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Abstract

In cerebral palsy (CP), numerous primary problems are observed including muscle tone
problems, muscle weakness, insufficient selective motor control, postural control, and
balance problems. In the persistence of these problems for a long period, secondary
problems including torsional deformities, joint contractures, scoliosis, and hip dysplasia
can occur in time, and strategies formed by children to cope with these problems make
up the tertiary problems. Hence, the most accurate and brief assessment of all of these
problems mentioned above is crucial to determine an effective and precise physiother‐
apy program. In the assessment of children with CP, it is very important to receive a
detailed story consisting of the birth story, to question underlying medical situations
and to carry out physical assessment. In clinics, gross motor function, muscle tone,
muscle length, muscle strength, and joint range of motion assessments are the most
preferred ones.
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1. Introduction

Multidimensional assessment in cerebral palsy (CP) is very important for the determination of
the fundamental problems of children, to select the most appropriate therapy approaches for
these problems and to reveal the changes occurring during time with the therapy. The assess‐
ment should provide information on the primary, secondary, and tertiary problems, function‐
al capacity of the children, and the expectations of the children and families. Although various
scales and tests prepared for children with CP can be used, observation, photographs, video
records, or computer-supported complicated assessment methods can be used as well.

While selecting the outcome measures, psychometric properties should be considered;
however, there is no clear information about how the outcome measures will be selected to
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reveal the function and health of children ideally [1]. In the selection of the assessment
methods, it may be beneficial to consider the dimensions of the International Classification of
Functioning, Disability and Health Child and Youth Version (ICF-CY) [2], which is a classifi‐
cation system established by World Health Organization (WHO). When considered in the ICF-
CY framework, there are instruments assessing body structures and functions such as
problems of muscle tone, muscle strength, and selective motor control; instruments assessing
activities and participation such as activities of daily life (ADL) and quality of life; and
instruments assessing environmental factors such as impact of the family or the environment.
Among these tools, the mostly required ones should be determined for the children. This way,
a general opinion can be gathered about the children without much detail. Furthermore, the
concerned physicians can examine ultrasound, magnetic resonance (MR), or radiographs as a
part of neurologic or orthopedic examination and their results can be combined with the
physiotherapy assessments. All of these assessments are crucial not only for establishing a
physiotherapy program or to determine the efficiency of the program but also for clarifying
the surgical or medical interventions that need to be carried out for the children.

In this chapter, the assessment methods most frequently used by physiotherapists for children
with CP are discussed.

2. History and observation

Detailed information should be received from the family or caretakers in all issues related to
the children including family history, prenatal, natal and postnatal period, chronologic and
corrected age, other accompanying problems, developmental story, adaptive equipment used,
therapy approaches applied, medication taken, and educational status of the family [3, 4].

Observational analysis is crucial to determine children’s functional skills, spontaneous
motions and motion strategies, and the underlying fundamental problems. Thus, it can be
decided in which field detailed assessment needs to be carried out. Observational analysis
prepared by a specialized physiotherapist completes the standardized tests. During observa‐
tional analysis, children must be in a setting they can be with their family, and they can feel
comfortable and safe. There should be various toys and materials in the setting to reveal the
children’s capacity and to draw their attention. The assessment room should not be crowded
and noisy [3]. Observations provide a general idea to physiotherapists about the general state
of the children, quality of movements, capacity and motor strategies developed by the children,
protective reactions, and upper and lower extremity functions. Video recordings during
observation are rather beneficial as well.

3. Assessment of reflexes and reactions

Observation of reflexes is important to illustrate the severity of the influence in the nervous
system, and observation of balance and protective reactions is important to support motor
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developmental process. When these assessments are carried out, the corrected age of the
children should be considered. It is known that primitive reflexes continue insistently or
disappear later than normal or never occur in children with CP [5]. It can be observed that
symmetric tonic and asymmetric tonic neck reflexes still continue in adolescent stage in a case
diagnosed with dyskinetic-type CP. Insistence of these reflexes can complicate the therapy. It
may be necessary to make various adaptations in the treatment program when the primitive
reflexes continue in advanced ages. For example, in a case whose asymmetric tonic neck
reflexes continues, orientation of the head and extremities in the midline may be the funda‐
mental target of the therapy. At the same time, the assessment of protective reactions is
important for determining a treatment program.

4. Assessment of functional level and motor development

Although CP is a nonprogressive central nervous system problem, emerging physical impair‐
ment and functional limitations change with the therapy approaches applied to the children
during growth and with the effect of the environmental conditions. It is crucial to assess motor
development, functional skills, and activity limitations for determining the current state of the
children, and there are frequently used test batteries for this purpose. Gross Motor Function
Measurement (GMFM) [6] is a standardized measurement instrument frequently used to
measure the change in gross motor function. This tool consists of five different dimensions,
and all skills of the children during supine/prone position, sitting, crawling, standing up, and
walking are assessed in detail. GMFM, with versions consisting of 88 items and 66 items, is
accepted worldwide. Items 48 and 50 from GMFM 88 version are shown in Figures 1 and 2.

Figure 1. GMFM-88, Item 48.

Assessments and Outcome Measures of Cerebral Palsy
http://dx.doi.org/ 10.5772/64254

25



Figure 2. GMFM-88, Item 50.

Gross Motor Function Classification System [7] is the most frequently used classification
system interdisciplinary and intradisciplinary to define motor level in children with CP. This
classification system categorizes the functional skills of children during their daily life under
five levels. In addition, for assessing functional level and motor development various scales
are used as well including Activities Scale for Kids [8], Child Health Questionnaire [9], Gillette
Functional Assessment Questionnaire [10], Functional Mobility Scale [11], Pediatric Evaluation of
Disability Inventory [12], Pediatric Outcomes Data Collection Instrument [13], and Functional
Independence Measure for Children [14].

5. Assessment of muscle tone

Spastic type is the most common one among CP types. Therefore, spasticity is the major
problem encountered most frequently by pediatric physiotherapists. Spasticity makes the
voluntary and selective motor control more difficult, increases energy consumption, and
causes the formation of secondary musculoskeletal system problems observed in CP [15].
Various physiotherapy methods can be effective in mild tone problems; however, medical or
surgical interventions are needed for severe increase in tone persisting for a long time. In this
context, it is crucial to determine the changes occurred in muscle tone.
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The most affected muscles from spasticity in children with CP are gastroc-soleus, hamstrings,
rectus femoris, hip adductors and psoas in lower extremities, and shoulder external rotators,
elbow, wrist and finger flexors, and forearm pronators in upper extremities [16].

There are various clinical scales, biomechanical assessment tools, and neurophysiologic
assessment methods to assess spasticity; however, there is no consensus about the best
assessment. The most frequently used clinical scales are Ashworth/Modified Ashworth (MAS)
and Tardieu/Modified Tardieu (MTS) scales. MTS grades muscle spasticity in three different
velocities and goniometric measurements also included for all velocities [17, 18]. According to
a study by Numanoğlu et al. [19], the administration of MAS is easier and takes less time than
MTS, but MTS gives valuable information about muscle length and dynamic contracture and
has better intraobserver reliability [19]. Assessment of knee flexor muscle spasticity with MTS
is shown in Figure 3.

Figure 3. Assessment of knee flexor spasticity with MTS.

In addition to these, there are scales such as Spasticity Grading, Modified Composite Spasticity
Index, Duncan Ely Test, New York University Tone Scale, and the Hypertonia Assessment Tool [20–
22].

