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Abstract

Cerebral palsy (CP) is a term referring to a nonprogressive disease of the brain originating
during the antenatal, neonatal, or early postnatal period when brain neuronal connections
are still evolving. Secondary effects of spasticity on growth may, however, be progressive.
There may be additional disturbances of sensation, perception, cognition, communication,
and behavior. Babies who are neurologically abnormal as newborns are at increased risk
of neurologic abnormality in later months and years. Being born preterm (born <37 weeks
of gestation) or with a very low birth weight (weighing <1500 g/<32 weeks of gestation) or
extreme low birth weight (<1000 g/<28 weeks of gestation) is associated with significant
motor impairment. Which specific signs in the neonate are of greatest predictive power,
what long-term disability these signs predict, and how well they predict it remain unclear?
Physician’s major concern is to identify specific risk factors for severe impairment in early
infancy so as to predict the developmental outcome of those children that may manifest
later on with neurological deficit especially if they have perinatal insult. Parents on the other
hand are also concerned about their growing infants, their development, and neurological
outcome. Since cerebral palsy is a permanent disorder, early detection of signs of motor
impairment is crucial to assist physicians to give close follow-up of those infants and to reas-
sure parents whose children are normal. It has been shown that intervention may be most
efficient when the plasticity of the brain is high, and an early detection of brain impairment
is therefore crucial. An earlier follow-up and training program can have a positive effect
of the motor development of the child with CP, in particular through prevention of limb
contractions, and might make a difference in the child’s ability to handle everyday chal-
lenges. In addition, an early detection of CP gives the parents more time for adjustment and
preparation. Since clinical manifestations of cerebral palsy do not emerge before a child is
at least 6 months, the general movement (GM) is considered the most reliable early markers
for monitoring of fetal and infant movement. Abnormal General movements and absence of
the so-called fidgety movements at 3-5 months post-term carries a high risk of developing
cerebral palsy. Beside a high specificity (82-99%) and sensitivity (95-100%), the assessment
of the general movements (GMs) is quick, nonintrusive, and easy to acquire.
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1. Introduction

Cerebral palsy (CP) is a permanent disorder in the development of movement and posture
in the developing fetal or infant brain which usually manifests before 18 months of age [1].
Prematurity is a major risk factor for later motor impairment, and the prevalence of CP
increases from 0.1% in term babies to 14.6% in those born preterm [2, 3].

The physical impairment is often accompanied by disturbances in cognition and perception [4].
Preterm birth, perinatal asphyxia and neonatal encephalopathy, genetic predisposition, white
matter disease, deep gray matter lesion, cerebral infarction, and intraventricular hemorrhage
are associated with increased risk of CP [5-7].

The ability to predict CP earlier than 2 years of age would have many advantages. Earlier
recognition of infants at high risk for neurodevelopmental delay would also benefit fami-
lies through individualized case management and interventions and may also lead to more
focused follow-up and reassure the parents of those children who are unlikely to develop
CP. One of the most challenging tasks for medical practitioners is to identify specific risk
factors in early infancy and predict severe impairment that manifest later in development.
Parents on the other hand still concerned about the developmental perspectives of their
infant, especially if he has a perinatal insult. One should consider that overt clinical symp-
toms of CP usually do not manifest before the child is at least half year old [4]. In addition to
that, identification of language and cognitive function delay requires long time follow-up for
accurate detection [8]. Early recognition of neurodevelopmental delay needs a good tool for
early diagnosis to predict the outcome and to enable early intervention as soon as possible.
The plasticity of the brain is at its highest during the first 2 years and decreases gradually
thereafter [9]. It has been shown that spontaneous motility is an excellent marker for neural
dysfunction caused by brain impairment, which normally would not become evident and
clinically manifested for years [10, 11]. The general movement assessment (GMA) developed
by Prechtl is a known diagnostic tool for the functional assessment of the young nervous
system and has shown good results in predicting CP at an early stage [12-15]. GMA is non-
invasive, even nonintrusive, cost-efficient, and easy to learn [12]. During the last 15 years,
considerable research has been devoted to GMs, whose quality has proven to be most indica-
tive of functional integrity of the young nervous system, with specificity of 82-99% and a
sensitivity of 95-100% [10, 16-17]. GMA conducted at 3 months of corrected age is useful in
a clinical setting for predicting CP at 2 years of corrected age for children born <32 weeks of
gestation [18]. In its predictive power, the GM assessment is superior to cranial ultrasound
(US) or neurological examination and equivalent to MRI (white matter assessment) [19-21].

