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ARTICLE INFO ABSTRACT
Arﬁd_e history: Cerebral palsy (CP), an umbrella term for a developmental motor disorder caused by early brain injury
Received 18 March 2019 (EBI)/interference, remains debated. In this essay, we present a narrative, beginning with the original

Accepted 5 July 2019 anatomical-clinical description of the so-called paralysie congéniale (congenial paralysis) by the French

psychiatrist Jean-Baptiste Cazauvieilh. We then discuss how the concept has evolved over the last
Keywords: 2 centuries. We aim to illustrate these ideas with the biopsychosocial model of health, especially in light
Cerebral palsy of the current neuroscientific and sociological knowledge of human development. We endeavour
Sj;?g:;ﬂi?;?;e to integrate 3 c.or.mected .but distinct entities: (1) the. EBI asa seminal tu.rl?ing‘ pqintlof the individual’s
International Classification of Functioning story; (2) the clinical findings we cgll CP, vyhe_n motor impairment and activity limitation related to post-
Disability and Health (ICF) EBI (or other early non-progressive brain interference) appears, and; (3) a post-EBI developmental
Human development condition that encompasses the overall consequences of an EBI. This framework should guide individual,
familial and collective care discussions and research strategies beyond the scope of CP.

© 2019 Elsevier Masson SAS. All rights reserved.

1. Introduction been criticized by people with CP, families, support groups, and

scientific and medical communities [3-9]. According to these

Q2  Cerebral palsy (CP) is a developmental condition that persists groups, the current name and its definition — used to describe

throughout the lifetime [1,2]. However, this umbrella term has individuals with motor impairments and activity limitations either

with or without associated impairments — is viewed as

insufficiently representative of the diverse changes that occur

- during development after an early brain injury (EBI)/interference.
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throughout life. As such, it does not sufficiently illustrate the fact
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condition that must be considered in the context of the individual.
Eventually, all of these limitations might affect the understanding
of CP diversity and restrict opportunities for innovative care
interventions and research.

In 1827, Jean-Baptiste Cazauvieilh’s medical thesis described
the anatomical-clinical picture of paralysie congéniale (congenial
paralysis; Fig. 1) [10]. Further studies of similar conditions
followed, with diverse appellations including Cerebrallihmung
der Kinder, spasmodic infantile hemiplegia, Little’s disease and
infirmité (or déficience) motrice cérébrale. These descriptions were
then combined under the one term, cerebral palsy, with the goal of
allowing a common language to be shared among the medical and
the scientific communities and facilitating the organisation of large
international registries and clinical trials. Years later, this
nosography has helped families identify the condition and be
supported by advocacy groups [11].

For the purposes of this article, we returned to Cazauvieilh’s
original anatomical-clinical description to highlight both the
similarities and differences with the modern definition of CP.
Then, based on recent professional, patient and familial approa-
ches, we discuss how different notions have changed over time to
reach the concept of early developmental brain injury/interference
[8]. Finally, we use our own experience of perinatal stroke [12] to
illustrate how these concepts fit with the current biopsychosocial
model of health, especially in light of the current neuroscientific
and sociological knowledge of human development.

2. Current definitions of CP

In 2004, a symposium of the Executive Committee for the
Definition of CP composed of international experts met in Bethesda
(USA) and agreed on a multiple-point definition. Their guidance
statement was first published in 2005 [13] and on the basis of
feedback and further correspondence from people involved in CP,
was updated in 2007 [1]. Seven key points described CP as: “(1) a
group of (2) permanent disorders of (3) the development of
movement and posture, (4) causing activity limitation, (5) that are
attributed to non-progressive disturbances (6) that occurred in the
developing fetal or infant brain. (7) The motor disorders of CP are
often accompanied by disturbances of sensation, perception,
cognition, communication and behaviour; by epilepsy, and by
secondary musculoskeletal problems.”

The Surveillance of CP in Europe (SCPE) network and the
Australian CP registries also present the following multiple-point
definition of CP: “(1) a group of disorders i.e. it is an umbrella

MEMOIRES

ET

OBSERVATIONS:

mA1 1827,

Recherches sur Uagénésio cérébrale et la paralysie congé~
niale ; par J. B. Cazavviginn, D. M. P., interne des
hopitaux civils de Paris.

