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ABSTRACT

The main aim of this article was to review some psychological and psychiatric problems in children and adoles-
cents with cerebral palsy (CP) in the context of individual development. The problems in gaining the appropri-
ate experiences during sensitive periods of development were also considered. The risk factors were described 
and it was revealed that physical activity, sleep problems and pain accounted for the incidence of depression 
and other mental health problems in patients with CP. Reviewed studies showed that children with CP are at 
greater risk of having other neurodevelopment disorders, which means that they should be carefully diagnosed 
for a wider range of problems. The need of expected experiences and proper stimulations, obligatory for brain 
and mental development during sensitive periods, should also be taken into consideration as CP may restrict 
or limit the opportunity to receive them.
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INTRODUCTION

Cerebral palsy (CP) is one of the most common 
causes of physical disability in children, originating in 
prenatal and perinatal disturbances in the development 
of the central nervous system, concerning impairments 
of movement and postural control with heterogeneity 
of clinical outcome. The prevalence of CP is about 2.1 per 
1000 live births with higher incidence in lower income 
areas [1]. This disorder was described for the first time 
in 1862 by the orthopedic surgeon William John Little as 
“cerebro-spinal disorder” [2, 3]. The muscle stiffness and 
limb deformity observed in those patients were attribut-
ed to “congenital distortions of their limbs” and were re-
lated to the “cerebrospinal disorder” due to the presence 
of post-mortem abnormalities such as capillary conges-
tion on the surface of the brain or spinal cord and blood 

in cerebrospinal fluids. Little [2, 3] also introduced a novel 
hypothesis about the etiology of CP as the outcome 
of brain anoxia secondary to difficult labor in contrast to 
previous beliefs about mechanical origins of physical de-
formities. The term “cerebral palsy” was popularized after 
a series of lectures titled The Cerebral Palsies of Children 
given by Sir William Osler [4]. Furthermore, Sigmund 
Freud was the first to introduced the classification sys-
tem of CP based on the timing of injury but he ultimately 
abandoned the research in that field because of the lack 
of definitively described neuropathological abnormalities 
of the brain for this disorder [5].

The recent definition of CP is described as the group 
of permanent disorders of the developement the group 
of permanent disorders of the development of movement 
and posture causing activity limitation that are attributed 
to non-progressive disturbances occurred in the developing 
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fetal or infant brain [6]. It is worth noting that this defi-
nition still lacks the notion that symptoms of CP are also 
related to spinal cord distortions. The main symptoms 
of CP include:
•	 spasticity and hyper-reflexes due to loss of descending 

inhibition of the motor neurons, expressed as stiffness 
of muscles and exaggerated reflexes,

•	 dyskinesia (dystonia, athetosis, chorea): unwanted, 
sustained involuntary movements due to pathology 
of deep brain structures,

•	 ataxia: incoordination of movement due to cerebellar 
injury or maldevelopment,

•	 hypotonia: decreased muscle tone, associated with 
muscle or peripheral nerve disorders [7, 8].

Neurology nomenclature distinguishes four types 
of CP. The most common (approximately 80%) is the spas-
tic type with walking abnormalities, muscle weakness and 
paralysis, affecting both or only one side of the body. 
The next is a dyskinesia type, characterized as difficulties 
with controlling body motility as a consequence of invol-
untary, abnormally rapid or slow movements of the arms, 
hands, legs, face or tongue, which significantly affects 
walking, sitting, swallowing or talking. The hypotonic 
type is characterized by diminished muscle tone, poor 
reflexes, and weakness of the muscles. Children with this 
type of CP present “floppy posture”, have problems with 
head and gait control, breathing, speaking, and walking. 
The least common type of CP is the ataxic type charac-
terized by disorganized, clumsy or jerky but voluntary 
muscle movements. Children with this kind of disorder 
have problems with balance, coordination, walking, and 
fine motor functions such as grasping objects or writing. 
Finally, a mixed type of CP is characterized by complex 
spastic and dyskinetic symptoms [9].

