination, balance, strength, flexibility, endurance, pain
management, posture, gait, and overall health.

The benefits of PT depend on the CP type:

* Spastic—It decreases the muscle tension and jerky movements.
¢ Athetoid—It increases muscle tone and gains more movement control.
* Ataxic—It improves balance problems.

The treatment plan will be based on the CP type. The child might have either
hemiplegia, diplegia, or quadriplegia. Therapists design specific exercises and
routines for each type, which helps the child regain movement in the affected area
over time.

Other conditions such as scoliosis, thoracic kyphosis, lumbar lordosis, pelvic incli-
nation, pelvic rotation, pelvic obliquity, knee deformity, shortened Achilles tendon,
and hand and wrist deformities can be treated by PT. After the initial evaluation by
the therapist, a treatment plan will be created, which might include a combination of
exercises, muscle relaxing techniques, and special equipment to improve movement.

CP child either will have muscle hypotonia or hypertonia. Flexibility exercises
and massages are usually used for the hypertonic child, which will develop mobility
and prevent painful muscle tightening, which could require surgical intervention. On
the other hand, the athetoid child will require strength training exercises to increase
their muscle tone. Walking, posture, transitional movements, and sensory impair-
ments such as touch and balance can be improved by certain exercises. Exercises that
improve sitting, kneeling, and standing can improve posture. Infants use transitional
movements to be able to walk, roll over, and sit up are examples of those movements.
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Different mobility aids are to be used to make therapy more effective. Different
orthotics equipment can be used to help with walking, posture, and joint mobility;
braces, casts, splints, and shoe inserts are some examples. There are other tools that
have been used in PT include exercise balls, resistance bands, free weights, swimming
pools, hot and cold packs, and electric muscle stimulation (it improves gait and upper
limb function).

As the child gets older, the physical therapist will change the program to meet the

child’s needs. Toddlers and the early school years are the most important stages of a
child’s life.

* Toddlers—Playtime is the main therapy focus during this stage. In this stage,
children learn and gain experience through play, making it an essential part of
early therapy. A therapist can help in certain areas such as overcoming toddlers’
hesitancy to touch their faces or practicing certain movements that are necessary
for learning and physical development.

* Young children—School-age children between 5 and 12 experience new move-
ment issues because their bodies are growing. Physical therapy can ensure
children to grow in a way that is matching to their motor function. At this stage,
therapy will rely on exercises and orthotics. Instilling healthy habits and a proac-
tive mindset is another goal at this stage.

Outcome of the therapy can be evaluated by observation and a set of standardized
tests to measure motor function. Therapists will be looking for specific postures and
movements that could be corrected to develop a strong treatment plan.

2.2 Occupational therapy

Health care providers usually recommend OT along with PT for CP children to
provide easier independent lives because it has many benefits. On one hand, PT improves
muscle tone and balance, and on the other hand, OT is helping children to accomplish
daily living activities. According to the American Occupational Therapy Association
(AOTA), OT helps people of all ages to learn how to improve their abilities to do their
everyday activities [3]. Everyday school tasks, eating and drinking, dressing, hygiene,
and other tasks necessary for daily use can be assisted by OT. Children with visual
impairment, regardless of severity, can do their daily tasks by doing OT. Also, sensory-
perceptual-motor (SPM) training, which helps to stimulate the senses of performing
daily tasks more easily, can be assisted by OT. An occupational therapist usually uses
visual input tools and cues, as well as verbal directions to help children in carrying out
necessary everyday tasks. A cognitively impaired child can benefit from OT. Establishing
daily schedules or routines to help those children some daily tasks such as remembering
to dress, brush their teeth, and other tasks are needed to carry out their day.

The real challenge for CP children is their motor impairment, which makes their
daily tasks difficult. For example, most children have difficulties with daily hygiene,
moving around, posture, and completing school tasks due to their movement limita-
tions. The occupational therapist will assess every child’s needs individually to design
a program to meet their personal goals. The main line of OT program includes stretch-
ing and guide motor output techniques and constraint-induced movement therapy
(CIMT), which helps hemiplegic CP children [4], and neuromuscular facilitation
techniques.
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OT can help in other areas such as grasping objects; using computer and other
electronics; opening doors; writing, holding, and reading books; playing; interacting
with peers, caregivers, and parents; school and/or daycare activities; and sitting and
standing up from tables and school desks. CP Children and their parents and caregiv-
ers can benefit from OT by watching children thrive both physically and emotion-
ally. This progress reduces parents’ stress and provides a sense of peace as the child
becomes more independent and productive.

OT can take place in different settings such as outpatient offices, inpatient medical
centers, at home, nursing centers, and OT providers. To obtain quality OT, the child
must be under the care and supervision of a trained and licensed occupational thera-
pist. By evaluating the child and assessing the child’s strengths and weaknesses, they
will be able to formulate an individualized plan to help the child best reach his or her
goals. Per AOTA, licensed occupational therapists, besides they are licensed in their
state to practice occupational therapy, have another degree in Social Services, Health,
Biology, Chemistry, Psychology, Sociology, Human Development, and Anatomy &
Physiology. To obtain their license, they must be graduated from an accredited school,
do fieldwork hours, and pass the National Board for Certification in Occupational
Therapy examination. The therapist will conduct a comprehensive assessment
including testing the child’s: motor skills, developmental condition, cognitive devel-
opment and functioning, psychological needs, emotional needs, and home and school
environment to be able to create an individualized treatment plan.

2.3 Oral medications

Oral medications have been used to decrease spasticity; however, they have a lot
of side effects such as drowsiness, sedation, confusion, and fatigue. Benzodiazepines,
like diazepam, are rarely used because of their strong sedating effects. They result in
enhanced presynaptic inhibition, but because they are presumed to enhance the post-
synaptic effects of GABA, they can only work if the GABA-mediated process func-
tions. Benzodiazepines have a long half-life and an active metabolite. Benzodiazepine
therapy is indicated in spinal cord injury and multiple sclerosis with possible applica-
tion in traumatic brain injury, cerebral palsy, and cerebrovascular accident. Clinical
effects include sedation and reduced anxiety, decreased resistance to passive range
of motion, decreased hyperreflexia, and reduction in painful spasms. Side effects
of all benzodiazepines include sedation, weakness, hypotension, gastrointestinal
symptoms, memory impairment, incoordination, confusion, depression, and ataxia.
Also, benzodiazepines are controlled substances with the potential for dependency.
Diazepam is the most widely used benzodiazepine for spasticity management. The
recommended initial dose is 2 mg 3 times daily with a maximum dose of 60 mg daily
(20 mg 3 times daily). If nocturnal spasticity is the presenting problem, the patient
should be started with a single dose at night.

Like benzodiazepines, baclofen works centrally. Baclofen binds with GABA-B
receptors on brain and spinal membranes, restricting calcium influx into presynaptic
nerve terminals, thereby reducing spasticity. The use of baclofen is indicated when
spasticity is of spinal origin. The clinical effects include decreased resistance to pas-
sive range of motion, decrease in hyperreflexia, and reduction in painful spasms and
clonus. Unlike benzodiazepines and baclofen, dantrolene sodium works peripherally
at the level of the muscle fiber. It has no effect on neuromuscular transmission, but
works by acting directly on the skeletal muscle, hindering the release of calcium from
the sarcoplasmic reticulum, thereby preventing the excitation-contraction coupling
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mechanism. This affects both intrafusal and extrafusal fibers by decreasing the force
of muscle contraction. However, this mechanism is not selective for muscles with
increased tone, and the resulting generalized muscle weakness may weaken respira-
tory muscles. The use of dantrolene sodium is indicated in treating spasticity second-
ary to cerebrovascular accident and cerebral palsy, and has possible applications for
traumatic brain injury, spinal cord injury, and multiple sclerosis. Clinical effects of
dantrolene sodium include decreased resistance to passive range of motion, decrease
in hyperreflexia and tone, and reduction in spasms and clonus. Another group of oral
medications used in spasticity management includes clonidine and tizanidine, which
are alpha 2 noradrenergic receptor agonists that release excitatory neurotransmitters
and inhibit supraspinal facilitatory pathways [5].

Tizanidine is a new oral anti-spasticity agent that is selective in decreasing tone
and spasm frequency in only spastic muscles, eliminating the unwanted side effect
of generalized muscle weakness. Tizanidine is reported to have reduced symptoms of
spasticity in patients with multiple sclerosis or spinal cord injury and is well tolerated
in most patients. It is an imidazoline derivative like clonidine but without the cardio-
vascular effects when appropriately titrated. Tizanidine results in a direct reduction
of excitatory amino acid release from spinal interneurons and inhibits facilitatory
cerebrospinal pathways. Its peak effect occurs 1-2 hours following administration and
its half-life is 2.5 hours. The clinical effects of tizanidine include reduced muscle tone,
spasm frequency, and hyperreflexia. Animal studies with tizanidine demonstrate
antinociceptive activity under specific conditions with increased dose titration [6].

As with other anti-spasticity medications, the potential side effects of tizanidine
are dose-related and may be mitigated by dosage titration. The potential side effects
include drowsiness, dry mouth, and dizziness. Literature suggests that tizanidine
may be better tolerated than other anti-spasticity agents as measured by the global
tolerance rating scale. In placebo-controlled studies, tizanidine has been shown to be
effective in multiple sclerosis and spinal cord injury. It is also useful for spasticity of
spinal pathology when weakness is of concern. Tizanidine may also prove effective in
managing spasticity of cerebral origin.

Secondary oral and systemic agents include tiagabine, cyproheptadine, clonidine,
lamotrigine, gabapentin, and carbidopa-levodopa [7]. Multiple medications have
been recommended, of which the most recent addition is gabapentin.

The use of antihypertensive pharmacologic agents in treating spasticity is unclear
because randomized trials have not been performed. Nifedipine has been used in
a bit-and-swallow technique; more recently, captopril also has been found to be of
benefit [8].

Anticholinergic medications are used in CP patients for different issues, such as
uncontrollable limb and facial movements, muscle spasms, tremors, and excessive
drooling. Anticholinergics block the area of the brain that causes muscle move-
ment [9], which in turn helps to control many of the most common symptoms in
CP children. Small doses of anticholinergic medications could be beneficial in some
children, whereas other children will require higher dosages. The most common
anticholinergics used in CP children include Robinul, Sinemet, benztropine mesylate,
and trihexyphenidyl hydrochloride.

Antidepressant medications have been used to improve moods and enhance
well-being. These types of drugs are not for everyone, and they have been used in
children with depression, anxiety, and other mental and emotional problems that
can come from living with a debilitating disorder. Antidepressants are generally used
in combination with behavioral therapy [10]. Different antidepressants could be
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used, but the most commonly have been used are Celexa, Paxil, Prozac, Cymbalta,
Lexapro, and Zoloft. Its side effects may differ from patient to patient. Different pain
medications have been used, and the most commonly used ones are to control pain by
reducing inflammation. Some CP children will experience chronic, long-term pain
and anti-inflammatory medicine can be prescribed to relieve their pain. The most
common types of anti-inflammatories prescribed to CP patients include nonsteroidal
anti-inflammatory drugs (NSAIDs) and steroids. Some parents would rather use
natural medications as opposed to traditional drugs, whereas others may try alterna-
tives when the first line of prescribed medications fails to relieve symptoms. Others
use a combination of complementary and alternative with conventional medicines.
Complementary and alternative medications generally include biologically based
supplements, homeopathic medicines, and herbal medicines.

2.4 Speech therapy

Health care providers will recommend speech therapy if the child has communi-
cation, swallowing, and breathing issues. Speech therapy provides a wide range of
exercises to help children better communicate, address, and help in other disorders
affecting speech. A child might have mild to severe speech impairment. However, a
study from the National Institute of Neurological Disorders and Stroke (NIH) stated
that despite not every CP child had speech impairment, many CP children had some
form of speech impairment [11]. A licensed speech therapist evaluates every child to
create the optimal individualized plan to help children have better communication.
They provide exercises that help children understand gestures, words, numbers,
sounds, and more. Also, they help with common problems for CP children such as
breathing, swallowing, and digestion issues. They use a variety of exercises such as
sign language, communication through writing and painting, winking, voice synthe-
sizers, picture boards, and using augmentative communication devices. Theos’ exer-
cises will improve disorders such as pronunciation skills, vocabulary, development,
listening skills, comprehension and formation of words, fluency, direct conversation
engagement, and mouth and throat issues. The speech therapist will evaluate every
child fully to come up with an individualized based on the child’s needs. Dysphagia is
a very common problem in CP children, which is secondary to physiological and neu-
rological disorders, as well as irregularities in the throat. Choking on food and drinks,
breathing difficulties, excessive coughing, and pulmonary aspiration of food and
fluids must be addressed. Other associated conditions such as stuttering, dysphagia,
aphasia, dyspraxia, intonation and rhythm issues, vocal tract problems, and dysar-
thria must be addressed too. Prevention and reduction ofother associated disorders
such as easily choking on foods/liquids, extreme coughing, pulmonary aspiration,
difficulties with breathing and dehydration, and malnutrition (typically because of
choking on foods/liquids) also have to be one of the therapist’s goals.

Communication is an important human experience, it shapes people’s personali-
ties. Children with communication issues are already at a disadvantage. Proper speech
therapy helps the child to overcome their problems and let them communicate better.
It will provide the child with the proper ways of communication and help him/
her throughout the course of life, including daily living and social activities [12]. It
provides other benefits such as learning, the ability to participate fully in school and
home activities, better relationship development with friends, peers, and family, bet-
ter socialization skills, and the ability to communicate ideas consistently and effec-
tively. A master’s degree in speech and language pathology is required to be a speech

36



Management of Spasticity and Cerebral Palsy Update
DOI: http://dx.doi.org/10.5772/intechopen.106351

therapist/speech pathologist, and most states require that they get certified through
the American Speech-Language-Hearing Association (ASHA). To obtain ASHA
certification, speech pathologists must complete numerous courses dealing with the
throat, mouth, speech, psychology, social work, and more [13].

2.5 Massage therapy

CP children can gain mental, emotional, and physical benefits from massage
therapy. Massage therapy must be approved by the child’s doctor before starting such
a program. Massage therapy supports the treatment of body’s connective tissues and
muscles are massaged and stimulated through direct contact by a massage therapist to
help healing and well-being of the patient. Direct hand pressure by the therapist will
be applied to different body parts. The pressure could be light to heavy, depending on
which body part is being stimulated. Therapists can use different types of massage tech-
niques, which are more than 180 techniques with their hands, elbows, arms, and more.

Although the National Institutes of Health (NIH) states that more research is
needed before recommending massage therapy to every CP child [14], the American
Therapy Massage Association (AMTA) states that anyone can benefit from mas-
sage [15]. A published study by the University of Washington and Seattle Children’s
Hospital, and Integrative Touch for Kids, showed lessening of painful symptoms
by using massage therapy. The study stated, “It is well documented that massage
increases blood flow to the tissues and that enhanced blood flow encourages growth
of new tissue and healing of wounds” [16].

Massage could stimulate the brain’s pressure receptors when the cranium is mas-
saged and stimulated, it gives a sense of calmness and in return, and the child will
be able to focus and concentrate better. Fine and gross motor functioning improves
when muscles are relaxed and less rigid. This helps all aspects of CP childrens lives,
including playing, socializing, learning, and carrying out daily tasks. Circulation
and digestion issues are very common in the CP children. Immobility is the reason
for circulation problems; on the other hand, the central and peripheral nervous
system structural abnormalities might lead to digestion issues. Relieve tension in the
abdominal muscles can help to improve digestion by reducing gassiness and bloating,
stimulating peristalsis leading to better digestion, aiding in the release of digestive
enzymes, and stimulating kidney and liver activity.

Improving sleep in CP children and adults can be achieved by massage therapy.
According to the American Massage Therapy Association (AMTA) and a study pub-
lished by the National Institutes of Health (NIH), massaging has an essential role in the
quality of CP children’ sleep (American Massage Therapy Association | AMTA) [17]".

Skin, exocrine glands, hair, and nails are the integumentary system of the body’s
organ that acts as the first line of defense against outside factors. Skin infections
and other integumentary system problems are common in CP children because they
cannot care for themselves. This system can be protected by stimulating the skin,
improving skin tone and texture, assisting in body temperature regulation, promot-
ing tissue repair, moisturizing skin, removing dead skin, and stimulating sensory
receptors.

Massage therapy can be done in physical therapy centers, private massage therapy
clinics, hospitals, chiropractic centers, athletic clubs and sports centers, spas, at
home, and health clinics. Although massage therapy has shown many benefits, in
some instances, it is not advisable. Message therapy is not recommended if the child
has muscle and/or joint inflammation, fever, acute infections, skin disorders, open
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sores, swollen lymph nodes, vaccinations within the past 72 hours, blood clots, diar-
rhea, osteoporosis, and varicose veins.

Massage therapists cannot give any medical advice regarding your child’s disorder
or any other medical issue, psychological counseling, diet or nutrition counseling,
touch private parts of the child’s body, perform any type of surgery, and provide skin
or cosmetology services. Usually, massage therapy sessions are not covered by insur-
ance, and you might have to pay out-of-pocket expenses.

2.6 Hippotherapy

Hippotherapy is using horses and equine equipment to help CP children to develop
better physical, emotional, and neurological functioning. Health care providers
usually recommend classical and traditional therapies such as PT and OT, which
help to strengthen muscles, improve balance and flexibility, and help with everyday
living tasks. On the other hand, hippotherapy can help CP children greatly. It started
overseas in the sixties, but it came to the United States after the great benefits it
produces. Cognitive ability, neuromuscular problems, physical strength, and a height-
ened sense of well-being can be improved by hippotherapy [18]. A horse’s movements
can be channeled by using equine equipment. Hippotherapy and therapeutic horse-
back riding are two different therapy modalities to gain different benefits. The gait,
rhythm, repetition, and tempo of a horse’s movements have been proven to help with:
balance, posture, strength, control, visual cues, sensory, endurance, abnormal muscle
tone, social skills, control of the body’s extremities, core strength in the trunk, and
self-esteem.

After the health care provider ensures that child mental and physical challenges
could benefit from this form of therapy, he/she can recommend hippotherapy. Also,
the health care provider and the therapist must agree that the child’s associated
disorders will not be affected negatively by the physical challenges of hippotherapy.
Hippotherapy can started at any age and has no age limit. Insurance companies
usually do not cover the therapy, and you may pay out of pocket for it. A full evalu-
ation of the child’s physical, emotional, and cognitive strength must be done by the
therapist to determine if the child is ready for hippotherapy and if any modifications
must be provided for the child while sitting on the horse. Safety issues, including
how to correctly mount and dismount the horse (with assistance), horse equipment,
and what to expect when the horse moves, must be explained by the therapist. After
safety training is in place, assisting and monitoring the child during mounting the
horse and during the horse’s movements, and walking alongside the horse and child
while helping modify the horse’s movements must be done by the therapist to make
sure the child is safe. Hippotherapy will help to build physical strength and endur-
ance and improve the child’s well-being and sense of self. The sessions usually take
place in horse farms created as specialized training areas. Physical therapists, speech
therapists, or occupational therapists can provide the therapy sessions. They must go
through extensive hippotherapy training (at least 3 years of their own field of study
and 100 hours of hippotherapy training) and have their own certifications. Therapists
need to have the following: They must learn in-depth knowledge of horse movement,
how to handle emergencies, safety practices, the physical characteristics of horses, the
association between human and horse movement and how to choose the appropriate
exercises for each child’s individual needs, and more. If the child’s doctor approved
the therapy, the therapist has ruled out any conditions that would prevent participa-
tion by the therapist.
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2.7 Aquatic therapy

Aqua therapy or aquatic therapy is a group of water-based exercises improving a
person’s physical abilities and functions. The medical community recommended it
as a way to help heal the body [19]. Aquatic therapy has shown improvement in CP
children because by allowing them to move freely without putting stress or much
weight on their bodies. Water is known to reduce weight by 90%.

Aquatic therapists help CP children to develop more muscle control, increase
self-confidence, improve strength and physical function, and gain more life inde-
pendence. The therapy itself has many physical and mental benefits to CP children.
Physical benefits include improved heart function, increased resistance, relief and
reduced pain in the joints and muscles, help in protecting against injuries, and
reduced discomfort while exercising, help in building muscle and muscle control
and better circulation, and improved endurance and flexibility. Mental and emotional
benefits include improved confidence, better quality of life, strengthened socializa-
tion skills, improved sensory integration, and improved sense of independence.

The severity of the child’s disorder, age, physical fitness level, and any associated
illnesses or disorders will determine the best therapy program for the child. Popular
aqua therapy exercises include swimming (at all levels, including learning to swim),
aquatic yoga, water-based range of motion exercises, balance exercises via flotation
devices in deep water, breath control exercises, assisted walking exercises, deep-water
walk, and social games to help improve social interaction, eye contact, and sports-
manship. Flotation devices, toys, weights, compression vests, and balls are different
equipment used during the aqua therapy session.

Children’s safety is of utmost importance during the aqua sessions. In turn, most
pools are generally smaller than standard-size pools and come with fiberglass or
stainless-steel shells, built-in attached equipment, safety rails and ladders, thermostat
to warm water, and easy-to-grip edges. An active AEA Aquatic Fitness Professional
Certification (AFPC) is a requirement for any physical or occupational therapist to
carry out the sessions. The session lasts 30 to 45 minutes depending on the child’s
individual needs. Kids must bring swimsuits, towels, and water shoes to each session.
Some classes may provide these items depending on the program and the family’s
financial status.

2.8 Osteopathic manipulation

A trained osteopathic doctor (DO) can provide osteopathic manipulation therapy
(OMT) by applying a gentle manipulation of the musculoskeletal system to relieve
symptoms and improve overall wellness in patients. The philosophy used by DOs is a
holistic, preventative approach with a focus on the musculoskeletal system, how it is
linked to disease, and how it can be manipulated for treatment. Despite there being
some evidence that OMT can help CP children move better and feel better, the studies
are small and have mixed results on how OMT can help those children.

OMT is based on the notion that all body systems are connected, and this connec-
tion affects disease and wellness [20]. Osteopathic manipulation therapy is based on
a hands-on approach, which is an important part of OMT. DOs use stretching and
gentle pressure to manipulate joints and muscles. Musculoskeletal disorders such as
back and neck pain or sports-related injuries are common examples of OMT. Some
DOs use the technique for different types of conditions, citing a healing touch as
crucial to wellness.
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OMT has been used as an alternative therapy for CP children complaining of
musculoskeletal system symptoms. It is a complementary therapy to more traditional
therapies such as PT, OT, surgery, and pain medication to relieve symptoms and pain,
improve mobility and reduce spasticity, and more. Cranial osteopathy can be applied
to the head and neck. It is a subtle gentle manipulation of the skull that can be used in
babies but that can also be used in children and adults.

OMT was studied to see its usefulness in 55 spastic CP children (moderate to
severe spasticity) between 20 months and 12 years of age [21]. There were three
groups: a control group with no treatment, a group that received acupuncture, and a
group that received cranial osteopathic manipulation along with myofascial release.
Eleven outcomes were listed as outcomes. The acupuncture group had no significant
positive outcomes; on the other hand, the cranial osteopathy group had a positive
outcome in two measures (total Gross Motor Function Measurement and the mobility
part of the Functional Independence Measure for Children) in comparison with the
control group. In another study, thirteen children diagnosed with both cerebral palsy
and chronic constipation were studied using OMT. Children were divided into two
groups; one group received OMT, while the other group received OMT and traditional
medical treatment for constipation. At the conclusion of the study, both groups had
equally positive benefits and improvements in constipation [22].

A larger recent study of the use of cranial manipulation in CP children has cast
doubt over the treatment’s effectiveness. A British study for 6 months of 142 children
using cranial osteopathy. There were two equal numbers of children in each group,
and one group received the treatment, while the second group was placed in a control
group. The children’s movement was evaluated after 6 months, and there were no
statistically significant improvements as compared to the children from the control
group [23]. Children’s parents in the treatment group felt that their children had posi-
tive gains, in comparison with only a few parents in the control group. Reported posi-
tive results by the parents were better sleep, better use of arms and legs, and improved
mood [24]. It is not clear if OMT may or may not help CP children, it is different from
child to child how it helps. If the therapy is administered by a licensed DO, there is
almost no risk of side effects or complications with this type of therapy.

2.9 Chiropractic care

Chiropractic care is a natural type of treatment, which helps several musculoskeletal
and nervous system conditions. It is conducted by licensed chiropractors performing
different techniques to help reduce pain and spasms and restore proper nervous system
function. According to the American Chiropractic Association (ACA), the focus of
chiropractic care is the musculoskeletal system disorders and nervous system disorders
[25]. The Palmer College of Chiropractic reports that “no part of your body escapes
the dominance of your nervous system” [26]. Poor health and improper nervous system
functioning could be because of misalignment or other improper functions of the
spinal cord and other areas of the body. Treatment focuses on different body parts, like
the back, neck, shoulders, hands, and joints in the arms and legs. Despite chiroprac-
tors can prescribe certain medications if needed, no medications have been used in the
treatment.