Fig. 1. Original medical thesis defended by Jean Baptiste Cazauvieilh, Recherches sur
l'agénésie cérébrale et la paralysie congéniale, published in May 1827.

term; (2) it is permanent but not unchanging; (3) it involves a
disorder of movement and/or posture and of motor function; (4) it
is due to a non-progressive interference/lesion/abnormality; (5)
this interference/lesion/abnormality arises in the developing/
immature brain” [14].

Thus, 5 key points are common to both definitions. The SCPE
does not take “activity restriction” into account (point 4 from the
Executive Committee’s definition) nor the “associated symptoms”
(point 7); however, these 2 domains were further delineated in the
SCPE papers [15].

3. Palsy (the core of CP): an obvious symptom

This neurological impairment interested the medical commu-
nity very early on because it was easy to associate with
neuropathological studies. Paralysie (paralysis/palsy) was defined
by the Dictionnaire encyclopédique des sciences médicales in 1874 as
“the abolition or reduction of muscle contractility by their natural
stimulant [...] paralysis is simply a symptom [...] not an actual
disease, it is a phenomenon that demonstrates an alteration
(anatomical or dynamic) of the nervous or muscle system itself
that depends on a true morbid state, a real disease” [16].

3.1. Cazauvieilh’s description of paralysie congéniale in 1827

Cazauvieilh was born in 1802 near Bordeaux (France). He
undertook his medical residency in Paris, in the women’s mental
health department of the hopital de la Salpétriére. This was the
dawn of the modern psychiatry era (although it was not yet clearly
distinguished from neurology), when the medical community was
becoming aware that mental conditions could be improved with
appropriate care.

Cazauvieilh was particularly interested in women with signs of
paralysis. Through his observations of their clinical presentation as
well as the autopsies he carried out, he developed the notion of
paralysie congéniale (from the ancient Greek , meaning origin/
formation/genesis). This was the subject of his medical thesis,
entitled Recherches sur I'agénésie cérébrale et la paralysie congéniale,
published in Archives générales de médecine (see Fig. 1) [10].

In his thesis, Cazauvieilh reported his observations of 12 wom-
en, between 19 and 68 years old, who had a unilateral form of
paralysis. All individual cases were precisely described and none
was reported with progressive findings during their adulthood.
However, Cazauvieilh emphasized that these women were
paralysed since they were young, and he specified that “The
specie (sic) of paralysis described in this memoir occurs in
the foetus or during early childhood”. He described how the
deficiency affected the thoracic limb (that could sometimes “fulfill
no function”) more than the pelvic limb and was predominant in
the extensor muscles of the thoracic limb and the flexor muscles of
the pelvic limb. He also described the typical postural pattern of
the thoracic limb in adduction/flexion/pronation. He observed the
abnormal postures and movements, describing “the forced
separating of the toes and particularly the hand in a fan shape
[...] that was even more pronounced when the person wishes to
carry out large movements”, as well as involuntary movements:
“The flexor muscles tightened like ropes, |...] the limb was agitated
by irregular movements”. In the pelvic limb, Cazauvieilh noted the
presence of equino-varus deformities caused by contracture of the
triceps surae and that the affected limbs were generally shorter
and thinner than the unaffected limbs. Gait and balance
abnormalities were also detailed as follows: “Some walked on
the anterior half of the foot, others on the external edge [...], and
others on the tip toes only”, “Locomotion is very exhausting, and if
hasty, the patient falls”. In addition, he reported that 7 women had
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“underdeveloped intellectual faculties”, one had epilepsy, and
many had sensory impairments and experienced pain in their
paralysed limbs.

Cazauvieilh performed brain autopsies of 6 women with
paralysie congéniale. He reported “alteration of the tissues,
accompanied by a lack of development of the affected part and
the surrounding parts” that could have happened “at any stage of
the foetal or newborn life”. Although he did not attempt to explain
his findings, Cazauvieilh highlighted that the condition affecting
these women was distinguishable from insults occurring “once
the organ has acquired all its development”. Finally, Cazauvieilh
concluded that among the different opinions suspected to explain
what he observed, “none is sufficiently satisfactory to be
received”.