The underlying causes of CP have not been fully  
explained but several risk factors during prenatal and 
postnatal development have been identified. The preterm 
delivery has been identified as the strongest risk factor 
among such factors as multiple fetuses, atypical malfor-
mations, placental pathology, intrauterine infections, and 
perinatal hemorrhages. The genetic background of CP is 
also complex. Genetic factors may underlie phenotypi-
cally different disorders and different genetic factors may 
lead to phenotypically similar clinical outcomes. One 
of the studies confirming a shared genetic or environ-
mental background for CP and other neurodevelopment 
disorders is a Norwegian study which was conducted on 
the population of children with CP and their biological 
siblings [10]. Higher incidence of other developmental 
abnormalities has been identified in patients with CP in 
comparison to the healthy control group. The differenc-
es among children with CP and those without CP were, 
respectively, as follows: epilepsy – 29.5% vs. 0.8%; intel-
lectual disability – 5.8% vs. 0.5%; attention deficit hyper-
activity disorder (ADHD) – 1% vs. 1.8%; autism spectrum 
disorders – 3% vs. 0.4%; deafness – 3.5% vs. 0.7%, and 

blindness – 2.1% vs. 0.06%. Higher comorbidity of CP or 
any other neurodevelopment disorders was also demon-
strated among siblings of CP patients. Twice higher inci-
dence of intellectual disability [odds ratio (OR) = 2.3] and 
epilepsy (OR = 1.8) was revealed along with other higher 
occurrence of other disorders such as autism (OR = 1.6), 
attention deficit/hyperactivity disorder (OR = 1.3), blind-
ness (OR = 2.4), and schizophrenia (OR = 2). It is also 
worth noting the lack of increased risk for bipolar disor-
der but higher risk for losing another child by stillbirth or 
neonatal death in families with CP. The shared genetic or 
environmental background for those neurodevelopment 
impairments was also confirmed by stronger associations 
of neurodevelopment aberrations within sets of twins [10]. 
In conclusion, the above relations proved the complexity 
of CP etiology and its biological heterogeneity.

The main aim of this article is to review some psycho-
logical and psychiatric problems in children and adults 
with CP in the context of three questions:
1.	What is the comorbidity of cerebral palsy and mental 

disorders? Are there any differences in mental comor-
bidity between patients with different kinds of cerebral 
palsy?

2.	What are the risk factors for emotional problems or 
mental disorders in children and adults with cerebral 
palsy?

3.	How might cerebral palsy influence the gaining of ex-
periences during sensitive periods of human develop-
ment?

WHAT IS THE COMORBIDITY OF CEREBRAL 
PALSY AND MENTAL DISORDERS? ARE THERE 
ANY DIFFERENCES IN MENTAL COMORBIDITY 
BETWEEN PATIENTS WITH DIFFERENT KINDS 
OF CEREBRAL PALSY?

A cross-sectional European study, as part of a larger 
project named SPARCLE, was conducted in 2008 to 
characterize the psychological problems, environmental 
influences, and quality of life in children with CP [11]. 
The recruited group of 1174 children aged 8–12 years 
old, living in Western Europe, was diagnosed according 
to gross motor functioning, bimanual use of arms and 
hands, their intellectual abilities or presence of severe 
visual or hearing impairments [12]. The caregivers were 
also interviewed about the behavioral and emotional 
functioning of the patients in the context of conduct, hy-
peractivity, emotions, and peer relations. Some predictors 
of further psychopathology were revealed. The risk fac-
tors for problematic functioning defined in psychologi-
cal questionnaires as abnormal scarring were described 
in groups of patients:
•	 with moderate impairment of gross motor functioning, 

indicating that the children with no limitation of motor 
ability and those who needed total assistance with mov-
ing about (Gross Motor Function Classification System 
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[GMFCS] level more than IV) were less likely to have 
severe emotional impairments,

•	 with intellectual disability (IQ < 70),
•	 suffering from chronic pain,
•	 having hearing impairments; the children who needed 

hearing aids showed a three-fold higher risk of symp-
tomatology in comparison to the children without 
hearing aids,

•	 presenting impaired communication skills: children 
with normal or alternative formal methods of speech 
did not present elevated risk in contrast to the group 
with difficulties with but still using speech.