Myotonometer, sensors, Wartenberg Pendulum Test, dynamometer, goniometric measure‐
ment, and robot-supported assessment instruments are used as biomechanical assessment
tools [21, 23–27]. In the neurophysiologic assessment of spasticity, Hoffman H reflex occurring
with low-threshold electric stimulation, tendon reflex occurring with tendon tap, and M-wave
generated by high-intensity stimulation of peripheral nerve are used. However, overlapping
of the values of healthy muscles with those of spastic muscles decreases the diagnostic value
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of these measurements. Furthermore, electromyography methods are also used in spasticity
assessment [21, 28–30].

In the long term spasticity; intrinsic structure of the muscles changes and this leads to muscle
stiffness. In a study, an increase in the extracellular matrix collagen density of muscle fiber
bundle in spastic hamstrings was reported to be the reason for an increased passive stiffness
of muscle, and indicated that this situation can develop even before 3 years of age in children
with CP [31–33]. From this perspective, it is important to assess not only neural mechanisms
of hypertonus but also nonneural mechanism. In recent years, elastography is benefited in the
assessment of muscle stiffness in children with CP [34, 35].

In addition to tone increase in children with CP, hypotonia and muscle fluctuations are
observed as well. There are tools to assess dystonia such as the Burke-Fahn-Marsden Rating Scale
[36] and Unified Dystonia Rating Scale [37]. There is no tool used routinely by the clinicians to
assess hypotonia; it is generally categorized as mild, moderate, and severe.

6. Assessment of muscle strength

One of the primary problems observed in CP is muscle weakness. This situation occurs due to
reasons including central nervous system impairment, inactivation, learned nonuse, and
inadequate selective motor control. Muscle weakness can be observed in all subtypes of CP,
and it is seen that muscular forces of children with CP are less than those of their peers who
developed typically. Moreover, children with CP have slower sequential force generation in
force application and have influenced motor planning [38, 39].

Many publications show that strength trainings improve functional capacity without causing
any problems in children with CP [40, 41]. In this respect, assessment of muscular force is
significant.

Muscular force can be assessed as isometric, isotonic, and isokinetic. For muscle strength
assessment, the patients should cooperate with the assessor and the target muscle group must
contract maximum; however, it could become difficult due to increased co-contractions in
agonist-antagonists and due to cognitive limitations [42]. In the assessment of muscular force,
manual muscle testing, testing with handheld dynamometer, and isokinetic dynamometer or
the measurement of maximum repetition of functional exercises are used frequently [43].

Usage of handheld dynamometers is suggested in the assessment of upper extremity and lower
extremity isometric muscular force and grasping in children with CP [43–46]. A systematic
review about this issue suggested that Jamar dynamometer can be used to measure grasping
force and handheld dynamometer can be used to measure the force of other upper extremity
muscles. It is also reported that manual muscle testing can be used to measure the total upper
extremity force or hand wrist force in children who have very limited muscular force [47].
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7. Assessment of musculoskeletal system deformities

Children with CP are prone to develop musculoskeletal system deformities. In addition to the
major problems generated by central nervous system lesion in CP, secondary problems also
exist. The development of musculoskeletal system in children with CP can be affected
negatively due to the reasons including muscle weakness, postural problems, and muscle tone
problems [50]. Musculoskeletal system should be assessed in detail to detect and to prevent
from deformities at an early stage. For this purpose, various measurements should be made
such as the measurement of muscular force, range of motion, extremity length, and muscle
length.

Figure 4. X-ray of a child with quadriparetic CP, age 13, GMFCS Level 5.

Numerous problems concerned with hips can occur in individuals with CP related to aging.
Many children with CP are born with a healthy hip; however, scores of problems cause
insufficiencies in femur and acetabulum development. These problems are physical inactivity,
severe mental retardation, flexion and adduction contractures, pelvic obliquity, sitting in “W”
position, excessive tone increase in hip flexor, adductor, and internal rotator muscles, muscular
imbalance, and insufficiency in weight bearing [48–50]. Coxavalga, increased femoral ante‐
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version, and acetabular dysplasia are the major problems of hip. Hip subluxation rate in CP is
reported to be 75% [51, 52]. Walking ability is the key point in the development of hip problems.
Dynamic compressive forces generated during walking are required for the development of
the required depth in acetabulum [53]. Hemiparetic and diparetic children, who could walk
independently at the age of 30 months, have the lowest risk for hip dislocation [54]. Hip
subluxation was reported to be 11% in ambulatory children and 57% in nonambulatory
children [49]. Deterioration of motor level affects hip development directly; it was reported
that there was 90% hip displacement in children at GMFCS level V [55]. In Figure 4, hip X-ray
of a 13-year-old child with quadriparetic CP, who was classified in GMFCS level 5, is shown.

Hip surveillance is important for the determination of hip dislocation. Routine radiographic
hip assessment is one of the most significant parts of hip follow-up. It was reported that
imaging as a part of orthopedic assessment should be carried out at 12–18 months and should
be repeated every 6 months [56]. Reimer’s Migration Percentage and acetabular index are
assessments suggested for radiologic hip monitoring [54]. Children whose Reimer’s Migration
Percentage is greater than 33% or whose acetabular index is greater than 30% are at risk and
they should be monitored closely [48, 54, 57]. For hip surveillance, the hip abduction range of
motion at flexion and extension position, presence of contractures, pelvic obliquity, femoral
anteversion angle, and spinal deformities should also be assessed [49].

8. Assessment of physical fitness

Due to physical impairments, individuals with CP have more reduced physical fitness in
comparison to their peers who develop typically. Tone disorders, muscle weakness, emotional
problems, and unfavorable environmental conditions push individuals with CP to move much
less in comparison to their peers during the day and to develop sedentary lifestyle [58]. These
risks increase in children who are affected bilaterally or have low GMFCS level. In a study
conducted on this matter, it was reported that individuals with CP engage in physical activities
13–53% less in comparison to their peers who developed typically and the time spent seden‐
tarily is twofolds higher than that suggested normally [59]. As the age advances, this situation
becomes more serious due to the occurrence of musculoskeletal system deformities and the
increase of body weight. Because of the abovementioned reasons, children with CP may face
many undesired health conditions such as metabolic dysfunction, cardiovascular illness, and
decrease in bone mineral density. There are various measurement methods used to assess
physical activity. Maintaining an activity journal may help the assessment. Many surveys such
as Activity Scales for Kids [60], Physical Activity Questionnaire for Adolescents [61], Children’s
Assessment of Participation and Enjoyment [62], Canada Fitness Survey [63], and the Early Activity
Scale for Endurance [64] are benefited for this purpose [65, 66].

General physical endurance can be assessed by a 6-Min Walk Test [67, 68]. In addition to the
surveys, equipment such as step counters, heart rate meters, and accelerometers can be used
or more complicated assessment methods such as The Doubly Labelled Water Technique can
be applied [69, 70].
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9. Assessment of gait

Ensuring independent locomotion is one of the basic goals of many physiotherapists and
families of children with CP. Children with unilateral CP almost always develop independent
locomotion; however, a part of children with bilateral CP walk independently, some of them
walk with aids, and some cannot achieve this function during their lifetime. Numerous gait
problems such as equinus, crouch gait, jump gait, and scissoring gait are observed in children
with CP who can walk independently.

Gait assessment can be used as an outcome measure to determine the reason of the problem
in children and to determine the effects of the interventions [71].