On the basis of his findings, Cazauvieilh outlined a concept that
is similar to the current definition of CP:

e key point 3): the individual has a movement disorder that
includes specific gait abnormalities, balance, abnormal limb
postures and abnormal movements;

e key point 5): only cases with non-progressive injury are
included;

e key point 6): the injury occurs in the developing brain;

e key point 7): the motor disorder is accompanied by disturbances
of sensation and cognition as well as epilepsy, pain and
secondary musculoskeletal problems.

Cazauvieilh and his contemporaries were already aware that
palsy was “simply a symptom” and might be caused by lesions of
multiple aetiology with common clinical consequences (umbrella
term; point 1) [16,17]. The concepts of activity (point 4) and
participation were not considered at that time and thus did not
figure in Cazauvieilh’s definition.

4. From Cazauvieilh 1827 to Shusterman 2015
4.1. 19th century

In 1877, the French neurologist Pierre Marie developed the term
“hémiplégie spasmodique infantile”, explaining that “Although it
describes [...] a reasonably homogenous group”, is not “a disease,
or even a special affection, but a symptomatic expression that
seems to depend on three factors:

o the young age of the subject, who is thus affected during the
period of development;

o the role of the lesions on the cerebral cortex [...]; and;

o a sufficient lapse of time for the complete development of the
symptoms” [17].

Marie acknowledged the importance of work by the French
surgeon Claude Francois Lallemand, published in 1834. Although
he did not specifically study congenial palsy, Lallemand associated
Cazauvieilh’s clinical observations with his own pathological
findings from brain autopsies [18].

In Great Britain, William John Little, a surgeon who himself had
a talipes equino-varus foot, developed renowned expertise in
treating orthopaedic deformities. In 1843, The Lancet published his
famous lectures [19] in which he described specific spastic
deformities in children, known as Little’s disease in the 1960s
and which later became known as a bilateral form of CP. Little
recognized that the paralysis (and subsequent rigid spasticity of
the limb muscles leading to joint deformities) was caused by brain
lesions. He defined diverse situations that could induce these
lesions: “Premature birth, difficult labours, mechanical injuries

during parturition to head and neck, [. . .] convulsions following the
act of birth, were apt to be succeeded by a determinate affection of
the limbs [...], which I designated spastic rigidity [...] sometimes
produced at later periods of existence” [20].

In 1888, the Canadian physician Sir William Osler delivered a
series of lectures entitled The Cerebral Palsies of Children, thus
spreading the term that was already being used by Adolph
Wallenberg in Germany (1886) and William Gowers in Great
Britain (1888) [21]. Osler drew attention to the fact that the
different clinical presentations of the condition were not easily
defined according to the aetiology and thus developed a
classification system based on the distribution of motor im-
pairment in the limbs: infantile hemiplegia, bilateral spastic
hemiplegia and spastic paraplegia.

Soon after, in Austria, Sigmund Freud expressed great interest
in neurology and neuropathology. Prior to his work in psychiatry
[22,23] and between 1891 and 1897, he published several papers
about Cerebrallihmung der Kinder (CP of children), which
he defined as “the general concept of all cerebral diseases in
infancy caused by a direct effect of accidental aetiology,
occurring either in the foetal period or after birth, and affecting
one or more neuron systems”. He proposed one of the earliest
topographical classifications of CP, which became the most
accepted, based on the distribution of the paralysis and muscle
hyperactivity: “Spastic hemiplegia, generalized rigidity, para-
plegic rigidity, paraplegic paralysis, double hemiplegia, gener-
alized chorea of infancy and bilateral athetosis”. Freud also
reported that other disorders could be associated with the
condition, in particular intellectual and psychological impair-
ments, and epilepsy.