Moreover, the analysis of family factors demonstrated 
that having at least one chronically disabled or ill sibling 
was associated with an increased level of emotional and 
functioning difficulties. Interestingly, the lack of siblings 
was also associated with emotional or functional prob-
lems among patients with CP. In conclusion, the results 
showed that 38.5% of children with CP struggled with 
emotional problems and a similar group presented en-
hanced hyperactivity. The highest prevalence was noted 
for “peer problems” – almost 47.8%, whereas conduct 
problems were revealed to occur only in 15.1% of pa-
tients with CP. The influence of CP subtypes on the psy-
chological condition of children was also analyzed and 
only slightly higher risk of psychopathology was found in 
the group of children with ataxic CP. The other familial 
and environmental factors, such as attending special units 
or a special school, having single/separated parents or 
living in a small town, as well as a lack of qualifications 
or low qualifications of the parents, were associated with 
an increased incidence of psychological problems. In 
summary, the incidence of psychopathology in children 
with CP was high, with 23.9% of children showing an 
abnormal level of problems. The results also showed that 
children with milder forms of neurological impairments 
(better motor and communicative functioning) were 
struggling with more social demands and stresses as they 
were more similar to the able-bodied peers but the dif-
ferences in their functioning were more pronounced. 
In contrast, more severely handicapped children with  
lower expectancies demonstrated a lower level of conduct 
or hyperactivity symptomatology. Furthermore, greater in-
tellectual impairments or pain complaints were associated 
with higher risk of psychological problems [11]. The above 
results demonstrated that not only functional disabilities 
or chronic pain afflictions but also deficits in social com-
petencies were an important area of emotional burden and 
psychological distress in children and adolescents with CP.

The other valuable research conducted by Downs  
et al. [13] from the Cerebral Palsy Mental Health Group 
was the analysis of the prevalence of mental health prob-
lems in patients with CP, defined in line with the DSM-5 
or ICD-10 criteria. In contrast to previous studies, 
neurodevelopment disorders such as attention-deficit- 
hyperactivity disorder or autism spectrum disorder 

(ASD) were excluded from the research. Eight papers in-
volving 1771 children were analyzed, with the majority 
of studies providing a description of the GMFCS levels, 
while three studies provided intellectual functioning 
with the proportion of intellectual disability in the range 
21–55%. The majority of studies used the Strengths and 
Difficulties Questionnaire (SDQ) or the Child Behavioral 
Checklist (CBCL) [14–18]. The authors demonstrated 
that 19.6% of children suffered from mental disorders, 
with the majority having more than one diagnosis. 
The pooled prevalence of abnormal scores in the SDQ 
was 35% with significant heterogeneity and higher oc-
currence of peer (32–87%) and emotional problems  
(17–30%) than hyperactivity (5–28%) and conduct disor-
ders (0–34%). The prevalence of mental health symptoms 
measured in the CBCL was estimated at 28% but almost 
46% of children scored positively for any CBCL symp-
toms. Only one study [19] included the Kiddie Schedule 
for Affective Disorders and Schizophrenia

