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Chapter 2

ABSTRACT
Objective: To systematically evaluate the level of evidence of the clinimetric properties of
measures of aerobic and anaerobic capacity used for children with cerebral palsy (CP).
Data Sources: A systematic search of databases PubMed, Embase, SPORTDiscus and
PsycINFO through April 2011 was performed.
Study Selection: Two independent raters identified and examined studies that reported laboratory or field-based measures of maximal aerobic or anaerobic capacity in children with
CP aged 5-14 years.
Data Extraction: The COSMIN checklist was used by two independent raters to evaluate the
methodological quality of the included clinimetric studies and to identify measures used in
these studies.
Data Synthesis: Twenty-four studies that used a maximal aerobic or anaerobic capacity
measure were identified. Five studies reported clinimetric properties for five measures
(2 aerobic and 3 anaerobic measures). Methodological quality was excellent in 3 studies
showing good validity and reliability of field-based aerobic (Shuttle Run Test) and anaerobic
(Muscle Power Sprint Test) measures. The studies on laboratory-based measures were rated
fair, mainly due to inadequate statistics. The level of evidence was strong for good validity
and reliability of the field-based tests. The level of evidence was unknown for validity and
low to moderate for good reliability of laboratory-based tests.
Conclusions: There is a paucity of research on the clinimetric properties of measurement instruments to assess aerobic and anaerobic capacity for children with CP. Further clinimetric
studies of laboratory-based measures in children with CP at all GMFCS levels and clinimetric
studies of field-based measures in children who are classified at GMFCS levels III to V are
required.
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INTRODUCTION
Cerebral palsy (CP) is the most common cause of physical disability in children and is associated with activity limitations in daily life.8 CP is defined as a group of permanent disorders
with an abnormal development of movement and posture causing activity limitations,
which are attributed to non-progressive lesions or anomalies of the brain arising in early
development.28 In addition to activity limitations, children with CP have decreased levels of
physical fitness.11;15;38
The health-related components of physical fitness are defined by the American College of
Sports Medicine (ACSM) as cardiorespiratory fitness, body composition, muscular strength,
muscular endurance and flexibility.1 Cardiorespiratory fitness (i.e. aerobic capacity) is defined as the ability to deliver oxygen to the muscles and to utilize it to generate energy
during exercise reflecting the maximal capacity of the cardiorespiratory system.2 During activity lasting longer than 30-45 s, the cardio respiratory system provides the oxygen delivery
to the exercising muscle. Short bursts of exercise, which is a major part of children’s physical
activity patterns, are supported by the anaerobic system. Anaerobic capacity is the maximal
amount of adenosine triphosphate (ATP) resynthesized via anaerobic metabolism during
short-bursts (30-45 s) of high intensity exercise and is manifested by short-term muscle endurance and peak muscle power.5;13
Limitations in aerobic and anaerobic fitness can influence a child’s ability to be physically
active and to participate in activities of daily living. Reduced fitness levels may also lead to
higher risks for developing secondary conditions.11 Despite the non-progressive character of
CP, children with this condition have a tendency to lose functional mobility with growth and
age.14;46 Adequate physical fitness contributes to maintain high physical activity levels and
can prevent further deconditioning and loss of mobility.11
To prevent the circle of decreased physical activity and fitness, rehabilitation professions
are interested in increasing aerobic and anaerobic fitness levels in children with CP. Previous
results suggest that aerobic and anaerobic fitness interventions may prevent/reduce the decline in functional mobility observed with growth and development.27;41 In order to increase
aerobic and anaerobic fitness levels in children with CP, it is important for rehabilitation
professionals to develop effective fitness interventions and to evaluate these interventions
using measures which have been specifically developed, tested and validated for children
with CP. Results from a recent Delphi survey identified the available exercise tests that are
appropriate for children with CP.42 However, the level of evidence of the clinimetric properties of these measures has not been evaluated yet. In this article, clinimetric properties
refers to the reliability, validity, and clinical utility of the reviewed measures.
In a systematic review of fitness interventions for children with CP, three studies were included that evaluated changes in aerobic fitness after the intervention.27 All three studies
detected change in aerobic fitness; however, the measures were not standard across or
even within studies.
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Some studies used submaximal tests to estimate maximal capacity, making it difficult to
interpret findings and to compare trends across studies.27
Children with CP have a musculoskeletal system with different biomechanical and energetic properties compared to children who are typically developing.28 It is important that
measurement instruments and/or protocols are developed and evaluated for this specific
population. These measures require adequate clinimetric properties to guide and evaluate
interventions, monitor progress and to establish reference values for this population. To
achieve these goals there is a need for standardization of testing protocols and procedures.
Interpretation and confidence in test results and intervention outcomes will be stronger
once proper measurement tools and procedures are available. The aim of this study was
to systematically evaluate the level of evidence of the clinimetric properties of measures of
aerobic and anaerobic capacity used for children with cerebral palsy (CP). Information from
this review will guide selection of measurement instruments and protocols for future clinical
trials evaluating aerobic and anaerobic capacity in children with CP.
METHODS
Search Strategy
A systematic search was performed of the following computerized databases: PubMed,
Embase, SPORTDiscus and PsycINFO through April 2011 without any time restrictions. The
search was performed using the MeSH terms and text words (or synonyms) for: (“physical
fitness” OR “aerobic capacity” OR “anaerobic capacity” OR “exercise test”) AND “cerebral
palsy” AND (“children” OR “adolescents”). The search was expanded using citation tracking
and including key words and MeSH terms which were revealed in the primary search.
Study selection
The a priori inclusion criteria for this systematic review were studies: i) that evaluated laboratory or field-based aerobic or anaerobic fitness measures; ii) with the study population
being diagnosed with CP; iii) with the children aged < 14 years old; iv) written as full reports;
and v) published in English, French, German or Dutch. The age criterion was selected because puberty can influence aerobic and anaerobic capacity. In addition, younger children
have more difficulty adhering to vigorous test protocols than adolescents or young adults.
Therefore, in this systematic review we chose to include studies that described measures
used in children < 14 years old.
Aerobic and anaerobic fitness measures were included if they aimed to determine maximal
capacity.2;5;13 For aerobic capacity, protocols were incremental until maximal capacity was
achieved and peak oxygen uptake (VO2peak), maximal power output or another indicator of
maximal exercise was measured. For anaerobic capacity short-term muscle endurance and/
or peak muscle power during short duration (< 45 s), high intensity exercise was measured.13
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Laboratory-based fitness measures are defined as measurements that are performed in a
standardized environment using standardized test protocols and equipment. Field-based
fitness measures are measurements that are performed using standardized protocols in
varying environments that can be performed outside a laboratory without the need for specialized equipment.
Studies were excluded if: i) a submaximal measure was used to estimate maximal aerobic
capacity; ii) maximal aerobic exercise test protocols were not incremental; iii) data were
reported on a study population in which < 75% of the subjects had CP or no population demographic data on diagnoses were reported; iv) data were reported on a study population
in which < 75% were under 14 years old and no age specific data were reported and; v) data
were from self-report measures.
Selection of papers
All titles and abstracts of the retrieved searches were assessed by two independent raters
(AB and MFP). In case of disagreement a third rater (AD and NL) decided if the study would
be included in the review. After consensus was reached about inclusion and exclusion of
studies, full reports were retrieved and assessed following the same procedure. Firstly, we
selected and described studies that used a measure of maximal aerobic or anaerobic physical fitness. Secondly, studies were selected that reported on clinimetric properties of these
measures. The studies that reported clinimetric properties were rated on methodological
quality with use of the COSMIN (COnsensus-based Standards for the selection of health
status Measurement INstruments) checklist.21 Thirdly, we evaluated the quality of the instruments based on the reported clinimetric properties. Finally, we evaluated the overall
level of evidence for the clinimetric properties of each measurement protocol by combining
the methodological quality of the studies and the clinimetric properties of the measurement instruments.
Studies on aerobic and anaerobic measures
Maximal aerobic or anaerobic fitness outcome measures and exercise protocols from all
studies were described on: i) study population; ii) protocol; iii) outcome measure; and (for
aerobic tests only) iv) achievement of maximal exercise, based on a priori stated criteria.2
The laboratory and field-based test protocols were classified, based on type of measure
(aerobic or anaerobic), and testing mode.
The maximal exercise criteria for the aerobic tests that were reported in the studies, if available, were critically examined to determine if they were adequate as maximal capacity
indicators. For appropriate maximal aerobic capacity determination, studies had to report
whether individuals achieved at least one physiological objective and one subjective criterion at termination of the test. The objective criteria were: i) heart rate (HR) > 180 or;
ii) Respiratory Exchange Ratio (RER) > 1.0.2 Using VO2 plateau as a requisite for maximal
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Total: N = 751
(duplicates included)