Some studies showed neuromuscular and mobility improvement in CP children by
using chiropractic care. Some were able to sit up (when they previously could not),
walk upstairs without assistance, and use their arms and hands better. Reduction in:
Pain and muscle stiffness, breathing problems, drooling, muscle contractions, neck
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pain, musculoskeletal conditions, gait issues, spine issues, anxiety and stress, head-
aches and chest pain, leg/arm problems, speech problems due to respiratory issues,
spasticity, and urinary incontinence were the improved areas after chiropractic care.

After taking a full medical history, the chiropractor will ask you and/or your child
specific questions about pain and any activities that make the pain worse [27]. A
physical exam must be done (which could include diagnostic tests such as X-rays or an
MRI). The following areas could be studied: neurological integrity, range of motion,
muscle tone and strength, abnormalities, misalignment, and flexion-distraction
therapy. Treatment will be designed based on the child’s medical history and physical
exam results. The most common forms of treatment include spine adjustments, which
can include low spine adjustments, full spine adjustments, the “Activator” technique,
and/or the “Gonstead” technique, adjustment to joint dysfunctions, massaging, elec-
trical stimulation, traction, heat/cold applications, and myofascial release. Treatment
sessions usually are 30 minutes to an hour, depending on the chiropractor’s techniques
and the child or family’s concerns or medical issues. For example, lower back pain
treatment may require 1-3 visits per week for up to 2-3 months. Sessions could be
conducted in hospitals, clinics, or a private provider’ office. Most chiropractors have
their own private offices.

Children and parents could get scared during sessions by some maneuvers.
Adjustment by the chiropractor could make a popping sound, this does not mean
that any bones are broken, and it is from releasing gas from fluids surrounding the
joints. Mild discomfort by the child or if the child cries (due to pain) or complains
the procedures are too painful, please discuss your concerns with the chiropractor.
Chiropractor care usually is not painful. It is very important to choose a well-trained
chiropractor by considering his education, training, licensing, and experience work-
ing with other healthcare providers and easily coordinating care. The treatment is
considered “complementary” care, and it might be not covered by insurance.

2.10 Homeopathy treatment

It can be used to relieve CP children’s difficult symptoms such as relieving pain,
improving mobility, and relieving many of the associated symptoms and conditions
of CP. Homeopathy is a complete integrated medical system, a complete theory of
medical practice that considers a complementary, or alternative, treatment to Western
medicine [28]. Homeopathy is a modern alternative medicine like the traditional
Chinese medicine, which has evolved over thousands of years. There is a lot of criti-
cism for homeopathy, but many people are claiming it has helped relieve their symp-
toms. Almost, there are no risks of working with a trained homeopath.

Samuel Hahnemann, a German who created the homeopathy in the 1700s based on
the idea that with a little prompting, the body has a remarkable capacity to heal itself.
The name homeopathy came from the Greek words “homosis” meaning similar and
“pathos” meaning suffering. Homeopathy has two main principles. The first is the
idea that like cures like. When a person suffers from a certain symptom, if a sub-
stance is triggering that symptom was given to that person, this substance will cure it
rather than make it worse. The main idea behind this belief is that the substance will
enhance the body’s natural ability to fight the illness or symptom. The second prin-
ciple is that the treating substance must be given only in very small, dilute amounts,
which is thought to be sufficient to trigger.

Remedies extracted from origin such as plants and minerals have been given to
patients to treat symptoms and illnesses. Some are toxic and poisonous, like arsenic
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and belladonna, but others are benign, and all are made with extremely minute
amounts of the active ingredient. Some remedies’ formulation has a very low concen-
tration of the active ingredient to be considered chemically insignificant. They come
in pill or solution form, and they are over the counter and are regulated by the U.S.
Food and Drug Administration.

Some CP children’s symptoms can be relieved by homeopathy; for example,
seizure control was described in an article published by the journal, The American
Homeopath. Two children failed their anticonvulsant medicines and tried homeopa-
thy to help control their seizures. One boy has severe CP was crippled by seizures and
used a variety of over-the-counter remedies for 3 months, and his seizure severity
was reduced first and then the frequency. The other case was a severe CP girl and
seizures. Homeopathic remedies were used for just over a year. Eight years later she
was still seizure-free [29]. A seven-year-old CP boy who was mostly immobile, blind,
and incontinent was described in another study. He was on homeopathic treatment
for 2 months; he has improvement in his mobility, also he has improvement in his
hair lose, became mobile with the help of PT. Other studies have shown either more
limited or no results from using homeopathy to treat CP children.

Because the treatment is highly individualized, studying homeopathy is very
difficult. Treatment methodology does not allow giving the same remedies to a big
group of children having the same symptoms. Many symptoms can be treated with
homeopathy. These include mobility, muscle weakness, spasticity, joint pain, diges-
tive issues, and associated conditions (asthma, anxiety, and skin). Homeopathic
medicines are safe because they are FDA regulated. There is a strong belief among
scientists that remedies have in role in curing or relieving any symptoms because of
the very low doses of substances used. Others believe homeopathy has a placebo effect
and makes people feel better.

Sessions must be conducting by a trained and certified homeopathic practitioner
even there are very limited risks of using homeopathy. Before using homeopathic for
your child, you should ask your doctor if there are any reasons you should not try home-
opathy. There is a rare risk of side effects or interaction with another medication by
using a small amount of active ingredient. Homeopathy has some criticism but also has
its supporters. Despite there are limited large-scale studies that prove its efficacy, there
are a plenty of case studies. There is plenty of anecdotal evidence and studies showed
the benefits to the patients by using this therapy. If your CP child failed the conven-
tional treatments, you might consider consulting a trained homeopathic practitioner.

2.11 Pet therapy

Pet therapy, or animal-assisted therapy, is a complementary therapy for CP chil-
dren to obtain a lot of benefits from PT and other types of treatment. Working with
animals can help CP children reach their goals when added to classic therapies. It is of
great importance to work with therapists and animals that are trained and licensed
and have experience working with CP children. Pet therapy is the use of well-trained
animals to promote wellness, boost mood, and help therapy, and other broad uses in
mental and physical health care [30]. There are different ways of pet therapy, either
informal or formal. When a trained dog visits a nursing home or hospital to cheer
up residents and patients, it is informal. On the other hand, when the animal is the
central aid or participant in a guided therapy session, it is formal. Dogs are frequently
used in pet therapy but other kinds of animals like cats, horses, and even guinea pigs
can be involved.
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A study published by the U.S. National Institutes of Health showed that “per-
sonal and social benefits gained by dog-assisted therapy may aid in the prevention,
improvement, and development of children with various disabilities” [31]. Pet ther-
apy has been used in different situations such as chemotherapy sessions, dental work,
and other potentially scary or stressful procedures for children, or even adults, PT
sessions to treat injury or a stroke, mental health problems, or for residents in long-
term care facilities. It is also commonly used to assist CP children with disabilities.

There are documented benefits of working with animals with special needs of
children and adults in formal and informal settings. In mental health cases, being
around animals and interacting with them have been shown to lower anxiety, increase
relaxation, reduce loneliness, provide comfort, and increase mental stimulation [32].
Physical benefits of working with animals have been well documented, including
lowering blood pressure and heart rate, improving cardiovascular health, and reduc-
ing pain. Petting and playing with animals have been shown to increase serotonin and
reduce cortisol, which together promote less stress in the body.

Having an animal in the PT session for CP children can provide numerous benefits
like working with animals during PT helps children reach specific goals, sessions will
be less stressful, and children are more engaged and enthusiastic about doing the
work. Animals provide good physical support to the children to do their exercises,
children prefer using animals than an object for support, and animals motivate chil-
dren to work harder, meet their goals, and return for subsequent sessions. CP children
usually have a lot of mental health issues and behavioral challenges such as ADHD,
depression, and anxiety as comorbid conditions. Animals can help improve children’s
mood, reduce anxiety, and reduce stress. Benefits of behavioral therapy sessions using
animals are motivation, support, encouragement, and someone to bond with and help
a child be more engaged and enthusiastic about treatment [33].

One study established a goal for disabled CP children therapy using trained dogs
to assist. Results have shown that before therapy children were unable to complete
the therapy sessions, but all completed the animal sessions and met their goals after
therapy. The animals helped them break down resistance and fear and to carry on
with successful therapy sessions.

Children showed improvement in their communication and became better able
to tell others what they need or want. They became more sympathetic from working
with dogs and they became better able to ask for help and provide help to others. Also,
their social skills have improved. Dogs are the most used animals because of how easy
they are to be trained and their love of people, but other animals can be trained to
work with children with special needs as well. Equine therapy and dolphin therapy
have been used as well. Equine therapy may include riding, petting, or caring for
horses. The outcome of the sessions relay on the child’s goals but working with horses
has the added benefits of getting children outside and improving self-confidence.
There are additional potential benefits from the dolphin therapy beside the obtained
benefits from other kinds of animals, but it is not common. CP children with mobility
issues and pain can be easier to work in the water. However, dolphin therapy is rela-
tively new, and there is little available evidence that it helps. This therapy is expensive
but there is an increase in the number of facilities offering this therapy. You should
work only with a trained and licensed therapist.

Informal therapy can help CP children who may have to spend time in the hospital
for treatments, surgery, and for recovery after surgery by making them more relaxed
in a stressful environment. They provide comfort, reduce anxiety, make the hospital
setting feel more like home, and offer a feeling of love and acceptance for children
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who are struggling. Also, children can communicate with and relate better to doctors
and nurses. Pet therapy can be a great way for CP children and other disabilities to get
more out of their therapy sessions 3.1.

2.12 Pilates

A fully integrated program of exercises using special apparatus, amid to improve
physical strength, flexibility, posture, endurance, and mental awareness. It is easy
to be used for beginners, they can use it because it does not require heavy weights or
strenuous cardiovascular work, it is easy on the joints, and it has many health and fit-
ness benefits. It can be used by all ability levels and can provide a significant strength
workout for advanced athletes or a gentler workout for beginners, patients recovering
from injury, or those with physical limitations. For CP children and adults, exercise
of any type may seem daunting. Physical activity and supervised exercise have many
benefits for CP patients as well as healthy people. Pilates is a suitable program to be
adopted by people with physical limitations and to improve the CP symptoms while
also increasing mobility and range of motion.

Pilates became very popular in the modern area, but it is nearly 100 years old, and
it was created by Joseph Pilates in the 1920s. It involves the use of low-impact move-
ments that focus on muscle strength, flexibility, and endurance [33]. Good posture
and spinal alignment, balance between muscles, and core strength are the focus.
Many moves can be done without equipment, but Pilates machines are used to help do
specific movements and exercises.

Physical activity of any type is beneficial for everyone. If workouts routine is
created to match an individual’s ability level and limitations, any type of exercise
improves cardiovascular health, muscle strength, bone density, and other areas of
the body and mind. Great health benefits can be obtained by Pilates, such as greater
flexibility, improved balance and posture, reduced back pain, greater strength and
stability in the core, improved overall muscle strength, greater muscle endurance, and
better mental well-being.

Symptoms of adults and children can be improved by practicing Pilates, but other
specific benefits are to be achieved. A child may have trouble to control his muscle
movements, and he/she might be able to bend or straighten his/her leg but nothing in
between. Guided work on a reformer (Pilates equipment with a sliding frame) could
help children develop greater control over their movements. Those exercises can be
done while the child is lying down, often in a more comfortable position.

Targeting children’s trunks with physical and strength training could significantly
improve mobility and balance, a study showed. Children, before the study started,
were not able to sit up by themselves. They were trained using specialized equipment
used to target their trunk muscles and hip joints. After several weeks of training, they
were better able to control movements and could sit and balance independently. The
study did not use Pilates movements, but other studies have demonstrated that Pilates
training can improve strength and posture stability in the trunk. Children who used
Pilates have the chance to improve their stability, so they are able to sit up much easier,
be more stable and balanced, and have greater control over their movements.

There is plenty of anecdotal evidence from personal stories that practicing Pilates
can benefit adults and children with physical limitations. Gaining greater strength,
posture, and balance between muscles that were previously weaker or stronger than
others was described by adults. Stories of children who used Pilates movements in their
PT sessions made them more independent, have greater joint range of motion, and
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have greater muscle strength that was once weak and difficult to control. The improve-
ments in strength, balance, flexibility, and posture all help reduce pain as well [34].
Emotional and mental benefits of using Pilates can be experienced by children.
The improvements in a child’s pain and movement using Pilates could be great, and
they give a great sense of control, achievement, and even relaxation with less stress.
A positive body image can be achieved in all types of people, better with and without
disabilities by using Pilates. It is recommended to try Pilates under the supervision
of a trained instructor. The movements are generally easy, but it is easy to be done
incorrectly. Most of the poses and movements are very specific and it could be of
benefit if supervised by a trainer to correct and guide them, especially in CP children.
Hospitals, medical centers, and physical therapy centers offer in-house Pilates classes
and other types of exercises, so start with your medical team to find out how you can
safely get started with Pilates.

2.13 Yoga

Yoga is an ancient practice of mixing physical with spiritual elements. Despite it
being old Indian practice, nowadays it became more popular than ever. Stress relief,
flexibility, strength, and other health improvements can be achieved by practicing
Yoga. It can also be of great help to CP children and adults.

There are few clinical studies on yoga’s effect on CP children. However, benefits
were greatly documented from individual stories, anecdotes, and case studies show-
ing Yoga, specially modified for personal needs, can have a positive effect on CP
patients’ life quality. While some studies for CP children are inconclusive [35], but
evidence that yoga provides health benefits, in general, has been documented. There
are different branches of complete yoga practice, like breathing exercises and medita-
tion, but recent practitioners focus on asana, the postures.

Asanas are specific positions that are held for sometimes and that are designed to
prepare the body with strength and clarity for meditation. On the one hand, Asanas
had classic and original purposes; in recent practice, they provide several physical and
mental health benefits. On the other hand, hatha yoga is a series of poses that are held
for a period of time with a focus on breathing.

Benefits such as weight loss and better eating habits have been shown in studies of
people practicing yoga [36]. Ashtanga and Power Yoga are intense and strenuous, but
other forms of Yoga are not. Stimulating metabolism while helping with weight loss
and weight management can be achieved by practicing Yoga.

The mindfulness practiced during yoga also helps people eat more mindfully,
eating smaller portions, and making better choices. Overall better physical fitness,
improved cardiovascular health, and lower blood pressure are proven benefits of
Yoga. Yoga like PT improves muscle strength, balance, gain mobility in CP children
often modified for a person’s needs, or limitations to help children see benefits. Yoga
stretches the body and enhances flexibility, joints range of motion, and over mobility.
Yoga especially can stretch the spine and help realign it better [37]. Spine stretching
increases the spaces between vertebrae, which in turn decreases pressure on nerves.
Less muscular tension and relaxation throughout the whole body is the overall result.
Other less tangible benefits for CP children include relaxation, less stress, better body
image, and an overall better sense of well-being.

Health care providers should consider Yoga as part of CP children and adults’
treatment plans. Asana postures are not possible to be done as they are described in
patients with any degree of physical disability. Only, they must be adapted for patient
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with a disability to see benefits. Chair yoga is a perfect example of adapted Yoga in

CP patients allowing them to enjoy the benefits of Yoga while they are confined to a
wheelchair. The positions are modified from the perspective of sitting in a chair like a
child with a balance problem can still use a pose, but while sitting. Other yoga adapta-
tions involve different other props, such as blocks or straps, and the help of a trained
practitioner or coach who has experience working with disabled patients.

Asanas are the most common yoga type in the west, mindfulness is the most
important part of this ancient practice. Yoga users must be mindful by focusing on the
body’s posture and breathing while performing the poses, active practice of medita-
tion by sitting still and focusing on the present, most often by focusing on breathing
while you are practicing yoga. Meditation can benefit CP children and adults by
lowering stress and anxiety, reducing gastrointestinal symptoms, improving sleep,
and reducing feelings of depression.

Trying yoga is a good way to see real and positive benefits in CP children. It is very
important to work with a professional who is trained in instructing yoga positions and
can work with people who have physical disabilities. The poses will need to be adapted
and it takes an experienced professional to know how to adapt them to everyone. Despite
yoga being an old practice, but nowadays it has been modified and adapted in ways that
are varied and positive. Yoga can help CP children to be able to participate in an activity
that helps them move better, feel better, and have a greater sense of self-confidence and
control. The many benefits of yoga are why every child should give ita try.

2.14 Functional electrical stimulation

It is developed initially to use electrical pulses to stimulate muscles in patients
suffering from paralysis. Functional electrical stimulation (FES) currently treating
different disorders like CP. It has been tested in clinical trials, and it has been tested
for different disorders such as stroke, multiple sclerosis, and CP. In CP children, it
is shown to improve range of motion, muscle mass and strength, walking speed,
spasticity, gait, and foot and ankle positioning. Still, more research is needed for CP
children and other neuromuscular disorders.

FES is a simple technology of a small device that delivers an electrical impulse
to a muscle. It is a low-energy current that acts like a tiny shock to activate nerves,
which in turn causes the muscle to move [38]. It has been used in paralyzed muscles
in a person after an accident who cannot move them. It helps a person with small-
scale muscle movements like voiding the bladder and swallowing, as well as with
larger movements such as walking, grasping objects, or standing up. Also, it has been
used after stroke in a person who has lost some muscle function, and for those with
neurological disorders or head injuries. The procedure is safe and not painful because
the electrical energy delivered is low. The electrical impulse may cause a little tingling
or, sometimes, a slight burning sensation. It is not considered as a lifelong mobility
aid, but it is a functional treatment restoring function. Usually, its use is for a short-
term to help retrain muscles and restore some degree of voluntary muscle function.
Implanted electrical stimulation devices are a new technology helping paralyzed
patients to restore some muscle movement.

Spastic CP is very common and accounts for about 70 and 80 percent of all chil-
dren with CP [39]. Children have painful stiff muscles, and their reflexes are exag-
gerated. Spastic CP children have different degrees of trouble walking. Commonly,
they have involuntary limb movement, continuous muscle spasms, joint contractures,
and limited flexibility. Some studies demonstrated that spastic CP children have a
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better and easy walk by applying FES. In one study 32 children, with an average age
of 10 years, received eight weeks of daily functional electrical stimulation to the
muscles [40]. There were two groups, an FES group and a control group. Evaluation
schedule was at the beginning of the study, eight weeks of treatment, and then six
weeks after that. The study has an end point of assessing the children’ ability to walk
and their own perceptions of how they walked before. FES group children showed
great improvements in how they perceived their ability to walk. They felt that they are
walking better and with less pain.

In a hemiplegic spastic CP children study, FES improves gait abnormalities [41].
The children in the study were able to walk using braces. FES has replaced children’s
braces or splints. Evaluation was done before and after the treatment, toe-walking
and other asymmetries were improved greatly, and all children were able to walk
more symmetrically.

Foot drop; There is a common problem in CP children, they have trouble pick-
ing up their feet to take steps, and their toes drag while they are walking. They can
overcome this by lifting their knee up higher or swinging it outward to be able to
elevate the foot off the floor while walking. This can cause pain and other issues later
by doing this awkward movement to keep the foot from dragging. Braces or orthotics
can correct the foot drop at the expense of the child’s movement limitation. On the
other hand, FES shows great promise to treat foot drop in CP children. FES device was
used in a group of children for 4 months, and they have gait evaluations periodically.
They had no change in the speed of their walk, but there was improvement in their
ankle flexion and foot with reduced awkward movements to avoid dragging the toes.

Despite the positive study results of using FES in CP children, still it is not
accepted as a common treatment. Currently, enrolling in clinical trials is the only way
to get the treatment. Using FES can give a child hope to move free from awkwardness
and pain. While the treatment is not widely available, its apparent effectiveness and
safety mean that its use will likely become more widespread.

2.15 Chemo-denervation

Chemo-denervation such as using botulinum toxin type A has proved easier, more
effective, and less painful for patients. First clinically introduced in the United States
in the early 1980s, botulinum toxin is a potent neurotoxin derived from the anaerobic
bacteria Clostridium botulinum, but when used in treatment, no serious systemic toxin
effects have been reported [42].

The medication is more costly than alcohol or phenol, but the cost is offset by less
physician time and the lack of anesthesia. The formation of antibodies has been a
concern, but this can be prevented by allowing 2 months to 3 months between injec-
tions. Botulinum toxin works by acting in the neuromuscular junction, preventing the
release of acetylcholine, which results in functional denervation. It can be given with-
out EMG and anesthesia, does not cause dysesthesias, and is no more painful than an
injection of saline solution. Effects are local and last 3 months to 4 months or longer.

It is contraindicated during pregnancy, lactation, in individuals with neuromuscular
disorders (such as myasthenia gravis), in patients taking aminoglycosides, or in those
who have a known allergy to the drug. Adverse effects are not common and are usually
associated with the site of injection, such as bleeding, bruising, soreness or redness at
the injection site, or diffusion to nearby muscle groups. In patients that do not respond
to botulinum toxin, possible reasons should be considered before labeling the patient
as unresponsive. Reasons could be related to injection technique, improper toxin
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storage, or the patient’s individual characteristics. Overall, botulinum toxin has proven
clinically to be effective, safe, and less painful than other invasive therapies [43].

Botulinum toxin is available in serotypes A and B, which have different unit poten-
cies, side-effect profiles, and dilution schedules. Both have been used in children with
cerebral palsy, although serotype A has been used more extensively. Dosing guidelines
have been suggested for botulinum toxin A for adult and pediatric patients. Adult
recommendations are available for botulinum toxin B, but studies are ongoing for
pediatric patients [44].

Some results suggest that botulinum toxin type A can be effective in reducing
muscle tone over a longer period, but not in preventing development of contractures
in spastic muscles. Mechanical and functional alterations can arise from the muscle
tissue itself even though the nervous system is the site of the primary lesion. The
gross mechanical changes occur in skeletal muscle secondary to spasticity and during
development of contracture. Muscle stiffness can change for a variety of structural
reasons, only one of which is altered fiber length. There is currently no evidence in
the literature that muscle fiber length is shortened in contracture or in spastic skeletal
muscle. Contracture formation results from inappropriate architectural adaptation of
extremity muscles in response to upper motor neuron lesion [45].

Several studies have reported the successful use of botulinum toxin A for the treat-
ment of drooling in children with cerebral palsy, using injection into the subman-
dibular or parotid glands alone or in combination with other agents. In some studies,
the beneficial effects have lasted for up to 4 months without serious side effects or
disturbances of oral function [46].

Other treatments include chemical neurolysis, in which the nerve conduction is
impaired using chemical agents and therapeutic nerve block using phenol or alcohol.
The goals of these treatments are to prevent muscle contractures and improve the
patient’s function. A common side effect is that after the nerve is injected, alcohol
levels measure above the legal limit in children. Other side effects include damage to
sensory and motor nerves, pain at injection site, scarring, and dysesthesias. To ensure
the correct site, an injection must be made using an electrical stimulator [47].

2.16 Neurosurgical approaches

Another treatment used to alleviate spasticity in children with cerebral palsy is
rhizotomy. Studies have shown that performing selective dorsal rhizotomy at a young
age can reduce the need for orthopedic surgery [48]. Goals of rhizotomy are decreased
tone, increased mobility, and the facilitation of care for the patient; however, the
reduction in spasticity cannot be predicted and sometimes results in excessive
hypotonia [49]. The procedure is very meticulous, requiring general anesthesia and a
neurophysiologist who must be present to identify which nerve is to be severed.

Other neurosurgical approaches include peripheral neurectomy, myelotomy, and
dorsal column electrical stimulation.

It has been established that oral baclofen does not cross the blood-brain barrier effec-
tively and that higher doses of the medication result in serious side effects. Intrathecal
baclofen results in a greater decrease in spasticity by allowing higher concentrations of
baclofen in the cerebrospinal fluid at about 1% of the daily oral dosage [50].

To be considered for intrathecal baclofen pump placement, the patient must have
severe lower limb spasticity that does not respond to other less-invasive treatments.
The patient must first be given a trial of 50 pg baclofen through a lumbar puncture or
spinal catheter. If unresponsive, 75 pg can be tried after 24 hours and a third trial of
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100 pg can be tried 24 hours after that, after which if the patient is still unresponsive,
he or she must be excluded from the treatment [51]. Implantation lasts 1-2 hours, and
the pump is easy to refill subcutaneously. It is programmed by a computer-controlled
radiotelemetry programmer that is linked to the pump’s internal computer and selects
the rate and pattern of baclofen administration. Complications to intrathecal baclofen
include hypersensitivity to baclofen, intolerance to the side effects of baclofen includ-
ing drug tolerance, cerebrospinal fluid leakage, pump pocket seroma, hematoma,
infection, and soft tissue erosion. The objective of intrathecal baclofen is to individu-
alize the patient’s dose and infusion so that the lowest dose that yields the greatest
response can be achieved [52]. In comparison, intrathecal baclofen has less complica-
tions and side effects than other treatments and more generalized results in both
cerebral and spinal spasticity, making intrathecal baclofen the most effective current
tool for the treatment of spasticity in non-ambulant individuals. A recent systematic
review showed that there was no evidence to support the clinical use of intrathecal
baclofen in ambulant individuals with hypertonicity without further rigorous longi-
tudinal studies [17]. As a precaution, families are prescribed diazepam or diazepam
rectal as well as oral baclofen to have at home. If there is evidence of withdrawal, one
of these medications is administered, and the patient is instructed to go immediately
to the emergency department. Although aggressive use of benzodiazepines and oral
baclofen may be helpful, recognition, and return to appropriate intrathecal baclofen
dosage are essential for rapid recovery [53].