2. The aim of this chapter

The aim of this chapter is to discuss the early markers of cerebral palsy from the general
movement assessment to the neurological examination and then neuroimgaing studies when
indicated in assessing high-risk infants to provide opportunity for early detection of any poor
motor performance and for early possible intervention.
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3. General movements

General movement is a part of spontaneous movement activity that is generated by the
developing nervous system; it appears from the 7th week postmenstrual until 3-5 months
post-term. The beginning of early fetal movement at the 7th week is correlated with the
development of synapsis in the spinal cord, the emergence of neuromuscular contacts, and
before the development of spinal reflex pathway at 10-11 weeks postmenstrual [22-24].
It is characterized by a movement that involves the whole body in a variable sequence
involving the arm, leg, neck, and trunk. They are complex in nature that wax and wane
vary in intensity, speed, and range of motion and have a gradual onset and end. It has been
proposed that GMs consist of rhythmic bursts of action potentials [16]. GMs are generated
from a large neuronal generator network that extends from the brain stem to the spinal
cord [25].

The variable nature of GM is explained by the presence of supraspinal projections that
activate, inhibit, and modulate the central generator network [26]. Fetal and neonatal
nervous system generates not only a variety of motor patterns such as simple startles
or twitches but also more complex patterns such as stretching, yawning, or GM [12, 26].
General movements are movements which involve the entire body, rotations around the
limb axes, and slight changes in the direction of movement that gives the GM its fluency
and elegancy [10, 27]. The first-stage fetal movement that starts at the 7th week postmen-
strual appears as movements that are restricted to the head and trunk, and then the second
stage begins with the movement of all parts of the body as slow and simple movement of
the arms and legs.

More complex and variable GMs emerge at week 9-10 of postmenstrual age (PMA), where
each phase has its own characteristics [28]. Complexity and variation of movements are
brought about by the independent exploration of degrees of freedom in all body joints. The
variable combinations of movement like flexion-extension, abduction-adduction, and endor-
otation-exorotation generate a series of changes in movement direction of the involved body
parts. GMs are considered as the major tool of assessing fetal and infant brain integrity in
which reduced modulation of the central neuronal generators results in less variable GM and
may indicate fetal or neonatal motor compromise [25].

3.1. Fetal and preterm general movements

From week 9 up to term age, the GMs are referred to as fetal and preterm general movements.
These movements have large amplitudes and fast speed in which the fetus develops the entire
neonatal movement, which also includes arm and leg movements, startles, sucking, breath-
ing, and stretching movements [12].

3.2. Writhing movements

From term age onward till the second month post-term, the GM is called “writhing move-
ment” which is characterized by small-to-moderate amplitude and speed. In addition, trunk
movements are smaller than previously [29].
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3.3. Fidgety movements

At 6 to 9 weeks post-term, the writhing movement disappears where the so-called fidgety
movement (FM) appears [10]. It consists of rounded tiny movements of the neck, trunk, and
limbs. It is of moderate speed and variable acceleration; they disappear when the infant starts
being fussy or cries and is drowsy or sleeps [12, 25]. FM disappear from 3 to 5 months post-
term (Figure 1) [30].

General movements gradually disappear at 3-5 months post-term, when general movement
activity is taken over by goal-directed movements of the arms. The latter consist, for instance,
of mutual manipulation of the fingers or manipulation of clothes [10].

3.3.1. Clinical variants of fidgety movement

Prechtl had described a clinical interpretation for FMs into (Table 1) [12].

Figure 1. Video print of a 14-week-old infant showing fidgety movements as time evolves from left to right and from top
to bottom. A frame rate of 12.5 Hz is used, yielding a total time of 1.92 s [30].
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Normal FM Abnormal FM
Old +4, + = - -, Exagg
New +4, + +-, -, Exagg

Table 1. New and old Prechtl approach for classification of normal and abnormal FMs, where the FMs are categorized
as continual (+ +), intermittent (+), sporadic (+ ), absent (=), and exaggerated (Exagg) [12].

3.3.1.1. Continual FMs

Continual FMs occur frequently with very short pauses (1-2 s). It scores (++). FMs involve
the whole body, particularly the neck, shoulders, wrists, hips, and ankles. FMs may occur as
asymmetrical movement depending on the position of the head. They are mainly displayed in
the hips and ankles but not so much in the shoulders and wrists [31, 32].

3.3.1.2. Intermittent FMs

Intermittent FMs occur often but with longer pauses (up to 10 s) than continual movements,
which may indicate that FMs are present only during half of the observation time [31, 32].
Intermittent FMs scores (+).