(K-SADS) psychiatric interview and revealed the pre
valence of psychiatric diagnoses as high as 57% in 
the group with CP. Interestingly, oppositional defiant dis-
order was the most common diagnosis, next to obsessive- 
compulsive disorder, generalized anxiety disorder, and 
separation anxiety disorder. Other diagnoses such as af-
fective, phobic, and panic disorders occurred with lower 
frequency whereas psychosis, substance abuse, and 
post-traumatic stress disorders or even conduct disor-
ders were not detected [13]. The authors also confirmed 
that the presence and severity of psychiatric disorders 
were determined by the type and severity of CP [19]. 
Next, the relationship between clinical outcome of CP 
such as motor functioning or intellectual disability and 
prevalence of mental health problems was analyzed [17].  
It was confirmed that the prevalence of mental health 
symptoms in children with CP was associated with 
the range of their motor impairments. In relation to 
the GMFCS level (I–V), the prevalence of mental health 
problems was as follows: 24% of children with GMFCS 
level I (low impairment), 40% in groups with levels II and 
III and 34% of patients with the highest motor difficulties 
(level IV or V in the GMFCS). For intellectual disability, 
the results showed that mental problems were detected 
in 24% of CP children with the developmental quotient 
of greater than 85, 42% with the developmental quotient 
of 50–85, and 38% of CP patients with the developmental 
quotient of less than 50 [17]. None of the studies con-
ducted an analysis of any relationship between emotional 
disorders and CP topography [13].

Sleep difficulties are another clinically significant 
problem in patients with CP. The comorbidity and sever-
ity of sleep disorders have not been studied extensively 
in this group of patients. The recent systemic review by 
Horwood et al. [20] demonstrated that the prevalence 
of sleep disorders in children with CP was 23.4% for 
any sleep abnormalities and 26.9% for sleep initiation 
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and maintenance disorders (DIMS). Among the most 
common sleep problems were: sleep-wake transition 
disorders (18.1%), sleep breathing disorders (12.5%), 
disorders of excessive somnolence (9.6%), disorders 
of arousal (9.0%), sleep hyperhidrosis (8.3%), parasom-
nias (7.8%), and non-restorative sleep (3.4%). This me-
ta-analysis also revealed higher rates of sleep problems 
in the group of older children. The severity of motor im-
pairments or the number of comorbidities was revealed 
to correlate with higher rate of sleep problems. More-
over, the research of Munyumu et al. [21] confirmed and 
characterized sleep differences in children with various 
kinds of CP and motor impairments. The total scoring 
measured in the Sleep Disturbance Scale for Children 
(SDSC) differs slightly between children with bilateral 
spastic CP (spastic diplegia/quadriplegia), unilateral 
spastic CP (spastic hemiplegia), dyskinesia and ataxia/ 
non-classified and measured 41.2%, 24.0%, 30.8%, 
and 17.4% respectively [21]. Furthermore, the severity 

of sleep problems was revealed to be related to the level of 
motor functioning. According to GMFCS levels I–V, 
the incidence of sleep disturbances was as follows: 15.4%, 
20.0%, 15.4%, 38.5%, and 48.9% respectively. In addition, 
the analysis conducted in a group of pre-school children 
also proved the relationship between scoring of the SDSC 
and GMFCS levels I–V. The results showed growing inci-
dence of sleep difficulties in line with GMFCS levels I to 
V as follows: 7.5%, 4.3%, 13.3%, 16.7%, and 37.% respec-
tively [22]. Also rates of sleep disturbance in school-aged 
children with CP were revealed to be significantly higher 
in comparison to the  healthy control group and 
concerned 12.9% of  children with GMFCS levels 
I–IV and 36.6% of children with GMFCS level V [23].

In conclusion, it is worth emphasizing that sleep 
problems in children with CP might often be unrecog-
nized despite their broad prevalence. Their treatment 
should be the priority goal with the behavioral interven-
tions as a first-line treatment (Table 1).

TABLE 1. Prevalence of psychological and functional problems in children with cerebral palsy – summary

Developmental abnormalities in children with CP 
in comparison to a group without diagnosis of CP were 
respectively as follows [10]

Epilepsy – 29.5% vs. 0.8%
Intellectual disability – 5.8% vs. 0.5%
ADHD – 1% vs. 1.8%
ASD – 3% vs. 0.4%
Deafness – 3.5% vs. 0.7%
Blindness – 2.1% vs. 0.06% 

The prevalence of CP and other disorders in siblings 
of the patients with CP in comparison to siblings 
of the healthy control children was as follows [10]