Gait assessment in children with CP can be made by observational gait scale-combined video
records, time-distance characteristics, and instrumented gait analyses. Instrumented gait
analyses made by measuring electromyography activity, three-dimensional joint kinetic, and
kinematic values in laboratory setting present an objective assessment of the patients; however,
they are not appropriate for routine clinical purposes. These systems require trained personnel,
appropriate setting and the evaluation and interpretation of the results lasts for 3–6 h. In this
context, observational gait assessment emerges as an important and useful tool for clinicians.
Simple gait scales can be used to determine the quantity of the changes in gait pattern, and
deviations from normal gait in the stance and swing phases. In these assessments, clinicians
record the walking pattern by video and evaluate walking abnormalities in different joints and
planes according to the existing scales. Furthermore, there are computer-supported video
analysis programs to be used for this purpose. Among the observational gait assessment tools,
there are Gillette Functional Assessment Questionnaire [10], Physician Rating Scale [72], Observa‐
tional Gait Scale [73], Visual Gait Score, Salford Gait Tool, Edinburgh Visual Gait Scale [74],
Observational Gait Analysis, and Visual Gait Assessment Scale [71, 75]. According to Günel et al.,
GMFM’s gait domain can also be used as a gait assessment [76]. Among these gait scales,
Edinburgh Visual Gait Scale is suggested because it consists of information in each of the three
planes for foot, knee, hip, pelvis, and trunk for both stance and swing phases and have good
reliability and concurrent validity. It is reported that any of these scales is not equivalent to
instrumented gait analyses [71].

10. Assessment of balance

Muscle tone impairments and abnormal postural control in children with CP affect balance
capacity negatively. It is known that static and dynamic balance reactions of children with CP
are insufficient when compared with their normally developed peers [77]. Pediatric Reach Test
[78], Pediatric Balance Scale [79], Timed Up and Go Test [80], Pediatric Clinical Test of Sensory
Interaction for Balance [81], Heel-to-Toe Stand, Timed One-Leg Stance, and Timed Up and Down
Stairs are frequently used balance assessments in children with CP. Special equipment such as
Wii-Fit and Biodex Balance System can be benefited as well [82–84].
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11. Assessment of trunk impairment

Problems concerned with the trunk are observed frequently in children with CP and these
problems affect both upper and lower extremity functions negatively. There are different
methods for assessment of the trunk impairment. Assessment of postural control at the sitting
position can be used to determine the weakness of the trunk muscles. Moreover, the affected
trunk control leads to insufficient balance and therefore instruments assessing postural control
and balance during sitting can be benefited to assess the trunk impairment [85].

In the literature, there are limited number of instruments providing information about postural
control during sitting and most of the measurements are developed for adults [86]. Some of
the scales that could be used to assess trunk impairment in children with CP are listed below:

• Spinal Alignment and Range-of-Motion Measure assessing spinal alignment and range of
motion [87].

• Segmental Assessment of Trunk Control assessing static, active, and reactive sitting balance
and control level [88].

• Seated Postural Control Measure assessing sitting function and alignment [89].

• Trunk Control Measurement Scale (TCMS) assessing static and dynamic sitting balance and
dynamic reaching [90].

• Level of Sitting Scale classifying sitting ability [91].

• Assessment & Coding of Postural and Behavioral Observations assessing head control during
sitting, grasping, reaching, eating, and drinking activities [92].

• Sitting Assessment for Children with Neuromotor Dysfunction assessing static and dynamic
postural control during sitting [93].

• Seated Posture Control Measurement assessing postural alignment [94].

• Sitting Assessment Scale assessing sitting posture and control with video records [95].

• Chailey Levels of Ability assessing sitting, reaching, and standing ability [96].

• Trunk Impairment Scale assessing static and dynamic sitting balance of trunk coordination
[97, 98].

Furthermore, scales such as Pediatric Balance Scale, Pediatric Reach Test, Modified Posture
Assessment Scale, and Gross Motor Function Measurement provides information about the trunk
although they do not assess trunk impairment directly [78, 84, 86, 99].

Among the scales indicated above, Trunk Control Measurement Scale (TCMS) [90] can be
preferred because it has good inter-rater reliability, does not require equipment other than
simple materials such as a measuring tape and a ruler, does not require researcher training,
and can be used easily in clinical setting. Item 8 of TCMS is shown in Figures 5 and 6 [84, 86,
100].
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Figure 5. TCMS, Item 8.

Figure 6. TCMS, Item 8.
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12. Assessment of health-related quality of life

Although motor function problems are the major problems in children with CP, with the
accompanying sensory, cognitive, and mental problems, activities of daily life and functional
independence of the children are influenced as well. Not only children but those of the
individuals taking care of them are also affected negatively. It was reported that children with
CP experience emotional and behavioral problems fourfolds more than their peers. Quality of
life should be self-reported by the person if possible due to its personal nature. However, this
may not be possible in children with CP who have severe cognitive impairment; therefore,
surveys assessing quality of life need to be answered by family or caretakers [101–103]. Surveys
answered by families are used more in children who are under 18 years of age and have
difficulty in communication. For children who have no communication problem and can
express themselves, child reports should be used. For this purpose, questionnaires such as
Pediatric Outcomes Data Collection Instrument and Child Health Questionnaire [13] are the most
used ones. Child Health Questionnaire-Parent Form 50 [9], Lifestyle Assessment Questionnaire [104],
KIDSCREEN [105], Cerebral Palsy Quality of Life-Child, the Caregiver Priorities and Child Health
Index of Life with Disabilities [106], the Pediatric Quality-of-life Inventory CP Module [107], and the
DISABKIDS CP Module [108] that are scored by families are used. According to a systematic
review, for children with CP who are at school age, Cerebral Palsy Quality of Life-Child Survey
is recommended due to its strongest psychometric properties and clinical utility [3, 101, 109–
111].

13. Assessment of activities of daily life

Activities of daily life (ADL) are vital tasks of persons in their school, home, and social
environment. According to ICF-CY, these activities are included in the Activity and Partici‐
pation dimension, including activities such as personal care, nutrition, cleaning, etc. Motor,
sensory, perception, cognition, communication, and behavioral problems existing in children
with CP can affect ADL performance [112]. Children with CP have difficulty in performing
activities of daily life and generally need adaptive equipment or family assistance. Therefore,
activities of daily life should be assessed and attempts should be made to develop these
activities. According to a systematic review, ADL scales that could be used in children with
CP at the age of 5–18 are ABILHAND-Kids [113], Assessment of Motor and Process Skills [114],
Children’s Hand-use Experience Questionnaire [115], Klein-Bell Activities of Daily Living [116],
Functional Independence Measure for Children [14], Pediatric Evaluation of Disability Inventory [12],
School Function Assessment, and Vineland Adaptive Behavior Scales [117]. Among these scales,
Pediatric Evaluation of Disability Inventory was reported to be the best assessment instrument
for children at an elementary school age because of its psychometric properties and personal
ADL items. Children’s Hand-use Experience Questionnaire, Vineland Adaptive Behavior Scale, and
Functional Independence Measure for Children were reported to be appropriate for adolescent age.
Assessment of Motor and Process Skills scale was reported to be the best scale assessing ADL in
adolescent children with CP regardless of age [112].
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14. Assessments of upper extremity

The upper extremity problems are observed in children with unilateral or bilateral CP but these
problems can be more important for the children with unilateral involvement because the
lower extremity functions are managed in this group more easily.