Potentially relevant
abstracts found and
screened:
N = 615

Excluded N = 558
A) No ﬁtness measure (N = 393)
1. Strength, ﬂexibility, anthropometry, motor
function, gait analysis (N = 192)
2. Energy expenditure (index) (N = 93)
3. Walking tests (N = 39)
4. Other (N = 69)
. (N = 31)
B) Paper based measures
C) Other population (N = 14)
1. <75% CP and no group speciﬁc data (N = 1)
2. <75% <14 years and no age speciﬁc data N = 13)

Full text evaluated:
N = 57

D) Presentation (N = 120)
Language other than English/ Dutch /German
/French (N = 11), review (N = 52), comment/letter
to the editor, book chapter (N = 57)

Excluded N = 33
Age >14 (N = 13), submaximal capacity (N = 9), no
research study (N = 5), no /other physical ﬁtness
measure (energy cost, strength) (N = 6)
Studies that met inclusion
criteria:
N = 24

Studies included which
described clinimetric
properties:
N=5

Figure 2.1 Flow diagram for the search outcomes and included studies.

aerobic capacity determination was not considered appropriate due to the absence of a VO2
plateau in 21-60% of the children.29 The subjective criteria included observed signs of exhaustion (out of breath, sweating, fatigued) and unable to continue the test.2 In addition, it
was recorded whether studies reported the number of successful tests based on the above
described criteria.
There are no physiological objective criteria described in the literature for achievement of
maximal capacity in anaerobic capacity testing other than instructing and encouraging the
patient to cycle/sprint at full speed through the entire test and to use maximum explosive
power.13
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Quality assessment of the studies
The methodological quality of the studies that reported clinimetric properties were assessed
using the COSMIN checklist.21 The COSMIN checklist (www.cosmin.nl) has been developed
and validated by an international consortium of 43 experts with different backgrounds especially for the evaluation of health measurement instruments.22 Each clinimetric property
(test-retest and inter-rater reliability, measurement error, criterion and construct validity)
is evaluated separately in the COSMIN checklist, including items regarding design requirements and statistical methods.
Assessment of validity can be established by testing either criterion or construct validity.
For criterion validity correlations should be calculated with a reasonable gold standard as
criterion. VO2peak determined in an incremental maximal exercise test is assumed to be the
gold standard for aerobic capacity. Therefore, criterion validity is assumed to be not applicable in aerobic laboratory-based testing (when VO2peak is measured). Hypothesis testing
for construct validity can either be done by verifying if a test can discriminate between two
constructs that differ from each other or by verifying whether the test provides a similar
value between two constructs that are considered to be similar. The appropriate statistical
method depends on the a priori hypotheses formulated.
Reliability includes test-retest and inter-rater reliability. Adequate test-retest reliability is
determined by setting the minimal time interval in between performance of the tests so
that constructs being tested do not change and that the repeated measurement is not influenced by the initial one. A time interval of 2 days to 2 weeks is considered appropriate
because fitness is not expected to change within this time frame and subjects are completely recovered from these tests after 2 days.21;23 Test conditions should be consistent
and inter-rater reliability requires independent administrations. Both properties should be
statistical analysed using Intraclass Correlation Coefficients (ICCs).21
Design requirements for determining measurement error are similar for those of reliability. Absolute measurement error should be determined by calculating the Standard Error
of Measurement (SEM) and Limits of Agreement (LoA) or the Smallest Detectable Change
(SDC), which can be derived from the SEM.
The COSMIN items are individually scored as adequate, non-adequate, not applicable or not
reported according to the COSMIN guidelines.21 A separate total score was assigned for each
clinimetric property. Scores range from excellent to poor (also according to the COSMIN
guidelines) and they reflect the methodological quality of the clinimetric study. Studies
were rated as follows: i) ‘excellent’ if all relevant COSMIN items were scored as adequate; ii)
‘good’ in cases where two items were not reported but could be assumed to be adequate;
iii) ‘fair’ if the value of the clinimetric property could have been underestimated or was
estimated in a moderate sample size or when there were other minor flaws in the design or
analysis (e.g. using a Pearson correlation coefficient instead of an ICC to calculate reliability)
or; iv) ‘poor’ if the results could not to be trusted because of major flaws in the design or
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statistical analysis (e.g. using a student’s t test for calculating reliability).21 Additional information about the COSMIN checklist can be found elsewhere.21
Clinimetric properties
For each study we evaluated the quality of the clinimetric properties: criterion validity or
construct validity, reliability and measurement error based on COSMIN standards.21 The
overall rating for a clinimetric property is ‘good’ (+), ‘indeterminate’ (?), or ‘negative’ (-).30