2.17 Orthopedic procedures

Orthopedic procedures are the most frequently performed operations for spastic-
ity. The targets of these operations are muscles, tendons, or bones. Muscles may be
denervated and tendons and muscles may be released, lengthened, or transferred.
The goals of surgery may include reducing spasticity, increasing range of motion,
improving access for hygiene, improving the ability to tolerate braces, or reducing
pain. Orthopedic problems that may result from a spastic limb include cubital or
carpal tunnel syndrome, spontaneous fracture, dislocation of the hip or knee, and
heterotopic ossification.

The most common orthopedic procedure for the treatment of spasticity is a
contractuve velease. In this procedure, the tendon of a muscle that has a contracture is
partially or completely cut. The joint is then positioned at a more normal angle, and
a cast is applied. Regrowth of the tendon to a new length occurs over several weeks.
Serial casting may be used to gradually extend the joint. Following cast removal,
physical therapy is used to strengthen the muscles and improve range of motion.

Spastic muscles in the shoulder, elbow, forearm, hands, and legs may all be treated
with tendon or muscle lengthening. Spasticity in the shoulder muscles may cause
abduction or adduction and internal rotation of the shoulder. Abduction results in
difficulties with balance, which then affects walking and transferring, and adduc-
tion causes problems when reaching for an object or with hygiene and personal care.
An operation known as a slide procedure may be used to lengthen the supraspinatus
muscle in an abducted spastic shoulder. With adducted shoulders, the surgeon can
perform a release of all four muscles that typically cause this deformity.

In an operation known as a tendon transfer, the orthopedic surgeon moves a
tendon from the spot at which it attaches to the spastic muscle. With the tendon
transferred to a different site, the muscle can no longer pull the joint into a deformed
position. In some situations, the transfer allows improved function. In others, the
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joint retains passive but not active function. Ankle-balancing procedures are among
the most effective interventions.

The goal of surgical-orthopedic treatment, which is basically symptomatic,
improve, or facilitate the movement to solve the functional or fixed contractures
preventing further rehabilitation, to solve the deformation that reduces or prevents
movement, sitting, causing pain as in the cases of hip luxation, or threaten respiration
as in cases of severe scoliosis. Subluxation and dislocations of the hip in children with
CP are most common in children and adolescents who do not walk. We must bear
in mind the saying that every child and adolescent with CP has a hip disorder until
proven otherwise. The occurrence of dislocation of the hips makes furniture, hygiene
and often causes pain. Requires regular radiological studies to the hips once or twice
a year during growth, to discover any hip dislocation at an early stage. Subluxation
and luxation of the hips are treated surgically. The decision about surgery should
bring those involved in the treatment of patients, carefully weighing hopper performs
coarse benefits, and harms of surgery. Surgery is necessary to balance the muscle
forces around the hip and normalize abnormal anatomic relationships [54].

Osteotomy and arthrodesis involve operations on the bones and are usually
accompanied by operations to lengthen or split tendons to allow for fuller correction
of the joint deformity. Osteotomy can be used to correct a deformity that cannot be
fixed with other procedures. In an osteotomy, a small wedge is removed from a bone
to allow it to be repositioned or reshaped. A cast is applied, while the bone healsin a
more natural position. Osteotomy procedures are most used to correct hip displace-
ments and foot deformities. Arthrodesis is a fusing together of bones that normally
move independently. This fusion limits the ability of a spastic muscle to pull the
joint into an abnormal position. Arthrodesis procedures are performed most often
on the bones in the ankle and foot. In triple arthrodesis, the three joints of the foot
are exposed, the cartilage is removed, and screws are inserted into the bones, fixing
the joints into position. With a short walking cast in place for 6 weeks or until the
bones have fully healed, the patient may bear weight immediately after the operation
(http://wemove.org/spa/spa_oss.html, 2007).

The risks of developing a structural spinal deformity ranges from 24% to 36%
for scoliosis and 50% for lordosis for an average of 4-11 years after selective dorsal
rhizotomy [55].

Other principles include single event, multilevel surgery; surgery is delayed if
possible (more than 6 years). Spasticity management is used as an adjunct to surgical
intervention.

2.18 Intensive suit therapy

Intensive suit therapy is a new and experimental treatment for CP children helping
them to improve muscle tone, posture, and movement. Despite more studies being
needed to confirm its treatment effectiveness, some therapists offer it to their patients
because they feel it is useful as a treatment option. It consists of an orthotic suit that
includes a hat, knee pads, and specially designed therapeutic shoes. It also has rings that
allow bungee cord-like ropes to be inserted and adjusted according to the child’s height.

The child goes through a group of specific exercises in a therapeutic setting, and
the suit brings the body into proper alignment and helps to improve abnormal muscle
tone, while the suit is on and the elastic ropes are adjusted. Simply, it retrains the
brain to recognize the new, corrected body movements. It reduces ataxia, spasticity,
and other symptoms that are typically associated with cerebral palsy.
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Different types of suits are available, and each one comes with a specific exercise
program and training method, but all work in a similar therapeutic concept. The most
common suits are Adeli Suit, NeuroSuit, Polish Suit, and TheraSuit. Some suits, such
as the NeuroSuit and TheraSuit, offer elbow pads and gloves, which help to increase
the function and strength of the arms. In1971, Russia’s space program, the first suit
was used, allowed cosmonauts to keep their normal muscle tone while in a weightless
environment. In the late 1960s, the Penguin Suit was invented by the Russian Center
for Aeronautical and Space Medicine, and it was reliable and fully functional in help-
ing astronauts to prevent disabilities. In the early 1990s, a similar suit was invented
by the Pediatric Institute of the Russian Academy of Medical Sciences for CP children
and other neuromuscular disorders. This suit was patented in 1994 and became avail-
able for therapeutic use. Other suits were invented later for the same purpose.

School of Physical Therapy at the Pacific University reported some improvement
in standing ability in the patients who underwent intensive suit therapy from their
program [56]. The same conclusion came from a published study by the National
Institutes of Health (NIH) [57]. More research is needed to understand the effective-
ness of this therapy. Professor Siemionowa, who was member of the team that invented
the “Adeli Suit,” concluded that, after the second or third exercise session, children
showed a decrease in their spasticity and diminished hyperkinesis in a study done by
his institute. The conclusion of the stay was that the suit has a positive effect on the
vestibular system, leading to improvements in balance and spatial awareness. The use of
the intensive suit therapy in conjunction with the traditional therapy has proven to be
the most beneficial effect. In research published in 2011 by the Online Journal of Health
and Allied Sciences, 30 spastic diplegic CP children, ranging from ages 4 to 12 years,
were studied by a team of physicians [14]. Children were in a combined program of
traditional PT and intensive suit therapy for 2 hours a day, for 3 weeks. Significant
improvement in gross motor function was achieved by all the children.

Sessions usually are under the supervision of licensed certified physical therapists,
who had hands-on training in intensive suit therapy. The typical day routine consists
of tissue massage and warm-ups, sensory integration techniques, proper movement
patterns and body alignment, development of motor skills, strengthening exercises,
and flexibility, balance, and coordination exercises, but each program may be differ-
ent according to the therapist. Different rehabilitation techniques can be facilitated
by using cables, pulleys, and weights. Children often exercise in safe exercise units,
known as “monkey cages” or “spider cages,” in which the pulleys and weights help to
isolate movements, thereby strengthening the muscles.

Children with certain medical conditions, such as high blood pressure, heart and
circulatory conditions, diabetes, kidney problems, severe scoliosis, hydrocephalus
(VP shunt), and uncontrolled seizures, must take their doctor and therapist approval
before using the suit therapy.

The cost of intensive suit therapy is an important factor to be considered [58]. It
is not covered by most insurance companies, and unfortunately, families have to pay
out of pocket to pay it. Because the treatment is still considered experimental, it is not
covered by some insurance companies.

2.19 Hyperbaric oxygen therapy

Hyperbaric oxygen therapy gained a lot of interest in the medical community.
Despite it is not approved as a treatment option for CP, some private offices offer it
to their patients. Hyperbaric oxygen therapy (HBOT) is a chamber that supplies the
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bloodstream with 100% oxygen, while the patient is inside a pressurized chamber.
When the patient is inside the chamber, the air pressure will be increased three times
higher than the normal air pressure, allowing the lungs to hold on more oxygen [59].
Oxygen is carried by the blood into the body tissues, the extra oxygen can fight infec-
tion, and at the same time, the body will stimulate and release stem cells and growth
factors. Extra blood oxygen will restore and correct the tissue function and blood gas
levels temporarily.

Currently, results are mixed regarding the benefits of HBOT therapy in CP chil-
dren. There is a feeling that it will be the future of CP treatment. There is a consensus
that HBOT works best in CP cases secondary to a brain injury caused by a lack of
oxygen, rather than a genetic or developmental cause [60].

Not everyone agrees about the benefits of HBOT. In fact, some doctors believe that
HBOT may do more harm than good to CP children. Published studies for clinical
trials of HBOT by the National Institutes of Health (NIH) indicated that despite a
minimal decrease in children mortality with traumatic brain injuries, it also increased
the chances of a poor functional outcome [61]. There was no significant difference
between CP children who received HBOT and a placebo group in published research
in the modern drug discovery and NHI. Two clinical trials for CP children, 3-12 years
of age. One group received hyperbaric oxygen at 1.75 ATA of 100% oxygen. The sec-
ond group received slightly pressurized room air. They had daily sessions for 40 days.
Both groups showed significant improvements in the following areas: attention,
memory, gross motor function, speech, and functional skills. The treatment is not
covered by most insurance companies, which does not cover the treatment because it
is not considered current, valid treatment for CP.

2.20 The Anat Baniel method and NeuroMovement

The Anat Baniel Method and NeuroMovement is a movement type and brain-
based therapy that triggers changes in the brain. Anat Baniel is a psychologist and
dancer who became interested in the relationship between movement, the brain, and
wellness. She was Dr. Moshe Feldenkrais’s co-worker and father of the Feldenkrais
method. Her method is a type of movement therapy used to change connections in
the brain and between the brain and body. She created a new unique approach to
changing the brain based on this method and name it the Anat Baniel Method (ABM),
also known as NeuroMovement. It uses movement to change the brain and stimulate
its learning process and ability to adapt. Her team works with disabled children and
adults after injuries and strokes. They work with healthy individuals such as athletes,
musicians, and others to improve their performance.

Neuroplasticity, or brain plasticity, is the core of the treatment for the brain power
to change in response to experiences [62]. The current belief is only infants can have
neuroplasticity, which decreases significantly with age. Scientists for a long time
thought that current research is proving this assumption wrong [62]. Good and bad
changes could happen to the adult brains. Positive impact could happen at any age if
this ability can be used, which is the bases of the ABM. The ABM identified certain
conditions in which the brain can utilize its plasticity and create new connections
and patterns. These are known as the nine essentials and underly NeuroMovement
therapy [63].

1.Movement with Attention. Movement helps the brain change but only when
accompanied by focus and attention on the body.
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2.Slow. To learn a new activity, you must do it slowly. A slow pace focuses the brain
and stimulates neural connections.

3.Variation. All learning requires variation. Therefore, children play as they de-
velop. By trying all kinds of new things, they learn.

4. Subtlety. Movements and activities should be subtle so the brain can focus on
minute differences.

5.Enthusiasm. By engaging in activities with enthusiasm and joy, the brain under-
stands what is essential.

6.Flexible Goals. The way to achieving a target is not necessarily straight. As with
children learning through play and experience, anyone using movement therapy
tries many things and adapts as they go along.

7.The Learning Switch. The brain has either a learning or a non-learning mode.
Effective therapy requires switching into learning mode.

8.Imagination and Dreams. To see changes, it is important to imagine and dream
of the possibilities.

9. Awareness. You must be aware to learn. To trigger the brain to learn and change
requires being fully present and aware of surroundings and the body’s sensations.

Few research papers studied this method in CP children. There some studies and
personal stories showed that ABM can reverse some disabilities. Different random
movements can help a healthy baby to learn and develop. On the other hand, a CP
child’s movement is limited, which in turn limits development [63].

The trainer assists the child move in ways that will lead to positive brain changes
and greater mobility [63]. The treatment goal is to fix certain body areas or physical
defects. For example, spasticity and pain will be decreased by massage and PT for the
legs, which in turn make the child’s walks easier. ABM has a different approach based
on the brain can learn and change, and the focus is on the brain not on one specific
physical issue or defect at a time. As the primary organizing structure, the brain’s
ability to adapt impacts physical, emotional, cognitive, and social functions [63]. A
child can overcome some of his/her disabilities caused by CP if the brain can change,
learn, and form new neural connections. The therapy used by ABM practitioners
replaces old neurological patterns with new ones [64]. An important aspect is that the
ABM does not try to place children into predetermined developmental milestones.
The approach treats each child’s development as unique, and every child goes at his/
her own pace.

2.21 Acupuncture

Acupuncture is an old medical practice that started in China almost 8000 years
ago. In the United States, it is considered an alternative treatment and it must be
studied more to prove its effectiveness, which might help CP children by reducing
the child’s symptoms and other associated disorders. The acupuncturists will insert
tiny needles into specific areas of the skin. The Chinese mentioned, when the needle
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inserted in specific areas of the skin, it helps to release the body’ life force, also
known as the “qi” (pronounced “chee”) [65]. Releasing the force will relieve pain, help
treat illnesses, and improve disabilities. A University of Minnesota’s team reported,
the “qi” is located throughout the body with focuses in certain areas, including body
fluids, actuation, body limbs, body’s defense system, and eating, drinking, and
breathing. Targeting pressure points, or meridians, within the body will trigger the qi.
After inserting a needle into the pressure point, little pain will be felt by the patient,
and he will feel qi moving throughout the meridians. When problem areas within the
body were reached by the qi, it results in healing of the deficiencies.

Acupuncture therapy is relatively a new treatment for CP. Very few in-depth stud-
ies including NIH study have been done, but the results are encouraging. Acupuncture
may provide great help to CP children and can help with the accompanying associated
disorders. It can help with cognitive issues, hearing deficits, speech delays, imitations,
pain relief, and improved gross motor functionality. The procedure is done at acu-
puncture clinics. Acupuncture is not one of the traditional treatment options to treat
CP and we need more studies to confirm its effectiveness.

According to the National Center for Complementary and Alternative Medicine
(NCCAM), “It is safe for children when therapy is performed by a well-experienced
acupuncturist, but 2011 research concluded that a lot of side effects can occur when it
is done by poorly trained acupuncturist” [66, 67].

The most side effects are dizziness, pain at the site entry, infections, nerve punc-
ture injuries, fatigue, bruising, muscle twitching, and emotional release, which may
lead to crying (this is generally a positive side effect). Bruising and nerve injuries are
usually do not occur if the procedure done by a fully trained and licensed acupunctur-
ist. To be qualified to practice acupuncture, the acupuncturist must attend a 3-4-year
program accredited by the Accreditation Commission for Acupuncture or Oriental
Medicine (ACAOM).

2.22 Medical marijuana

CP has a wide range of symptoms ranging from mild spasticity to the inability to
control the limbs and uncontrollable. A lot of research has been done, but the focus
is to find different treatments to help, control, or cure the symptoms. Research for
studying medical marijuana in CP is limited. Previous studies suggest that it has
some benefits, including pain control, reduction of spastic movements, reduction of
seizures, and more.

A National Institutes of Health (NIH) study on pain treatment was published in
2011. The study enrolled 83 CP adults, treated with 23 different pain medications,
including medical marijuana [68]. The most frequent painful areas reported were
the legs, lower back, and hips. Results show that “Marijuana was the most effective
treatment to relieve the pain; however, less than 5% of the patients never used it for
pain relief.”

The most severe form of CP is spastic quadriplegia, children cannot walk, and their
speech is usually severely affected. While their extremities are spastic, the neck muscles
may be weak, and they are not able to hold their head up. Pain and communication dis-
orders are common in spastic quadriplegia. We have limited data and limited studies on
the use of medical marijuana for spastic quadriplegia symptoms that showed multiple
therapeutic benefits could be gained. An NIH published in 2007 on the clinical experi-
ence and animal studies demonstrates that the active constituents in marijuana help to
control partial seizures, which are common in spastic quadriplegia [69]. A published
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study in 2014 studied the effect of marijuana in reducing painful muscle spasms in
multiple sclerosis, which are very common symptoms in this patient group [70].

Cannabis oil or CBD oil, a derivative substance form of marijuana, has a lot of
public attention in recent years, especially after a CNN program on a young girl who
used to have more than 50 convulsive seizures per day. The family tried all available
treatment options with no control over her seizures, and they used a formulation with
a high concentration of CBD oil, now known as “Charlotte’s Web” after their daughter’s
first name [71]. Her seizure’s frequency went done to only 2—3 per day after they used
the oil for weeks. Later, she was successfully weaned off her anti-seizure medications.
She also started to walk, talk, and ride her bicycle, and she was not able to do all of
them before. Now, CBD oil was sold by different companies as a treatment not only for
CP children’s seizures but also for muscle spasms and chronic pain. It is important to
consult with your doctor and to search companies selling the oil before starting your
child on any medications. Keep in mind, however, that some state laws and regulations
do not allow your doctor to give you a recommendation for CBD treatment.

“Getting high” is a legitimate concern of families considering medical marijuana
treatment for their children. According to the author of Stoned: A Doctor’s Case For
Medical Marijuana, THC is the compound in marijuana that makes people feel high [72].
THC is found in a very low concentration in most of the marijuana and cannabis oil used
in medical compounds, and it does not get the patient high. On the one hand, euphoria
and hallucinations are due to THC. You might get high if there is some THC in the mari-
juana you are using. On the other hand, CBD does not have any of those brain effects.
There are some studies that used 300, 400, or 600 milligrams of CBD, which is a large
dose with no bad psychological side effects. Medical marijuana and CBD oil generally
contain a higher concentration of CBD, which help treat seizures and muscle spasms.

There are non-life-threatening symptoms associated with CP like speech repeti-
tion and stuttering. They prevent the patient to communicate more effectively. Speech
disorders and impediments, such as stuttering in CP children, can be treated by
medical marijuana. Despite the few clinical studies published on medical marijuana
and stuttering, but many doctors advocate its use as an effective treatment option for
speech problems. L Assistance for Your.

2.23 Stem cell therapy

Stem cell therapy is the new era of finding treatment for different disorders,
including CP. Stem cells are body cells that can grow and change into other types
of cells. Umbilical cord blood of newborns is the optimal option to access and use,
and they can develop into nearly any type of cell in the body. Research gave us great
optimism that stem cells can help treat brain disorders by regenerating damaged
tissue. There are running clinical trials using cord blood to treat CP children. The
results are very hopeful, showing that the use of the stem cells is safe and that it could
be useful in treating CP symptoms. It may be proven to be a cure for the condition. CP
is currently having no cure, but research is progressing, and emerging treatments are
proving that there is hope.

3. Conclusion

To prevent cerebral palsy in infants and, thus, the resulting spasticity, it is important
that mothers receive prenatal care during pregnancy, that measures are taken to avoid
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premature labor, and that special consideration is given to pregnancies involving multi-
ple gestations. Early detection and treatment of neurodegenerative diseases may prevent
the development of spasticity as well as detect the underlying diseases that could result
in brain injury. If children have conditions that make them susceptible to brain or spinal
cord injury or both, safety measures should be taken (i.e., helmets for patients who have
frequent seizures). The goals of patient and benefits to the patient are important when
considering the path of treatment. In some cases, function will not return, but treatment
can result in pain reduction and allow easier management of patient care. Common goals
are to decrease pain, prevent or decrease contractures, improve ambulation, facilitate
activities of daily living, facilitate rehabilitation participation, save caregiver’s time,
improve the ease of care, and increase safety. Appropriate management choices are
based on therapeutic objectives. Physical and occupational therapists can play a key role
in identifying these objectives. Treatments with the fewest side effects are usually given
priority. Both the patient’s and the caregiver’ goals must be considered.

4. Summary

A rehabilitation multidisciplinary team could be a good connection with manage-
ment. Traditional treatments for spasticity include physical therapy, occupational
therapy, and rehabilitation treatments, which complete a number of crucial tasks and
specific goals in the treatment of patient with CP, this will promote their sensorimotor
development, improve their overall posture and position, and enhance their control
of movements in all their daily activities; a lot of physical therapy approaches were
based on different theoretical principles though the main target is the management of
abnormal muscle tone and improving the range of motion through neurodevelopment
therapy, conductive education, constraint-induced movement therapy, etc.

Occupational therapy is a client-centered health profession concerned with pro-
moting health and well-being through occupation, in which the patient is stretched
anywhere from once daily to several times per day, but it has only a limited effect on
the patient’s spasticity. Rehabilitation treatment options include casting, orthotics or
splints, strengthening, electrical stimulation, practice of functional tasks, sensory
integration, muscle stretching, and targeted muscle training.

Oral medications can be used to decrease spasticity; however, many have
unwanted side effects such as drowsiness, sedation, confusion, and fatigue.
Benzodiazepines, such as diazepam, are rarely used because of their strong sedating
effects. Other oral medications, such as anticholinergics, anti-seizures, address differ-
ent issues related to CP children.

Speech therapy is recommended if the child has communication, swallowing, and
breathing issues. It offers a wide variety of exercises aimed to help children commu-
nicate better, and it also addresses and helps in associated disorders that make speech
more difficult.

Massage therapy has proven to offer mental, emotional, and physical benefits. It is
a supportive therapy treatment in which the body’s connective tissues and muscles are
massaged and stimulated through direct contact by a massage therapist to promote
healing and well-being in the patient.

Hippotherapy is another form of therapy that uses horses and equine equipment
to help CP children to develop better physical functioning, as well as assistance with
emotional and neurological functioning. Those therapies help strengthen muscles,
improve balance and flexibility, and help your child with everyday living tasks.
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Aqua therapy or aquatic therapy is a sequence of water-based exercises that help
improve a person’s physical abilities and functions. It is very useful for CP children
because it allows the children to move freely without putting stress or much weight on
their bodies. Several goals are to be achieved, including helping kids to develop more
muscle control, increase self-confidence, improve strength and physical function, and
gain more life independence.

Osteopathic manipulation therapy or OMT is a gentle manipulation of the muscu-
loskeletal system that is supposed to relieve symptoms and improve overall wellness
in patients practiced by a trained doctor in osteopathic medicine (DO). Studies results
on how OMT can help CP children are mixed, and most of them are small or limited
in some way, but there is some evidence that OMT can help CP children move better
and feel better.

Chiropractic care for CP children is considered a natural type of treatment that
can help with several musculoskeletal and nervous system conditions. Chiropractic
intervention is done under a licensed chiropractor who will perform different tech-
niques to help reduce pain and spasms and help to restore proper nervous system
function.

Homeopathy is an example of modern alternative medicine such as traditional
Chinese medicine, which has evolved over thousands of years. There are a lot of critics
of homeopathy, but many people claim it has helped them get relief from symptoms.
There are few, if any, risks of working with a trained homeopath.

Pet therapy, or animal-assisted therapy, is another way for CP children to get
greater benefits from physical therapy sessions as well as other types of treatment.
Working with animals is proven to be beneficial in many ways and, when added to
standard therapies, can help children meet their goals. Pet therapy is the use of spe-
cially trained animals to promote wellness, boost mood, aid therapy, and other broad
uses in mental and physical health care.

Pilates is a system of exercises using special apparatus, designed to improve
physical strength, flexibility, posture, endurance, and mental awareness. It is eas-
ily adapted to all ability levels and can provide a strenuous strength workout for
advanced athletes or a gentler workout for beginners, people recovering from injury,
or those with physical disabilities.

Yoga is an ancient practice of mixing physical and spiritual elements. Many people
around the world get benefits such as stress relief, flexibility, strength, and other
health improvements. Yoga is also being used to help specific populations, like CP
children and adults.

Functional electrical stimulation is developed originally to help people with
paralysis, using electrical pulses to stimulate muscles, and it is now being used to treat
a lot of medical conditions, including cerebral palsy. In CP children, it is proven to
improve range of motion, muscle mass, muscle strength, walking speed, spasticity,
gait, and foot and ankle positioning.

Chemo-denervation such as using botulinum toxin type A has proved easier, more
effective, and less painful for patients. Botulinum toxin is a potent neurotoxin derived
from the anaerobic bacteria C. botulinum, but when used in treatment, no serious
systemic toxin effects have been reported.