4.2. 20th century

In the 1950s, the French physician Guy Tardieu proposed the
term “infirmité motrice cérébrale” to define non-evolving,
predominantly motor disorders “resulting from pre-, peri- or
early post-natal lesions”, sometimes accompanied by “sensory
impairment and partial impairment of the higher functions with
nointellectual deficiency” [24]. Although this termis rarely used
today in France, it is still common in other French-speaking
regions. For example, the term “déficience motrice cérébrale”
(cerebral motor deficiency) is used in Quebec, Canada. CP was
further refined by the Little Club in the United Kingdom in
1959 as “a persisting qualitative motor disorder appearing
before the age of three years, due to a non-progressive
interference with development of the brain” [25]. In 1964,
Martin Bax (United Kingdom) defined CP as “a disorder of
movement and posture due to a defect or lesion of the immature
brain” [26]. Following international meetings on the epidemi-
ology of CP held in the late 1980s, Lesley Mutch and colleagues
agreed that CP was “biologically [...] an artificial concept” and
they defined it as “an umbrella term covering a group of non-
progressive, but often changing, motor impairment syndromes
secondary to lesions or anomalies of the brain arising in the early
stages of its development” [27].

At that time, all definitions thus focused on the EBI' and
included both the motor and associated consequences (Fig. 2). Yet,
2 developments greatly influenced the concept of CP at the end of
the 20th and beginning of the 21st centuries: advances in
neurophysiology and neuroimaging (and the subsequent under-
standing of neuroplasticity) and the reconceptualization of health
and health conditions.

1 The term “brain” refers here to the encephalon (i.e., the brain per se + the
brainstem + the cerebellum).
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1827

Cazauvieilh

Paralysie congéniale

Lirasecs do paralysie: décrite dans ce mémoire ; surves
nue chez le feetus ou dans la. premitre enfance, - '

le. défant pri-
it ou conséeutif de déyeloppement ou d'accroissement
de I'encéphale ou do I'une de,ses parkies. 1 "7

Al
que les mémbres jparalytiques sont étendus), fléchis,

contracturéds; de diverses. manidres ;

. ‘quo cotte altération de volure du defvean' o' une

influence 'marquée surle développoment on général ,'et

. Peu denos paralytiques se distinguent par des facultés

intellectuelles; méme. ordinaires, -Leurs ‘facultés intellec-

telles ne: sont' cependant pas: tellement nulles,:
La ‘sensibilité'dans la paralysie ébb‘gélﬂhlé est toujours

400 1! Z2anb

3 /

moins’altéeée e 168 monvemens.

1879-1884

Marie

Hémiplégie spasmodique infantile
trois facteurs principaus : 1° le jeune dge du sujet qui se trouse ainsi atteint
pendant sa période de développement; 2 la participation de Iéeorce ccve-
brale aux lésions (abstraction faite de la natuce ¢t méme de la localisation
étroite de celles-ci); 3 un laps de femps suffisant pour 1'évolution complite
les symptomes.

1959
Cerebral palsy

a persisting qualitative motor
disorder appearing before the
age of three years, due to a
non-progressive intereference
with development of the brain.

Cerebral palsy

an umbrella term
covering a group of non-progressive, but 1992
often  changing, motor impairment
syndromes - secondary  to lesions or
anomalies of the brain arising in the early
stages of its development.

2007

Executive

Committee for the

definition of CP
Cerebral palsy

Cerebral palsy (CP) describes a group of permanent dis-
orders of the development of movement and posture,

ing activity limitat that are attributed to non-
progressive disturbances that occurred in the develop-
ing fetal or infant brain. The motor disorders of cerebral
palsy are often ied by disturbances of sensa-
tion, perception, cognitia ication, and beba
iour, by epilepsy. and by secondary musculoskeletal
problems.

1853-1861

Little Club

Spastic diplegia

in 1853, I showed that premature
e birth, difficult labours, mechanical injuries
during parturition to head and neck, where
life had been saved, convulsions following
the act of birth, were apt to be succeeded by
a determinate affection of the limbs of the
child, which I designated spastic rigidity of
the limbs of new-born children, spastic rigid-
ity from asphyxia neonatorum, and assimi-
lated it to the trismus nascentium and the
universal spastic rigidity sometimes pro-
duced at later periods of existence.