The quality of criterion validity is rated good when correlation with the gold standard is
≥ 0.7.30 The quality of construct validity was rated good if at least 75% of the results are in
accordance with the hypotheses.30 Reliability was rated good when the ICC was ≥ 0.7 or a
Pearson correlation coefficient was ≥ 0.8.30 Measurement error was rated good when the
Minimal Important Change (MIC) was > SDC or when the MIC was outside the LoA.30 The
MIC represents the size that is perceived as significant by a patient or healthcare professional.10 If the MIC was not reported in the studies, the magnitude of the values for the SDC
or LoA were evaluated by the authors, based on clinical experience.
Clinical utility
The clinical utility was described in terms of testing time (including preparation, performing
the test, and analysing results), assessor training, required equipment, costs and feasibility
of the test (described as easiness to perform for the assessor and participant). Clinical utility
was based on subjective information reported in the studies and based on the experience
of the authors of this review.
Data synthesis
We combined the results of the methodological quality of the studies and the reported clinimetric properties to determine the overall level of evidence for the clinimetric properties of
identified aerobic and anaerobic measures. The level of evidence is rated as proposed by the
Cochrane Back Review Group as: i) strong (consistent findings in multiple studies of good
methodological quality or in one study of excellent methodological quality); ii) moderate
(consistent findings in multiple studies of fair methodological quality or in one study of good
methodological quality); iii) limited (one study of fair methodological quality); iv) conflicting
(conflicting findings); or v) unknown (only studies of poor methodological quality).36
RESULTS
Description
The initial search revealed 57 studies based on the abstract review. After careful examination of the full papers 24 studies met the inclusion criteria (Figure 2.1). The characteristics
of the measures that were identified in the included studies are described in Table 2.1 for
the aerobic studies and in Table 2.2 for the anaerobic studies. Nineteen studies were identified that used a measure of aerobic capacity. Fourteen of those studies reported on a
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laboratory-based measure using a bicycle ergometer test (5 studies)16-18;33;34, arm crank ergometer test (2 studies)26;33 or treadmill test (8 studies)6;12;15;19;20;32;43;44. Six studies reported
on the field-based shuttle run test (SRT).9;37;39-41;44 Anaerobic capacity was determined in 9
studies. Six of those studies reported a laboratory-based measure, using a bicycle ergometer test (5 studies)25;26;31;33;34 or armcrank ergometer test (5 studies)25;26;31;33;35. Three studies
described the anaerobic field-based muscle power sprint test (MPST)38;41;45.
The study populations ranged from 7 to 300 subjects per study, from slight to severe disabilities, Gross Motor Function Classification System (GMFCS)24 I, II and III and age ranged
from 4 to 14 years. The aerobic studies reported a variety of test protocols that were based
on the McMaster protocol5, a protocol by Bar-Or and Zwiren4 and a (half) Bruce protocol7.
However, in the majority of studies other (self-developed) protocols were used. Anaerobic
tests included the bicycle or arm crank ergometer Wingate test or the field-based MPST.3;45
Studies reported different outcome measures for maximal capacity. The outcome measures
for aerobic capacity included VO2peak9;15-19;32;43;44, maximal power output26;33;34 or test duration6;12;20;37;39-41;44. Anaerobic capacity was measured or estimated by peak and mean power
over 30 s performed on a bicycle or arm crank ergometer25;26;31;33-35. or time to complete a
specific sprinting distance38;41;45.
Criteria for maximal exercise
There were 4 studies that used adequate a priori maximal aerobic exercise criteria and
reported on the number of successful tests9;39;43;44 based on: i) HR > 1809;39;43;44; and/or
ii) RER > 1.09;43;44. Three other studies used adequate criteria: i) HR > 18037;40;41; and/or
ii) RER > 1.040;41 but did not report on the number of successful tests32;40;41 or only reported
group means for HR or RER.37 Eleven studies reported no6;12;15;16;19;20;26;33;34 or inadequate criteria17;18 of which 7 reported only group means of HR15-19;33;34 or RER17-19. From the studies in
which subjects achieved adequate maximal aerobic exercise criteria, the number of successful tests is described in the clinical utility section below.
Clinimetric properties
Validity
Evidence on measurement validity for included studies is reported in Table 2.3. Validity was
assessed in only two field-based studies.44;45 Criterion validity for the 10 m aerobic SRT, developed for children at GMFCS levels I (SRT-I) and II (SRT-II), revealed a high Pearson correlation
of r = 0.96 for SRT-I and SRT-II.44 VO2peak achieved in the SRT was compared to VO2peak
achieved in a maximal treadmill test, which was considered to be a good gold standard.
There were no flaws in the design and statistics were adequately calculated. Methodological
quality was therefore rated as excellent.
The anaerobic MPST was tested on construct validity.45 The hypothesis was that children
with GMFCS level I would show higher levels of peak and mean power in comparison to