Motor planning, sensory motor integration, and bimanual coordination problems are observed
frequently in the upper extremities [118]. Manual Ability Classification System (MACS) [119]
classifying the upper extremity function at five levels is used frequently. This system examines
the bilateral skills of the extremities during daily life activities. Assisting Hand Assessment scale
[120] assesses the use of the affected extremity during bilateral activities. Many different scales
such as Melbourne Assessment of Unilateral Upper Limb Function [121], Jebsen Taylor Hand Function
Test [122], Zancolli Hand Deformity Classification, Shriners Hospital Upper Extremity Evaluation
[123], Upper Extremity Rating Scale, ABILHAND-Kids Questionnaire [113], Bimanual Fine Motor
Function, the Quality of Upper Extremity Skills Test [124], and the Canadian Occupational Perform‐
ance Measure [125] are used to assess the upper extremity function in children with CP [126].
Two items from the Quality of Upper Extremity Skills Test are shown in Figures 7 and 8. Also,
musculoskeletal evaluation methods, which are mentioned above, can be specified for upper
extremities.

Figure 7. An item from The Quality of Upper Extremity Skills Test.

A systematic review reported that any of the scales listed above did not reveal all ICF dimen‐
sions in detail on their own and different assessment methods should be combined to assess
the upper extremity performance and function in children with CP [127].
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Figure 8. An item from The Quality of Upper Extremity Skills Test.

15. Infant assessment

Today, the number of preterm and low birth weight infants is increasing gradually. These
infants can present motor impairment findings ranging from developmental coordination
disorder to CP in the later stages of development [128]. It may be necessary to wait until 2–3
years of age to diagnose with CP in many countries. In a study conducted in Denmark, it was
reported that although CP diagnosis was made at month 11 on an average, the children were
not recorded in CP registry system until 4–6 years old for finalizing that the situation is not
progressive [129].

However, prior to diagnosis, various assessments should be carried out and motor develop‐
ment should be monitored in especially risky groups. It is suggested that age-appropriate
neuromotor assessments of infants with low birth weight and premature infants are made
during the first year of life [130]. These assessments are crucial to ensure the differentiation of
the infants with motor dysfunction and typically developing, to predict which infants will have
motor influence in the future by considering their current performance and to determine the
changes occurring in time [131]. Therapy approaches give the best results at this stage when
brain development continues rapidly. In this context, infant neuromotor assessments are made
to determine infants with motor impairment and to start the early intervention program
promptly.

The commonly used assessment instruments for this purpose were reported as Alberta Infant
Motor Scale (AIMS) [132], Bayley Scale of Infant and Toddler Development [133], Peabody Develop‐
mental Motor Scales [134], Denver Developmental Screening Test [135], Prechtl’s Assessment of
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General Movements (GMs) [136], Motion Assessment of Infants, Test of Infant Motor Performance
(TIMP) [137], Infant Motor Profile [138], and the Neurological Sensory Motor Developmental
Assessment (NSMDA) [139] [5, 131].

Among these assessment methods, some of them such as GMs assess spontaneous movements
of infants without any handling and some scales assess both spontaneous behavior and motor
behavior occurring with minimal handling. Only TIMP and GMs among the abovementioned
tests are appropriate to be used before the term stage. In a systematic review, it was reported
that GMs have the best predictive validity for CP during the early infancy stage and AIMS and
NSMDA are the best scales for motor development prediction in the later months. The authors
of this review suggest that more than one scale should be used in infants. They discuss that
the utilization of GMS and TIMP in the preterm phase and their use along with AIMS and
NDSMA will give best results in terms of predictive, discriminative, and evaluative assess‐
ments. Better results can be obtained with the repetition of the assessments in infants in certain
intervals [131].

16. Other assessment methods

In addition to all of these assessments discussed above, it may be necessary to assess other
accompanying problems as well. Sleep quality in children with CP can be assessed with
Children’s Sleep Habits Questionnaire [140], global mental functions can be assessed with Leiter
International Performance Scale [141], global psychosocial functions with Self-perception Profile
for Children and Self-perception Profile for Adolescents [142], attention functions with Behaviour
Rating Inventory of Executive Function [143], communication skills with Preschool Language Scale
[144] and Communication Function Classification System [145], voluntary motion control with
Selective Control Assessment of the Lower Extremity [146], eating and drinking function with
Eating and Drinking Ability Classification System [147], and saliva control can be assessed with
Drool Severity Score [145].

Pain is one of the frequently observed problems in especially advanced ages in children with
CP; scores of factors can be discussed causing pain such as contractures, hip dislocation, patella
alta, equines deformity, dysphagia, gastroesophageal reflux, gastrointestinal tube feeding, and
constipation. Also, pain can develop originating from the used adaptive equipment and
orthosis or as a result of physiotherapy, serial casting, and surgical interventions. Whereas
information about pain can be assessed simply by asking the children and families or can be
assessed with scales such as Non-Communicating Children’s Pain Checklist [148] and Pediatric Pain
Profile (PPP) [149]. For children who have communication problems, parent proxy reports can
be used. However, monitoring of findings including spontaneous motions, facial expression,
breathing pattern, sweating, or blushing also provides opinion about pain.

Children with CP have numerous motor, sensorial, and behavioral problems as discussed in
detail above. Moreover, these problems may give different findings along with growth.
Application of protective methods is necessary before the generation of many problems. In
this sense, assessments are crucial. The current state of children and changes occurred with
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treatments can be observed in detail when the most appropriate assessment is selected from
the assessments discussed above by considering ICF dimensions. Thus, both body structure
and functions and activity and participation of children with CP can be improved, and
inclusion of them in a society as healthier and happier individuals can be assisted.

Author details

Ayşe Numanoğlu Akbaş

Address all correspondence to: aysenumanoglu@gmail.com

Department of Physical Therapy and Rehabilitation, Abant İzzet Baysal University, Bolu,
Turkey

References

[1] Schiariti, V., et al., Comparing contents of outcome measures in cerebral palsy using the
international classification of functioning (ICF-CY): a systematic review. European Journal
of Paediatric Neurology, 2014. 18(1): pp. 1–12.

[2] World Health Organization, International Classification of Functioning, Disability, and
Health: Children & Youth Version: ICF-CY. 2007: World Health Organization, Geneva,
Switzerland.

[3] Livanelioğlu, A. and Kerem Gunel, M., Physiotherapy of Cerebral Palsy. 2009: Yeni
Özbek Press, Ankara Turkey.

[4] Miller, F., Physical Therapy of Cerebral Palsy. 2007. Springer Science+Business Media,
New York, USA.

[5] Zafeiriou, D.I., Primitive reflexes and postural reactions in the neurodevelopmental examina‐
tion. Pediatric Neurology, 2004. 31(1): pp. 1–8.

[6] Russell, D.J., et al., Gross Motor Function Measure (GMFM-66 and GMFM-88) User’s
Manual. 2002: Cambridge University Press., Cambridge, United Kingdom.

[7] Palisano, R., et al., Development and reliability of a system to classify gross motor function in
children with cerebral palsy. Developmental Medicine & Child Neurology, 1997. 39(4):
pp. 214–223.

[8] Plint, A.C., et al., Activities scale for kids: an analysis of normals. Journal of Pediatric
Orthopaedics, 2003. 23(6): pp. 788–790.

[9] Landgraf, J.M., L. Abetz, and J.E. Ware, Child Health Questionnaire (CHQ): A User’s
Manual. 1996: Boston: Health Institute, New England Medical Center.

Cerebral Palsy - Current Steps38



[10] Novacheck, T.F., J.L. Stout, and R. Tervo, Reliability and validity of the Gillette functional
assessment questionnaire as an outcome measure in children with walking disabilities. Journal
of Pediatric Orthopaedics, 2000. 20(1): p. 75.