3.3.1.3. Sporadic FMs

The occurrence of FMs here is less frequent and sporadic with much longer pause up to 1 min-
ute. Sporadic FMs are age-adequate from 6 to 8 weeks post-term until the 5th month when
FMs start to wane [31, 32]. Sporadic FM is regarded as abnormal movement according to the
new Prechtl approach of general movement assessment (Table 1).

The potential biological function of this tiny movement may be attributable to the postnatal
calibration of the proprioceptive system [12, 33]. Children and adolescents with fine motor
dysfunction had less pronounced or abnormal fidgety movement at infancy [34, 35]. Sporadic
FMs score (+ -).

3.3.1.4. Abnormal FMs

Abnormal FMs (score: AF) look like normal FMs, but it occurs with greater amplitude, speed,
and jerkiness (exaggerated) [10, 12, 19]. Abnormal FMs are rare; they occur more often in
infants born preterm who show uncoordinated sucking [35]. Abnormal FMs have been
described in infants with Down syndrome (trisomy 21) [36, 37] and infants who has intrauter-
ine exposure to maternal opiate abuse and/or HIV [1, 38]. Infants with abnormal FMs may
develop normally [19, 35, 39, 40] but may also develop CP [19, 32]. Some studies documented
an association between abnormal FMs and coordination difficulties and/or fine manipulative
disabilities [35, 40]. Recently, an exceedingly high rate of abnormal FMs was described in
infants who were later diagnosed with autism spectrum disorder [41].
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3.3.1.5. Absent FMs

Whenever FMs are missing altogether from 9 to 20 weeks of post-term age, this abnormality is
called absent FMs (score: F-). Infants with absent FMs show other normal or abnormal move-
ments [19]. Absent FMs are highly predictive of later neurological deficits [10], particularly of
CP [10, 12, 19, 32, 38, 39]. Further observation allows for determination of the eventual type
of CP as well as the anatomical distribution and severity of the activity limitation. Despite the
absence of FMs, infants with an increased risk of non-spastic CP showed circular arm move-
ments with or without spread fingers [42, 43]. Asymmetry of distal segmental movements
may predict later development of unilateral CP [44, 45].

It has been shown that abnormal and absent FMs increase the risk of development of neuro-
logical impairment. Particularly, the absence of FMs has been shown to be highly predictive
of CP, while normal FMs are associated with normal neurological outcome [10]. GMs during
preterm and term age are considered abnormal if it lacks the variability in intensity, speed,
and range of motion which may indicate a poor repertoire general movement. Another form
of abnormal GMs that lacks the usual fluency and smoothness is described as cramped-syn-
chronized GMs, a rigid movement of the limb and trunk muscles that contract simultaneously
and relax almost simultaneously. Both the presence of cramped-synchronized GM and the
absence of fidgety movements are highly predictive of CP [14, 21]. Chaotic movements on
the other hand are also considered abnormal GMs in which it is abrupt and occurs with high
speed and large amplitude and mostly observed in moderate preterm [10].

4. General movement assessment

Since long-time GMs regarded as standard tool for monitoring and predicting motor compro-
mise like cerebral palsy [14]. It is an easy, noninvasive, and cost-effective method that consists
of a video camera and a trained person who analyze the video record. The infant (should be
silent, not crying) is monitored with video camera in supine position for 3-5 minutes [12].
There are several computer-based methods for assessing GM in infants with high risk of neu-
rological impairment. The computerized video-based method is divided into two types: the
motion capturing system and traditional color camera [46]. The motion capturing system has
an advantage in separating healthy infants from the high-risk infants, but it is a costly and
expensive and used only in research practice, while the traditional method is used outside the
clinical and research practice like the infant’s home that is called the GM tool box [47]. Adde
et al. described that the GM tool box showed that the variability in displacement of spatial
center of active pixels in the image had the highest sensitivity (81.5%) and specificity (70%)
in classifying GMs [46]. Another study revealed that this type of computer-based analysis
can reliably differentiate between normal (continual) and abnormal (intermittent) GMs [48].
The absence of fidgety movements was never specific for a particular subtype of CP. This fact
indicates that intact corticospinal fibers and a normal output of the basal ganglia and cerebel-
lum are necessary to generate normal fidgety movements [27].
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Unilateral CP can be identified through GM assessment and application of Hammersmith
Infant Neurological Examination (HINE) [49]. These results clearly lead to the conclusion
that a 3- to 4-month-old infant with a normal neurological score but an absence of fidgety

movements and asymmetric segmental movements is at a high risk of developing unilateral
CP [45] (Table 2).