33

Chapter

2

34

Population
N
Age (range
or
mean, yrs)

26 11.5±0.3-2.2

Lundberg 198418

7 WC

5min

2 min
I: variable (8-12min)

2 min
I: according to HR
responses (120-140/
150-160/170)

not reported

not reported

1 min
I: 15W (0.5kg/min)

2 min
I: variable
(8-12min)
2 min
I: variable
(8-12min)

Stages (duration/
load/ramp(%)
S: Start if > 0
I: Increment

Peak power
output
W/kgFFM

Peak power
output
W/kgFFB

VO2peak
ml/kg/min

VO2peak
ml/kg/min

VO2peak
ml/kg/min

Peak power
output
W/kg
Peak power
output
W/kgFFM

Outcome
Measurement

None

None

HR
leveling

HR
leveling

None

None

None

1. not reported
2. HR:125±9

1. not reported
2. not reported

1. not reported
2. HR:195±11/196±5
RER:0.87±.04/0.90±.09
(♀/♂)
1. not reported
2. HR: 192-199
RER :0.95±.03/.04

1. not reported
2. HR:145

1. not reported
2. HR:175±13

1. not reported
2. HR:168±15

Criteria for maximal exercise
Objective
Attainment of criteria
a priori
1. per individual
2. by group means

WU: Warming up; VE: Ventilation; RQ: Respiratory Quotient; CWS: Comfortable walking speed; FWS: Fastest walking speed; WC: Wheelchair user; R:
Revolutions; W/kgFFB(M): Watts/kg fat-free body mass.

Mc Master protocol-based5
Van den Berg7 7-13
Emons et al.199833

not
reported

Laboratory-based: Arm crank ergometer test
Protocol of Bar-Or and Zwiren4
Parker et al.199326
23 9.3±2.0
Mobile independent or
with aids incl. WC

not
reported
not
reported

Slight (no aids required)
to fairly severe (WC)

3min
30W

5min

5min

Protocol
Warm-up

Slight (no aids required)
to fairly severe (WC)

11-12

9

Lundberg 197817

13±1.9

9

Self developed
Leunkeu
et al.200516
Ambulant

10 Ambulant and
3 WC

Van den BergEmons et al.199833

13 7-13

8 Ambulant and
4 WC

Severity/GMFCS

Mc Master protocol based5
Van den Berg12 7-12
Emons et al.199634

Laboratory-based: Bicycle ergometer test

Study

TABLE 2.1 Characteristics of Aerobic Protocols
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Population
N
Age (range
or
mean, yrs)

9

11

25

24

Unnithan
et al.199632

Maltais
et al.200519

Verschuren
et al.200644

Verschuren
et al.201043

11.8±2.9

11.9±2.9

10-16

12.7±2.8

13.5±2.7

4-13

10.3±2.4

GMFCS I and II

GMFCS I and II

GMFCS I and II

No walking aids or
crutches and/ or
orthotics
Ambulatory, 2 with
crutches

All ambulatory

GMFCS I and II

GMFCS I and II

Severity/GMFCS

3 min
2km/h

3 min
2km/h

not
reported

not
reported

not
reported

not
reported

not
reported

not
reported

Protocol
Warm-up

5 min
S: 1-8 km/h
I: +10%-18%
2 min
S: FWS-0.2-0.5km/h
I:+2.5-5%
2 min
S: FWS-0.2-0.5km/h
I:+2.5-5%
2 min
S: FWS-0.2-0.5km/h
I:+2.5-5%
1 min
S: I: 5 km/h, 2%
II: 2 km/h, 2%
I: +0.25km/h
1 min
S: I: 5 km/h, 2%
II: 2 km/h, 2%
I: +0.25km/h