Intellectual disability [OR= 2.3]
Blindness [OR=2.4]
Schizophrenia [OR=2]
Epilepsy [OR=1.8]
ASD [OR=1.6]
ADHD [OR=1.3]

Emotional problems among children with CP 
in Europe [11]

38.5% of children with CP struggled with emotional problems
Among them “peer problems” (47.5%) were noted for the highest prevalence, 
with 23.9% of children showing an abnormal level of problems

The prevalence of mental health problems defined 
with the DSM-5 or ICD-10 criteria, excluding 
neurodevelopment disorders (ASD and ADHD) described 
by Downs [13]

19.6% of children with CP suffered from mental disorders
35% of patients presented abnormal level of the SDQ scoring with the highest 
occurrence of peer (32–87%) and emotional problems (17–30%)
28% of patients fulfilled the criteria of mental health symptoms in the CBCL
Almost 46% of children had positive scoring for CBCL symptoms

Prevalence of psychiatric diagnoses confirmed  
by the K-SADS interview [19]

Prevalence of psychiatric diagnoses was as high as 57%, with oppositional 
defiant disorder as the most common diagnosis

Prevalence of neurodevelopmental (ASD, ADHD) 
disorders among children with CP [41]

35% of children fulfilled the criteria for ASD 
56% of children fulfilled the criteria for ADHD 
The overlap of both diagnoses was as high as 29%

Sleep difficulties [20] Prevalence of sleep disorders in children with CP was 23% for any sleep 
abnormalities
26.9% for disorders of sleep initiation and maintenance
18.1% for sleep-wake transition disorders
12.5% for sleep breathing disorders
9.6% for disorders of excessive somnolence
9.0% for disorders of arousal
8.3% for sleep hyperhidrosis
7.8% for parasomnias
3.4% for non-restorative sleep

ADHD – attention deficit/hyperactivity disorder, ASD – autism spectrum disorders, CBCL – Child Behavioral Checklist, CP – cerebral palsy, K-SADS – Kiddie Schedule for Affective Disorders and Schizophrenia, 
SDQ – Strengths and Difficulties Questionnaire
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WHAT ARE THE RISK FACTORS FOR MENTAL 
HEALTH DISORDERS IN CHILDREN WITH 
CEREBRAL PALSY?

The majority of patients with CP suffer from many 
accompanying disorders including epilepsy, intellectual 
impairment, autism, chronic pain and several physical 
health problems such as scoliosis, gastrological or pul-
monary dysfunctions. Almost half of the patients with 
CP fulfil the criteria for mental health disorders. Recent 
studies confirmed that adults with CP were more likely to 
suffer from at least one psychiatric disorder (with the ex-
ception of addiction-related disorders) in comparison to 
the general population [24]. This might pose a question 
about the reason for such high comorbidity. One answer 
is the fact that children with any neurodevelopmental 
disorders more often present problems in other domains 
of functioning and are more prone to psychiatric disor-
ders later in adulthood [25–27]. It might be presumed that 
the severity of motor impairments, intellectual disability, 
epilepsy or other neurological dysfunctions or autism 
spectrum disorders may significantly impair the mental 
and physical functioning of patients with CP. Recently, 
a new comorbidity index for adults was introduced to 
clinical practice – the Whitney Comorbidity Index – as 
an answer to the complexity of problems in this group 
of patients. This tool has been designed to include and 
assess clinically relevant comorbidity in order to better 
discriminate the increased risk of mortality for adults with 
CP [27].