[11] Graham, H.K., et al., The functional mobility scale (FMS). Journal of Pediatric Orthopae‐
dics, 2004. 24(5): pp. 514–520.

[12] Haley, S., et al., Pediatric evaluation of disability inventory. Assessing children’s
wellbeing: a handbook of measures, 2003. 11: p. 13. Pennsylvania University Press,
Pennsylvania, USA.

[13] Lerman, J.A., et al., The Pediatric Outcomes Data Collection Instrument (PODCI) and
functional assessment of patients with unilateral upper extremity deficiencies. Journal of
Pediatric Orthopaedics, 2005. 25(3): pp. 405–407.

[14] Hamilton, B. and C. Granger, Functional Independence Measure for Children (WeeFIM).
1991: Buffalo, NY: Research Foundation of the State University of New York.

[15] Morrell, D.S., J.M. Pearson, and D.D. Sauser, Progressive bone and joint abnormalities of
the spine and lower extremities in cerebral palsy 1. Radiographics, 2002. 22(2): pp. 257–268.

[16] Klingels, K., et al., Upper limb impairments and their impact on activity measures in children
with unilateral cerebral palsy. European Journal of Paediatric Neurology, 2012. 16(5): pp.
475–484.

[17] Bohannon, R.W. and M.B. Smith, Interrater reliability of a modified Ashworth scale of muscle
spasticity. Physical Therapy, 1987. 67(2): pp. 206–207.

[18] Haugh, A., A. Pandyan, and G. Johnson, A systematic review of the Tardieu Scale for the
measurement of spasticity. Disability and Rehabilitation, 2006. 28(15): pp. 899–907.

[19] Numanoğlu, A., and M. K. Günel. “Intraobserver reliability of modified Ashworth scale
and modified Tardieu scale in the assessment of spasticity in children with cerebral
palsy.” Acta orthopaedica et traumatologica turcica (2011) 46.3: pp 196–200.

[20] Scholtes, V.A., et al., Clinical assessment of spasticity in children with cerebral palsy: a
critical 18 review of available instruments. Developmental Medicine & Child Neurology,
2006. 48(1): 19 pp. 64–73.

[21] Flamand, V.H., H. Massé-Alarie, and C. Schneider, Psychometric evidence of spasticity
measurement tools in cerebral palsy children and adolescents: a systematic review. Journal of
Rehabilitation Medicine, 2013. 45(1): pp. 14–23.

[22] Jethwa, A., et al., Development of the Hypertonia Assessment Tool (HAT): a discriminative
tool for hypertonia in children. Developmental Medicine & Child Neurology, 2010. 52(5):
pp. e83–e87.

[23] Leonard, C.T., J.U. Stephens, and S.L. Stroppel, Assessing the spastic condition of individ‐
uals with upper motoneuron involvement: validity of the myotonometer. Archives of Physical
Medicine and Rehabilitation, 2001. 82(10): pp. 1416–1420.

Assessments and Outcome Measures of Cerebral Palsy
http://dx.doi.org/ 10.5772/64254

39



[24] Syczewska, M., M.K. Lebiedowska, and A.D. Pandyan, Quantifying repeatability of the
Wartenberg pendulum test parameters in children with spasticity. Journal of Neuroscience
Methods, 2009. 178(2): pp. 340–344.

[25] Boiteau, M., F. Malouin, and C.L. Richards, Use of a hand–held dynamometer and a Kin-
Com® dynamometer for evaluating spastic hypertonia in children: a reliability study. Physical
Therapy, 1995. 75(9): pp. 796–802.

[26] van den Noort, J.C., V.A. Scholtes, and J. Harlaar, Evaluation of clinical spasticity
assessment in cerebral palsy using inertial sensors. Gait & Posture, 2009. 30(2): pp. 138–143.

[27] Schmartz, A.C., et al., Measurement of muscle stiffness using robotic assisted gait orthosis in
children with cerebral palsy: a proof of concept. Disability and Rehabilitation: Assistive
Technology, 2011. 6(1): pp. 29–37.

[28] Bar-On, L., et al., Spasticity and its contribution to hypertonia in cerebral palsy. BioMed
Research International, 2015. p 1–10

[29] Kohan, A.H., et al., Comparison of modified Ashworth scale and Hoffmann reflex in study of
spasticity. Acta Medica Iranica, 2010. 48(3): pp. 154–157.

[30] Poon, D.M. and C.W. HUI‐CHAN, Hyperactive stretch reflexes, co‐contraction, and muscle
weakness in children with cerebral palsy. Developmental Medicine & Child Neurology,
2009. 51(2): pp. 128–135.

[31] Willerslev‐Olsen, M., et al., Passive muscle properties are altered in children with cerebral
palsy before the age of 3 years and are difficult to distinguish clinically from spasticity.
Developmental Medicine & Child Neurology, 2013. 55(7): pp. 617–623.

[32] Barber, L., R. Barrett, and G. Lichtwark, Passive muscle mechanical properties of the medial
gastrocnemius in young adults with spastic cerebral palsy. Journal of Biomechanics, 2011.
44(13): pp. 2496–2500.

[33] Smith, L.R., et al., Hamstring contractures in children with spastic cerebral palsy result from
a stiffer extracellular matrix and increased in vivo sarcomere length. The Journal of Physiol‐
ogy, 2011. 589(10): pp. 2625–2639.

[34] Kwon, D.R., G.Y. Park, and J.G. Kwon, The change of intrinsic stiffness in gastrocnemius
after intensive rehabilitation with botulinum toxin A injection in spastic diplegic cerebral
palsy. Annals of Rehabilitation Medicine, 2012. 36(3): pp. 400–403.

[35] Park, G.-Y. and D.R. Kwon, Sonoelastographic evaluation of medial gastrocnemius muscles
intrinsic stiffness after rehabilitation therapy with botulinum toxin a injection in spastic cerebral
palsy. Archives of Physical Medicine and Rehabilitation, 2012. 93(11): pp. 2085–2089.

[36] Krystkowiak, P., et al., Reliability of the Burke‐Fahn‐Marsden scale in a multicenter trial for
dystonia. Movement Disorders, 2007. 22(5): pp. 685–689.

[37] Comella, C.L., et al., Rating scales for dystonia: a multicenter assessment. Movement
Disorders, 2003. 18(3): pp. 303–312.

Cerebral Palsy - Current Steps40



[38] Smits-Engelsman, B., K. Klingels, and H. Feys, Bimanual force coordination in children
with spastic unilateral cerebral palsy. Research in Developmental Disabilities, 2011.
32(5).pp 2011–2019.

[39] Gordon, A.M., J. Charles, and B. Steenbergen, Fingertip force planning during grasp is
disrupted by impaired sensorimotor integration in children with hemiplegic cerebral palsy.
Pediatric Research, 2006. 60(5): pp. 587–591.

[40] Dodd, K.J., N.F. Taylor, and D.L. Damiano, A systematic review of the effectiveness of
strength-training programs for people with cerebral palsy. Archives of Physical Medicine
and Rehabilitation, 2002. 83(8): pp. 1157–1164.

[41] Damiano, D.L. and M.F. Abel, Functional outcomes of strength training in spastic cerebral
palsy. Archives of Physical Medicine and Rehabilitation, 1998. 79(2): pp. 119–125.

[42] Damiano, D.L., K. Dodd, and N.F. Taylor, Should we be testing and training muscle strength
in cerebral palsy? Developmental Medicine & Child Neurology, 2002. 44(01): pp. 68–72.