1.5 min
S:2.7km/h, 10%
I: +0.4 -0.7 km/h, 1%
3 min
S:2.7km/h, 10%
I: +0.8 -1.5 km/h, 2%

Stages (duration/
load/ramp(%)
S: Start if > 0
I: Increment

VO2peak
l/min

VO2peak
l/min

VO2peak
ml/kg/min

VO2peak
ml/kg/min

VO2peak
ml/kg/min

Maximal time
min

Maximal time
min

Maximal time
min

Outcome
Measurement

HR >180
and
RER ≥1.0

HR >180
and
RER ≥1.0

None

None

None

None

None

None

1. not reported
2. HR: 189±12
RER: 1.05±0.11
1. 100 %
2. HR: 193±6.2/ 193±6.1
(I/II)
RER: 0.9±.09/1.0±.08 (I/II)
1:100%
2. HR: 193.1±6.2
RER: 1.0±.1

1. not reported
2. not reported

1. not reported
2. HR 189±17

1. not reported
2. not reported

1. not reported
2. not reported

1. not reported
2. not reported

Criteria for maximal exercise
Objective
Attainment of criteria
a priori
1. per individual
2. by group means

WU: Warming up; VE: Ventilation; RQ: Respiratory Quotient; CWS: Comfortable walking speed; FWS: Fastest walking speed; WC: Wheelchair user; R:
Revolutions; W/kgFFB(M): Watts/kg fat-free body mass.

9

15

9

Hoofwijk
et al.199515

Self developed
Massin
et al.199920

Bilde
et al.20116

Laboratory-based: Treadmill test
Half Bruce protocol7
Gorter
13
9.9±1.2
et al.200912

Study

TABLE 2.1 Characteristics of Aerobic Protocols (continued)
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36

Population
N

Verschuren
et al.41

306

8

13

25

68

Verschuren
et al.200940

Verschuren
et al.201037

Dallmeijer
& Brehm 20119

Verschuren
et al.201139

Verschuren
et al.200644

Verschuren
et al.200741

12.1±2.8

11.9±2.9

12.0±3.0

9.9±3.0

12.3±3.2/
12.1±2.7
(♀/♂)

12.1±2.8

11.9±2.9

Age (range
or
mean, yrs)

GMFCS I
and II

GMFCS I
and II

GMFCS III

GMFCS I
and II

GMFCS I
and II

GMFCS I
and II

GMFCS I
and II

Severity/
GMFCS

1 min/10m
S: I: 5 km/h/ II: 2km/h
I: +0.25km/h

1 min/10m
S: I: 5 km/h/ II: 2km/h
I: +0.25km/h
1 min/10m
S: I: 5 km/h/ II: 2km/h
I: +0.25km/h
1 min/10m
S: I: 5 km/h/ II: 2km/h
I: +0.25km/h

1 min/10m
S: I: 5 km/h/ II: 2km/h
I: +0.25km/h

3 min
2km/h

1 min/10m
S: I: 5 km/h/ II: 2km/h
I: +0.25km/h

not
1 min/7.5m
reported S: 1.5 km/h
I: +0.19km/h
3 min
1 min/10m
2km/h
S: I: 5 km/h/ II: 2km/h
I: +0.25km/h

3 min
2km/h

3 min
2km/h

3 min
2km/h

3 min
2km/h

3 min
2km/h

Protocol
Warm- Stages (duration/
up
load/ramp(%)
S: Start if > 0
I: Increment

VO2peak
l/min
Maximal time
min
Maximal time
min

VO2peak
ml/kg/min
Maximal time
min
Maximal time
min

Maximal time
min

Maximal time
min

VO2peak
l/min
Maximal time
min
Maximal time
min

HR >180
and
RER ≥1.0

HR >180
and
RER ≥1.0

HR >180

HR >180
and
RER ≥1.0
HR >180
and
RER ≥1.0
HR >180
and
subjective
criteria
HR >190
and
RER ≥1.0

HR >180
and
RER ≥1.0

1. 100%
2.HR:206±6.7/199.4±6.8 RER
1.1±.01/1.0±.01
(I/II)
1. not reported
2. not reported

1. 13/15 HR>180
2. not reported

1. HR 100%, RER 4/7
2. HR:197±8
RER: 1.02±.09

1. not reported
2. HR:194±10

1. not reported
2. not reported

1. 100%
2. HR: 206±6.7/199.4±6.8 RER
1.1±.01/1.0±.01
(I/II)
1. not reported
2. not reported

Outcome
Criteria for maximal exercise
Measurement Objective
Attainment of criteria
a priori
1. per individual
2. by group means

WU: Warming up; VE: Ventilation; RQ: Respiratory Quotient; CWS: Comfortable walking speed; FWS: Fastest walking speed; WC: Wheelchair user; R:
Revolutions; W/kgFFB(M): Watts/kg fat-free body mass.