As mentioned abov, the severity of accompanying 
dysfunctions and disorders has prognostic value for fur-
ther life quality of patients with CP. From the therapeutic 
perspective, the knowledge about early risk factors and 
the relationship between their incidence and develop-
ment have vital importance for prophylaxis and indi-
vidualization of treatment, particularly in the younger 
population of patients. The physical ability and the men-
tal health quality of children with CP were studied by 
Whitney et al. [24]. The authors compared the patients 
with CP and the healthy control group in terms of oc-
currence of mental problems such as depression, anxiety, 
behavioral/conduct problems or hyperactivity disorder. 
They also tried to estimate the influence of some general 
factors such as physical activity, sleep duration, and pain 
intensity on the functional outcome of patients with CP, 
in order to differentiate their contribution to health qual-
ity from the burden of physical disability. Physical activ-
ity was defined as the number of days with sport activity 
lasting for 60 minutes, sleep duration was determined 
according to age of the child (9–12 hours/24 hours for 
children aged 9–12; 8–10 hours/24 hours for adoles-
cents aged 13–18). Finally, pain symptoms were rated as 
present when the child experienced frequent or chronic 
difficulties related to repeated or chronic head, back or 
body pain. The results showed that 56.6% of the patients 

with CP had moderate or severe disabilities not related to 
age, sex, household poverty status, or sleep duration, and 
22.3% of them suffered from multiple mental disorders 
with the overall incidence significantly higher even after 
adjusting for physical activity, sleep duration, and pain 
in comparison to the control group. Lower prevalence 
of physical activity and higher prevalence of pain were 
demonstrated in children with CP. Physical activity was 
associated with the level of depression, whereas anxiety, 
behavior/conduct problems, and multimorbidity were di-
rectly related to the diagnosis of CP. The occurrence and 
the level of depression, anxiety, behavior/conduct prob-
lems, and multimorbidity in the group with CP were not 
fully related to the sleep duration variable but were in-
creased in the group with CP independently. On the other 
hand, pain was revealed to fully explain occurrence 
of depression in children with CP, which confirmed that 
pain accounts for the comorbidity of CP and depression. 
The main conclusion from this study is that children with 
CP have higher incidence of mental health problems in 
comparison to children without CP, even after adjusting 
for several population risk factors. The limitation of this 
study is the cross-sectional design, which made it unable 
to explore causality or directionality of exposures and 
outcomes. It is also worth mentioning the recent paper 
showing the interrelation between pain, fatigue, and men-
tal problems in individuals with CP [28]. It demonstrated 
that individuals with GMFCS level I suffered from less 
pain, fatigue, and depressive symptoms in comparison to 
individuals with higher GMFCS levels. Moreover, pain 
and fatigue were more interrelated and more strongly 
associated with global mental health in individuals with 
CP [28]. In conclusion, limited physical activity, sleep 
problems, and pain accounted for the incidence of de-
pression and other mental health problems in this group 
of patients, which should be taken into consideration in 
rehabilitation and treatment strategies.

Finally, the  role of  mental executive functions 
in the psychological and social functioning of pa-
tients with unilateral CP has been taken into con-
sideration. The  influence of cognitive functioning 
on mental health quality in the general population is 
a well-known fact [29, 30]. The executive function-
ing is related to cognitive functioning and its role has 
been demonstrated in many neurodevelopment dis-
orders such as ADHD, Asperger syndrome, non- 
verbal learning disorders, and fetal alcohol syndrome. 
The research conducted by Tajik-Parvinchi et al. [31] 
revealed the relationship between cognitive control 
processes and internalizing/externalizing symptoms in 
children with neurodevelopment disorders. The authors 
demonstrated the association of emotion regulation with 
cognitive functioning such as attention shifting, inhibitory 
control, and working memory which in consequence me-
diates the occurrence of internalizing and externalizing 
symptoms in children with neurodevelopment difficulties. 
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Cognitive and emotional functioning is also important 
for emotional-behavioral regulation and social compe-
tencies. A study by Whittingham et al. [29] conducted in 
a population with CP analyzed the role of cognitive exec-
utive functioning in behavioral, psychological, and social 
functioning of children with unilateral palsy. The authors 
confirmed that cognitive executive functioning correlated 
with psychological or social functioning of patients with 
CP but they did not find any differences between groups 
with left or right unilateral palsy. In conclusion, problems 
with cognitive executive functions proved to be a risk fac-
tor for behavioral disorders but not for emotional or peer 
problems in children with CP.