DIE :
INFANTILE CEREBRALLAHMUNG

Dr, SIGM. FREUD
; Privatdocent an der Universitat Wien,
i WIEN 1897.
|

ALFRED HOLDER
K. U. K. HO¥- UND UNIVERSITATS-BUCHHANDLER
Sl

1961
Tardieu

Infirmité motrice cérébrale
LECTURES

La rééducation de Iinfirmité motrice cérébrale infantile.
Réalisation et besoins en France,

par MM. G. Tardieu et N. Laiter.

1l parait nécessaire d’attirer 1'a
cine sur Vinfirmité motrice ¢

ention de 'Académie Nationale de Méde-

s le nom de paralysie
4 5 3 e infantile, spasticité,
athétose, et qui ont en commun trois points essentiels :

certain nombre de troubles d

Mutch

Shusterman

2000

SCPE Cerebml palsy

CPis a group of disorders i.e. it is an umbrella term; it

is per but not unch it involves a disorder of
movement and/or posture and of motor function; it is due
to a non-progressive interference/lesion/abnormality; this
interference/lesion/abnormality is in the developing/imma-
ture brain.

2017

Post EBI development

[ To further illustrate my intention, imagine a wheel |
where the central hub is labeled EDBI. Each spoke repre-
sents a condition secondary to the EDBI, one of which
would be CP. Other spokes emanating from the central
hub of EDBI may include conditions such as epilepsy,
hydrocephalus, central precocious puberty, behavioral dis-
orders, sleep disorders, intellectual disabilities, and cortical

Fig. 2. Perspective of cerebral palsy from 1827 to 2015.
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4.3. 21st century

Several committees (the SCPE, Australian registrants and the
international Executive Committee for the Definition of CP)
agreed that a diagnosis of CP must be based on the presence of
non-progressive disturbances, interference, lesions, or abnor-
mality of the developing/immature brain. As a consequence, the
American Academy of Neurology recommended that MRI be
performed when the aetiology could not be established
[28]. However, this recommendation was called into question
when large comprehensive registers revealed that 10% to 30% of
people with CP showed no or non-specific lesions on MRI
[29,30]. This situation led to a re-evaluation of how to define CP
without identified EBI. Numerous hypotheses were put forward
to explain this conceptual discrepancy [31-33], and some
authors chose to exclude such cases from CP, using terms such
as “occult-CP”, “CP-like”, “CP-mimics” or “masqueraders of CP”
[31,32].

The WHO International Classification of Functioning, Disability
and Health (ICF) framework was developed in 2001, and it
changed the perception of health. The framework brought
awareness that the characterization of the health condition of
an individual based only on the medical diagnosis did not define
the person’s needs [34]. It became accepted that the main issues
faced by patients, in particular those with impairments and
chronic conditions, were the result of interactions between their
functional status and the context of their everyday life. Because it
is now recognized that these interactions better describe the
overall health of the patients, rehabilitation goals have also
begun to be based on the ICF. The ICF-Children and Youth version
(ICF-CY), developed in 2007, was immediately considered well
adapted for CP. All of these developments have led to a better
understanding of the needs of people with CP and their caregivers,
notably their family [3,35].

5. The need for a more global vision

According to this new paradigm, the Canadian physician Peter
Rosenbaum has regularly brought to attention (in 2009, 2014 and
2018) [3,36-38] that “our expanded view [has to] move well
beyond classic biomedical preoccupations”. For Rosenbaum,
“exploring and understanding the lives of children and youths
with CP” was complementary to the knowledge of the underlying
pathophysiological mechanisms. The importance of comprehend-
ing CP in context will “help them reframe their goals toward
successful child development and meaningful functional achieve-
ments in a life-course perspective”. This approach is motivating for
children and parents and it challenges how many institutions now
address them, even if, in our experience, the method used to
achieve these new goals and opportunities must be regularly
reformulated and clarified.