[43] Verschuren, O., et al., Reliability of hand-held dynamometry and functional strength tests for
the lower extremity in children with cerebral palsy. Disability and Rehabilitation, 2008.
30(18): pp. 1358–1366.

[44] Hwang, A.-W., et al., Reliability of Nicholas hand-held dynamometer of muscle
strength measurement in children with cerebral palsy and non-disabled children.
Physiotherapy, 2002. 27(2): 10 pp. 69–82.

[45] Mulder-Brouwer, A. N., Rameckers, E. A., & Bastiaenen, C. H. (2016). Lower Extremity
Handheld Dynamometry Strength Measurement in Children With Cerebral Palsy.
Pediatric Physical Therapy, 28(2), 136–153.

[46] Willemse, L., et al., Reliability of isometric lower-extremity muscle strength measurements in
children with cerebral palsy: implications for measurement design. Physical Therapy, 2013.
93(7): pp. 935–941.

[47] Dekkers, K.J., et al., Upper extremity strength measurement for children with cerebral palsy:
a systematic review of available instruments. Physical Therapy, 2014. 94(5): pp. 609–622.

[48] Yildiz, C. and I. Demirkale, Hip problems in cerebral palsy: screening, diagnosis and
treatment. Current Opinion in Pediatrics, 2014. 26(1): pp. 85–92.

[49] Chan, G. and F. Miller, Assessment and treatment of children with cerebral palsy. Orthopedic
Clinics of North America, 2014. 45(3): pp. 313–325.

[50] Tarsuslu, T. and F. Dokuztug, Investigation of the different factors that cause hip
problems in spastic quadriparetic cerebral palsy children. Turkish Pediatric Journal,
2008. 51(2): pp. 86.

[51] Hägglund, G., H. Lauge-Pedersen, and P. Wagner, Characteristics of children with hip
displacement in cerebral palsy. BMC Musculoskeletal Disorders, 2007. 8(1): p. 1.

Assessments and Outcome Measures of Cerebral Palsy
http://dx.doi.org/ 10.5772/64254

41



[52] Morton, R., et al., Dislocation of the hips in children with bilateral spastic cerebral palsy, 1985–
2000. Developmental Medicine & Child Neurology, 2006. 48(07): pp. 555–558.

[53] Palisano, R. J., Campbell, S. K., & Orlin, M. (2014). Physical therapy for children. Elsevier
Health Sciences Inc. Missouri, USA pp 183–204.

[54] Gordon, G. and D.E. Simkiss, A systematic review of the evidence for hip surveillance in
children with cerebral palsy. Journal of Bone & Joint Surgery, British Volume, 2006. 88(11):
pp. 1492–1496.

[55] Soo, B., et al., Hip displacement in cerebral palsy. The Journal of Bone & Joint Surgery,
2006. 88(1): pp. 121–129.

[56] Spiegel, D.A. and J.M. Flynn, Evaluation and treatment of hip dysplasia in cerebral palsy.
Orthopedic Clinics of North America, 2006. 37(2): pp. 185–196.

[57] Terjesen, T., Development of the hip joints in unoperated children with cerebral palsy: a
radiographic study of 76 patients. Acta Orthopaedica, 2006. 77(1): pp. 125–131.

[58] Maher, C.A., et al., Physical and sedentary activity in adolescents with cerebral palsy.
Developmental Medicine & Child Neurology, 2007. 49(6): pp. 450–457.

[59] Ziegler, K., Physical Activity and Body Composition in Children with Cerebral Palsy. 2015:
Texas: Texas Christian University Fort Worth.

[60] Young, N.L., et al., Measurement properties of the activities scale for kids. Journal of Clinical
Epidemiology, 2000. 53(2): pp. 125–137.

[61] Crocker, P., et al., Measuring general levels of physical activity: preliminary evidence for the
Physical Activity Questionnaire for Older Children. Medicine and Science in Sports and
Exercise, 1997. 29(10): pp. 1344–1349.

[62] King, G.A., et al., Children’s Assessment of Participation and Enjoyment (CAPE) and
Preferences for Activities of Children (PAC). 2000: Pearson Corporate Communica‐
tions., San Antonio, USA.

[63] Weller, I. and P.N. Corey, A study of the reliability of the Canada Fitness Survey question‐
naire. Medicine and Science in Sports and Exercise, 1998. 30(10): pp. 1530–1536.

[64] McCoy, S.W., et al., Development of the early activity scale for endurance for children with
cerebral palsy. Pediatric Physical Therapy, 2012. 24(3): pp. 232–240.

[65] Capio, C.M., et al., Physical activity measurement instruments for children with cerebral
palsy: a systematic review. Developmental Medicine & Child Neurology, 2010. 52(10): pp.
908–916.

[66] Law, M., et al., Participation of children with physical disabilities: relationships with diagnosis,
physical function, and demographic variables. Scandinavian Journal of Occupational
Therapy, 2004. 11(4): pp. 156–162.

Cerebral Palsy - Current Steps42



[67] Wright, F.V. and A. Majnemer, The concept of a toolbox of outcome measures for children
with cerebral palsy why, what, and how to use? Journal of Child Neurology, 2014. 29(8):
pp. 1055–1065.

[68] Thompson, P., et al., Test–retest reliability of the 10‐metre fast walk test and 6‐minute walk
test in ambulatory school‐aged children with cerebral palsy. Developmental Medicine &
Child Neurology, 2008. 50(5): pp. 370–376.

[69] Bjornson, K.F., et al., Ambulatory physical activity performance in youth with cerebral palsy
and youth who are developing typically. Physical Therapy, 2007. 87(3): pp. 248–257.

[70] Mitre, N., et al., Pedometer accuracy for children: can we recommend them for our obese
population? Pediatrics, 2009. 123(1): pp. e127–e131.

[71] Rathinam, C., et al., Observational gait assessment tools in paediatrics—a systematic
review. Gait & Posture, 2014. 40(2): pp. 279–285.

[72] Maathuis, K.G., et al., Gait in children with cerebral palsy: observer reliability of physician
rating scale and Edinburgh visual gait analysis interval testing scale. Journal of Pediatric
Orthopaedics, 2005. 25(3): pp. 268–272.

[73] Mackey, A.H., et al., Reliability and validity of the observational gait scale in children with
spastic diplegia. Developmental Medicine & Child Neurology, 2003. 45(01): pp. 4–11.

[74] Read, H.S., et al., Edinburgh visual gait score for use in cerebral palsy. Journal of Pediatric
Orthopaedics, 2003. 23(3): pp. 296–301.

[75] Dickens, W.E. and M.F. Smith, Validation of a visual gait assessment scale for children with
hemiplegic cerebral palsy. Gait & Posture, 2006. 23(1): pp. 78–82.

[76] Günel, M.K., et al., Physical management of children with cerebral palsy. 2014. Intech
Press, Rijeka, Croatia.

[77] Gan, S.-M., et al., Psychometric properties of functional balance assessment in children with
cerebral palsy. Neurorehabilitation and Neural Repair, 2008. 22(6): pp. 745–753.

[78] Bartlett, D. and T. Birmingham, Validity and reliability of a pediatric reach test. Pediatric
Physical Therapy, 2003. 15(2): pp. 84–92.

[79] Franjoine, M.R., J.S. Gunther, and M.J. Taylor, Pediatric balance scale: a modified version
of the berg balance scale for the school-age child with mild to moderate motor impairment.
Pediatric Physical Therapy, 2003. 15(2): pp. 114–128.