The higher prevalence of difficulties in cognitive con-
trol and executive functioning in children with CP was 
also described by Coceski et al. [32], who revealed that 
cognitive abilities of adolescents with CP were signifi-
cantly below the abilities of the healthy group and were 
characterized by an uneven cognitive profile with higher 
verbal functions. Particularly, severity of motor impair-
ment, insufficient weight for gestational age, and seizures 
should be recognized as risk factors for cognitive impair-
ment and taken into consideration by health professionals 
during interview or treatment planning. In conclusion, 
executive functioning disabilities tend to substantially 
increase the risk of mental or behavioral problems/disor-
ders among patients with CP [33].

HOW MAY CEREBRAL PALSY AFFECT  
THE SENSITIVE PERIODS OF INDIVIDUAL 
HUMAN DEVELOPMENT?

The sensitive period is usually described as a partic-
ular time window during which specific experiences or 
lack of them plays an essential role in an individual’s de-
velopment. Such specific experiences alter the structure 
and function of the brain during ontogenesis (Table 2). 
According to Bornstein [34], sensitive periods influence 
the physiological, physical, and psychological aspects 
of human brain functioning, as the modulation of the cen-
tral nervous system by experiences is the last and by far 
the most subtle strategy of development. Hebb [35] and 
Hubel et al. [36] proved the existence of critical period 
plasticity during development of the visual system in 
the widely known experiment with visual deprivation in 
rats and cats. In their description of the fundamental prin-
ciple of neurodevelopment, the occurrence of the appro-
priate experience/stimuli is obligatory to provide the ner-
vous system with the necessary information to create 
the subset of synaptic connections. The underlying neural 
mechanisms are based on the overproduction of synap-
tic connections and subsequent activity-dependent se-
lective elimination or preservation of neural circuits. In 
human mental development, Rutter et al. [37] described 
the unique sensitive time to form the attachment system. 

TABLE 2. Sensitive periods in human development – their onset and characteristics

Functional development of the brain Description

6th month of gestation Cortical responses to sound and light are detected. Prior exposure to sounds in utero 
leads to an indexed attention preference for a native compared to a foreign language [45]

At birth time Auditory and emotional systems comprising the limbic and paralimbic structures are well 
developed to form an attachment and social adaptation

Until 5 years old Strabismus; patching the healthy eye until this age of life restores functionality 
of the squinting eye due to prevention of elimination of the non-functioning synapses  
in the visual cortex area of the weaker eye [46]

2–4 months postnatally until adolescence Synaptogenesis in auditory and visual cortex takes place

Age of 2–5 years old Vulnerability to adversity during cognitive development

Up to 8 years of age Until this time, the function of language might be recovered following destruction 
of speech areas in the dominant hemisphere [47]

Adolescence Myelination and synaptic selection “pruning” in the prefrontal cortex. The phase 
of myelination signals the end of the developmental stage and allows functional 
stabilization within the established pathways [48, 49]

Early adulthood Myelination in the frontal cortex concludes following sexual differentiation [48]

Attachment formation

Up to 3 months postnatally A child is emotionally less vulnerable to stressful separations from caregivers

1–2 years of age Infant’s ability to differentiate others from themselves. The time of peak synaptic density 
in the neocortex [49]

From 3 months postnatally up to 6–9 years 
of age

Sensitive period for stressful separations from parents but also window to develop new 
intimate and close relationship with new caregivers (children adopted at age 4–7 were 
able to develop good and close ties with their parents)
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They revealed that the attachments were formed as late 
as seven years of age and children were most vulnerable 
to stressful separation from their parents before the mid-
dle years (6–9) but not before the age of 3 months. They 
also stated that failure to form an attachment in those first 
years of life was more significant than in a later period. 
On the other hand, cognitive development is more influ-
enced by adversity between the ages of 2 and 5 than before 
this period. The sensitive period also takes place during 
the development of cortical responses to sound and light. 
Preterm children show regional differentiation to sensory 
input and functional connections in their brains because 
prior exposure to sounds in utero led to sound preferences 
to native language as a prosodic but not a phonetic pattern 
penetrates the womb [38]. The sensitive period during 
development of language lasts to 8 years of age and until 
this time, language may be recovered completely following 
destruction of speech areas in the dominant hemisphere. 
It is worth remembering that the early unilateral hemi-
spherical lesions usually lead to a mild decrease in IQ but 
do not impair language development [39].