GMS during preterm age =~ Writhing GMs (at term  Fidgety GMs (3-5 months) Neurological
until 8 weeks postterm) outcome
Poor repertoire or normal ~ Poor repertoire or Normal fidgety movements Normal
GMs abnormal GMs
Poor repertoire or cramped-synchronized Absence of fidgety movements; Bilateral spastic CP
cramped-synchronized GMs abnormal findings in neurological
GMs examination
Poor repertoire or Poor repertoire or Absence of fidgety movements and Unilateral spastic CP
cramped-synchronized cramped-synchronized = asymmetrical segmental movements;
GMs GMs normal or abnormal findings in

neurological examination

Poor repertoire GMs Poor repertoire GMs; Absence of fidgety movements; Dyskinetic CP
circular arm and finger absence of foot-to-foot contact; circular
spreading arm movements and finger spreading

CP, cerebral palsy; GM, general movement.

Table 2. Developmental trajectories with a high predictive power for normal development and the development of
cerebral palsy [42].

5. Value of neurological examination

Neurological assessment since long time is used as a monitoring system for development of the
high-risk infants. The main goal of the high-risk infant follow-up programs is to monitor the
development and to provide early identification and treatment of high-risk infants (preterm
and those with perinatal insult). These programs are also considered as a referral centers for
general providers who have identified delays on routine screenings. Neurological examination
is considered a vital tool of neurodevelopmental assessment and follow-up, complemented by
various developmental and medical assessments. There are several neurological examination
methods available for high-risk infants used for both clinical care and research studies. The
well-known methods are the Hammersmith Infant Neurological Examination (HINE) [50], the
Touwen [51], the Amiel-Tison [52], the Bayley Scales of Infant and Toddler Development [53],
and Dubowitz neonatal neurological examination [54]. These assessment methods have a high
predictive value with sensitivity and specificity of 88 and 92%, respectively, in predicting CP
[14]. The use of the above neuromotor and developmental assessment is to predict impairments
as early as possible and to help physician provide guidance for families about their children
development and help in discriminating between normally developing infants from those with
abnormal development. It also enables prognostic information on the neurological and motor
outcome and when to send those infants showing early impairment for rehabilitation programs.



10 Cerebral Palsy - Clinical and Therapeutic Aspects

The HINE is an easily performed and relatively brief standardized and scorable clinical neu-
rological examination for infants between 2 and 24 months of age, accessible to all clinicians,
with good interobserver reliability. It has no associated costs such as lengthy certifications or
proprietary forms. It consists of 26 items that assess different aspects of neurological examina-
tions such as cranial nerves, posture, movements, tone, and reflexes [53], with a questionnaire
instructions and diagrams included on the scoring sheet, similar to Dubowitz neonatal neu-
rological examinations [54]. Each item is scored individually (0, 1, 2, or 3), with a sum score
of all individual items (range 0-78), Optimality scores for infants 3 to 18 months are based
on the frequency of distribution of neurological findings in a typical infant population: it is
considered optimal when an item is found in at least 90% of infants [53].

The sequential use of the HINE allows the identification of early signs of cerebral palsy and other
neuromotor disorders, while individual items are predictive of motor outcomes. For example,
in preterm infants assessed between 6 and 15 months of corrected age, scores above 64 pre-
dict independent walking with a walked sensitivity of 98% and specificity of 85%. Conversely,
scores below 52 were highly predictive of cerebral palsy and severe motor impairments [55].

Neurological examination and tools that incorporate it are clinically influenced by the experi-
ence of an examiner and a child’s state of rest. The neurological examination tools are mostly
of value in term age, while general motor assessment has better predictive accuracy at preterm
age. Signs that may appear transient during preterm period like jitteriness and dystonia that
may be detected through neurological examination are misleading and have poor predictive
accuracy of CP [56, 57]. Neurological examination is of value in the prediction of milder cases
of CP, during which GMA is less sensitive [58]. The combination of both GMA and HINE at
3 months post-term is valuable in predicting infants at high risk of CP [49].

6. Neuroimaging studies

6.1. Cranial ultrasonography

Cranial imaging is the most well studied of the postnatal clinical findings correlated with
CP. Serial cranial ultrasound has been used for nearly 30 years to evaluate CNS structure in
infancy. Ultrasonography had been used for assessment of fetal well-being and behavior state
in utero. Cranial ultrasound reliably detects germinal matrix and intraventricular hemorrhage,
ventricular dilation, and periventricular leukomalacia (PVL). Although cystic white matter injury
(WMI) and ventriculomegaly are highly associated with CP, premature infants with normal
cranial ultrasound are also at risk for motor abnormalities [59]. Infants born after 28-30 weeks
of gestation are not routinely examined with ultrasonography; this is partly due to the low sen-
sitivity of cranial US (66-79%) [60]. Thus, a brain injury that does not present clear clinical signs
can go undetected for a long period of time, resulting in an intervention being initiated late.