However, according to the authors of the 2007 definition, the recent
consensus does not go far enough [P. Rosenbaum, personal
communication]. For example, while highlighting the universal
hallmark of CP described in the first sentence, the second sentence
(i.e., “The motor disorders of CP are often accompanied by...”) was a
useful and important addition [1]. Even if it was noted as far back as
Cazauvieilh and reiterated thereafter, this statement essentially
provided for the first time a formal recognition of the frequent
coexistence of many activity limitations that may be experienced by
people with CP. CP was then not just a motor syndrome as it had
classically been framed. However, 12 years later, we believe that those
non-motor impairments are not associated (or comorbid or secondary).
When they are present, they are fully part of the development of the
person with CP: global intellectual, social, emotional, personal etc.

This is one of the reasons why in 2015, Michele Shusterman, a
US parent of a child with CP, claimed in an opinion piece
published in Developmental Medicine and Child Neurology that
the term CP could be “confusing” because it referred “only to a
subcategory of an early developmental brain injury/interfer-
ence” [9]. She advocated the idea of a post-EBI developmental
condition thatintegrated both the historical definition of CP —an
accidental injury occurring in the developing brain — and
current definitions including the multiple key points and the ICF
approaches.

As a group of parents and professionals from different
backgrounds, countries and cultures, we agree with these recent
perspectives that offer a global developmental and contextualized
vision of CP. However, based on current evidence in the literature,
as well as our own experience of perinatal stroke, we believe that
3 main issues still require clarification:

The connected but distinct entities of EBI, CP and the post-EBI
developmental condition.

The position of motor impairments within the overall
condition.

Although development is disturbed by the EBI, its novel
pathway still follows the general rules of human development.

5.1. EBI, CP and post-EBI developmental condition: connected but
distinct entities

Until the first half of the 20th century, CP was considered the
consequence of an anatomical insult that occurred in early
development: Cazauvieilh’s “alteration of the tissues” (current-
ly called EBI). However now, CP is considered a clinical
formulation based on personal history and clinical assessment,
and the identification of cerebral lesions on imaging is no longer
a requirement to consider CP. In addition, the notion of well-
recognizable damage has shifted to the more global conception
of interference proposed by the Little club (“damage caused
intrinsically or extrinsically in the developing brain occurring
before, at, or after birth” [25]) and already used by the SCPE and
Shusterman. Today, children with CP and with non-specific or
normal MRI findings have particular histories and clinical
(ataxic, dystonic/hypotonic, spastic paraplegic) profiles
[39]. Many are found with monogenic mutations causing
hereditary spastic paraplegia, epileptic encephalopathy, auto-
somal-dominant spinocerebellar ataxia or early dystonic syn-
dromes [31,40].

Thus, debate within the SCPE and other networks had focused
on whether “cases that have an identified syndrome or identifiable
chromosomal anomaly” (and now causative genetic mutations)
should be excluded from the definition of CP [14]. For some groups,
such cases must remain a subcategory of CP (“CP with pathogenic
variants”) with the argument that “removing genomic causes may
disenfranchise these patients and families from the support they
need”, whereas others prefer to consider (and so exclude) them as
“masqueraders of CP” [12,31,41]. This question is particularly
pertinent because the proportion of cases with genetic associated
abnormalities is likely to increase with the use of new genetic
screening tools, as in parallel, the number of obstetrically
determined CP cases decreases [42].

One dimension of this debate concerns who the debaters are.
Neurobiologists and geneticists may be more interested in the
underlying biomedical process, whereas families and clinicians
may be more preoccupied with how best to address the functional
challenges. Both groups have legitimate positions, so this
discussion is challenging and may remain pointless unless these
varied perspectives are acknowledged. However, a person with CP
has a unique developmental trajectory that differs depending on
whether the CP is caused by a single event or a persisting genetic
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1) A time-limited (accidental)
injury
2) that occurs in the developing

fetal or infant brain

3) potentially affecting all brain
systems: motor, sensory,

\ language, cognitive... j

POST-EBI DEVELOPMENTAL
CONDITION

1) A dynamic multidimentional condition
including

2) permanent, but not unchanging,

3) disturbances of function in (non-limitative)
movement and posture, sensation, perception,
cognition, eating, communication, psychology and
behaviour, and epilepsy, pain, musculoskeletal and
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4) causing limitation in activity and
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5) that are attributed to EBI
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policies and equipment...

x

J a | e

& S

Fig. 3. Early brain injury (EBI), cerebral palsy and post-EBI developmental condition: connected but distinct entities.

disease (Fig. 3). In this latter case, the consequences on the brain
and other organs are more widespread, persistent and changing.
Therefore, if a genetic anomaly increases the individual's
susceptibility to EBI in a stochastic manner, it could be related
to the development of a post-EBI developmental condition (e.g.,
COL4A mutations predispose to perinatal periventricular brain
haemorrhage [43]) but not if it determines the effects directly (e.g.,
monogenic hereditary causes of paraplegia, epilepsy, ataxia or
dystonia).