Rhizotomy is used to decrease tone, increased mobility, and facilitation of care for
the patient. However, the reduction in spasticity cannot be predicted and sometimes
results in excessive hypotonia. Other neurosurgical approaches include peripheral
neurectomy, myelotomy, and dorsal column electrical stimulation. Intrathecal
baclofen pump therapy is a very effective treatment option for CP children.
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Orthopedic procedures are the most frequently performed operations for spastic-
ity. The targets of these operations are muscles, tendons, or bones. Muscles may be
denervated and tendons and muscles may be released, lengthened, or transferred. The
goals of surgery may include reducing spasticity, increasing range of motion, improv-
ing access to hygiene, improving the ability to tolerate braces, or reducing pain.

Intensive suit therapy is a new experimental therapy designed to help CP children
by improving muscle tone, posture, and movement. Although more studies are
needed to confirm its effectiveness in the long run. The intensive suit therapy consists
of an orthotic suit that includes a hat, knee pads, and specially designed therapeutic
shoes. It also has rings that allow bungee cord-like ropes to be inserted and adjusted
according to the child’s height.

Hyperbaric oxygen therapy is not recognized as a treatment option for cerebral
palsy. Hyperbaric oxygen therapy (HBOT) is a chamber that provides pure oxygen
into the bloodstream, while the patient lies in a pressurized chamber. While the
patient is inside the chamber, the air pressure is increased three times higher than the
normal air pressure, making it possible for the lungs to grab more oxygen.

The Anat Baniel Method and NeuroMovement is a type of movement and brain-
based therapy that triggers changes in the brain. The ABM uses movement to change
the brain and trigger its learning process and ability to adapt. Baniel and her team
work with special needs children and adults with limitations, such as those caused
by injuries and strokes. They also work with athletes, musicians, and others to help
improve performance.

Acupuncture is one of the oldest medical practices. It is an alternative form of
treatment in the United States and additional studies are needed to determine its
overall effectiveness. Acupuncture may be used to lessen the child’s symptoms and
many associated disorders.

Medical Marijuana, cerebral palsy is a life-long disorder, with variety of symptoms
ranging from mild spastic movements to the inability to control the limbs and severe
seizures. Research on the use of medical marijuana in CP is still limited, but previous
studies suggest that it offers a host of benefits, including pain control, reduction of
spastic movements, reduction of seizures, and more.

Stem cell therapy is an emerging treatment for different conditions, including
cerebral palsy. The umbilical cord blood of newborns is the optimal stem cell to be
used. The results are very promising, showing that this emerging treatment is safe and
that it may be effective in improving symptoms of cerebral palsy.
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Chapter 3

Anatomical Surface Guided
Techniques for Botulinum Toxin

Injection in Spastic Cerebral Palsy
Children

Raj Kumar and Shiv Lal Yadav

Abstract

Spasticity, a classical clinical manifestation of an upper motor neuron lesion, has
been traditionally and physiologically defined as a velocity-dependent increase in
muscle tone caused by the increased excitability of the muscle stretch reflex. Clini-
cally, spasticity manifests as an increased resistance offered by muscles to passive
stretching (lengthening) and is often associated with other commonly observed
phenomena, such as clasp-knife phenomenon, increased tendon reflexes, clonus, and
flexor and extensor spasms. If spasticity is not treated leads to abnormal posture,
contracture, and painful deformities. This chapter will cover the botulinum toxin used
in the management of spasticity while using the surface anatomy of upper and lower
limb muscles. This will help enhance the use of this technique even in remotest setups
where USG and EMG facilities are unavailable.

Keywords: spasticity, botulinum toxin, surface anatomy, cerebral palsy, upper limb,
lower limb

1. Introduction

Cerebral Palsy (CP) is a combined disorder of movement, posture, and motor
function often complicated or associated with various sensory, neurological, muscu-
loskeletal complications, and behavioral problems. Nowadays, spastic CP is the most
common type (more than 2/3rd cases) followed by dyskinetic, hypotonic, and ataxic.
In spastic CP, diplegia is the most common (>50%), followed by quadriplegia, hemi-
plegia, and monoplegia [1]. Spasticity is commonly managed by stepped-up manage-
ment protocol beginning with the more conservative options (exercises, physical
modalities, occupation therapy, and orthoses) followed by oral medications (like
baclofen, tizanidine, dantrolene, and tolperisone) and various surgical options for
relatively older children at last resort, where stiffness and progressive deformities
continue to hamper rehabilitative treatment. Chemodenervation by botulinum toxin-
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A (BTx-A) decreases spasticity by denervating the muscle by inhibiting acetylcholine
release from the neuromuscular junction [2]. It has a relatively focal, reversible effect
with a wide safety margin. This BTx-A denervation temporarily reduces muscle tone
and provides an opportunity to effect changes in motor learning and cortical motor
organization [3].

BTx-A injection in the lower limb muscles may help in reducing spasticity,
increase in range of motion, and improvement in gait pattern [4, 5]. BTx-A injection
in the upper limb may also have favorable effects on decreasing the spasticity or
resistance to passive movement of the spastic wrist and fingers and on self-care as an
adjunct to other basic conservative means described above [6, 7].

In this chapter, we will be discussing surface anatomical or landmark-guided
injection techniques in children with spastic cerebral palsy.

Most of the spastic upper and lower limb muscles can be injected by surface or
anatomical landmark-guided technique. However, in the case of obese children or
distorted anatomy, multiple times botulinum toxin injection ultrasound (US) guid-
ance may be useful nowadays.

For surface anatomy or landmark-guided BTx-A injections, a common spastic
pattern affecting the muscle and dynamic function is identified. In upper limb spas-
ticity, the child has usually various combinations of isolated adducted and internally
rotated shoulder, flexed elbow, forearm pronation, flexed wrist and finger, and thumb
in palm posturing. Muscle injected commonly are pectoralis major, subscapularis,
biceps, brachialis, brachioradialis, pronator teres & pronator quadratus, flexor carpi
radialis & ulnaris, flexor pollicis longus, flexor digitorum superficialis, and profundus,
adductor pollicis, opponents pollicis, and flexor pollicis Brevis. Whereas in the lower
limb, any combination of hip in flexion, adduction, knee in flexion, ankle in equinus/
equinovarus, flexed toes, and stiff knee on dynamic or static assessment.

For practical purposes, the injection site in the center of maximum muscle bulk
usually lies in the midpoint of muscle or some cases between proximal one-third to the
midpoint of muscle bulk. So, surface anatomical landmarks are midpoint or at maxi-
mum bulk and if another injection point is required, then a few centimeters proximal
to this point depending upon the age and muscle involved.

1.1 Theory pearls

At muscle bulk there lies the end plate zone. Many past animal research has shown
that injections close to these motor end plates are more efficacious [8] and in some
muscles, it is also scattered throughout (sartorius, gracilis) [9]. As we cannot localize
end plates by surface anatomy or clinical palpation. It is easy and practical to use
surface/landmark-guided injection.

So, our target should be to identify surface landmarks, insert the needle in the belly
(preferably midpoint and mid-thickness) of the muscle, and then gently stretch pas-
sively, needle movement is best appreciated if it is in the desired muscle. One should
also ensure nil or minimal movement of the needle, while stretching other nearby/
overlapping muscles or muscle slips.

In a few situations, we may have to use US guidance or US visualization for muscle
identification and depth, then surface anatomical guidance may become more easier and
precise. This is particularly required for deep muscles and relatively smaller muscles.

Otherwise, it might inject into undesired or neighboring muscles. As for any
injection technique, we must ensure needle tips should not be in blood vessels or
injure neural tissues.
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Here, only commonly done lower limb and upper limb muscle is described in this
chapter from proximal to distal joints/muscle and ease of doing the injection, which
are as follows-.

2. Lower limb muscles
2.1 Iliopsoas

The child should lie supine on the edge of the table. Mark the inguinal ligament,
palpate the femoral pulse, and now mark the femoral pulse line at the inguinal
ligament. The midpoint of these two (obviously lateral to the femoral pulse) just
below the inguinal ligament is the entry point of the needle. Passive extension of the
hip on the edge of the table will show the movement of the needle, and adjust the
depth accordingly. Prior US evaluation is better. For injection to be a more effective
translumbar approach is required, authors do not advocate this injection without
image guidance (Figure 1).

2.2 Adductor longus (AL)

The child should be in a supine position with hip and knee flexed. The spastic
adductor will stand prominent in most cases in the anteromedial proximal thigh, while
doing hip abduction. One can hold the muscle between the nondominant thumb and
index finger and insert the needle at about proximal one-fifth to one-fourth of the
muscle (Figures 2a and b).

2.3 Adductor magnus (AM)

If we want to inject (less practiced). The position will be the same as AL. At about
proximal one-third of the medial thigh, just medial to gracilis. (Bony landmark 3-4
inch anteromedial to ischial tuberosity). The US is helpful because the needle may be
in the gracilis or a medial hamstring if the needle enters a more anterior or posterior.
Sometimes it may be deeper. Needle movement with passive abduction in knee
extension/flexion confirms needle entry in gracilis or adductors (Figure 3).

lliopsoas

Figure 1.
Iliopsoas (IP): ASIS: Anterior superior iliac spine, IL- inguinal ligament, FA- line of femoral avtery pulsation.
Plus sign denotes the injection point.
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(b)

Figure 2.
a. Adductor longus(AL): red line denotes the prominence area of AL. b. Adductor longus(AL): plus denote vertical
injection point, while holding the muscle in between fingers.

Figure 3.
Adductor Magnus (AM): in medial thigh inferomedial to AL point, at proximal one-thivd thigh plus demarcate
injection point.

2.4 Semitendinosus (ST)

(Authors preferred approach) Patient lying prone with knee slightly flexed
(already in most spastic patients) allowing terminal 30-40-degree extension or child
lying supine with hip and knee 90-degree flexion. Now, the knee is extended as much
as possible to mark and palpate the muscle. Now palpate the muscle at the junction of
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the proximal one-third distal and half of the thigh. It lies on the line joining from
ischial tuberosity to medial post knee crease (tendon of semimembranosus) can be
appreciated here. Here, we find the maximum bulk. Here, another point of injection
2-4 cm proximal to the previous injection point may be taken.

2.5 Semimembranous (SM)

Position and line same as semitendinosus. At the junction of proximal two-thirds
and distal one-third, ST will be standing out prominently. Just medial to the promi-
nent ST tendon. The injection is given. Passive extension of the hip in both positions
helps in appreciating the good needle movement, thus confirming the muscle.

2.6 Biceps femoris (BF)

Same position as ST/SM. But the line changed. Draw a line between ischial tuberosity
to lateral post knee crease (BF tendon is palpable). The midpoint of this line will be the
target of needle entry. Palpate the muscle here by passive extension flexion of the knee.
If one is confident, enter at the above-described midpoint for an injection. Caution
should be taken for entry either medial or lateral to the tendon, the muscle may be
deeper or even it may be congenitally absent. The needle movement must be appreci-
ated. The US helps locate in case of difficulty (common with beginners) (Figure 4).

2.7 Rectus femoris (RF)

Make the child supine and draw a vertical line from the ant superior iliac spine to
the center of the patella. The injection point is in the middle of it. It lies most
superficial, just have to pass skin and subcutaneous tissue. So, adjust the depth
accordingly. More deep needle insertion will go in vastus intermedius (Figure 5).

2.8 Gastrocnemius (GN)

The child should lie prone. Transverse mark the area/point where maximum calf
bulk is there. Mark a vertical midline to differentiate the medial and lateral head. Now
mark the lateral line corresponding fibular head and the medial line on the most
anteromedial border of the tibia. The midpoint of the medial line and midline is the
entry point of the medial gastrocnemius and the midpoint of the lateral line and the

Hamstring Muscles

Figure 4.

Hamstring muscles: SM- semimembranosus, ST- semitendinosus, BF- biceps femoris. L1- line one joining ischial
tubevosity to medial posterior knee crease. L2- line two joining ischial tubevosity to lateral posterior knee crease.
Plus denotes the points of injection of mentioned muscle.
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Figure 5.
Rectus femoris(RF): plus mark denotes injection point, which is middle of the line, joining ASIS and patella center.

Figure 6.
Gastrocnemius(GN): line marked at the area of maximum calf bulk. Plus denotes the entry of the needle for MG
(medial head gastrocnemius) ¢ LG (lateral head gastrocnemius).

midline is the entry point of the lateral gastrocnemius. It is a very superficial muscle
(needle vertical entry depth is only 0.5-0.8 cm in most children). Passive dorsiflexion
beautifully elicits needle movement in both heads (Figure 6).

2.9 Soleus

The patient should lie prone, and look at the midpoint of the back of the leg.
Between post knee crease and post upper margin of the calcaneus, where gastrocne-
mius lower margin is visible and palpable. One can inject just below the lower margin
of the gastrocnemius. After needle insertion flexes the knee to 90 degrees (to avoid
gastrocnemius action), and passively moves the ankle, good movement of the needle
helps in correctly identifying the soleus. If the needle movement is less, may imply
going deep into the flexor digitorum or tibialis posterior (Figure 7).

Figure 7.
Soleus (sol): plus denotes injection for sol at the lower margin of GN.
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2.10 Tibialis posterior (TP)

Although we recommend US guidance for it, it may be injected with practice. The
child should lie supine with hip and knee slightly flexed and externally rotated, so that
the medial leg face upwards, Now just distal to the hallway of the leg, insert the needle
just (0.5 to 1 cm) behind the tibia from the medial leg and advance it parallel to the
tibia, first flexor digitorum Longus is traversed then will reach the tibialis posterior.
Passive toe extension and flexion initially the passive eversion at the ankle will con-
firm the needle position.

2.11 Flexor digitorum Longus (FDL)

Positioning same as above (TP). In the mid-leg, this muscle lies anterior to
soleus and posterior to tibia. Insert the needle at mid-leg just posterior to the
tibia from the medial side and advance laterally parallel to the posterior tibia, It is
the first muscle in the needle path, needle movement is appreciated well if we
passively extend the 2nd to 4th toe. The needle will go in the tibialis posterior if
we go more lateral. So, we can inject both FDL and TP in one go of a needle. If
needle entry is more posterior, one can be mistakenly injected into the soleus
(Figure 8).

2.12 Flexor hallucis longus (FHL)

The child should lie in a prone position, feet preferably hanging out from the
bed. As we know this muscle crosses laterally to the medial from the upper
two-third of the leg to the lower leg. At about proximal three-fourth and
distal one-fourth junction of the leg just anterior to tendon Achilles tendon,
one may insert the needle here and angle it toward laterally (aiming
obliquely toward fibula), on passive extension of great toe, the needle should
tilt/move. Adjust the depth accordingly. Prior US scans or guidance are helpful
(Figure 9).

Figure 8.
Tibialis posterior (TP) ¢ flexor digitorum longus (FDL): line is at the medial tibial bovder, plus is an entry point
for TPe& FDL injection (just posterior to the mid-tibia,).
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Figure 9.
Flexor hallucis longus (FHL): the line vepresents the length of the leg (post knee crease to tendo-achilles insertion),
plus at the distal one-fourth anterior to tendon Achilles is injection point.

3. Upper limb muscles
3.1 Pectoralis major (PM)

Abduction of the arm to make it easily visible pectoralis. Hold it between your
thumb and fingers. Then insert the needle, and try to give an injection from the single
insertion in its upper, middle, and lower part by going tangentially. Take precaution to
not go more medial and steep in very lean and thin children to avoid pneumothorax
(Figure 10).

3.2 Subscapularis (SS)

Place the child supine. This muscle lies anterior to the scapula. So, mark the medial
border of the scapula. At the proximal two-thirds and distal one-third junction of the
medial border, the needle is inserted after slightly pushing the scapula posteriorly. The
needle should advance laterally parallel to the scapular spine. Do not advance the
needle anterior to avoid any pneumothorax. Once the needle reaches some distance,
preferably near or less near to the center of the scapula. Somewhat needle movement
may be appreciated if the arm is moved in external rotation (Figure 11).

Figure 10.
Pectoralis major (PM): fingers elevating PM from antevior axilla, plus denotes entry point of a needle. Arvows
depicting needle directions.
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Figure 11.
Subscapularis (SS): plus at medial scapular border showing entry point for SS and arrow showing the divection of
the needle.

3.3 Biceps

Child supine or sitting, arm by the side of the body, in elbow slightly flexed with
the forearm in full supination. Palpate the anterior acromion point. Draw a line from
the mid-elbow flexion crease (biceps tendon) and anterior acromion. The midpoint of
this line corresponds to the center of the biceps belly. Muscle positioning may seem
more medially in severe upper limb spasticity, such as adducted and internally rotated
shoulder, so always take care of rotations and positioning. Hold the biceps between
the nondominant thumb and index finger. Inject at this point. Passive slight extension
and flexion will elicit good needle movement (Figure 12).

3.4 Brachialis (Br)

Positioning as for Biceps, mark the proximal two-thirds and distal one-third junc-
tion. At this point, find the place between the lateral border of the biceps and the
lateral head of the triceps. Repeated supination and pronation will help in finding out
the entry point, which is the first point/groove, where there is no biceps movement
seen. Insert the needle at this point and push it further medically parallel to the
transverse plane (toward the humerus). Pay attention not to go posterior to avoid
entering in triceps. With the forearm in pronation passively gently extend flex the
elbow a bit eliciting good needle movement (Figures 13a and b).

Figure 12.
Biceps: plus sign denotes the mid-muscle belly of the biceps as the injection point.
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(b)

Figure 13.
a. Brachialis palpation: thumb in between lateral border of biceps and triceps. b. Brachialis (Br): B- biceps, T-
lateral head of triceps, plus denotes injection entry point between B and T gap.

3.5 Brachioradialis (BR)

Supine position or cooperative child may be sitting with elbow 90 degrees flexed
forearm in the mid-prone position. Now, keep the thumb in the antecubital fossa and
index finger laterally to hold the muscle belly of brachioradialis between both fingers. At
half to one inch distal to elbow crease, Insert the needle vertically down to reach a mid-
depth of brachioradialis. Beware of posterior needle advancement, otherwise may inject
extensor tendons. Passive elbow extension may show needle movement (Figure 14).

3.6 Pronator teres (PT)

The child should be supine or sitting as per convenience and cooperation with the
forearm in supine. Take the midpoint of the elbow flexor crease and also mark the

Figure 14.
Brachioradialis: line represents elbow flexor crease, forearm mid-prone, plus denotes injection for BR.
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Figure 15.
Pronator teres (PT): A €& B—medial ¢ lateral elbow flexor crease, C — midpoint of Ae¥’B, D- the midpoint of A¢5
C (junction of medial one-fourth and lateral three-fourth of elbow flexor crease).

lateral and medial points. Now, bisect the medial and mid-elbow crease points. Now,
mark a point 1-2 cm distal to this point (medial one-fourth). Now place the index
finger in the antecubital fossa, just medial to the index finger is pronator teres at the
final mark point. Now, try to stabilize PT with the index finger and thumb, and
confirm it by doing prono-supination. Now, insert the needle into it and again recon-
firm the needle movement. If one is more medial and distal might inject into flexor
carpi radialis, sometimes into flexor digitorum superficialis (Figure 15).

3.7 Flexor carpi radialis (FCR)

Positioning same as PT. Find out the apex of the cubital fossa. It is the point where
the medial border of BR and lateral border of PT meet. Keep your index finger here.
Palpate and try holding it between your thumb. Reconfirm it with the PT method by
going 2-3 cm distal to the PT injection point. Good needle movement is appreciated by
doing wrist radial-ulnar deviation and gentle passive extension (Figure 16).

3.8 Flexor digitorum superficialis (FDS)

Draw the first line between the mid-elbow flexor crease to the mid-wrist crease,
second line from the medial epicondyle to the pisiform bone. Select the middle one-
third between these two lines and make a rectangular box (as in Figure 17). Then,
again divide this rectangle (with line 3) into equal medial and lateral halves. Now, 2nd
finger FDS is more superficial at/near the distal part of 3rd line, 3rd FDS at the
proximal part of 3rd line. 4th FDS and 5th FDS falls near just medial to 2nd line. 4th
FDS superomedial to 3rd FDS and 5th FDS infero-medial to 2nd FDS. Avoid going
near or crossing the first line laterally to avoid inadvertent injury to the neurovascular

Figure 16.
Flexor carpi radialis(FCR): A, B, C, D - as stated above in Figure 15. Distal plus sign denotes FCR injection
point, proximal (left one) marked for PT.
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Figure 17.

Flexor digitorum superficialis(FDS): L1- the line between the mid-elbow flexor crease to the mid-wrist crease.
L2- medial epicondyle to pisiform bone. The central big rectangle vepresents the middle one-third of the medial
forearm. L3- equally divide this vectangle into equal medial and lateral half. s2- 2nd finger FDS, s3- 3vd FDS,
54- 4th FDS, s5- 5th FDS. Plus at 52, s3, s4, ¢ s5 denoted vertical entry point for respective FDS slips.

bundle. So, we should focus on the medial rectangle. This is the author’s practice
method based on adult cadavers as described by Bickerton LE et al. [10].

3.9 Flexor digitorum profundus (FDP)

The child may be sitting on a chair with the elbow supported on the table or a child
lying supine arm on the side of the body in some abduction. Elbow should be
completely flexed, forearm in the mid-prone position. Make a line proximally from
the olecranon to the distal medial wrist crease (line 1). The needle entry point is the
needle entry point in the proximal one-third to the distal two-thirds junction of the
forearm, just anterior to the ulnar shaft or midpoint between the ulnar shaft and line 1.
Here, it traverses through flexor carpi ulnaris. So, we are more distal. We may inject it
into FCU. So, inject between proximal one-fourth to proximal one-third. Passive
extension of distal interphalangeal (DIP) joints will elicit the best needle movement.
Individual fascicles may be injected with expertise and US guidance (Figure 18).

3.10 Flexor carpi ulnaris (FCU)

The child should lie supine or sitting with the dorsal forearm resting on the table
in full supination. In the middle of the medial forearm, try to hold the muscle
with fingers near/anterior to the ulnar border. Gentle wrist extension -flexion
and radial-ulnar deviation should result in good needle movement. While finger

Figure 18.

Flexor digitorum Profundus (FDP): L1- line from olecranon medial wrist crease. US- line at ulnar shaft. Plus
denotes needle entry point through the midpoint between the ulnar shaft and L 1 in proximal one-third to the distal
two-thirds junction of the forearm.
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Figure 19.
Flexor carpi Ulnaris (FCU): line represents ulnar border. Plus denotes an injection entry point for FCU in the
middle of the medial forearm. Arrow showing the divection of the needle.

flexion-extension should not show needle movement. Adjust the needle if one has
gone anteriorly into FDS or deep into FDP (Figure 19).

3.11 Flexor pollicis longus (FPL)

Position supine or sitting. Forearm in full supination. Draw a line from the middle
of the elbow flexor crease to the lateral wrist flexor crease. The middle point of this
line is the area of interest. Also, start palpating the radial artery from distal to proxi-
mal. In the midpoint of this line, just lateral to radial artery pulse (almost lost at this
point) is the needle entry point straight vertically downwards in mid-depth (skin to
radius bone). Do not forget to aspirate, as the radial artery is very close. Passive
extension-flexion of the thumb distally will help in the localization of FPL and move-
ment of the needle confirms its placement in FPL (Figure 20).

3.12 Opponens pollicis

Supinated forearm means Palm facing up. Thumb adducted or thumb in the palm.
Mark the midpoint of the thumb metacarpal. Gently aside the abductor pollicis brevis
medially and insert the needle just medial to the bone from this midpoint and remain
close to the bone. Gently move the thumb laterally (opposite action of opponens) to
confirm needle movement and injection placement (Figure 21).

3.13 Adductor pollicis (AP)

Forearm pronated, palm facing down, thumb as much laterally as possible to make
the dorsal first web as prominent as possible. Place one finger from the palm side and

Figure 20.

Flexor pollicis longus (FPL): L1- line joining medial €% lateral elbow flexor crease. L2 a line from MID PINT OF
L1 to lat wrist flexor crease. Small plus (on line L2) denotes the absence of a palpable radial pulse. Lavger plus
lateral to it is a vertical needle entry point for FPL.
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Figure 21.
Opponens pollicis: plus denotes the entry point for OP.

Figure 22.
Adductor pollicis (AP): plus denotes the injection point.

one from the dorsal side in between the first and second metacarpal to feel AP. Now,
insert the needle in the center of palpated AP from the dorsal 1st web space (center),
and adjust the needle depth accordingly (Figure 22).

3.14 Lumbricals

These are small muscles, that may be injected with sound anatomical knowledge,
surface landmarks, or the US-guided. For the first lumbrical, the point marks the
distal one-third and proximal two-thirds junction of the second metacarpal (radial
side). At this, it lies just radial to this point. First, palpate the muscle by doing
metacarpal flexion with distal joints in extension. Once palpated, inject at this point.
Similarly, all others can be injected (Figure 23).