6.2. Magnetic resonance imaging

MRI, which is often used to reveal anatomic abnormalities, could offer a unique, noninvasive
opportunity to predict neurological deficits, even as early as the newborn stage [61]. Also,
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MRI has considerably higher sensitivity than cranial ultrasound (US) [62]. Its higher sensitiv-
ity is important to detect early damage occurring before reliable US imaging. In addition of
hypoxia-ischemia, MRI can also show other patterns of injury, such as central cortico-subcor-
tical damage, diffuse cortical involvement, bilateral parasagittal lesions, as well as brainstem,
cerebella, and hippocampus lesions.

The patterns of MRI in children with cerebral palsy are:
1. White matter damage

According to the studies of pathological observations with patient phenotypes, white matter
injury (WMI) is often observed in spastic diplegia and quadriplegia. The abnormalities of
white matter are particularly frequent in children with CP born premature. Incidence of white
matter damage, across all studies, was reported in nearly 30-40% of all subjects; also, myelin
abnormalities are quite common in CP [63, 64].

2. Gray matter damage

The gray matter damage is defined as injuries to the basal ganglia, cortical defects, thalamic
abnormalities, and diencephalic lesions. The hallmark of acute perinatal hypoxia-ischemia
in term infants, central gray matter damage, is an important cause of death and cerebral

palsy.
3. White and gray matter damage

The white and gray matter damage, most common among hemiplegics, infarcts are com-
monly found in both white and gray matter surrounding the middle cerebral artery among
subjects with CP.

4. Ventriculomegaly, atrophy, and cerebrospinal fluid abnormalities

The ventriculomegaly, common subjects with CP, includes enlarged, dilated, or reduced ven-
tricles (unilateral or bilateral), abnormalities of the atria, ventricular or occipital horns, and
posterior fossa abnormalities [65, 60].

A significant relationship between white matter abnormalities on magnetic resonance imag-
ing (MRI) and absent FMs in infants born at <30 weeks of gestation supports the idea that
abnormal GMs reflect white matter injury [66].

Although the white matter damages are the most common abnormality [67, 68], but combined
gray and white matter abnormalities are more common among children with hemiplegia.
Isolated white matter abnormalities are more common with bilateral spasticity or athetosis
and with ataxia. Isolated gray matter damage is the least common finding. In preterm-born
infants, periventricular white matter lesions occurred more often than in term-born children
(90% vs. 20%) [67]. It has been shown that both GMA and magnetic resonance imaging (MRI)
had a sensitivity of 100% in predicting the development of CP by the age of 12 months in
preterm infants [21].

The scientists had developed guidelines for early detection and intervention for cerebral
palsy; they include recommendations for neurological examinations, neuroimaging, and
motor assessments for infants between 5 months and 24 months of corrected age [13].

11
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Figure 2. Translation of international guidelines into a clinical practice algorithm in a neonatal intensive care unit
follow-up program. *Select examinations target developmental progression and represent the best feasible evidence for
specific concern. *Neurological examination after a 2-year visit includes Amiel Tisonorother. Bayley-III, Bayley scales
of infant and toddler development-third edition; CBCL, child behavior checklist; GMA, general movement assessment;
HINE, Hammersmith infant neurological examination; TIMP, test of infant motor performance [69].

As shown in Figure 2 [69], the guidelines can be translated into clinical practice by adapt-
ing core elements to suit individual clinical settings. As soon as the high-risk infants as a
neonate (e.g., neuroimaging findings consistent with neonatal encephalopathy) are referred,
they undergo surveillance according to the guidelines at the 3- to 4-month visits. In hospital-
ized extremely preterm infant with white matter injury, the surveillance occurs at the bedside
according to the guidelines with a HINE, a Test of Infant Motor Performance, and a general
movement assessment. Referred high-risk infant should start close to the point of the path-
way, for example, a high-risk infant referred for the surveillance at 9 months due to inability
to sit would start with a HINE and a Bayley Scales of Infant and Toddler Development.

7. Conclusion

This systematic review has shown that there is good evidence that GMA can accurately pre-
dict the development of CP. There is reasonable evidence to support the use of MRI at term
corrected age, neurological examination in the older infant, and, to a lesser extent, ultrasound
in infants of preterm age for early assessment. The great advantage of detecting an increased
risk of CP at such an early stage consists of the possibility of intervention long before the
emergence of obvious pathological features of CP.
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