Therefore, in our view, CP, EBI and genetic entities are
connected but should be remain distinct: the accidental versus
determined dichotomy indeed affects the follow-up and also
etiological strategies and familial genetic counselling. For example,
a child with a COL4A mutation will require treatment of the
eventual resulting CP. However, the genetic diagnosis may also
modify the organization of the familial and individual follow-up
because of the risk of disease progression (i.e., the biomedical
process) and further complications in the eyes, muscles, kidneys
and cerebral white matter.

This leads to the second point of our discussion: the position of
the motor component within the overall post-EBI developmental
condition.

5.2. All parts of human development are coextensive

The motor dimension (i.e., obvious; see above) has long been
the image of disability in cerebellar syndromes, Parkinson disease,
Sydenham chorea, kernicterus, developmental coordination dis-
orders, Tourette syndrome etc., as well as in CP, although they all
include many other functional limitations. As a consequence, the
description of CP includes the possibility of multiple deficiencies
and symptoms, such as pain and epilepsy. However, although such
features are caused by the same EBI or genetic cause/interference,
these impairments are considered in the current definitions of CP
as secondary or associated or comorbid. Using this terminology
tends to reduce their importance in terms of management
priorities. Eventually, the focus on the motor aspects restricts

the view of the wider and multidimensional activity limitations
that people with CP and their families have to cope with, with the
risk that these aspects are not fully assessed [9]. In reality, pain,
epilepsy, eating difficulties, communication and behavioural
disorders all have serious and cumulative impacts on the
development and everyday life of those with CP. A survey by
the family support group La Fondation Paralysie Cérébrale and the
French Solidarity Fund for Autonomy confirmed that pain relief is
the highest priority for people with CP, their families and
healthcare professionals [44]. In addition, and to underline the
role of the importance of the everyday life context highlighted
above, even if a person with CP acquires new motor functions over
time and with rehabilitation, this will not automatically improve
their autonomy if other limitations (e.g., due to visuo-spatial
abilities) are such that they cannot find their way around a school,
a subway station or a shop.

An illustration of this is neonatal arterial ischemic stroke
(NAIS): the localization of the cerebrovascular accident as well as
its temporality during the short timeframe of the peripartum
period are precisely defined via brain imaging. Therefore, NAIS is a
useful clinical model for understanding post-EBI development and
brain (re)organisation [45]. The AVCnn Study allowed us to
monitor a cohort of 100 term-born children with NAIS [46]: a
minority (32%) have CP, but evaluation at 7 years of age has shown
significant rates of 49%, 42%, 28%, 11%, and 8% for language
impairment, behavioural disturbance, low academic skills, active
epilepsy and global intellectual deficiency, respectively. Finally,
most children exhibit specific needs when they start their
elementary schooling.

Furthermore, all of the impairments described above are highly
correlated, notably manual ability/global intelligence and lan-
guage impairment/low academic skills. This tight clustering
suggests that all developmental aspects are coextensive and will
determine the overall post-EBI developmental condition. This
point is also supported by neuroscientific approaches: as
demonstrated by the AVCnn study, even if the EBI is focal and
acute by definition, its consequences interfere with the developing
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connectome within the entire brain [47,48]. This situation
introduces our third point: even with EBI, human development
follows a general framework in which motor control is one aspect
that is highly connected with the other aspects of development and
function [11].