—

Figure 23.
Lumbricals: plus denotes the entry point for the fivst lumbrical (1st lumbrical), line represents the radial border of
the 1st index metacarpal.
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Chapter 4

Neurosurgical Treatment of
Cerebral Palsy

Pinar Kuru Bektagsoglu

Abstract

There is a broad range of alternatives in terms of cerebral palsy treatment
(intrathecal baclofen (ITB), selective dorsal rhizotomy (SDR), and deep brain
stimulation (DBS)). In order to reduce dystonia and spasticity, I'TB bump insertion,
SDR, and DBS are the main neurosurgical treatment approaches. In ITB treatment, a
baclofen pump is implanted in the abdomen and is connected to spine via a thin tube.
The pump is refilled regularly. It may require a replacement surgery. SDR includes
cut of sensory nerves in affected site. Globus pallidus is the target in DBS surgery, the
main advantage of this technique is that, it is reversible and adjustable. In this chapter,
neurosurgical treatment alternatives for cerebral palsy will be discussed.

Keywords: cerebral palsy, deep brain stimulation, dystonia, intrathecal baclofen pump,
selective dorsal rhizotomy, spasticity

1. Introduction

The International Executive Committee for Cerebral Palsy (CP) proposed the
following definition: “Cerebral palsy describes a group of permanent disorders of the
development of movement and posture, causing activity limitation, that ave attributed
to non-progressive disturbances that occurred in the developing fetal or infant brain. The
motor disorders of CP are often accompanied by disturbances of sensation, perception,
cognition, communication and behavior, by epilepsy, and by secondary musculoskeletal
problems” [1]. This definition is supplemented by an interpretation of the terms used
in the definition. CP can be defined according to the anatomical location of the brain
lesion (cerebral cortex, pyramidal tract, extrapyramidal system, or cerebellum);
clinical signs and symptoms (spasticity, dyskinesia [dystonic and choreo-athetotic
forms], or ataxia); topographical involvement of extremities (diplegia, hemiplegia,
or quadriplegia); timing of presumed insult (prepartum, intrapartum, or postneona-
tal); and classification of degree of muscle tone (isotonic, hypotonic, or hypertonic)
[2]. Hypertonia, which is characterized by abnormal resistance to joint movement,
is common in CP [2]. Spasticity, dystonia, rigidity or mixed subtypes are particular
forms of hypertonia. Spasticity is the most common form of hypertonia, which is
characterized by increased resistance to motion above a threshold joint speed [2].
The efferent output of alpha motor neurons regulates the muscle tone [3]. Dystonia
is involuntary muscle activation causing abnormal posturing. Rigidity is resistance to
motion independent from velocity, caused by simultaneous contraction of agonists
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and antagonist muscles. Treatment of CP targets the particular pathophysiology. In
general, spasticity can be easier to manage than dystonia [4]. Studies on the man-
agement of spasticity are more abundant than those related to the management of
dystonia in patients with CP.

There is an inverse relationship between the level of spasticity and voluntary
motor control. In children with poor selective motor control, the spasticity can have
functional importance (i.e. for standing). Treating this functional muscle tone may
debilitate the child in everyday life [4]. Spasticity impairs selective motor control and
treating it increases functionality.

The non-surgical treatment of CP includes enteral or intramuscular
pharmacological agents, botulinum toxin injections, and physiotherapy [5]. When
maximum tolerated dosage has been tried, neurosurgical alternatives such as
intrathecal baclofen (ITB) therapy, selective dorsal rhizotomy (SDR), and deep brain
stimulation (DBS) can be performed for the management of spasticity, muscle tone,
and pain. The aim of neurosurgical interventions includes improvement in gross
motor function, walking, muscle tone, health related quality of life, reduction of pain,
and reducing the use of concurrent medication. In this chapter, we will review these
procedures and provide up-to-date findings regarding neurosurgical alternatives in
the management of hypertonia in CP.

2. Intrathecal baclofen pump

Intrathecal baclofen pump placement is a cost-effective treatment modality in
spasticity and dystonia management of patients with CP that are non-responsive
to enteral pharmacological treatments [6]. Penn and Kroin were the first scientists
using ITB to treat spasticity in patients with multiple sclerosis [7]. Baclofen is a
chlorophenol derivative of the inhibitory neurotransmitter gamma-aminobutyric
acid (GABA) [3]. Intrathecal administration of this product results in ten times
the concentration after oral administration [3]. Direct administration of baclofen
to central nervous system via intrathecal route minimizes dosage and decreases
systemic side effects when compared with oral form of baclofen [6]. ITB disseminates
into the superficial layers of the spinal cord and binds to GABA,, receptor sites, and
acts presynaptically. It inhibits the uptake of calcium and inhibits the release of
excitatory neurotransmitters (i.e. glutamic acid and aspartic acid) [3]. A single dose
of ITB reduces lower extremity muscle tone within 20-40 min, its maximum effect
is seen in 4 h after administration. Its half-life is 5 h and a single dose is effective for
8-10 h. ITB treatment improves muscle tone, gait, and quality of life of patient with
CP. Approximately 300 pg/day dose of ITB is mostly adequate in reducing lower
extremity spasticity and diminishing muscle spasms [3]. ITB overdose results in
coma, respiratory depression, and hypotonia [3]. These effects usually subside within
2-3 days. Intravenous physostigmine is the treatment of choice in ITB overdose,
however severe overdoses are not reversed.

Continuous ITB is best achieved via a pump which delivers baclofen to the
lumbar area of the spinal cord to reduce spasticity in the lower extremities [8]. The
catheter is inserted through means of a 14-gauge Tuohy needle and enters the spinal
canal at about L2, and the tip of the catheter is advanced to T10 for paraplegics,

TS5 for quadriplegics, and C5-T1 for complex movement disorders and dystonia
[9]. Right lower quadrant of the abdomen is the usual side for subcutaneous pump
placement. A catheter is passed from the pump into the intrathecal space. Baclofen

82



Neurosurgical Treatment of Cerebral Palsy
DOI: http://dx.doi.org/10.5772/intechopen.110258

dose can be arranged via a radiofrequency wand which transmits information from
a computer to the implanted pump [10]. Test dose is needed in the preimplantation
period before the procedure. This will help physician to assess the potential effects
of baclofen on symptoms and function. The initial continuous infusion dose is
mostly twice the single ITB dose that shows a clinically prominent effect. The daily
dose is slowly increased until desired clinical effects are present. Regular follow-up
and percutaneous pump refill every three to six months is a requirement for this
procedure. The pump is refilled by inserting a needle through the skin into the
reservoir. Frequent monitoring and dose adjustment is a must after pump placement.
Pump replacement is also a necessity at the end of battery life (4-6.5 years). The
pump is similar to hockey pump, and the child must weigh approximately 15-18 kg to
accommodate the pump. ITB affects both spasticity and dystonia and benefits both
ambulatory and non-ambulatory children.

Shared decision-making between physician and patient and his/her caregivers
is an important step. The adverse events include CSF leakage, infection, catheter
disconnection or breakage, constipation, respiratory depression, baclofen
withdrawal, and baclofen overdose [5, 10]. Highest complications rates for ITB
therapy are around 36% [11]. Baclofen withdrawal symptoms include muscle
spasms, dysesthesias, pruritus, agitation, and rhabdomyolysis. Treatment of this
issue is restoring the ITB delivery [6]. Contraindications are baclofen sensitivity,
inappropriate body size for reservoir placement, non-compliant patient, or any
limitation that inhibits close follow-up. In patients with unilateral spasticity,
ITB would probably also decrease muscle tone on the healthy side and ITB is not
recommended for these patient group. Benefits and risks associated with ITB
treatment should be cautiously evaluated; individual needs, expectations, and clear
treatment goals should be agreed before procedure. Children with moderate to severe
spasticity spectrum will benefit from ITB.

3. Rhizotomies
3.1 Selective dorsal rhizotomy

Normal cerebral inhibitions of the monosynaptic reflex arc at the spinal cord
level are lost in children with spasticity from CP. This results with spasticity
or hyperreflexia. Spasticity can be diminished via disrupting this hyperactive
monosynaptic reflex arc [8]. At the dorsal root level, selectively transecting
the afferent sensory fibers can significantly decrease spasticity. After lumbar
laminectomy, the dorsal rootlets are localized in the cauda equina. Lumbosacral spinal
sensory nerve rootlets with abnormal thresholds to electromyographic stimulation
are sectioned to solve the sensory dysfunction in spasticity [6]. These are the afferent
dorsal rootlets that terminate on relatively uninhibited alpha motor neurons [3].
When sectioned, spasticity can be relieved without losing other functions of dorsal
roots. An abnormal response is considered when a muscle, not typically innervated
at that root level, responds or when several muscle groups respond simultaneously
[8]. Usually, 50% of the rootlets are cut [12]. The percentage of rootlets cut does not
necessarily correspond to the level of spasticity or severity of neurologic involvement.
Following the rhizotomy, there is a temporary weakness which returns to normal in
few months. The other risks for this procedure are loss of bladder and bowel control,
sensory loss, wound infection and meningitis, and finally leakage of the spinal fluid
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through the wound. Best candidates for SDR are children with spastic diplegia,
ambulatory, pure spastic, cognitively intact, and with good social structure [8]. SDR
only resolves spasticity with no effect on dystonia. Children with quadriplegic CP
may not benefit from SDR because of their significant dystonia. Contraindications are
spasticity of spinal cord origin, athetosis, rigidity, history of previous tendon release/
lengthening, poor trunk control, severe weakness.

Selective dorsal (posterior) rhizotomy is a costly, irreversible complex
neurosurgical procedure to reduce muscle tone in patients with CP. There is
concern for muscle weakness, spinal deformity, and need for additional orthopedic
procedures. Evaluation of multidisciplinary team when deciding to perform SDR is
a must. Birth history, neuroimaging, strength, selective motor control, gait analysis,
and presence of fixed deformities should be considered beforehand [13]. This
procedure should be reserved for the patient population who does not respond or
tolerate the pharmacological treatments and meet specific selection criteria. Also this
procedure should be performed by a specialist multidisciplinary team with expertise
in the management of spasticity. Intensive physiotherapy is mostly required for
several months after procedure because the sensory input is reduced to sensory-motor
reflex arcs in the spinal cord. Walking ability may be disrupted and different walking
skills may be needed after the procedure.

Long-term follow-up studies report that SDR is well-tolerated over the years and
improves functional outcomes and quality of life [13-15]. Daunter et al. reported
less decline in gross motor function and required less hours of assistance in daily
activities, however there was no difference for pain and fatigue [16]. Munger et al.
reported improved gait quality in ten-year follow-up study [17]. In that study, non-
SDR group required more orthopedic interventions and injections. Quality of life or
functional and mobility measures did not differ among SDR and non-SDR groups.

3.2 Ventral rhizotomy

In the presence of mixed tone, ventral rhizotomy (VR) may be performed in
conjunction with SDR when there is limited access to ITB and DBS [6]. SDR inhibits
the sensory dysfunction leading to spasticity, while VR aims to solve the motor
abnormalities associated with dystonia. Using this procedure in diplegic/quadriplegic
children with CP with mixed spasticity and dystonia, [18] reported improved
joint range of motion, spasticity, and dystonia at one-year follow-up. Functional
intraoperative monitoring is crucial for identifying the roots to preserve sphincter
innervation. This combined intervention may have promise in children with severe
mixed hypertonia.

4. Deep brain stimulation

Deep brain stimulation may also be indicated in patient that are not responsive
to ITB therapy [19]. Electrodes are placed in the basal ganglia and connected to an
implanted pulse generator. Basal ganglia and thalamocortical network modulation
are targeted. The stimulation can be unilateral or bilateral [9]. In a study targeting
internal globus pallidus, there was 33% reduction in dystonia measures at one-year
follow-up [20]. Parkinson disease and congenital dystonia are 2 movement disorders
with very good outcomes from DBS. Acquired dystonias, from CP and after brain
injury, are very heterogeneous lesions, isolated excellent results have been obtained
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with DBS in those cases, but criteria for patient selection remain uncertain [9]. DBS
is reserved for patients with significant functional limitations who failed all other
interventions for severe generalized dystonia [21-23].

5. Discussion

Cerebral palsy is characterized by motor dysfunction due to lesion occurring
non-progressive disorders of posture and movement caused by injury to the infant
or developing fetal brain [1]. Neuromuscular and musculoskeletal problems such
as spasticity, dystonia, muscle contractures, abnormal bone growth, poor balance,
weakness, and loss of selective motor control are some of the main problems
encountered by the patients with CP. Physical and occupational therapy, bracing,
oral medications, neurolytic blocks, neurosurgical procedures, orthopedic surgery,
and others are the treatment alternatives [4]. These modalities do not cure the
disease but improve function and improve quality of life. A multidisciplinary team
should evaluate the patient and optimize the treatment. Neurosurgeons also play
an important role in this team. Focal spasticity can be treated via lesioning the
nerve target [24]. ITB therapy is the first choice in patient that are not responsive to
enteral and physical treatments. Ambulatory children with spastic diplegia and good
cognitive abilities can be treated with SDR. In a non-functioning limb, dorsal root
entry zone lesioning could be an option for severe cases. DBS can be effective in the
treatment of primary dystonias (especially those caused by DYT-1 gene mutation [25].

The evidence for recommending neurosurgical procedures (ITB pumps and SDR)
is limited and of low quality [5, 26]. Recommendation of these procedures depend
on the experience and expertise of the multidisciplinary team. It should be a shared
decision-making between surgeon, patient and caregiver. Reported adverse events for
ITB pump are catheter or pump infections, battery failure, catheter leakage, baclofen
withdrawal or overdose, constipation, anxiety or depression, and seizures. These
modalities are considered as complex and invasive. There is a need for high quality
evidence for the neurosurgical treatment of CP. Clear expectations and open treat-
ment aims should be discussed before the final decision step.

6. Conclusion

Neurosurgical procedures (ITB, SDR, and DBS) are invasive and costly proce-
dures for the treatment of hypertonia in patients with CP. These modalities are not
preferred in the first stage of treatment selection. However, they are considered a
second step options for non-responsive patients with CP to other treatments modali-
ties because they improve the major symptoms related to CP. These procedures are
accepted as risky but in well-selected cases these modalities could have a real impact
on patient’s quality of life. High quality randomized controlled clinical trials are
necessary to recommend these procedures for selected cases.
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Chapter 5

Impact of Cerebral Palsy on Parents
and Families

Marian Sankombo

Abstract

Cerebral palsy (CP) is a societal problem that may pose significant challenges
and unique opportunities not only for the individuals with CP but also for their care
givers, families, and siblings. It is the most common pediatric disability causing long-
term functional limitations. The impact of CP on parents, families as well as sibling is
evident in the level of stress, anxiety and depression envisaged especially on moth-
ers. Siblings of individuals with cerebral palsy also suffers stigmatization that often
result in social isolation. The presence of a child with cerebral palsy in any family can
pose serious concerns to family relationships. Therefore, it is of utmost important
to value the contribution of every family member, parents, siblings towards any
planned intervention for a child with CP as they are affected by the disability in one
way or another. This chapter explores the impact of CP on individual parent, families.
Siblings as well as financial constraints associated with raising a child with CP.

Keywords: cerebral palsy, impact, parents, families

1. Introduction

The birth of a baby is a crucial event in the life of every human being. The dream
of every parent becomes a nightmare if the baby they were expecting is born with
cerebral palsy (CP). It is a complex neurodevelopmental disorder and is the leading
cause of physical disability in childhood [1]. The condition affects body movement,
muscle control, muscle coordination, muscle tone, reflex, posture and balance. A
child with CP suffers from several conditions, ranging from spastic paralysis, cogni-
tive, speech and visual impairment, chronic pain and, gastrointestinal problems. As
aresult, the child will experience several limitations in life and may need to be cared
for either by the parent or care taker. Moreover, such child may require assistance
in almost all of the activities of the daily living, such as bathing, feeding as well as
assistance with turning, lifting the child whenever one wants to go out. One of the
major problem faced by parents is attending to chronic health condition that the child
might be suffering from. There is a great evidence that a child with cerebral palsy may
also suffer from other illnesses, apart from the disability [2]. Thus, when compared
to parents of typically developing children, parents of children with CP experience
greater stress, lower psychological well-being, and worse physical health [3].

CP refers to a group of permanent disorders in the development of movement
and posture, causing activity limitations, which are attributed to non-progressive
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disturbances that occurred in the developing fetal or infant brain [4]. The motor distur-
bance in a child with CP contributes to impaired cognitive ability, communication dis-
orders, musculoskeletal problems, perception disturbance as well as epilepsy [3]. These
problems associated with cerebral palsy may result in physical, social, psychological
wellbeing and economic burden to the parents, families and community at large. The
presence of a child with cerebral palsy in the family can be a source of great disappoint-
ment and stress to families. Significant number of research in this area has revealed the
stress level endured by parents of children born with CP. The high stress levels among
the parents were related to medical and social services that parents have to source dur-
ing their predicament in raising a challenged child [2]. Mothers of children with CP are
exposed to psychological pressure, are under the impact of stress and depression, and
are worried for their child’s future [5]. Most of their time is spend on the child’s nutri-
tion, health, treatment, rehabilitation and are subjected to financial burdens.

CP is an important example of a medical condition that requires competent,
comprehensive, continuous, compassionate and community-based care [6]. Based on
this, it is of utmost important to equip parents and their families with knowledge and
skills to enable them to provide necessary support to their children. It is a permanent
disorder that requires collective efforts from parents and health care providers such as
occupational health therapist, speech and physical therapists. The health demands for
a child with cerebral palsy may also place psychological, social and economic burden
on parents and families. Therefore, it is also critical that primary care providers (PCP)
be involved and knowledgeable about the current and future care plan for the best
outcome for each child [6]. Parents, especially mothers are drivers of care, they do
more work related to the care of a child. Caring for such a child who depends on care
from others, can be energy draining, and mothers may require both social, psycho-
logical and financial support from other people to sustain their caring journey.

2. Effects of cerebral palsy

CP is a complex societal problem characterized, by social, psychological and
economic implications requiring a collective multi-sectoral approach [2]. Parents
often suffer from stress emanating from a number of factors; family members that
feels taking care of a child with cerebral palsy is a waste of time and resources [6],
financial strains that is incurred from medical expenses, transportation, nutrition,
buying nappies as this child may spend the rest of her life in disposable nappies [5, 6]
and many more. Despite all challenges endured by parents in caring for their children
with CP, parents’ attitude towards their children remains positive. They are optimistic
about the condition of their children and also believe that physiotherapy is a benefi-
cial intervention in the management of their children [3]. These hopes that parents
have for their children is the driving force behind their existence.

2.1 Cerebral palsy and quality of parental life

Parenting a child requires considerable resources and time, but the demand for
these resources may increase if the child to be cared for is mentally or physically
challenged. To manage and cope with a child ‘s functional limitation and possible
life- long dependence presents a multifaceted challenge for parents as well as the
entire family [7]. Although some parents cope well with the additional demand of
raising a child with CP, some studies showed that parents of such children experience
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tension and struggle especially the mothers who has to be with this child most of

the time providing care. Mothers of such children are overwhelmed with the caring
responsibilities, some of them left even their formal employment to stay home with
their disabled children. Relinquishing one ‘s career may pause a significant setback to
ones’ life [8]. In some cases, mothers failed to take care of their own health and that of
other siblings, thus affecting the physical and psychological health and, ultimately the
quality of life of parents.

Caring for a child with CP may affect the quality of life for parents and families
in many ways. Generally, parents of children with CP show high stress levels [2]
and depression with ill-mental state compared to parents of children without dis-
abilities. CP is a multifaceted disorder accompanied by several functional limitations.
Although motor function is considered as the main challenge of CP, this developmen-
tal disorder is also accompanied by several limitations, such as sensory, communica-
tion and intellectual challenges [7]. Caring is a noble activity cherished by most of
the mothers caring for young children in every community. This noble function may
become a nightmare, when the child to be cared for is having functional limitations.
Mothers of such children may go to an extent of diverting their focus from other
important issues in the family and concentrate on the caregiving activities. Activities
of the daily living may be overlooked, so as the other members in the family who
might be depending on this caregiver for existence. This may however, results in high
stress levels, anxiety and depression among caregivers.

Apart from the caregiving responsibilities, mothers of children with functional
limitations are often challenged by chronic health- related problems that these chil-
dren may experience in life. Several studies have affirmed that, most of the children
born with CP usually suffers from one or two chronic conditions [2]. Thus, parents
have to find means to respond to the health needs of the child with CP either through
seeking for professional help from formal recognized health institutions or through
home based therapies. Caring for a child with CP may affect the physical well- being,
social well- being, freedom, independence of parents. The demands for caring for
such a child has further created greater stress than the severity of the child ‘s disabil-
ity, as it was revealed in one study, where parents with children born with CP felt that
they were more disabled than the people there were caring for [9].

Parents of children with CP have lower quality of life which is associated with high
levels of stress, anxiety and depression: The high stress level and depression is often
associated with factors such as child’s behavior, cognitive problems, low caregiver
self-efficacy and low social support [7]. Therefore, due to the physical, psychologi-
cal and social challenges that parents of children with CP usually experience, there
should be an ongoing intervention like social, psychological and financial support to
alleviate suffering among such parent.

2.2 Impact of cerebral palsy on family relationships

In the African context, family is a source of strength, and a shoulder to lean on
during difficult times. Failure of the families to take up this extensive role has dev-
astating effects on the lives of other members in the family. The family is a complex
and interactive social system and each experience within family, affect every member.
Components of the system continually change to keep it in balance. Within the family,
there are three central subsystems: the spousal, parental, and sibling subsystems. In
these three subsystems, marital relationship, is seen as a key factor in determining
the quality of family life and core of the family unity. Raising a child with CP may be
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compounded if the parents of such children does not receive sufficient support within
the family. Studies have shown that, living and caring for a child with CP can have a
profound effect on parents- family, siblings and extended family relationships [10].

High stress levels, anger, depression that are evident in most families of children
with CP are as a result of emotionally traumatized, broken family ties. Literature has
shown that, the presence of a child with CP may have positive and negative influ-
ences on the relationships between families [2]. On the positive side, it can broaden
horizons, increase family members’ awareness of inner strength, enhance family
bond and encourage networks to existing community groups [1], on the other hand,
the physical, emotional demands and logistical complexities associated with raising a
child with CP may have a negative effect on parents and families. Living with such a
child can be a source of distress to families who might face several challenges to come
to terms with the functional limitation of a child with CP.

2.2.1 A child with cerebral palsy and siblings

CP is a neurodevelopmental, irreversible and lifelong disorder that may have an
impact on the life of families including siblings. It is important to understand the role
of siblings towards raising a child with CP and what emotions do they feel towards this
sibling with developmental disability. In normal families, older siblings play a facilita-
tive role in cognitive and social development of younger siblings [11]. They also play
a facilitative role in building a communicative competence among younger siblings
whereby they play a role in stimulating language development. This facilitative role
becomes a challenge should a child who is supposed to be mentored by older sibling
is intellectually challenged. A significant number of older siblings of a child with CP,
normally assumes the role of older siblings, regardless of their age, even the young-
est sibling is able to take up such role. The ability of siblings to take up a caring role,
depends on a number of factors, for example, the socio-economic status of families, the
attitudes and expectations of parents and the severity of the disability [11] may affect
the way the siblings react to the child with disability. Several studies reported that, the
more severe the disability the more adversely affected the sibling of a child with CP [9].

Most of the powerful ties and human interactions are found between siblings as
they act as surrogate parents, teachers and friends of children with CP. Thus, sibling
relationships becomes very important in families, especially those living with physi-
cally or mentally challenged children. In main instances families of children with CP,
do not receive emotional support when dealing with a child with CP. Literature has
shown that, living with a child with CP involves tackling a wide range of challenges,
such as physical, cognitive and behavioral [12]. Instead of engaging in activities such
as socialization with others, participating in recreational activities, siblings of func-
tionally challenged child devote most of their time in caring activities. Some suffers
stigmatization by members of the society, calling them with names that relates to
the child ‘s disability [2]. Bullying is another negative aspect that siblings of a child
with CP face. Studies have indicated that siblings of physically or mentally challenged
children are themselves a target for bullies [13]. They are teased of having a sibling
with a developmental disorder.

In some families, the attention that parents gives to a child with CP, may create
problems to other siblings as they may feel that their parents are neglecting them.
This may result in increased stress levels, anxiety and depression among such siblings.
Therefore, it’s not a surprise that siblings who grow up with a sibling with CP tend
to be a little more stressed when compared to children who do not live with someone
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with the disorder [13]. A study that was conducted in Ghana suggested that, the
attitudes of siblings of children with CP need to be understood to ascertain ways to
facilitate their acceptance in society as at times they face stigmatization as well as
being sidelined by their own parents [14]. On a positive note, caring for a child with
CP, may lead to increased maturity, sense of responsibility and tolerance among sib-
lings [12, 14]. They re often more well-adjusted than their peers and more empathetic
and caring towards people with special needs.