68

Verschuren
et al.200741

Field-based: Shuttle run test
Verschuren
25
et al.200644

Study

TABLE 2.1 Characteristics of Aerobic Protocols (continued)
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those with GMFCS level II. An independent-samples t test showed that the group differences
were significant (p = 0.007). The study was rated excellent based on an adequate design and
statistics.
Reliability
Evidence for reliability and measurement error of the included measures, is displayed in
Table 2.4. Three studies aimed to determine reliability of aerobic fitness measures.34;39;44
The test-retest reliability of peak power output determined with a cycle ergometry test was
moderate to high and established using the Spearman’s rank order correlations for pairwise comparison among 3 sessions (r = 0.92, r = 0.72, r = 0.84).34 Reliability on the first
two measurements, which is an appropriate amount for reliability, was good (r = 0.92).
Methodological quality was rated as fair despite a good study design, because the statistical analysis was inadequate (a Spearman’s rank order correlation coefficient was calculated
instead of an ICC). The SEM was not reported.
Test-retest reliability and measurement error of maximal exercise time and peak HR achieved
in the 10 m SRT-I and SRT-II field test showed high ICCs for maximal exercise time (r = 0.97
and r = 0.99) and for peak HR (r = 0.87 and r = 0.94) in SRT-I and SRT-II, respectively.44 Small
SEMs (0.42 and 0.25 min) and LoA (1.01 and 0.86 min) were found for SRT-I and SRT-II respectively. Methodological quality of both reliability and measurement error were rated
excellent because statistics were adequate and no major flaws were present in the study
design.
Test-retest reliability and measurement error of a 7.5 m SRT field test for children classified
at GMFCS level III (SRT-III)39 revealed a high ICC (r = 0.98), a SEM of 0.48 min, and a SDC of
1.32 min. Authors rated the SDC as smaller than clinically important. Methodological quality
was rated excellent for both reliability and measurement error.
Three studies showed evidence for test-retest reliability for peak and mean anaerobic capacity.31;34;45 One study found high Spearman’s rank order correlations for peak and mean
anaerobic power (r = 0.90-0.95 respectively) for the Wingate bicycle ergometer test.34
Methodological quality of the study was rated fair because ICCs were not calculated.
High Pearson correlation coefficients for both mean (r = 0.96 and r = 0.92) and peak power
(r = 0.95 and r = 0.97) were shown for children with spastic or athetotic CP respectively,
determined by the Wingate bicycle ergometer test.31 The same study found high Pearson
correlation coefficients for mean power (r = 0.95 and r = 0.96) and moderate values for
peak power (r = 0.82 and r = 0.70) in arm crank ergometer testing for spastic and athetotic
CP, respectively. Methodological quality of the study was rated fair due to calculation of a
Pearson correlation coefficient instead of an ICC and because the time interval between the
tests was not described.
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38

49

Parker et al.199225

11.4±3.1/11.7±3.1
Spastic/athetotic
6-14

12±3.3

11.4±3.1/11.7± 3.1
Spastic/athetotic
6-14

5 min
5 min
2-3sec
4 trials
2-3sec
4 trials
2-3sec
4 trials
5 min
2-3sec
4 trials
2-3sec
4 trials
2-3sec
4 trials
3 trials

8 Ambulant and 4 WC
10 Ambulant and 3 WC
Mobile independent or
with aids incl. WC
Varying severity

7 WC
Mobile independent or
with aids incl.WC
Varying severity

3 min
3 min
3 min

I and II
I and II
I and II

Ambulatory, with/
without devices and WC

Varying severity

Varying severity

Protocol
Warmup

Severity/GMFCS

WC: Wheelchair user; PMean: Mean Power; PPeak; Peak Power.

Field-based: Muscle power sprint test
Self developed
Verschuren
68
12.1± 2.8
et al.200741
Verschuren
26
11.6±2.8/10.9±2.4
et al.200745
(I/II)
Verschuren
300 11.2±3.0/11.0±3.1
et al.201038
(I/II)

Van Mil et al.1996

21

49

Parker et al.199225

35

38

Tirosh et al.199031

Laboratory-based: Wingate arm crank ergometer test
Protocol of Bar-Or 3
Van den Berg7
7-13
Emons et al.199833
Parker et al.199326
23
9.3± 2.0

38

Tirosh et al.199031

Population
N
Age
(range or mean, yrs)
Laboratory-based: Wingate bicycle ergometer test
Protocol of Bar-Or3
Van den Berg12
7-12
Emons et al.199634
Van den Berg13
7-13
Emons et al.199833
Parker et al.199326
23
9.3±2.0

Study

TABLE 2.2 Characteristics of Anaerobic Protocols

30s: 6 all out sprints at max
speed (15m)
30s: 6 all out sprints at max
speed (15m)
30s: 6 all out sprints at max
speed (15m)

30s all out sprint against CBF

30s all out sprint against CBF

30s all out sprint against CBF

30s all out sprint against CBF

30s all out sprint against CBF

30s all out sprint against CBF

30s all out sprint against CBF

30s all out sprint against CBF

30s all out sprint against CBF

30s all out sprint against CBF

Duration and load
CBF = Constant braking force

PPeak and PMean estimated from
time to cover 15m and body mass
PPeak and PMean estimated from
time to cover 15m and body mass
PPeak and PMean estimated from
time to cover 15m and body mass

PPeak and PMean over 30sec
W
PPeak and PMean over 30sec
W
PPeak and PMean over 30sec
W
PPeak and PMean over 30sec
W
PPeak and PMean over 30sec
W

PPeak and PMean over 30sec
W
PPeak and PMean over 30sec
W
PPeak and PMean over 30sec
W
PPeak and PMean over 30sec
W
PPeak and PMean over 30sec
W,W/kg

Outcome
Measurement
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Good test-retest and inter-rater reliability was found for the MPST field test, as determined
by the ICC, for mean power (r = 0.99 and r = 0.98) and peak power (r = 0.98 and r = 0.97)
respectively.45 SEMs were 9.0 W and 13.9 W and LoA was 20 W and 40 W for mean and peak
power respectively. Methodological quality was rated as excellent based on adequate statistics and an appropriate design. The MIC was not reported in the MPST and SRT studies, but
based on our clinical expertise, the LoA and SDC of the SRT were smaller than a significant
clinical change.39;44;45
TABLE 2.3 Evidence of Validity
Study