[80] Williams, E.N., et al., Investigation of the timed ‘up & go’ test in children. Developmental
Medicine & Child Neurology, 2005. 47(08): pp. 518–524.

[81] Crowe, T.K., et al., Interrater reliability of the pediatric clinical test of sensory interaction for
balance. Physical & Occupational Therapy in Pediatrics, 1991. 10(4): pp. 1–27.

Assessments and Outcome Measures of Cerebral Palsy
http://dx.doi.org/ 10.5772/64254

43



[82] Goble, D.J., B.L. Cone, and B.W. Fling, Using the Wii Fit as a tool for balance assessment
and neurorehabilitation: the first half decade of “Wii-search”. Journal of Neuroengineering
and Rehabilitation, 2014. 11(1): p. 1.

[83] El-Shamy, S.M. and E.M. Abd El Kafy, Effect of balance training on postural balance control
and risk of fall in children with diplegic cerebral palsy. Disability and Rehabilitation, 2014.
36(14): pp. 1176–1183.

[84] Saether, R., et al., Clinical tools to assess balance in children and adults with cerebral palsy: a
systematic review. Developmental Medicine & Child Neurology, 2013. 55(11): pp. 988–
999.

[85] Jeong, J., et al., A reliability of the prototype trunk training system for sitting balance. Journal
of Physical Therapy Science, 2014. 26(11): p. 1745.

[86] Field, D. and R. Livingstone, Clinical tools that measure sitting posture, seated postural
control or functional abilities in children with motor impairments: a systematic review. Clinical
Rehabilitation, 2013: p. 0269215513488122.

[87] Bartlett, D. and B. Purdie, Testing of the spinal alignment and range of motion measure: a
discriminative measure of posture and flexibility for children with cerebral palsy. Develop‐
mental Medicine & Child Neurology, 2005. 47(11): pp. 739–743.

[88] Butler, P., et al., Refinement, reliability and validity of the segmental assessment of trunk
control (SATCo). Pediatric Physical Therapy: The Official Publication of the Section on
Pediatrics of the American Physical Therapy Association, 2010. 22(3): p. 246.

[89] Fife, S.E., et al., Development of a clinical measure of postural control for assessment of adaptive
seating in children with neuromotor disabilities. Physical Therapy, 1991. 71(12): pp. 981–
993.

[90] Heyrman, L., et al., A clinical tool to measure trunk control in children with cerebral palsy:
the trunk control measurement scale. Research in Developmental Disabilities, 2011. 32(6):
pp. 2624–2635.

[91] Field, D.A. and L.A. Roxborough, Responsiveness of the seated postural control measure and
the level of sitting scale in children with neuromotor disorders. Disability & Rehabilitation:
Assistive Technology, 2011. 6(6): pp. 473–482.

[92] Hulme, J.B., et al., Behavioral and postural changes observed with use of adaptive seating by
clients with multiple handicaps. Physical Therapy, 1987. 67(7): pp. 1060–1067.

[93] Knox, V., Evaluation of the sitting assessment test for children with neuromotor dysfunction
as a measurement tool in cerebral palsy. Physiotherapy, 2002. 88(9): pp. 534–541.

[94] McDonald, R. and R. Surtees, Changes in postural alignment when using kneeblocks for
children with severe motor disorders. Disability & Rehabilitation: Assistive Technology,
2007. 2(5): pp. 287–291.

Cerebral Palsy - Current Steps44



[95] Myhr, U. and L. Wendt, Improvement of functional sitting position for children with cerebral
palsy. Developmental Medicine & Child Neurology, 1991. 33(3): pp. 246–256.

[96] Pountney, T.E., et al., Content and criterion validation of the Chailey levels of ability.
Physiotherapy, 1999. 85(8): pp. 410–416.

[97] Sæther, R. and L. Jørgensen, Intra-and inter-observer reliability of the Trunk Impairment
Scale for children with cerebral palsy. Research in Developmental Disabilities, 2011. 32(2):
pp. 727–739.

[98] Verheyden, G., et al., The Trunk Impairment Scale: a new tool to measure motor impairment
of the trunk after stroke. Clinical Rehabilitation, 2004. 18(3): pp. 326–334.

[99] Chen, C.-l., et al., Validity, responsiveness, minimal detectable change, and minimal clinically
important change of Pediatric Balance Scale in children with cerebral palsy. Research in
Developmental Disabilities, 2013. 34(3): pp. 916–922.

[100] Bañas, B.B. and E.J.R. Gorgon, Clinimetric properties of sitting balance measures for children
with cerebral palsy: a systematic review. Physical & Occupational Therapy in Pediatrics,
2014. 34(4): pp. 313–334.

[101] Gilson, K.-M., et al., Quality of life in children with cerebral palsy implications for practice.
Journal of Child Neurology, 2014. 29(8): pp. 1134–1140.

[102] Glenn, S., et al., Maternal parenting stress and its correlates in families with a young child
with cerebral palsy. Child: Care, Health and Development, 2009. 35(1): pp. 71–78.

[103] Sigurdardottir, S., et al., Behavioural and emotional symptoms of preschool children with
cerebral palsy: a population‐based study. Developmental Medicine & Child Neurology,
2010. 52(11): pp. 1056–1061.

[104] Mackie, P., E. Jessen, and S. Jarvis, The lifestyle assessment questionnaire: an instrument to
measure the impact of disability on the lives of children with cerebral palsy and their families.
Child: Care, Health and Development, 1998. 24(6): pp. 473–486.

[105] Ravens-Sieberer, U., et al., KIDSCREEN-52 quality-of-life measure for children and
adolescents. Expert Review of Pharmacoeconomics & Outcomes Research, 2005. 5(3): pp.
353–364.

[106] Narayanan, U., et al., Caregiver priorities & child health index of life with disabilities: initial
development and validation of an outcome measure of health status and well-being in children
with severe cerebral palsy. Developmental Medicine and Child Neurology, 2006. 48: pp.
804–812.

[107] Varni, J.W., M. Seid, and C.A. Rode, The PedsQL™: measurement model for the pediatric
quality of life inventory. Medical Care, 1999. 37(2): pp. 126–139.

[108] Baars, R.M., et al., The European DISABKIDS project: development of seven condition-specific
modules to measure health related quality of life in children and adolescents. Health and
Quality of Life Outcomes, 2005. 3(1): p. 1.

Assessments and Outcome Measures of Cerebral Palsy
http://dx.doi.org/ 10.5772/64254

45



[109] Schneider, J.W., et al., Health-related quality of life and functional outcome measures for
children with cerebral palsy. Developmental Medicine & Child Neurology, 2001. 43(09):
pp. 601–608.

[110] Waters, E., et al., Psychometric properties of the quality of life questionnaire for children with
CP. Developmental Medicine & Child Neurology, 2007. 49(1): pp. 49–55.

[111] Carlon, S., et al., A systematic review of the psychometric properties of Quality of Life measures
for school aged children with cerebral palsy. BMC Pediatrics, 2010. 10(1): p. 1.

[112] James, S., J. Ziviani, and R. Boyd, A systematic review of activities of daily living measures
for children and adolescents with cerebral palsy. Developmental Medicine & Child Neu‐
rology, 2014. 56(3): pp. 233–244.

[113] Arnould, C., et al., ABILHAND-Kids A measure of manual ability in children with cerebral
palsy. Neurology, 2004. 63(6): pp. 1045–1052.