2.2.2 Cerebral palsy and marital relationships

High quality marital relationships in any marriage serve as a strong foundation of
emotional and instrumental support. This support becomes more relevant and critical
when parents in this relationship are faced with challenges of parenting a child with
developmental disability and mostly CP. There is a growing evidence that, the stronger
the bond between two parents of children with CP, the more the parents are likely to
live a satisfying life [15] where they are able to support each other through thick and
thin. Moreover, the high quality marital relationships may further reduce stress related
ailments, thus promoting psychosocial wellbeing for both parents and a child with CP.
Meanwhile, several studies have indicated that there is a strong association between
high quality marital relationships and a considerate burden of living with a child with
CP [15]. Parents with satisfying relationships normally experience less stress levels
than those with troubled relationships. Although there are conflicting opinions from
several authors who investigated the effects of disability on marital relationships,
studies that compared marital relationships between parents of children with devel-
opmental disability and those of children without disabilities found that there was no
significant difference in marital quality [16]. However, while some families of children
with CP are free from stress and depression associated with parenting child with func-
tional limitation, some families are challenged with the caring burden of living with
a child with CP. The high stress levels among parents is believed to be associated to a
number of factors i.e. caring burden as parents especially mothers have to renounce
some of the activities of the daily living and concentrate more on the child with CP,
medical expenses attached to parenting a child with CP, lack of social institutions that
may incorporate the child with CP to the rest of the society and some reactions from
members of the society who thinks raising a child with CP is a waste of time [2].

Given the indication that some children with CP often exhibit higher rates of
behavioral problems than typically developing children, the relation of behavioral
problems to parental wellbeing indicates that, interventions which address the child
behavioral problems should be well-thought-out [1, 16]. The impact of a conflicting
marriage on parental wellbeing should be well understood by trained professionals
such as teacher and health care providers, who interacts with these families from
time to time. Some literatures have revealed the act of blame especially among fathers
of children with CP, where they are blaming mothers for being responsible for the
child ‘s developmental disability [1]. This may however, result in high stress level
and depression to the mother. The blame game can be a starting point of conflicting
relationship which may result in divorce of such parents. Therefore, it is of utmost
importance for professionals in the health sector to include parents, especially
mothers when designing intervention for a child with CP as parents seems to be more
affected than the people they are caring for [1, 17].

Studies that examined the influence of partner support on maternal stress and
depression found that, mothers experienced high levels of stress when their child
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had cognitive impairment, even if partner support was high. These authors reiterated
that, family functioning in families with a disabled child is better when the father

is not directly implicated in caring for the child and mothers receive support from
other people for the caring task [17]. The presence of spouse and their participation
in the child’s care provoked bitter feelings among mothers leading to parenting stress.
Meanwhile, in some families, social support plays a significant role in minimizing
parenting stress and improving life satisfaction [2]. Parenting stress is a negative psy-
chological feeling associated with anxiety, frustration, and self-blame that can affect
parenting behaviors and parenting functioning, while social support may be concep-
tualized as the provision of emotional, informational, and/or instrumental assistance
that individuals receive from their social network [18]. There is a positive correlation
between social support from families including spouse and parenting stress. Social
support has been found to play an important mediating role in the association of
several personal factors e.g. depression and emotional intelligence with life satisfac-
tion [19]. The stronger the spousal relationship, the lesser the levels of stress will be
among such parents, and this may eventually lead to life satisfaction.

2.3 Economic burden of cerebral palsy

The advancement in medical technology has increased the chances of children
with CP to survive into adolescent and adulthood. However, this has led to the rise
in the number of children with CP worldwide. Children with CP like other children
with any form of disability requires an exceptional care with more cost implications.
Although one might argue that, all children whether born with disability or not, often
requires care with financial costs attached to it. Of course, all children require care
with cost implication but the care and cost implications attached to a child born with
CP or any other child with developmental disability is far much higher than that of
other normal child. Documented studies have shown that the majority of families
with children living with disabilities resulting from anomalies lives under severe pov-
erty, remote from information and therefore not covered by the world statistics [20].

There is a growing evidence in the literature that parents of children with CP face
unique financial challenges and meeting their child’s needs and making financial ends
meet is difficult for most of the parents. The management for CP includes various
therapies, involving speech and physical therapy, as well as learning to use any sort of
assistive device. In most cases, there is a need for the provision of special education at
school and medication for some associated problems such as seizures, spasticity, and
hearing or visual impairment. Apart from the costs related to health and education,
children with CP also have specific needs related to basic care, some of children with
CP need special diet for which the cost might be higher than the parents or family can
afford. Most of the children with developmental disability or CP are bedridden which
places another extra burden to parents and family, as this child may spent the rest of
his life using disposable nappies [1]. Moreover, some children might need basic com-
modities such as special soaps and lotions, failure to use such commodities may lead
to an extra health related condition and more financial implications.

Studies that investigated the economic burden on parents and family suggested
that, countries that took a stance to provide financial assistance to children with dis-
ability should however, consider certain variables i.e. children with comorbidity and
those without [21]. It is most likely, that parents of children with CP and comorbidity
will have more financial burden than those without comorbidity, secondly, Older
children require more financial assistance than younger children and government
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should streamline their budget on disability to ensure equity in distribution of such
resources. Meanwhile, it is an unfortunate state that, even governments that provide
financial assistance to people with disability have not addressed the state of affairs of
children with disabilities properly, in most cases the governments decide what, how
much and how often to provide to such children. Studies that assessed the financial
burden of families of children CP found that, older children with CP required more
financial assistance than normal children, and families with above average income
could afford required minimal financial resources as it was found that they had no
daily nursery expenses [21]. This shows that, there is in fact a necessity for need
assessment to be carried out before countries attempt to assist parents of children
with CP financially. The financial burden experienced by families of children with CP
is less comprehensible to most governments. Therefore, evidence based information
on the economic burden of CP, need to be available to assist policy makers in planning
reasonable services and support for children with CP and other forms of disability.
Meanwhile, some studies have shown that children who experience limitations
in daily activities require two to three times higher medical services than typical
children [22], for example, a child with CP incurs a mean total average lifetime
healthcare costs of US$22,143.00, whereas a child without any lifetime healthcare
needs only incurs costs of US$1729.00, approximately 13 times lower [21]. Lifetime
healthcare cost of a child with CP in South Korea was calculated to be US$26,383.00,
which is 1.8 times the basic lifetime healthcare cost of the general population, US$14,
579.002. These healthcare needs lead to a higher cost of caring for children with CP
as compared to children who are typically developing and the total cost often exceeds
family’s expectation [22]. Thus, children with developmental disability accompanied
by comorbities.

3. Conclusion

CPis a lifelong problem that requires long term attention and care. The presence
of a child with CP in any family can be a source of stress in any family and living with
such a child may pose serious implications in terms of cost and social life to parents and
families. The caring and economic burden endured by parents of children with CP has
compromised immensely on the quality of life as it has affected the parents’ psycho-
logical and physical wellbeing of parents and family. The consequences of caring and
economic burden has an impact on the psychological and physical wellbeing of parents.
This calls for well- designed interventions to support parents of children with CP.
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Chapter 6

Access to Healthcare Services
Among Children with Cerebral
Palsy in the Greater Accra Region

of Ghana

Nathaniel Larbi Andah

Abstract

Children with cerebral palsy have quite a lot of challenges in accessing health care
than those without disabilities. The purpose of the study was to explore the factors
that influence parents in accessing healthcare services for their children with cerebral
palsy. This study used a qualitative cross-sectional design using phenomenology. A
total of 15 participants comprising parents of children with disabilities and healthcare
providers provided data through in-depth interviews following written informed
consent. Fifteen in-depth interviews were conducted. The interviews were recorded
digitally and transcribed verbatim. Thematic analysis was adopted in the analysis
of the data using Nvivo 12. Fifteen IDIs were completed: 10 parents of children with
cerebral palsy and 5 healthcare providers. The study findings revealed individual
factors such as transportation cost, distance to a health facility, and stigmatization
as well as healthcare factors such as availability of specialized services, the attitude
of health professionals, the physical environment of hospitals, and the availability
of rehabilitation specialists influence parents access to healthcare services for their
children with cerebral palsy. Access to healthcare services for children with cerebral
palsy is influenced by individual factors (parental) and healthcare factors.

Keywords: cerebral palsy, healthcare services, access

1. Introduction

The World Disability report shows that approximately 15% of the global popula-
tion are people with disabilities making them the largest minority group in the world
[1]. WHO estimated that nearly 3% of the global population has cerebral palsy
(CP) [2]. According to Janzek-hawlat [3] persons with CP experience discrimina-
tion in healthcare more than the general population. The Convention on the Right
of Persons with Disabilities (CRPD) affirms that persons with disabilities have the
right to achieve their highest standard of health care, without any discrimination
[4]. However, the health care needs of children with CP are poor, particularly in
low- and middle-income countries. In Africa, parents of children with CP experience
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social isolation from family, friends, and community members, discrimination from
peers, transportation problem, and a financial challenge because of unemployment
[5]. Aside from these challenges, parents of children with CP also experience chal-
lenges with the healthcare system including lack of provision of assistive devices,
attitudes of healthcare professionals, and high cost of healthcare services [5]. In
Ghana, parents of children with CP also face similar challenges in accessing health
facilities, these are due to inaccessible environment, distance to a health facility,
transportation, discriminatory attitudes of health workers, neglect, stigmatization,
and inadequate healthcare services [6-9].

Access to healthcare is a development issue, as well as a question of the realization
of rights. A significant focus of Sustainable Development Goal 3 “Good Health and
Well-being” is to advance access to healthcare services for All through the behavior
accomplishment of Universal Health Coverage (UHC) [10]. Despite this, children
with CP experience financial, structural, and social problems in accessing healthcare
services [11]. According to WHO [2] children with CP usually do not benefit from
health promotion and prevention programs because they are scarcely targeted. This
study is therefore designed to employ qualitative design using phenomenology to
identify the factors that influence access to healthcare services for children with CP in
the Greater Accra Region of Ghana.

2. Methods
2.1 Research design

The study used a qualitative cross-sectional design using phenomenology to assess
the knowledge of parents of children with CP on National Health Policy, explore the
perceptions of parents of children with CP on the implementation of the National
Health Policy in Ghana, identify parental factors and healthcare factors that influence
access to healthcare services for children with CP. Phenomenology allows participants
to share their perceptions, feelings, and lived experiences in accessing healthcare
services for their wards with CP and how these experiences influence their ability to
access healthcare for their children with CP.

2.2 Study area

The study was conducted in the Greater Accra Region (GAR) of Ghana because
there are quite a lot of parents of children with CP and an existing self-help group
(Figure 1). There are over 500 parents of children with CP and about 20 existing
self-help groups in GAR. The study considered the Special Mothers Project self-
help group in Okponglo in the Greater Accra Region. The Special Mothers Project
has been existing for the past 7 years and is open to every parent of children with
disabilities especially those with children with cerebral palsy. GAR is the capital
town of Ghana and has the smallest area of Ghana’s sixteen (16) administrative
regions. GAR can be found in the South-East part of the country and it is sur-
rounded on the north by the Eastern Region, on the east by the Volta Region, on the
south by the Gulf of Guinea, and on the west by the Central Region. GAR is divided
into sixteen districts and its political administration is through the local govern-
ment. Each district is administered by a Chief Executive who represents the central
government.
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Figure 1.
Map showing health districts in Greater Accra. Source: Google Maps [12].

2.3 Study participants

The study participants were parents of children with CP between the ages of 3 to
17 years who attend a special school in the Greater Accra Region, this is because 17%
of children are diagnosed with CP within the age range and healthcare providers who
provide services to children with CP within the study period will be part of the study
(Table1).

2.4 Selection of study participants

The respondents for this study were recruited using a purposive sampling
technique. This sampling technique is a non-probability sampling used to select
participants based on the experiences and characteristics they possess that best fit
for the study. The inclusion and exclusion criteria were considered in selecting the
participants for the study. Parents of children with CP who met the inclusion criteria
were purposively sampled at home for an interview in the study. Three (3) partici-
pants were selected each day for the in-depth interview (IDI) while the key informant
interview (KII) was also used for healthcare workers who met the inclusion criteria
until the point of saturation was reached. Saturation was determined when no new
information was emerging from the study participants. A total of fifteen (15) partici-
pants reached saturation, including 10 parents of children with CP and 5 health care
providers. The study purposefully identified and selected ten (10) children with CP
who are eligible for the study at the school level based on age, sex, and disability and
proceeded to their homes to consent to their parents or caregivers for recruitment for
an in-depth interview.

Also, five (5) health facilities both private and public in the Greater Accra Region
were selected for key informant interviews based on specialized and generalized
healthcare services provided. Five (5) eligible healthcare providers within the selected
health facilities who directly offer healthcare services to children with CP were

103



Cerebral Palsy - Updates

Characteristics of Participants

Number of Participants

Parents for IDIs Healthcare providers for KlIs

Special schools

Woodfield Manor Special School 5 —

Dzorwulu Special School 5 —

Health Facility

Cocoa Clinic (Private) — 1

Alpha Medical Center (Private) — 1

La General Hospital (Public) — 1

Achimota Hospital (Public) — 1

Kaneshie (Public) — 1

Sex

Male 1 3

Female 9 2

Age (years) Children with CP

3-10 10

11-17 5

20-29 1

30-39 7 4

40+ 2 1

Educational Level

No Formal Education — —

Primary 1

JHS/SHS 6

Tertiary 3 5

Religion

Christianity 9 5

Islam 1

Occupation

Trader 5

Teacher 3

Student/Unemployed 2

Occupational Therapist 2

Physiotherapist 2

General Health Practitioner 1

Marital Status

Single 6 4

Married 4 1
Table 1.

Socio-demographic chavacteristics of participants.
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purposively selected for the study based on a particular set of characteristics such as
experience, skills, knowledge, and highest educational level for a KII. This is to get an
adequate number of participants for the study.

2.5 Data collection methods

The study used both IDIs and KlIs to collect primary data from study partici-
pants. IDIs were steered within the homes of identified parents of children with
CP at their convenience. Also, all KIIs were steered within the work premises of
the identified healthcare provider upon appointment. The IDIs and KIIs were
directed by an interview guide containing questions and probes that directed the
interviewer.

2.6 Selection of study participants

The respondents for this study were recruited using a purposive sampling tech-
nique. This sampling technique is a non-probability sampling used to select partici-
pants based on the experiences and characteristics they possess that best fit for the
study. The inclusion and exclusion criteria were considered in selecting the partici-
pants for the study. Parents of children with CP who met the inclusion criteria were
purposively sampled at home for an interview in the study. Three (3) participants
were selected each day for the IDI while the KII was also used for healthcare workers
who met the inclusion criteria until the point of saturation was reached. Saturation
was determined when no new information was emerging from the study partici-
pants. A total of fifteen (15) participants reached saturation, including 10 parents of
children with CP and 5 health care providers. The study purposefully identified and
selected ten (10) children with CP who are eligible for the study at the school level
based on age, sex, and disability and proceeding to their homes to consent to their
parents or caregivers for recruitment for IDIs. Also, five (5) health facilities both
private and public in the Greater Accra Region were selected for KII based on special-
ized and generalized healthcare services provided.

2.7 Data collection tools

An interview guide, a field notebook, a voice recorder, and a field diary were used
to collect data during the study. The interview guide for both IDIs and KIIs contained
questions and probes on; the knowledge of parents on the Persons with Disability Act
of Ghana, NHIS, perceptions of parents about the implementation of the National
Health Policy in Ghana, parental factors in accessing health care, healthcare factors
(challenges), and specialized services available for children with CP. Both in-depth
interviews and key informant interviews were recorded using a voice recorder and
field diary to take key notes found on the field.

2.8 Data analysis

All IDIs and KIIs were recorded with the participants’ permission. Interviews
conducted in the local dialect were transcribed literally into English by the research
assistant who was conversant with the language. All transcriptions were confirmed
and transported into Nvivo version 12. The coding of themes was developed themati-
cally in line with the objectives of the study and emerging themes in the field. The
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inductive and deductive approaches were used in the coding process. Themes were
summarized into appropriate sub-headings using queries. A codebook was developed
for themes that will emerge during interviews on the field and appropriate excerpts
were used to support the theme.

3. Results
3.1 Knowledge of National health policy in Ghana

The study revealed that the majority of the participants had a fair knowledge of
the National Health Policy in Ghana, and explained it as a policy that aims to promote
health for everyone in Ghana. Some participants also explained the National Health
Policy according to their understanding of health in the Persons with Disability Act
(Act 715) and the NHIS in Ghana (Table 2). The participants were therefore asked
about their knowledge of health in the Persons with Disability Act. The participants
described health in the Persons with Disability Act as a means of getting access to
healthcare services without any barriers and discrimination. Participants believed
that the health in Persons with Disability Act means having access to healthcare ser-
vices without any discrimination, physical and attitudinal barriers as well as accessing
free specialized services in the public health facilities (Figure 2). The belief of having
access to healthcare services without any barrier was universal among the partici-
pants. Those who hold these beliefs also indicated that the persons with disability act
mandate the State to provide financial support to persons with disabilities. The study
showed that the participants were knowledgeable about the NHIS. The respondents
emphasized how the NHIS serves as a safety net and has replaced the cash-and-carry
system of service delivery. Some of the respondents also attributed the NHIS as the
means of ensuring sustainable financing for health.

3.2 Perception of the implementation of the National health policy in Ghana

The study findings showed that participants agreed on the implementation of the
National Health Policy of Ghana. Participants were asked questions about their per-
ception of health in the implementation of the Persons with Disability Act and on the
NHIS (NHIS). Some of the perceptions revealed in this study were the ineffectiveness
of the Persons with Disability Act, poor quality health service, and less health service
coverage by the NHIS. It also showed that participants were unanimous on the health
service coverage by the NHIS. All participants acknowledged that the NHIS does cover
some aspects of healthcare services like consultation fee, patient card, half of the lap
fees, part of medication, and one-month cost of physiotherapy but does not cover
tertiary services like surgery and some specialized services like speech and language
therapy, occupational therapy among others. Participants revealed in the study that
these tertiary and specialized services are constantly needed by children with CP.

3.3 Parental factors

The choices made by parents as to whether to seek healthcare for their children
with CP is dependent on other factors. According to Khatri and Karkee [14], parental
factors are more likely to shape the health-seeking behavior of individuals. Study par-
ticipants were therefore asked questions on parental factors that can influence access
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Concepts

Operational definitions

1. Approachability/Accommodation

The extent to which health care services are provided in
different ways to meet the health needs of clients irrespective
of barriers.

2.

Acceptability

The level of comfort existing between client and provider with
fixed characteristics including sex, age, race, ethnicity among
others.

3.

Affordability

The relationship between providers charges and the client’s
ability to pay for services; Cost of service covered by health
insurance and client’ ability to pay the amount left.

4.

Appropriateness

The ability of health providers to properly use health services,
products, and resources for the benefit of clients.

5.

Availability

Provider’s ability to have all the required resources needed to
meet the client’s health needs.

Source: [13].

Table 2.

Dimensions of access to health care services.

Figure 2.
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to healthcare services for children with CP. From the study findings, participants
mentioned knowledge of disability, perception about disability (CP), income spent
on child’s health care, transportation cost, and satisfaction as factors that influence
access to healthcare services for children with CP (Figure 2).

3.3.1 Causes of disability

Concerning knowledge of the causes of disability, some participants attributed it
to spirituality, brain damage (medical condition), and diseases. Some participants
believe that haters from families can make a child have a disability through witchcraft
and voodoo especially when the child has a bright future. The study revealed that
parents with such beliefs do not seek medical care for their children but rather seek
spiritual healing for their children with CP.

3.3.2 Symptoms of CP

Regarding the signs and symptoms of CP, the following were mentioned: poor
eye contact, poor posture, and balance, communication, as well as impaired fine and
gross motor function.

3.3.3 Treatment

Considering treatment, the majority of the respondents believed that CP cannot
be treated (cured) but can be managed through the following means: Specialized
healthcare services including physiotherapy, occupational therapy, speech and lan-
guage therapy, and generalized healthcare services including primary healthcare like
screening and health checkups. The majority of the respondents with this knowledge
seek healthcare for their children with CP as revealed in this study.

3.3.4 Perceptions of disability

The results of the study also revealed that respondents share different percep-
tions of disability. Some of the respondents mentioned that disability can result in
stigmatization, discrimination disrespect, loneliness, depression, and even suicide.
Respondents agreed that when someone has a disability stigmatization and discrimina-
tion inevitably lead to depression, loneliness, and suicidal ideation. The study showed
that respondents with such perceptions feel reluctant to seek healthcare for their wards
with CP with the fear of being stigmatized and discriminated against. Some partici-
pants also mentioned that disability can be frustrating and lead to the loss of a job.

Participants believed that negative perception about disability may lead to less
access to healthcare services for children with CP while the positive perception may
lead to frequent access to healthcare services. Respondents with a negative perception
of disability do not seek regular healthcare for their children with CP but rather go to
seek spiritual healing for their wards with CP. Also, it was revealed that respondents
with positive perceptions frequently seek healthcare for their children with CP.

3.3.5 The financial burden on a child with CP health care

The study showed that the majority of the respondents are not able to access
healthcare for their wards with CP as they spend a greater part of their income on
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their child’s health. Participants agreed that the healthcare needs of children with
CP are a lot and most expensive. They stated that specialized services like physio-
therapy, occupational therapy, speech and language therapy, and special nutrition
help to manage children with CP but these services are expensive and sometimes
they find it difficult to access (Figure 2). However, some participants also specified
that because of the expensive nature of specialized services they tend to do basic
physiotherapy for their wards in their homes since they cannot keep up with the
services in the hospitals. Participants were unanimous on how they spend so much
money on both primary and secondary healthcare services for their children with CP
and this discourages them from accessing healthcare services for their children with
CP. Parents of children with CP all agreed that income level may influence access

to healthcare services in either a positive or negative way depending on the kind of
job a parent has (Table 2). The study revealed that access to healthcare services for
children with CP is higher among parents with a higher income than those with a
lower income. Some participants also stated that the kind of job one does determine
the level of income.

3.4 Transportation

The study revealed that parents of children with CP do experience transporta-
tion problems and that discourages them from accessing healthcare services for
their children with CP. All participants agreed that transportation is another factor
that influences access to healthcare services. The majority of the participants
stated that their means of transportation to the hospital is public transport (trotro,
taxi, uber). All participants mentioned that transportation problems include
access to public transport, transportation cost, and stigmatization in public
transport.

Concerning access to public transport majority of the respondents agreed that
most public transport designs are not accessible and friendly to children with CP.

This makes it difficult for them to access public transport to a health facility. It was
also revealed in this study that all respondents agreed there is no designated space for
persons with disabilities inside public transport. This makes them feel very uncom-
fortable when using public transport to a health facility. Findings from this study
showed that respondents who use public transport do not frequently access healthcare
services for their children with CP as they are discouraged from all the hustle and
frustration, they face from accessing public transport.

Some of the participants asserted that transportation cost to the closest health
facility is expensive and, in most cases, uber or taxi drivers do not want to render
services to them due to their children with disabilities. Participants also believed
that commercial drivers (uber and taxi) charge them a higher cost because of their
children with disabilities. The study found that passengers, conductors (mate), and
commercial drivers (trotro) do stigmatize parents of children with CP when boarding
a car to a health facility. Study participants specified that passengers do not want to sit
by them with the belief that they will end up having a child with a disability and also
bus conductors (mate) and commercial drivers (trotro) also ask them to pay for the
entire seat or else they will not pick them up. This discourages parents from accessing
healthcare for their children with CP.

Also, some respondents mentioned that stigmatization from passengers, bus
conductors, and drivers do put them off sometimes and not access healthcare for their
child with CP.
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3.4.1 Satisfaction

The results of the study showed that participants agreed that satisfaction with
health care services does influence their access to healthcare. The participants
attributed satisfaction to quality health care, waiting time for treatment, and cost-
effectiveness of healthcare services. Respondents explained quality health care as the
one that is considered to be safe, efficient, inclusive, patient-centered, timely, and
that makes customers happy. Respondent also believed that when patients do not get
quality healthcare, they may reduce the number of times they visit a particular health
facility or they may stop accessing health care from those particular health facilities.

3.5 Identification of health service needs (health care factors)

From the study findings, participants were generally able to identify healthcare
factors that include specialized services availability, proximity to an available health
facility, availability of specialist healthcare providers, accessibility of building and
equipment, and healthcare provider’ attitude do influence access to healthcare
services for children with CP (Figure 2).

3.5.1 Availability of specialized services

Respondents mentioned some specialized services that health facilities need to
make available for children with CP, these include speech and language therapy,
physiotherapy, occupational therapy, behavioral therapy, augmentative communica-
tion, and dietary approaches. Respondents believed that these specialized services
help children with talking, walking, participating in the activities of daily life (such
as brushing teeth and getting dressed), interacting with others, learning social skills,
and managing their emotions. Study participants mentioned that they feel encour-
aged to access health care from health facilities that provide specialized services.

3.5.2 Proximity to an available health facility

All study participants mentioned that distance from a patient’s (clients) home to
the nearest health facility can influence access to health care. Participants believed that
clients are discouraged to access the closest health facility when they face a transporta-
tion problem and have to travel far distances. However, clients whose home is not too
far from the nearest hospital is encouraged to access healthcare for their child with CP.