Population

Aerobic
Field-based: Shuttle run test
Verschuren
N=25
et al.200644
Age 11.9±2.9
GMFCS I and II

Anaerobic
Field-based: Muscle power sprint test
Verschuren
N=26
et al.200745
Age 11.6±2.8/10.9±2.4
GMFCS I and II

Validity

Methodological quality
(COSMIN score)

Criterion validity
Pearson correlation coeﬃcient
VO2 peak (l/min) obtained between SRT and
treadmill test
I: r=0.96, LoA=0.28
II: r=0 .96, LoA=0.37

Excellent

Construct validity
Independent samples t test
Peak power
Diﬀerence GMFCS I and II (p=0.007)
Mean Power
Diﬀerence GMFCS I and II (p=0.006)

Excellent
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Aerobic laboratory-based test (bicycle ergometer, arm crank ergometer and treadmill test): no data available.
Anaerobic laboratory-based test (Wingate bicycle ergometer and Wingate arm crank ergometer test): no data
available.

Clinical utility
The clinical utility of the measures included in this review is reported in Table 2.5. Testing
time and assessor training is extensive for aerobic laboratory-based tests, moderate for anaerobic laboratory-based tests and minimal for field-based tests. Laboratory-based tests are
expensive, while field tests are usually low-cost. Overall, laboratory-based tests are more
standardised while field-based tests are usually susceptible to environmental biases but are
usually easier to perform for both the assessor and participant.
Studies using treadmill exercise tests showed that 100% of the subjects reached a HR > 180
and a RER > 1.0.43;44 For the SRT-I and SRT-II 100% of the subjects achieved a HR > 1809;44 and
either 100%44 of the subjects or 4 out of 7 subjects9 reached a RER > 1.0. For the SRT-III 13
out of 15 subjects achieved a HR > 180.39 For the other aerobic test protocols no adequate
data on feasibility were available.
Three studies reported on the number of completed anaerobic tests.25;31;45 Studies on the
Wingate bicycle ergometer test showed that 58%31 and 76%25 of the subjects were able
to complete the test. For the Wingate arm crank ergometer test 88%31 and 94%25 of the
subjects were able to complete the test. The study of the MPST showed that 100% of the
subjects completed the test.45
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TABLE 2.4 Evidence of Reliability
Study

Population

Test-retest

Aerobic
Laboratory-based: Bicycle ergometer test
Van den
N=12
Spearman’s rank order
Berg-Emons
Age 7-12
correlation coeﬃcient
et al.199634
Ambulant (N=8)
Peak power output
and WC (N=4)
Test 1vs2: r=0.92;
Test 2vs3: r=0.72;
Test 1vs3: r=0.84; (p<0.001)
Field-based: Shuttle run test
Verschuren
N=25
ICC
et al.200644
Age 11.9±2.9
Time
GMFCS I and II
GMFCS I: r=0.97; II: r=0.99
Peak HR
GMFCS I: r=0.87; II: r=0.94

Verschuren
et al.201139

N=13
Age 12.0±3.0
GMFCS III

ICC:
Time
0.98

Anaerobic
Laboratory-based: Wingate bicycle ergometer test
Van den
N=12
Spearman’s rank order
Berg-Emons
Age 7-12
correlation coeﬃcient
et al.199634
Ambulant (N=8)
Peak Power
and wheelchair
Test 1vs2 r=0.90
users (N=4)
Test 2vs3 r=0.90
Test 1vs3 r=0.94; (p<0.001)
Mean Power
Test 1vs2 r=0.95
Test 2vs3 r=0.92
Test 1vs3 r=0.95; (p<0.001)
Tirosh
N=38
Pearson correlation
et al.199031
Age 11.4±3.1/
coeﬃcient
11.7± 3.1
Peak power
Spastic/athetotic,
Athetotic CP r=0.70
varying severity
Spastic CP r=0.96
Mean power
Athetotic CP r=0.82
Spastic CP r=0.95

Measurement error

Methodological
quality
(COSMIN score)

not reported

Fair: Inadequate
statistics;
Spearman's rank
order correlation
coeﬃcient instead
of ICC

SEM and LoA
Time (min)
I: SEM=0.42
LoA=1.01
II: SEM=0.25
LoA=0.86
Peak HR
I: SEM=1.52
LoA=6.63
II: SEM=2.56
LoA=4.32
SEM
SEM=0.48
SDC=1.32

Excellent

not reported

Fair: Inadequate
statistics;
Spearman's rank
order correlation
coeﬃcient instead
of ICC

not reported

Fair: Pearson
correlation
coeﬃcient instead
of ICC

Excellent

WC: Wheelchair user; *Intra-rater reliability. Aerobic laboratory-based test (arm crank ergometer and treadmill
test): no data available.
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TABLE 2.4 Evidence of Reliability (continued)
Study

Population

Test- retest

Anaerobic
Laboratory-based: Wingate arm crank ergometer test
Tirosh
N=38
Pearson correlation
et al.199031 Age 11.4±3.1/
coeﬃcient
11.7±3.1
Peak power
Spastic/athetotic,
Athetotic CP r=0.97
varying severity
Spastic CP r=0.95
Mean power
Athetotic CP r=0.92
Spastic CP r=0.96
Field-based: Muscle power sprint test
Verschuren
N=26
ICC
et al.200745 Age 11.6±2.8/
Peak power
10.9±2.4
r=0.98
GMFCS I/II
Mean power
r=0.99
*ICC and LoA
Peak power
ICC=0.97 LoA=39.74
Mean power
ICC=0.98 LoA=24.33

Measurement error

Methodological
quality
(COSMIN score)

not reported

Fair: Pearson
correlation
coeﬃcient instead
of ICC

SEM and LoA
Peak power
SEM=13.9 LoA=40.19
Mean power
SEM=9.0 LoA=20.01
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Excellent

*Intra-rater reliability. Aerobic laboratory-based test (arm crank ergometer and treadmill test): no data
available.