5.3. Post-EBI development: a new dimension of the developmental
pathway that follows the general rules of human development

According to the ICF framework, the overall post-EBI conse-
quences (health condition) cannot be determined linearly by the
EBI (aetiology). An individual’s function, activity and participation
in everyday life will evolve within a context that includes socio-
economic status, educational facilities, community and social life
as well as public policies and equipment, support and relationships
etc. This ecosystemic model may be described as experience-
expectant and experience-dependant plasticity, from which all
interactions result in a phenomenon of so-called metaplasticity
[49]. Within this framework, the developing child is especially
sensitive to a wide range of life experiences, such as early
attachment, parental and peer interactions, play, stress, diet and
treatments.

Again, the NAIS illustrates the use of such a model. Although it is
well accepted that CP can be predicted by the localization of the
infarct [50], no correlation was found between language im-
pairment and the number or side of affected arterial territories
[46,51]. In contrast, high maternal educational level and socio-
economic status of the family were found as protective factors of
the development of language and global intelligence [52]. These
powerful systemic determinants as well as the correlation
between manual ability and global intelligence and between early
language impairment and low academic skills found in the AVCnn
cohort are also found in typically developing children [52,53]. Thus,
the post-EBI development fits with current developmental theories
[49,52]. This observation is of importance because of increasing
evidence that early interventions promoting caregiving inter-
actions and relationships (through the Video Interaction Project,
for example) catalyses a quicker development of the vulnerable
child with sustained effects in the long term, notably on language
skills [53,54].

This optimistic and existentialist approach considers deficit
measurement and associated risks for a negative outcome and also
promotes resilient factors that will construct health and develop-
ment. Consequently, the long-term developmental consequences
of an EBI should not be speculated on without considering the
context, and the attention must shift to a global framework that
supports development, with the family at the frontline [3,55]. Fam-
ily-centred services recognize that “each family is unique” and that
“|families] are the experts on the child’s abilities and needs” with
consequently better development and social adjustment, parental
well-being, perception of competency and control, and satisfaction
[3,56].

According to the contextualization of health and development,
knowledge translation to policy-makers is now crucial, with
the goal to provide accessible facilities to encourage exercise,
culture and socialization [38,57]. Evidence now shows that early
language interactions improve cognitive and school outcomes, so
public policies must also promote a population-level environment
(with the same rationale that is proposed at a family level) for
speech-, play- and reading-based exchanges from a young
age [53,54]. Such a global strategy toward a healthy and equitable
daily-life environment (so-called Healthy Cities) is a unique
opportunity to improve health and development for everyone at
low cost [53,54,57,58]. This third environmental level of interven-
tion is essentially complementary to the first 2 (individual care and
family support) with cascading impacts across the life span.

6. Conclusion

In this diachronic narrative of CP, from the earliest clinical-
pathological descriptions to recent neuroscientific and social
theories that include the relationships among health, development
and environment, we have tried to clarify the definitions and the
underlying concepts. Our aim was to facilitate an understanding of
the related issues for people with CP, their families, and the many
relevant communities: caregivers, researchers, stakeholders, poli-
cy-makers etc.

At this stage of the on-going story, we agree with the statement
that “CP is not a diagnosis, it’s an assessment!” [6]. According to
this view, CP is an everyday life condition that encompasses the
motor component resulting from the combination of:

e an EBI as a seminal turning point of the individual’s story;

o the development of the otherwise healthy young brain, in;

¢ aspecific personal and environmental context. These 3 points as
a whole define the overall post-EBI developmental condition
(see Fig. 3).

Furthermore, in accordance with the ICF, this view will situate
the perception of each person with CP while highlighting the
individual’s potentials and limitations, other than just the motor
aspects. This integrative approach considerably expands how to
formulate points of entry about activity and participation in light of
the interests of each person, for example, through the 6 F-words
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package: Function, Family, Fitness, Fun, Friends and Future [59]. Q3551

These ideas promote a positive vision of the person with CP and
help gather cooperation between the family, professionals,
education services and environment opportunities in helping
everyone to reach their goals throughout their life journey.

Finally, the reappraisal of the distinguishable entities of EBI,
post-EBI developmental conditions, and CP provides a common
language across the communities and offers wide-ranging pros-
pects for intervention and research while focusing on the
appropriate concepts.
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