3.5.3 Availability of specialist healthcare providers

From the study findings, participants acknowledged and stated that the availabil-
ity of rehabilitation specialists in health centers influences their access to healthcare
for their children with CP. Respondents asserted that some hospitals have specialized
services written on their signboards but do not provide such services because special-
ists are scarce. This influences their decision to access healthcare services from certain
health facilities. Respondents believed that rehabilitation specialists like physiothera-
pists, speech and language therapists, and occupational therapists are very few and
scarce in Ghana, especially in the rural areas. Respondents also asserted that they have
to travel long distances to access these specialized services in the urban centers which
sometimes transportation cost and rehabilitation cost becomes a challenge to them.
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Accommodations Suggested approaches

Using features of universal design equipment Height-adjustable examination tables, seated scales,
accessible wheelchair diagnostic equipment including
mammography equipment

Structural modification of facilities Configuring the layout of clinical examination rooms,
installing ramps and grab rails, ensuring barrier-free path
from transit to the clinic, widening doorways, installing
lifts, modifying washrooms (toilet and urinal), providing
adaptable seats for those who cannot stand.

Communicating health information in A health care provider can provide health information

appropriate formats in large prints, braille, picture format, audio, or even in
the video; speaking clearly and slowly to clients to ensure
understanding, providing sign language interpreting
services.

Using alternative models to deliver health service Using mobile clinic services, telemedicine, assistance
with transportation to a health facility.

Table 3.
Reasonable accommodation and suggested approaches.

3.5.4 Accessibility of building and equipment

Study participants agreed that many health centers are not disability-friendly.
They linked the accessibility of the building to the physical environment of the health
facility including entrance to consulting rooms, OPD, and top floors. Some partici-
pants also stated that equipment like standing frames, power tables, parallel bars, and
stand-assist devices in most hospitals are not friendly to children with CP (Table 3).
Participants believed that most rehabilitation equipment in certain hospitals is meant
for stroke patients and not for children with CP.

3.5.5 Healthcare providers attitude

Attitudes of healthcare providers play a significant role in parents’ decisions to
access health care for their children with disabilities. Some participants acknowledged
the fact that not all healthcare providers’ attitude is bad. However, the majority of the
respondents stated that their experience with healthcare providers has been bad and
that discourages them from accessing healthcare for their children with CP. It was
strongly perceived that bad behavior like discrimination from healthcare providers
towards parents of children with CP would rather discourage them from accessing
health care.

4. Discussion
4.1 Knowledge of National health policy

The level of knowledge of the National Health Policy was well known among
almost all the participants as it was considered a policy that aims to promote health
for everyone in Ghana. This view is similar to Vartan and Montuschi’s [15]‘s assertion
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that the national health policy has been developed to promote, restore, and maintain
good health for all people living in Ghana. Participants also explained their knowl-
edge of the national health policy from the persons with disabilities Act perspective as
a means of getting access to healthcare services without any barrier or discrimination.
This finding in this study is consistent with the Americans with Disability Act (1990)
Section 504 of the Rehabilitation Act that forbids discrimination based on disability
and also the Person with Disability Act (2006) of Ghana Section 4 (1) and (6) that
prohibit discriminate, exploit or to subject a person with disabilities to abusive or
degrading treatment.

The present study findings indicate that the majority of the respondents had
sufficient knowledge regarding the NHIS (NHIS) describing it as a safety net that
replaces the cash and system of service delivery in Ghana. This finding is in agree-
ment with a study conducted by Akande and Akande [16] on “The Awareness and
Attitude of Practitioners on NHIS in Llorin showed that all respondents were aware
of the scheme but only a few did not know. Another study conducted by Dixon et al.
[17] on “Ghana’s NHIS: a national level investigation of members’ perceptions on
service provision in Ghana” found that the NHIS replaces cash-and-carry, which
required individuals to make a payment from their pockets at service usage. However,
another study by Gopalan and Durairaj [18] showed that better-educated individuals
can access diverse sources of information, correctly process and take advantage of
benefits than those who are less educated and those without formal education. Those
who could not afford to spend more on the healthcare needs of children with CP may
adopt other coping mechanisms such as alternative care, presenting late at the health
facilities, or not receiving care at all.

4.2 Perception of implementation of National health policy

Findings from this current study revealed that respondents are influenced in
accessing health care for their wards even when they are insured as they perceived the
implementation of the National Health Policy to be ineffective concerning poor-
quality health service for the insured. This finding is similar to Bruce et al. [19] study
results on “The perceptions and experiences of health care providers and clients in
two districts in Ghana” which showed that insured clients are not satisfied with the
healthcare they received and perceived that they were given poorer quality services
and tend to wait longer as compared to those making Out of Pocket Payment (OOP).
The present study also revealed that the implementation of the National Health Policy
is ineffective as respondents perceived that it does not cover major specialized ser-
vices and treatment for children with CP. This study finding is in contrast to Dalinjog
and Laar’s [20] study on “The effectiveness of the National Health Policy in Ghana”
which found that both insured and uninsured respondents had positive perceptions
and were satisfied with the care provided.

4.3 Parental factors

The study discovered that participants were generally aware of some of the
factors that influence access to healthcare services among children with CP. A study
conducted by Khartri and Karkee [14] showed that distance to health facilities, social
support, age, the behavior of health workers, and access to quality health services
shapes how parents access healthcare for their children and themselves. This find-
ing is in agreement with Boz et al. [21] study on “The affecting factors of healthcare
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services demand in terms of health services use: A field application in Edirne city”
found that personal income, gender, attitudes, and behaviors of physicians affect
access to healthy demand. In the same study, it was reported that family members,
perception of economic level, attitudes, and behaviors of physicians were found to
influence health demand. Findings from this current study revealed that participants
know about disability regarding the causes, signs, and symptoms as well as treatment
for children with CP. This positively influenced parents’ access to healthcare for their
children with CP. This finding is consistent with Matt’s [22] study on “Perception of
disability among caregivers of children with disabilities in Nicaragua” which found
that parents with higher education have a better understanding and knowledge of
their children’s disability and frequently access health care services for their wards
than parents with lower or no education. The current study findings also agree with
Khatri and Karkee’s [14] assertion that illiterate parents who belong to the lowest
wealth quintile have lower access and use of healthcare for their children with CP.

Also, considering the causes of disability, this current study revealed that respon-
dents know the causes of disability. Findings from the study showed that disability
can be caused by disease and neurological problems leading to brain damage. This
finding is in agreement with the Center for Diseases Control and Prevention [23]
assertion that risk factors such as infections during pregnancy, premature birth, and
diseases like jaundice can cause CP.

Respondents in this study linked signs and symptoms of CP to poor eye contact,
poor posture and balance, communication difficulties, and impaired fine and gross
motor function. This finding agrees with the CP Alliance [24] assertion that children
with CP show signs and symptoms like swallowing difficulties, poor muscle spasms,
low muscle tone, poor muscle control, reflexes, and posture, drooling, developmental
delay, gastrointestinal problems, and not walking by 12-18 months. It was found
from this study that treatment for children with CP includes physiotherapy, occupa-
tional therapy, and speech and language therapy. This finding is consistent with the
CP Guide [25] statement that children with CP can improve their motor skills with
alternative therapy, medication, and surgery through multidisciplinary teams such
as neurologists, orthopedic surgeons, developmental pediatricians, physiotherapists,
occupational therapists, nutritionists, respiratory therapists, psychologists to assess
ability and behavior and speech and language, therapist.

It was also found in this study that perceptions of parents about their children’s
disability (CP) also influence their decision to access healthcare for their children
with CP. It was also established that stigmatization, discrimination, disrespect, loneli-
ness, depression, and suicidal ideation are linked to disability (CP). This is similar to
Physioplus’s [26] assertion that families with a child with a disability are more prone
to depression, suicide, financial problem, relationship challenges, divorce, and bank-
ruptcy. This statement is also in line with another study by Butchner [27] on “society’s
attitude towards persons with disabilities” which found that society perceives that
disability is a curse and punishment from ancestors and gods. Also, Duran and Ergun
[28] in their study on “The stigma perceived by parents of children with disability: an
interpretative phenomenological analysis study in Balikesir found that the majority
of people often have negative perceptions and stigmatizing attitudes towards children
with disabilities (CP) and their families. In the same study, it was found that parents
of children with disabilities cope with insults and rude behaviors from community
members while they struggle with the challenges of their children with CP. This is
similar to a previous study by Opoku et al. [6] who affirmed that persons with dis-
abilities are severely stigmatized, discriminated against, and excluded from all forms
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of the development process resulting in limiting their opportunities to be engaged in
decision-making and accessing healthcare.

Income was found from this current study to influence parents’ access to health
care services for their children with CP. Respondents emphasized that the level of
income of a parent is dependent on the kind of job the parent does. This present study
revealed that parents of children with CP who have no jobs find it difficult to access
healthcare services for their wards due to the cost of treatment. This finding is in line
with DeVoe et al. [29] assertion that children with CP from lower-income families
experience more gaps in healthcare than children with CP from higher-income
families.

Moreover, this study discovered that transportation is another factor that influ-
ences access to health care. Findings from this study indicated that transportation
cost, distance to the nearest health facility, and stigmatization from drivers, passen-
gers, and bus conductors (mate) influence respondents’ ability to access healthcare
services for their children with CP. A previous study showed that healthcare utiliza-
tion is influenced by the direct costs of healthcare services, travel time, and patient
income [30]. This is in line with another study conducted by Bulamu Healthcare [31]
in Uganda which specified that patients complain about poor sanitation, lack of drugs
and equipment, long waiting times, rude behavior of health workers, and poor refer-
rals. However. in that same study it was revealed that over 8000 rural Ugandans travel
as far as 50 miles to attend a Bulamu weeklong medical camp for healthcare.

Also, findings from this present study showed that respondents are not satisfied
with the waiting time and cost of health care services. Respondents from this present
study linked healthcare satisfaction to quality health care, waiting time for treatment,
and cost-effectiveness of healthcare services. This assertion is consistent with Khatri
and Karkee’s [14] statement that quality health care accounts for patient satisfaction
especially in terms of waiting time, cost of service, coordination, information, and phy-
sician’s behavior. This finding agrees with Janzek-hawlat’s [3] findings that some physi-
cians in public health facilities can be very rude due to the workload mounted on them.

4.4 Healthcare factors

Considering specialized services available, the present study found that respon-
dents were informed about the available specialized services for their children with
CP. It was discovered that speech and language therapy, physiotherapy, occupational
therapy, behavioral therapy, augmentative communication, and dietary were some
of the specialized services available but scarce and that makes it difficult to access
healthcare for their children due to waiting time for treatment. Respondents in this
present study believed that children who can access these services will be able to walk,
interact with others through play, learn social skills, seat properly, and have good
muscle and neck control as well as good balance and body posture. This finding agrees
with Baler’s [32] study on “Current Rehabilitation Methods for Cerebral Palsy” which
found that children with CP that undergo muscle strengthening training, manual
stretching, massage, neurodevelopmental treatment, conductive education, speech
and language therapy, occupational therapy, and dieting have good body posture, bal-
ancing, neck coordination, strong muscle control and can walk sometimes. However,
the lack of appropriate services for individuals with CP is a significant barrier to
health care. For instance, qualitative research in Uttar Pradesh and Tamil Nadu states
of India revealed that after the cost, the lack of services in the area was the second
most significant barrier to using health facilities [8, 9].
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Also, it was found from this current study that proximity to an available health
facility is another factor that influences access to healthcare for children with CP.
From the study, respondents were discouraged to access the nearest health facility
when transportation and distance to the health facility are problems. This finding is
similar to Awoyemi et al. [33] study on “Effect of Distance on Utilization of Health
Care Services in Rural Kogi State in Nigeria” which found that distance and total cost
of healthcare affects the utilization of both public and private hospitals. This find-
ing also agrees with Nesbitt et al. [34] study on “Barriers and facilitating factors in
access to health services in the Republic of Moldova” which found that distance from
a health service provider, travel time, and waiting time to see a health professional is
are strong factors that influence access to health care.

Moreover, the availability of specialists in hospitals was found in this present
study to be scarce in most hospitals, and because of that, only a few respondents
travel a long distance to access these specialized services for their wards. This finding
is consistent with WHO [35] reported that the registered number of rehabilitation
specialists is far below the required minimum of 750 per 1 million even in developed
countries. In addition to this, the present study revealed that most public and private
hospitals are not environmentally friendly for children with CP who use wheelchairs.
Respondents asserted that most public hospitals do not have elevators and ramps
making it difficult to access healthcare services for their wards. This finding is in
line with Jamshidi et al. [36] study on “The effects of environmental factors on the
patients’ outcomes in hospital environments: A review of the literature” found that
medical equipment adaptability, unit layout, room features, ramps, and elevators
affect patients’ access to healthcare. Another study by Douglas and Douglas, [37]
revealed that patients’ need for personal space, a homely welcoming atmosphere, a
supportive environment, ramps, and elevators influence access to their healthcare.
Cristina and Candidate [11] also found in their study that out of 256 respondents, 9
(4%) were not able to access the building and 47(18%) were not able to be transferred
from their wheelchair to the examination table.

It was also found from this study that some healthcare providers discriminate
against parents of children with CP when seeking primary healthcare services
and physiotherapy. This finding agrees with the WHO [8, 9] report that parents
of children with disabilities face stigmatization and discrimination in most health
facilities. This finding is also in line with Rogers et al. [38] study on “Discrimination
in healthcare settings is associated with disability in Older Adults: Health and
Retirement Study, 2008-2012” which revealed that 12.6% experienced discrimination
infrequently whilst 5.9% experienced discrimination frequently.

5. Conclusion

The study established that many respondents believed that most healthcare
facilities are not physically accessible due to the absence of ramps and elevators.
Respondents are discriminated against and stigmatized both in hospitals and on
public transport. It was also found that many public means of transport are not
accessible to children with CP. Respondents believed that the National Health Policy
is ineffective and the NHIS does not cover a wide range of services for children with
CP. Moreover, the study also pointed out that the majority of the respondents seek
medical care for their children with CP however others also seek spiritual healing for
their children with CP.
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Chapter7

The Japan Obstetric Compensation
System for Cerebral Palsy: Novel
System to Improve Quality

and Safety in Perinatal Care

and Mitigate Conflict

Shin Ushiro

Abstract

The Japan Obstetric Compensation System for Cerebral Palsy was launched in
2009 in response to a shortage of obstetricians and a surge in disputes. The system is
characterized by the provision of no-fault compensation, investigation, and preven-
tion. We have certified more than 3000 cerebral palsy cases for compensation and have
delivered investigative reports, prevention reports, and educative media for profession-
als and expectant mothers. We have also produced recapitulation of individual inves-
tigative report to be uploaded on the webpage of the system to enhance transparency.
The disclosure is reviewed to be consistent with lately revised Personal Information
Protection Law in 2020. In order to expand the system by revising eligibility criteria,
the system was and will be reviewed in 2015 and 2022. The new criteria that were
crafted in ad-hoc committee in 2019-2020 will be applied in 2022 and later. As such,
the system has been a significant part of perinatal care delivery system in Japan.

Keywords: cerebral palsy, the Japan Obstetric Compensation System for Cerebral Palsy,
Japan Council for Quality Healthcare, no-fault compensation

1. Introduction

The Japan Obstetric Compensation System for Cerebral Palsy [1-4] was launched
in 2009 by the Japan Council for Quality Health Care (JQ) as operating organization,
with the background of a shortage of obstetricians in Japan and a surge in disputes
particularly caused by occurrence of cerebral palsy (CP). More than 10 years have
passed since the system commenced, and it has given rise to enormous achievements
such as early resolution of disputes displayed in the rapid decrease in the number
of lawsuit statistics and quality improvement of perinatal care. It is of note that the
system was designed in an introductory committee in the presence of range of stake-
holders such as professional organizations, academic organizations, insurance firm,
lawyers, and patient representatives. They have been involved in implementing the
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system that was helpful in obtaining confidence in the system. Here, in this article,
current status of the system and challenges ahead are described.

2. Background to the launch the system
2.1 Perinatal care and conflict

Among the disputes, those related to cerebral palsy were said to be a heavy
burden for obstetricians because the cause of cerebral palsy was often unknown.
In discussions with perinatal care professionals in Japan and abroad, it has been
said that cerebral palsy is one of the causes of disputes, including court cases, and
of obstetricians leaving their jobs, not only in high-income countries but also in
middle-low-income countries (LMICs). In cases where a child is born in a distressed
status despite normal course of pregnancy and delivery, or where the child’s neuro-
logical deficits become apparent to develop profound cerebral palsy in spite of little
or no findings on hypoxic condition during delivery, the family’s sentiment may
become complicated due to uncertainty on the cause of cerebral palsy and a dispute
may arise. Therefore, obstetricians had been discussing for many years the estab-
lishment of a compensation system that runs on no-fault basis in anticipation for
mitigating the conflict.

2.2 Deliberation on establishing no-fault compensation system

Discussions on the establishment of a no-fault compensation system have been
held by the Japan Medical Association (JMA) since the 1960s. In the report entitled
“Report on the Legal Response to Medical Accidents and Its Basic Theory” published
in 1972, the following recommendations were set forth [5].

i.In the event of a medical accident, if the physician’s practices are deemed to be
negligent through a rigorous examination, he or she will be immediately held
responsible for compensation.

ii. Compensation should be established on a national scale to provide relief for seri-
ous damage inevitably caused by physicians whose practices are not negligent.

iii. The establishment of a dispute resolution procedure as a national system sepa-
rate from the current court system.

The JMA physician liability insurance system was established in 1973 in response
to (i), but the other two items were not materialized for decades that followed. With
decades passing by, the shortage of physicians in obstetrics and gynecology and the
declining birthrate became social problems. In January 2006, the JMA made a propo-
sition in its report entitled “Aiming at the establishment of a disability compensation
system for medical care” stating “Ideally, it is desirable to implement a no-fault com-
pensation system for entire medical specialties” and “however, neurological sequelae
related to childbirth (so-called cerebral palsy) is prioritized for no-fault compensa-
tion.” In August of the same year, they presented the details on the novel system [6].
Furthermore, in November of the year, “A Framework for a No-Fault Compensation
System in Obstetrics” (Study Group on Medical Dispute Resolution, Social Security
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No-fault compensation/investigation/prevention system for cerebral palsy, 2009.

System Study Group, Political Research Committee of the Liberal Democratic Party
(LDP)) was published that was followed by growing anticipation to launch the
system. It depicted that the novel system is equipped with two pillars such as compen-
sation on no-fault basis and investigation and prevention. At the same time, relevant
organizations and groups expressed their concern and requested that the JQ should
be an operator of the system. Accordingly, the Preparatory Office for the novel system
was installed in the JQ in February 2007 that served as secretariat for the Introductory
Committee for the novel system. In March 2008, the Board of Directors of the JQ
formally decided to be the operating organization. All in this way, the system has been
in operation since January 2009 (Figure1).

2.3 Registration of childbirth facility

The system was launched and being hailed by professional societies such as the
Japan Association of Obstetricians and Gynecologists (JAOG) and Japanese Midwife
Association (JMA). They, therefore, helped the JQ to involve childbirth facilities
across Japan for registration in the system. Although there is no legislation that
mandates them participate in the system, the JQ successfully observed extremely high
registration rate in the system as high as 99.9% achieved in close cooperation with the
societies and relevant stakeholders [7] (Table1).

Type of facility No. childbirth facilities No. participating facilities % Participation
Hospital 1173 1173 100.0
Clinic 1557 1555 999
Birth center 445 445 100.0
Total 3175 3173 999’

“Institutions not registeved: 2 clinics.

Table 1.
Registration vate by type of facility. As of November 30, 2021.
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2.4 Review and compensation

The scope of those eligible for compensation must meet the general criteria,
which consists of birth weight and weeks of pregnancy, or the individual criteria
when the weeks of pregnancy are less than the general criteria : 28 weeks or more of
pregnancy, case-by-case criteria: umbilical artery blood pH less than 7.1, meeting one
of the prescribed patterns in the fetal heart rate labor diagram (CTG) that indicate
hypoxia in the fetus, etc., meets severity criteria: degree equivalent to level 1 or 2 of
the physical disability grade defined in the Welfare for the Disabled Act, and does
not meet the exclusion criteria such as cerebral palsy obviously caused by congenital
factors or factors taking place in neonatal period and later [8]. Even if congenital
factors (brain malformation, genetic abnormality, chromosomal abnormality, etc.)
exist, patients are not necessarily excluded because the factors may not be the obvious
cause of profound CP. Decision for approval is made based on medical examination
as to what caused profound CP that applicant suffers. The general criteria and case-
by-case criteria were revised in reference to aggregated data and scientific progress on
cerebral palsy. The latest criteria that applied to cerebral palsy who were born in 2022
or later does not include case-by-case criteria due to expansion of general criteria so
that more cerebral palsy would be covered (Table 2). The revision of the criteria is
described later.

As of June 2021, 3374 cases have been approved for compensation, and payment
for the cases have been swiftly made or in progress. The annual number of persons
eligible for compensation to such criteria as 2009 and 2015 criteria that have been
confirmed so far is 419 in 2009, 382 in 2010, 355 in 2011, 362 in 2012, 351 in 2013,
326 in 2014, and 376 in 2015. For children born in later years, the application is still
allowed until they are 5 years old (Table 3). It should be noted that the number of
approved patients rose to a certain extent in 2015 because new criteria that could
cover more cerebral palsy were applied. In addition, applicants of uncompensated
cases may apply to the Appeal Committee if they are not convinced on the results of
the review.

A uniform compensation of 30 million yen is paid for each case once approved by
the Review Committee. There are two different ways applied to the payment such as
lumpsum payment and annual installment that continue 20 times (Figure 2). If child-
birth facility is liable for the development of cerebral palsy, the compensation and the
damage payment are adjusted to eliminate duplicative payments. In other words, the
child and the family cannot receive both the compensation and the damage payment in
the system [9].

3. Investigation
3.1 Production of investigative report

The purpose of the investigation is (i) to analyze the case from a medical point of
view based on record and data on the cerebral palsy to learn knowledge for prevention
and (ii) prevent conflict between childbirth facility and patient/family and bring it
to early settlement by sharing investigative report for mutual understanding on the
childbirth event. Unlike court system, this is a process of analysis genuinely from
medical and midwifery point of view [10].
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2009-2014 2015-2021 2022-
General 33rd week or later and 32nd week or later and 1400 g or over 28th week or later
criteria 2000 g or over
Case-by- “28th week or later” AND “28th week or later” AND “A) OR B)” None
Case ‘A) ORB)” (A) Umbilical cord arterial blood pH;
(A) Umbilical cord arterial ~ less than 71
blood pHj; less than 7.1 (B) Specific deceleration patterns* on
(B) Specific deceleration CTG
patterns® on CTG * Any patterns of a-h”
* Any patterns of “a” AND a. Abrupt and persistent bradycardia
“any of b-d” b. Late decelerations observed at 50%
a. Loss of variability of or over of uterine contractions
the baseline c. Variable decelerations observed at
b. Late decelerations 50% or over of uterine contractions
observed at 50% or over d. Loss of variability of the baseline
of uterine contractions e. Severe deceleration with loss of
c. Variable decelerations variability of the baseline
observed at 50% or over f. Sinusoidal pattern
of uterine contractions g. Apgar scoreat 3 or less at 1 min
d. Severe bradycardia after birth
with reduced variability h. Arterial blood gas pH less than 7.0
of the baseline within 1 hour after birth
Exclusion a. Congenital causes a. Congenital causes a. Congenital causes
Bilateral diffuse Bilateral diffuse cerebral malformation,  Bilateral diffuse
cerebral malformation, chromosomal disorders, genetic cerebral malformation,
chromosomal disorders, disorders, congenital metabolic chromosomal disorders,
genetic disorders, disorders or other congenital genetic disorders,
congenital metabolic abnormalities congenital metabolic
disorders or other b. Neonatal causes disorders or other
congenital abnormalities Encephalitis, brain injuries etc. that congenital abnormalities
b. Neonatal causes obviously take place after birth b. Neonatal causes
Encephalitis, brain injuries Encephalitis, brain
etc. that obviously take injuries etc. that obviously
place after birth take place after birth
Impairment  1st-2nd degreei.g. 1st-2nd degree i.g. wheelchair defined 1st-2nd degree i.g.
degree wheelchair defined in the in the Act on Social Care for the wheelchair defined in the
Act on Social Care for the Disabled Act on Social Care for the
Disabled Disabled
Table 2.

Eligibility criteria: criteria of 2009, 2015 and 2022.

The Investigation Committee holds seven subcommittees to compile a draft report
(Figure 3). One committee is composed of 14 members: nine obstetricians including
the chairperson, two pediatricians, one midwife, and two lawyers. The role of the
medical members is to analyze the case from medical viewpoint, while the lawyers
provide views so that the report will be easy for patient/family to understand. A
working manual was crafted to ensure that the reports are compiled in standardized
fashion. The draft report compiled therein is reviewed in the Investigative Committee
for approval. At the same time, a “summarized edition” of the investigative report is
issued with personal identifiers deleted and held available on the system’s website for
prevention and improvement of perinatal care.
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Birth No. case Eligible Not-Eligible Petition
year reviewed b ligible Not Preliminary  Total Review in
Eligible to review progress

2009 561 419 142 0 142 0 Expired
2010 523 382 141 0 141 0 Expired
2011 502 355 147 0 147 0 Expired
2012 517 361 155 0 155 0 Expired
2013 476 351 125 0 125 0 Expired
2014 469 326 143 0 143 0 Expired
2015 475 376 99 0 99 0 Expired
2016-2019 933 803 81 41 122 8 Valid
Total 4456 3374 1033 41 1,074 11

Table 3.