[114] Fisher, A.G. and K.B. Jones, Assessment of Motor and Process Skills. Vol. 375. 1999: Three
Star Press Fort Collins, CO.

[115] Sköld, A., et al., Development and evidence of validity for the Children’s Hand‐use Experience
Questionnaire (CHEQ). Developmental Medicine & Child Neurology, 2011. 53(5): pp.
436–442.

[116] Law, M. and P. Usher, Validation of the Klein-Bell activities of daily living scale for chil‐
dren. Canadian Journal of Occupational Therapy, 1988. 55(2): pp. 63–68.

[117] Sparrow, S.S., Vineland Adaptive Behavior Scales. 2011: Springer. New York, USA.

[118] Gordon, A.M., Y. Bleyenheuft, and B. Steenbergen, Pathophysiology of impaired hand
function in children with unilateral cerebral palsy. Developmental Medicine & Child
Neurology, 2013. 55(s4): pp. 32–37.

[119] Eliasson, A.-C., et al., The Manual Ability Classification System (MACS) for children with
cerebral palsy: scale development and evidence of validity and reliability. Developmental
Medicine & Child Neurology, 2006. 48(07): pp. 549–554.

[120] Krumlinde‐Sundholm, L., et al., The Assisting Hand Assessment: current evidence of
validity, reliability, and responsiveness to change. Developmental Medicine & Child
Neurology, 2007. 49(4): pp. 259–264.

[121] Randall, M., et al., Reliability of the Melbourne assessment of unilateral upper limb function.
Developmental Medicine & Child Neurology, 2001. 43(11): pp. 761–767.

[122] Lynch, K.B. and M.J. Bridle, Validity of the Jebsen-Taylor Hand Function Test in predicting
activities of daily living. OTJR, 1989. 9(5): p. 316.

[123] Davids, J.R., et al., Validation of the Shriners Hospital for Children Upper Extremity
Evaluation (SHUEE) for children with hemiplegic cerebral palsy. Journal of Bone and Joint
Surgery. American Volume, 2006. 88(2): pp. 326–333.

Cerebral Palsy - Current Steps46



[124] DeMatteo, C., et al., The reliability and validity of the quality of upper extremity skills test.
Physical & Occupational Therapy in Pediatrics, 1993. 13(2): pp. 1–18.

[125] Law, M., et al., The Canadian occupational performance measure: an outcome measure for
occupational therapy. Canadian Journal of Occupational Therapy, 1990. 57(2): pp. 82–87.

[126] Gilmore, R., L. Sakzewski, and R. Boyd, Upper limb activity measures for 5‐to 16‐year‐old
children with congenital hemiplegia: a systematic review. Developmental Medicine & Child
Neurology, 2010. 52(1): pp. 14–21.

[127] Wagner, L.V. and J.R. Davids, Assessment tools and classification systems used for the upper
extremity in children with cerebral palsy. Clinical Orthopaedics and Related Research®,
2012. 470(5): pp. 1257–1271.

[128] Bracewell, M. and N. Marlow, Patterns of motor disability in very preterm children. Mental
Retardation and Developmental Disabilities Research Reviews, 2002. 8(4): pp. 241–248.

[129] Granild‐Jensen, J.B., et al., Predictors for early diagnosis of cerebral palsy from national
registry data. Developmental Medicine & Child Neurology, 2015. 57(10): pp. 931–935.

[130] Wang, C.J., et al., Quality-of-care indicators for the neurodevelopmental follow-up of very low
birth weight children: results of an expert panel process. Pediatrics, 2006. 117(6): pp. 2080–
2092.

[131] Spittle, A.J., L.W. Doyle, and R.N. Boyd, A systematic review of the clinimetric properties
of neuromotor assessments for preterm infants during the first year of life. Developmental
Medicine & Child Neurology, 2008. 50(4): pp. 254–266.

[132] Piper, M.C. and J. Darrah, Alberta Infant Motor Scale (AIMS). 1994: Philadelphia:
Saunders.

[133] Bayley, N., Bayley Scales of Infant Development: Manual. 1993: Psychological Corpo‐
ration, San Antonio, USA.

[134] Folio, M.R. and R.R. Fewell, Peabody Developmental Motor Scales: Examiner’s
Manual. 2000: Pro-ed Press. San Antonio, USA.

[135] Frankenburg, W.K. and J.B. Dodds, The Denver developmental screening test. The Journal
of Pediatrics, 1967. 71(2): pp. 181–191.

[136] Einspieler, C. and H.F. Prechtl, Prechtl’s assessment of general movements: a diagnostic tool
for the functional assessment of the young nervous system. Mental Retardation and Devel‐
opmental Disabilities Research Reviews, 2005. 11(1): pp. 61–67.

[137] Campbell, S., et al., Development of the test of infant motor performance. Physical Medicine
and Rehabilitation Clinics of North America, 1993. 4: pp. 541–541.

[138] Heineman, K.R., A.F. Bos, and M. Hadders‐Algra, The Infant Motor Profile: a standardized
and qualitative method to assess motor behaviour in infancy. Developmental Medicine &
Child Neurology, 2008. 50(4): pp. 275–282.

Assessments and Outcome Measures of Cerebral Palsy
http://dx.doi.org/ 10.5772/64254

47



[139] BURNS, Y.R., R.M. ENSBEY, and M.A. NORRIE, The neuro-sensory motor developmental
assessment part 1: development and administration of the test. Australian Journal of
Physiotherapy, 1989. 35(3): pp. 141–149.

[140] Owens, J.A., A. Spirito, and M. McGuinn, The Children’s Sleep Habits Questionnaire
(CSHQ): psychometric properties of a survey instrument for school-aged children. Sleep New
York, 2000. 23(8): pp. 1043–1052.

[141] Roid, G.H. and L.J. Miller, Leiter International Performance Scale-Revised (Leiter-R). 2011:
Madrid: Psymtec.

[142] Harter, S., Self-Perception Profile for Children. 1983: University of Denver Press.
Denver, ABD.

[143] Donders, J., D. DenBraber, and L. Vos, Construct and criterion validity of the Behaviour
Rating Inventory of Executive Function (BRIEF) in children referred for neuropsychological
assessment after paediatric traumatic brain injury. Journal of Neuropsychology, 2010. 4(2):
pp. 197–209.

[144] Zimmerman, I.L., V.G. Steiner, and R.E. Pond, PLS-3: Preschool Language Scale-3. 1992:
2 Psychological Corporation. San Antonio, USA.

[145] Hidecker, M.J.C., et al., Developing and validating the Communication Function Classifica‐
tion System for individuals with cerebral palsy. Developmental Medicine & Child Neurol‐
ogy, 2011. 53(8): pp. 704–710.

[146] Fowler, E.G., et al., Selective Control Assessment of the Lower Extremity (SCALE): develop‐
ment, validation, and interrater reliability of a clinical tool for patients with cerebral palsy.
Developmental Medicine & Child Neurology, 2009. 51(8): pp. 607–614.

[147] Sellers, D., et al., Development and reliability of a system to classify the eating and drinking
ability of people with cerebral palsy. Developmental Medicine & Child Neurology, 2014.
56(3): pp. 245–251.

[148] Breau, L.M., et al., Psychometric properties of the non-communicating children’s pain
checklist-revised. Pain, 2002. 99(1): pp. 349–357.

[149] Swiggum, M., et al., Pain in children with cerebral palsy: implications for pediatric physical
therapy. Pediatric Physical Therapy, 2010. 22(1): pp. 86–92.

Cerebral Palsy - Current Steps48