Children with CP gaining the appropriate experiences 
during sensitive periods may be restricted and disturbed by 
many functional and morphological distortions. Cerebral 
palsy concerns not only motor impairment but also prob-
lems related to cognition, communication, behavior, and 
sensation. There is also growing evidence that neurodevel-
opmental disorders such as autism spectrum disorders or 
attention-deficit/hyperactivity disorders are more preva-
lent in children with CP in comparison to the general pop-
ulation [40]. The study conducted by Påhlman et al. [41] 
demonstrated that one third (35%) of children with CP 
fulfilled the criteria of ASD and half of them (56%) ful-
filled the criteria of ADHD (attention hyperactivity dis-
order). The overlap of the two diagnoses is common and 
was found in 29% of children. Another screening study 
conducted in a group of 7-year-old children with CP 
demonstrated the prevalence of ADHD as high as 42% 
[42]. Problems with verbal communication, social skills, 
attention maintenance, and motor abilities may influ-
ence the quantity and quality of experiences acquired 
by patients with CP. The adolescence and transition into 
adulthood is, in addition to the early period of life, also 
an important sensitive period during development. This 
period is characterized by changes in a maturing brain un-
der the influences of physical, psychosocial, and cognitive 
factors. One study showed functional differences during 
that time in patients with CP in comparison to a healthy 
control group [43]. Adolescents with CP usually engage in 
more passive, solitary activities, which as a result affects 
structural and functional brain development, in partic-
ular self-concept and emotional functioning. Moreover, 
the analysis using resting-state functional images revealed 
that higher well-being scores (less motor impairment, low 
pain level) and better everyday functioning were associated 

with higher levels of functional connectivity between 
the medial prefrontal cortex and the right lateral parietal 
region, the areas related to social and emotional regulation 
skills [44]. These results suggest that symptoms such as 
pain or gross motor impairment experienced by patients 
with CP may lead to disturbances in the brain functional 
connectivity in areas important for emotional regulation 
and deterioration of their quality of life. These observations 
also support the conclusion that the clinical progression 
of the disorder is not only limited to perinatal or postnatal 
stages of life, but may be continued into further develop-
mental stages, as the symptoms of CP reduce the oppor-
tunity to gain the expected quality and amount of experi-
ences during the sensitive periods of mental development.

CONCLUSIONS

The studies described in this paper show that children 
with CP are at greater risk of having other neurodevelop-
ment disorders, which means that these patients should 
be carefully diagnosed for a wider range of problems to 
enhance their early therapeutic interventions and achieve 
a better prognosis for their further outcome. The most 
frequent comorbidity in patients with CP is oppositional 
defiant disorder, and almost every third patient with CP 
suffers from peer and emotional problems. That is why 
therapeutic efforts should take into consideration emo-
tional support in the area of communication and inter-
personal skills. Other aspects such as sleep disturbances 
and pain also negatively affect everyday functioning and 
quality of life in patients with CP. Pain proved to be a par-
ticular factor for comorbidity and depression. Caregivers 
and professionals should also keep in mind the need for 
proper and expected experiences and stimulation – oblig-
atory for brain and mental development during sensitive 
periods – and the fact that CP symptoms may restrict or 
limit the opportunity to receive them. Recent studies have 
also shown that CP, aside from higher incidence of meta-
bolic abnormalities, cardiovascular diseases, and depres-
sion, is associated with higher risk of dementia, which 
might be mainly explained by co-occurring intellectual 
deficits, epilepsy, and sensory impairments [45].
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