Statistics of eligible case by birth year.

4 Lump-sum payment N ( Annual installments

To compensate for To compensate for annual
expenses on nursing case

facilities +
6 million JPY total 24 million JPY
(57,000 USD) (228,000 USD)

\

nursing care expenses

Figure 2.
Sum of compensation payment (30 million JPY = 342,000 USD).

3.2 The relationship between the disclosure of the “Synthesized edition” of
the investigative report and the latest revision of the Personal Information
Protection Law and relevant administrative guidelines

The “Synthesized edition” of the investigative report has been published and
posted on the website as one of the products of the system [11]. They have been
referred by parents, patient groups, and medical professionals for various purposes
such as confirming transparency and improving quality of perinatal care through
scientific research. The revised Act on the Protection of Personal Information
was enacted and promulgated in 2015 and fully enforced on May 30, 2017, which
unprecedentedly forced the “Donor rule” applicable when we consider if the data
we disclose on the web is “Personal information.” “Personal information” shall be
provided to third parties through the prior consent of an individual to which the data
belong with some exceptions such as the data provision for promoting public health.
The “Donor rule” states that the data is defined as “Personal information” when the
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Production of standardized investigative report.

donor of the data, i.e., the JQ can identify an individual from whom the data derive
even if recipient of the data, i.e., the general public does not know whose data it is.
Accordingly, the “Synthesized edition” that had been available on the website turned
out to be “Personal information” that could be transferred to third parties principally
through prior consent procedure. Therefore, the “Synthesized edition” posted on the
website, for which consent of family and childbirth facility for the disclosure had not
been obtained, had to be temporarily withdrawn from the website, and the Steering
Committee took deeper dive into the issue from a broad perspectives such as purpose
and impact of the disclosure and procedures required for the disclosure in consistent
with the revised Personal Information Protection Act [12].

In January 2019, the JQ consulted with legal experts and the government officials
again on this issue. In light of their comments and guidance, the JQ decided to make
efforts in obtaining the consent of the guardians, the childbirth institutions, and the
relevant medical institutions on all the “Synthesized editions” in response to the public
concern on the system and the changing public view with regard to the handling of per-
sonal information, although the JQ believed that it fell under the exceptions for obtain-
ing prior consent to the provision of personal information to third parties in the revised
Personal Information Protection Act (Table 4). Later, when the JQ’s policy on disclosure
of the “Synthesized edition” was proposed at the 40th Steering Committee meeting held
in January 2019, comments such as “all synthesized editions should be disclosed on the
web as they were” and “The JQ should clarify the reasons for no-consent by guardians
and/or childbirth facilities in detail” were raised from many of committee members.

Article 23

A business operator handling personal information shall not provide personal data to a third party without
obtaining the prior consent of the individual, except in the following cases

(i)-(ii) Omitted. (iii) When it is particularly necessary for the improvement of public health or the promotion of
the sound growth of children, and it is difficult to obtain the consent of the person concerned.

Table 4.
Article 23, paragraph 1, item 3 of the Personal Information Protection Act.
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In February 2019, the JQ conducted a questionnaire survey targeting guard-
ians and childbirth facilities to get hold of the reasons why they answered “agree”
or “disagree” on the disclosure of the “Synthesized edition.” At the 41st Steering
Committee meeting held in August 2019, the JQ reviewed the aim and value of this
system to consider if we should disclose all the “Synthesized edition” that achieves
public good such as quality improvement in perinatal care as only about 3/4 of the
“Synthesized edition” is agreed on the disclosure [13]. The JQ concluded at that time
that it continued its efforts to improve the rate of consent on disclosure and consulted
with the relevant ministries and the government to explore measures to disclose more
“Synthesized editions” on the web.

In December 2019, the Personal Information Protection Committee in the gov-
ernment published the “Outline of the Amendment of the System for the So-called
Triennial Review of the Personal Information Protection Act” (Table 5), and in
January 2020, the Ministry of Health, Labor and Welfare (MHLW) presented a new
commentary (Table 6). At the 42nd Steering Committee held in February 2020
and the 43rd Steering Committee meeting held on July 3, this issue was discussed to
eventually compile an audacious policy on releasing all the “Synthesized editions”
on the web. In the meantime, at the 94th meeting of the Investigation Committee

3. Clarification of the exception defined in the law pertaining to the handling of personal information for the
purpose of public interest

With the rapid progress of information and communication technology, it has become possible to collect and
analyze big data such as customer information. In this context, Japan is aiming to realize Society 5.0, which is a new
society in which advanced technologies such as big data analysis are incorporated into all industries and social life
to achieve both economic development and solutions to social issues. As social issues become more diverse, it is
desirable to support an environment in which businesses can make use of data in order to efficiently and effectively
solve these issues.

With regard to this point, the current Personal Information Protection Act has exceptions to the limitation of

the purpose of use and provision to third parties, such as “when it is necessary for the protection of the life,

body, or property of an individual and it is difficult to obtain the consent of the individual” and “when it is
particularly necessary for the improvement of public health or the promotion of the sound growth of children
and it is difficult to obtain the consent of the individual.” The use of personal information for public benefit is also
considered acceptable in certain cases. However, since there is a tendency that these exceptions have been strictly
applied so far, it is necessary to provide specific examples in guidelines and Q&As according to the expected
needs. Therefore, we will promote the utilization of personal information that benefits the entire nation, such

as the resolution of social issues, by providing specific examples in the guidelines and Q&As according to the
expected needs.

For example, a case in which a medical institution or a pharmaceutical manufacturer uses the information for the
purpose of contributing to the development of medical research in order to realize healthcare services, drugs, and
medical devices of high quality in terms of safety and effectiveness.

Table 5.
The Personal Information Protection Law, dubbed as Triennial Review, Outline of System Revisions (December
13, 2019) (excerpt).

In December 2019, the Personal Information Protection Committee released the “Personal Information Protection
Act: dubbed as Triennial Review: Outline of Revisions,” which also states that “the handling of personal
information in the private sector is a matter for each business operator to decide. Therefore, it would be desirable
for the JQ to consider the policy again, taking into account the balance between the promotion of public health
and the protection of personal information. In addition, the MHLW has no objection if it is widely accepted by the
society to disclose the summarized edition of all investigative reports as they were””

Table 6.
Commentary issued to the JQ by the Ministry of Health, Labor and Welfare.
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held on June 10, the following comments to support the full disclosure were pro-
posed: “In the Investigative Report, the causes of cerebral palsy are analyzed in
detail and carefully for each case. So, they are worthwhile to disclose, and “All the
“Synthesized editions” need to be disclosed on the web as they were. Accordingly,
it was unanimously agreed that the “Synthesized edition” is published for all

the Investigation Reports. From the viewpoint of improving public health, the
publication of the “Synthesized edition” falls under the exceptions of Article 23,
Paragraph 1, Item 3 of the Personal Information Protection Act as described above
(Table 4). In addition, in order to prevent the recurrence of CPs, which is the
purpose of the system, and to widely commit to quality improvement in perinatal
care, the JQ believed that it was incredibly important to disclose all “Synthesized
edition” on the web after a year-long argument over the disclosure under the revised
Personal Information Protection Act. As there were some opinions that a certain
level of agreement has been formed between the JQ and the family and childbirth
facility who had disagreed on the disclosure, the JQ needed to make efforts to
carefully convince families and childbirth facilities to agree on the new policy on
disclosure. After all those discussions, the new disclosure policy was agreed in the
Steering Committee [14].

4. Prevention of cerebral palsy

4.1 Publication of annual prevention reports, educational materials on fetal heart
rate monitoring, and leaflets for professionals and expectant mothers

The investigative reports are collectively analyzed in order to prevent recurrence
and to improve quality in perinatal care [15]. Here, we applied the knowledge and
procedure devised through the medical adverse event reporting and learning system
that the JQ had run for more than a decade to produce materials for effective preven-
tion of CP through collective analysis. Specifically, the JQ conducted a quantitative
and epidemiological analysis of aggregated cases to produce report for prevention on
annual basis based on such data as status of pregnancy, clinical courses of pregnancy,
delivery and neonatal condition, and the local context of healthcare delivery system
[16]. The JQ also produced educational materials such as fetal heart rate monitor-
ing textbook of profound CPs and leaflets for medical professionals and pregnant
women [17].

4.2 Scientific achievements of the Prevention Working Group

Under the Prevention Committee, a working group for prevention, which
consists of obstetricians nominated by the Japan Society of Obstetrics and
Gynecology (JSOG) and the Japan Association of Obstetricians and Gynecologists
(JAOG), as well as academic experts such as epidemiologists, was established
in May 2014 that has carried out data analysis of the aggregated Investigative
Reports. With the data, comparative study between the data of CPs that were
subject to compensation in this system and that of the “Japan Society of Obstetrics
and Gynecology Perinatal Registration Database” was conducted. In addition, an
analysis of intrauterine infections and fetal heart rate patterns in children with
CP was conducted in response to the requests mentioned in the Prevention Report
to the relevant academic societies and organizations. The analyses have been

129



Cerebral Palsy - Updates

The Japan Obstetric Compensation System for Cerebral Palsy

Cardiotocograms of Cerebral Palsy Cases ==

P and i of FHR 4

September 2014 I=

Publie Interest Incorporated Foundation Japan council for Quality Health Care ['
FHR Monitoring Working Group

hittp:/fwww.sanka-hp jeghc.or. jpidoc jlish/pdf/Cardi grams_of_Cerebral_Palsy_Cases.pdf

Figure 4.
Educative book on CTG pattern of CPs.

implemented in the working group from such multifaceted viewpoints as obstet-
rics and public health.

As the system requests that childbirth facility submit application with relevant
documents such as medical chart, cardiotocogram (CTG) recording and so on, the
system happened to provided experts an opportunity to scientifically look into CTG
data through collective analysis. It is normally difficult in Japan to obtain CTG data
of profound cerebral palsy as it suddenly happens at any childbirth facility across
the country. Taking advantage of the considerable number of CTG recordings, the
experts published an educational book on CTG interpretation, which is available on
the website of the system (Figure 4) [18].

4.3 Impact on lawsuit statistics

The purpose of the system is to prevent disputes and to improve quality in peri-
natal care through no-fault compensation, investigation/prevention. The lawsuit
statistics of obstetrics and gynecology as a breakdown of “the number of completed
lawsuit of entire medical specialty” published by the Committee on Medical Lawsuit
of the Supreme Court of Japan shows a remarkable decreasing trend (Figure 5). The
“Report on the Verification of the Speeding Up of Trials” published in July 2013 by the
Supreme Court of Japan stated that: [19]

“It is noteworthy that the Japan Obstetric Compensation System for Cerebral Palsy
has brought investigative system by a third party and system of equally imposing
financial burden for monetary compensation in Japanese society sharing the idea that
perinatal care inherently holds potential risk.

It is concerned whether the system expands to cover other medical specialties.

The system having approved significant number of CP cases supposedly has affected
to a certain extent statistics of lawsuit cases of medicine.”

As such, the system was hailed not only by medical society but by legal circle
in Japan. As described in the report, medical professionals anticipated to expand
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Figure 5.
Lawsuit statistics 2004—2020.

the system or launch a similar system to cover more clinical specialties. However,
there has never been emergence of desire in medical society comparable to the
one observed in late 2000s that led to the launch of the system for cerebral palsy.
Therefore, the expansion is still under discussion in academic society such as the
Japan Surgical Society.

5. Review and overhaul of the system: 2015 and 2022
5.1 Timetable for review and overhaul agreed at the inception of the system

The Japan Obstetric Compensation System for Cerebral Palsy was launched in
expedited manner in the wake of deteriorating perinatal care delivery system with
challenges difficult to address at the time of the inception. Therefore, the report of
the Introductory Committee stated that “the system will be verified in five years at
the latest, and necessary revisions will be made to the scope of eligible patients, the
amount of monetary compensation, price of insurance premium, and the governing
structure of the system as appropriate. As such, periodical review and overhaul has
been systematically embedded in the system” [20-24].

5.22015 Overhaul

Accordingly, the Steering Committee of the system began deliberation over
the review of the system in February 2012. The committee conducted fact-finding
research including the collection and analysis of population-based data on the
incidence of cerebral palsy, which is necessary for estimating the number of eligible
patient and is crucial for re-designing the system. The results were reported to the
Steering Committee in July 2013, and the committee and the Medical Insurance
Subcommittee of the Social Security Council of the MHLW reviewed to revamp the
system in terms of the scope of eligibility, the amount of monetary compensation,
the price of insurance premium, and the way to spend surplus that had aggregated
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since the launch of the system. The review concluded that the system expanded the
scope of eligibility with the same amount of monetary compensation to be applied in
January 2015 and later. As to how to spend growing surplus, the Medical Insurance
Subcommittee agreed that the insurance premium was reduced to the price that work
with the surplus to sustainably ensure budget for compensation. It was planned that
the surplus was spent for the next 10 years by 2024 to consume it.

5.32022 Overhaul

With the system being run carrying out the revised eligibility criteria, the Steering
Committee meeting held on July 20, 2018, found that such issues had arisen as “more
than 50% of the patients on case-by-case review were not covered by the system”, “a
sense of unfairness is spreading because some patients were covered and others were
not despite of suffering commonly from CP with similar clinical course,” and “the
revised criteria has already been inconsistent with the latest knowledge from scientific
viewpoint.” Therefore, it was concluded that the system needed to be revised as soon
as possible. In July of the same year, the Steering Committee submitted a request to the
MHLW that the committee commenced the review of the system to overhaul because
the MHLW is authorized to fix the price of childbirth lumpsum payment under the
government regulation that substantially gives rise to financial source of compensa-
tion. Later in the year, the MHLW responded to the JQ claiming that the JQ listens to
the voices of relevant parties such as healthcare-related entities, patient groups, and
insurers, proposes the blueprint to reform the system, and reports the conclusion to
the MHLW so that the MHLW would take necessary action for the reform.

With those dialogs between the JQ and the MHLW, the first round of the
Committee on the Review of the Japan Obstetric Compensation System for Cerebral
Palsy was held on September 2020. At the meeting, the items to be examined and
reviewed were presented to the committee members such as “Efficiency in running
the system,” “Latest estimates of the number of eligible patients,” “Price of insurance
premium,” “Eligibility criteria for compensation,” “Financial resource for compensa-
tion,” and “Price of compensation.” The JQ engaged in Q&A session in the committee
in exploring the expansion of the system, which was in line with the views of the most
committee members who engaged in perinatal care. In addition to the agreement with
members with healthcare background, it was necessary to make efforts to reach a
unanimous agreement of the stakeholders including public health insurers involved in
the meeting. Therefore, the JQ requested committee members and all those involved
in perinatal care across the country for attention and support for the direction,

i.e., expansion of the system that JQ proposed in response to the difficult reality in
perinatal care delivery system.

The Committee compiled a report on the blueprint of the revision to submit to the
MHLW subcommittee on healthcare insurance that works under the MHLW Social
Security Panel. The subcommittee includes members such as healthcare insurers,
academic experts, and representatives of healthcare professionals, industries, and
labor unions. It endorsed the report in December 2020 that led to the launch of the
revised system in January 2022 (Table 2).

5.4 Future implication of the no-fault compensation system

The Japan Obstetrics Compensation System for Cerebral Palsy, which was
launched in 2009, celebrated its tenth anniversary in 2019. During this period, the
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system has made enormous achievements such as delivery of no-fault compensation
for profound CPs, provision of investigative report to share both with families and
childbirth facilities, prevention activities through collective analysis of aggregated
investigative reports, and sharing plenty of scientific data on CPs gained through the
system on a national scale. The system was reviewed 5 years after it was launched on
a planned timetable produced initially. The review concluded that the system was run
appropriately in line with the original objectives, such as provision of monetary com-
pensation on no-fault basis, early resolution of disputes, and quality improvement

of perinatal care through investigation and prevention. Then, the revised system

was partly initiated in January 2014 on such details as procedure of investigation and
adjustment of monetary compensation and damage payment, and in January 2015 on
the rest of the details such as scope of eligibility to cover more CPs and other issues
relevant to insurance. The JQ completed another review of the system to explore
further expansion to cover more cerebral palsy cases in January 2022 and later. As
seen above, the JQ believes that it is vital to improve the system in continued fashion
through periodical review in cooperation with stakeholders.

Author details

Shin Ushiro"?

1 Japan Council for Quality Health Care (JQ), Japan

2 Division of Patient Safety, Kyushu University Hospital, Japan
*Address all correspondence to: ushiro.shin.161@m.kyushu-u.ac.jp

IntechOpen

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

133



Cerebral Palsy - Updates

References

[1] Website of the Japan Obstetric
Compensation for Cerebral Palsy (Top
Page). Available from: http://www.
sanka-hpjcqhc.orjp/ [Accessed: June 01,
2022, in Japanese]

[2] Website of the Japan Obstetric
Compensation for Cerebral Palsy (Leaflet
of the Japan Obstetric Compensation
System for Cerebral Palsy (for
Guardians)). Available from: http://www.
sanka-hp.jcghc.orjp/documents/english/
pdf/seidoannnaitirashi_english_202106.
pdf [Accessed: June 01, 2022, in English]

[3] Website of the Japan Obstetric
Compensation for Cerebral Palsy
(Brochure on the Japan Obstetric
Compensation System for Cerebral

Palsy — Achievements through 10-years.
Available from: http://www.sanka-hp.
jeghc.orjp/documents/english/pdf/
looking_back_overlOyears_after_system_
was_launched201906.pdf [Accessed: June
01, 2022, in English]

[4] Ushiro S et al. Japan Obstetric
Compensation for Cerebral Palsy: Strategic
system fof data aggregation, investigation,
amelioration and no-fault compensation.
Journal of Obstetrics and Gynaecology
Research. 2019;45(3):493-513

[5] Committee on Legal Affair, Japan
Medical Association. A report on “Legal
proceedings for medical accidents and
the relevant theory”. Journal of Japan
MEdical Association. 1972;68:183-203

[6] Study Group on the Compensation
for the Disability Associated Medicine.
Report on “Toward the Compensation to
a Case that Happens in Association with
Medical Management and Procedure” by
the Japan Medical Association. Material
of the 1st meeting of the Planning
Committee of the Japan Obstetric

134

Compensation System for Cerebral Palsy
(JOCSCP), Japan Council for Quality
Health Care; 2008. pp. 1-10. Available
from: http://www.sanka-hp.jcqhc.orjp/
documents/committee/pdf/obstetrics_3.
pdf [Accessed: June 01, 2022, in Japanese]

[7] Website of the Japan Obstetric
Compensation for Cerebral Palsy
(Registration Data of Medical
Institutions). Available from: http://www:
sanka-hp jeghc.orjp/search/kanyujokyo.
php [Accessed: June 01, 2022, in Japanese]

[8] Website of the Japan Obstetric
Compensation for Cerebral Palsy
(Eligibility Criteria). Available from:
http://www.sanka-hp.jeghc.orjp/
application/sphere.html [Accessed: June
01, 2022, in Japanese]

[9] Website of the Japan Obstetric
Compensation for Cerebral Palsy
(Procedure for Receiving Compensation
Payment). Available from: http://
www.sanka-hp.jeghc.orjp/outline/
compensation.html [Accessed: June 01,
2022, in Japanese]

[10] Website of the Japan Obstetric
Compensation for Cerebral Palsy
(Investigation). Available from: http://
www.sanka-hp.jeghc.orjp/outline/
function.html [Accessed: June 01, 2022,
in Japanese]

[11] Website of the Japan Obstetric
Compensation for Cerebral Palsy
(Investigation). Available from: http://
www.sanka-hpjcqhc.orjp/documents/
analysis/index.html [Accessed: June 01,
2022, in Japanese]

[12] Website of the Japan Obstetric
Compensation for Cerebral Palsy (40th
Steering Committee Paper). pp. 16-19.
Available from: http://www.sanka-hp.
jeghc.orjp/documents/committee/



The Japan Obstetric Compensation System for Cevebral Palsy: Novel System to Improve Quality...

DOI: http://dx.doi.org/10.5772/intechopen.106760

obstetric_meeting40.pdf [Accessed: June
01, 2022, in Japanese]

[13] Website of the Japan Obstetric
Compensation for Cerebral Palsy (41st
Steering Committee Paper). pp. 14-16.
Available from: http://www.sanka-hp.
jeghc.orjp/documents/committee/
obstetric_meeting41.pdf [Accessed: June
01, 2022, in Japanese]

[14] Website of the Japan Obstetric
Compensation for Cerebral Palsy (41st
Steering Committee Paper). pp. 15-21.
Available from: http://www.sanka-hp.
jeghc.orjp/documents/committee/
obstetric_meeting43.pdf [Accessed: June
01, 2022, in Japanese]

[15] Website of the Japan Obstetric
Compensation for Cerebral Palsy
(Prevention: Overview): Available from:
http://www.sanka-hp.jcghc.orjp/outline/
prevention.html [Accessed: June 01,
2022, in Japanese]

[16] Website of the Japan Obstetric
Compensation for Cerebral Palsy
(Prevention: Annual Report). Available
from: http://www.sanka-hpjcqhc.
orjp/documents/prevention/report/
[Accessed: June 01, 2022, in Japanese]

[17] Website of the Japan Obstetric
Compensation for Cerebral Palsy
(Prevention: Educational Products).
Available from: http://www.sanka-hp.
jeghc.orjp/documents/prevention/
proposition/ [Accessed: June 01, 2022, in
Japanese]

[18] Website of the Japan Obstetric
Compensation for Cerebral Palsy
(Prevention: Textbook on CTG
Interpretation). Available from: http://
www.sanka-hp.jeqhc.orjp/documents/
english/pdf/Cardiotocograms_of_
Cerebral_Palsy Cases.pdf [Accessed:
June 01, 2022, in Japanese]

[19] A Report on Expedition of
Lawsuit-VI. Verification of Social

135

Background Factors 4. Study on Conflict
by Type.” Issued by The Supreme Court
of Japan. 2013. Available from: http://
www.courts.gojp/vems_1f/20524011.pdf
[Accessed: June 01, 2022, in Japanese]

[20] Website of the Japan Obstetric
Compensation for Cerebral Palsy (1st
Overhaul Committee Paper). Available
from: http://www.sanka-hpjcghc.orjp/
documents/committee/pdf/kentou_
meetingl_1.pdf; http://www.sanka-hp.
jeghc.orjp/documents/committee/
kentou_meetingl_2.pdf; http://www.
sanka-hpjcqhc.orjp/documents/
committee/kentou_meetingl_3.pdf
[Accessed: June 01, 2022, in Japanese]

[21] Website of the Japan Obstetric
Compensation for Cerebral Palsy (2nd
Overhaul Committee Paper). Available
from: http://www.sanka-hpjcghc.orjp/
documents/committee/pdf/kentou_
meeting2_1.pdf [Accessed: June 01, 2022,
in Japanese]

[22] Website of the Japan Obstetric
Compensation for Cerebral Palsy (3rd
Overhaul Committee Paper). Available
from: http://www.sanka-hpjcghc.orjp/
documents/committee/pdf/kentou_
meeting3_1.pdf [Accessed: June 01, 2022,
in Japanese]

[23] Website of the Japan Obstetric
Compensation for Cerebral Palsy (4th
Overhaul Committee Paper). Available
from: http://www.sanka-hpjcghc.orjp/
documents/committee/pdf/kentou_
meeting4.pdf [Accessed: June 01, 2022,
in Japanese]

[24] Website of the Japan Obstetric
Compensation for Cerebral Palsy (Report
on 2022 overhaul of the Japan Obstetric
Compensation for Cerebral Palsy).
Available from: http://www.sanka-hp.
jeqhc.orjp/documents/committee/pdf/
minaoshinikansuruhoukokusho20201204.
pdf [Accessed: June 01, 2022, in Japanese]



ISBN 978-1-80356-583-5

781

03

565835

8

9




	Cerebral Palsy - Updates
	Contents
	Preface
	Section 1
Aetiology and Pathophysiology
	Chapter1
Aetiology and Pathophysiology of Cerebral Palsy

	Section 2
Treatment of Cerebral Palsy
	Chapter2
Management of Spasticity and Cerebral Palsy Update
	Chapter3
Anatomical Surface Guided Techniques for BotulinumToxin Injection in Spastic Cerebral Palsy Children
	Chapter4
Neurosurgical Treatment of Cerebral Palsy

	Section 3
Social Aspects of Cerebral Palsy
	Chapter5
Impact of Cerebral Palsy on Parents and Families
	Chapter6
Access to Healthcare Services Among Children with Cerebral Palsy in the Greater Accra Region of Ghana
	Chapter7
The Japan Obstetric Compensation System for Cerebral Palsy: Novel System to Improve Quality and Safety in Perinatal Care and Mitigate Conflict