Level of evidence
The levels of evidence are summarized in Table 2.6. For validity there is: i) strong evidence
for good criterion validity of the SRT (based on one study with an excellent COSMIN score)44
and good construct validity on the MPST (based on one study with an excellent COSMIN
score)45 and ii) no evidence for construct validity of anaerobic laboratory-based tests available.
For reliability there is: i) strong evidence for good test-retest reliability and measurement
error of the SRT (I-II-III) and MPST (GMFCS levels I,II), and for inter-rater reliability of the
MSPT (based on high ICC in one study with an excellent COSMIN score)39;44;45; ii) moderate
evidence for good reliability of the anaerobic Wingate bicycle ergometer test (based on 2
studies with good reliability and fair COSMIN scores)31;34; iii) limited evidence for good reliability of the aerobic bicycle ergometer test (for peak power output only) (based on one
study with good reliability (Spearman correlations) and a fair COSMIN score)34; iv) limited
evidence for good reliability of mean power and moderate reliability for peak power estimated with the anaerobic Wingate arm crank ergometer test (based on one study with
good and moderate reliability (Pearson’s correlations) and a fair COSMIN score)31; and v) no
evidence for reliability on aerobic treadmill and arm crank ergometer tests.
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DISCUSSION
This systematic review evaluated the level of evidence of the clinimetric properties of measures of aerobic and anaerobic capacity used for children with cerebral palsy (CP). This review
clearly exposes the lack of adequate clinimetric studies in laboratory-based aerobic and
anaerobic capacity assessments, even though these tests have been used in several studies.
A recently published Delphi survey developed a core set of exercise tests that are appropriate in children with CP based on expertise of clinicians and researchers.42 The consensus
emphasizes the importance of additional clinimetric evaluation of the exercise tests considered. The current systematic review adds to this Delphi study by describing the level of
scientific evidence of the clinimetric properties of the exercise tests, based on a systematic
evaluation of the methodological quality of the studies. Moreover, it shows that there is an
urgent need for further clinimetric studies focusing on laboratory-based exercise testing
in this population, and for developing and evaluating exercise tests for children with more
severe CP.
The few clinimetric studies that have been done with laboratory-based tests used inadequate statistics (mainly in the older studies because quality criteria for statistical methods
have changed over the years), or had an inadequate study design. For example, treadmill
tests have been used in multiple studies but these tests lack reliability and validity. In contrast, field-based assessments have recently been evaluated with results of good reliability
and validity. These field-based protocols are limited to participants that are classified as
GMFCS levels I and II in terms of validity, and to I, II and III with respect to reliability.
Results show that only 8 out of 19 studies reported adequate criteria for achieving maximal exercise. Several studies reported only group mean values for peak HR and RER which
makes it impossible to discern if maximal aerobic criteria have been achieved in all children.
A few studies reported mean HR values that were even below the criterion for the individuals.16;33;34 These findings suggest that not all assessments in these studies examined maximal
aerobic capacity. Objective (HR and RER) and subjective criteria are necessary to discriminate between tests that are stopped due to either coordination restrictions or insufficient
motivation, or due to achieving maximal aerobic capacity. However, not all children will
achieve these criteria despite maximal effort. For this reason subjective criteria of exhaustion should be used as well to decide whether maximal exercise was achieved. Maximal
capacity indicators for children that are developing typically were applied, since there are
no criteria available especially for children with CP. Also, there is no indication that children
with CP cannot reach physiological criteria set for typically developing children when tests
are adapted to the child’s functional abilities. Future studies should clearly state objective
physiological criteria and subjective signs of exhaustion for maximal exercise and should report on the number of children who reached maximal aerobic capacity in order to interpret
results appropriately.
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TABLE 2.5 Clinical Utility of Aerobic and Anaerobic Fitness Measures in Children with CP*
Study

Testing
time

Assessor
training

Equipment/costs

Feasibility

Disadvantages

+

+

+

- No ability to ambulate
with suﬃcient balance
required
- Standardized test
conditions
- Applicable to wheelchair
dependent persons
- Standardized test
conditions

Poor selectivity may
hinder test
performance

+

Laboratorybased:
Treadmill
test

+

+

- Bicycle ergometer
- Gas analyzer
- Software
- HR monitor
Expensive
- Arm crank
ergometer
- Gas analyzer
- Software
- HR monitor
Expensive
- Treadmill
- Gas analyzer
- Software
- HR monitor
Expensive

- No cycling abilities
required
- Standardized test
conditions

Field-based:
Shuttle run
test

-

-

- Tape
- 10m track
- 4 cones
Low-cost

- Easy to perform for
assessor and participant
†23/25 preferred SRT over
treadmill test44

Ability to ambulate
with suﬃcient
balance required
Outcome measure
depends on walking
ability
Ability to ambulate
required
Criteria of maximal
exercise can only
checked by HR
Outcome measure
depends on walking
ability

+/-

+/-

- Bicycle ergometer
- Wingate software
Moderately
expensive

+/-

+/-

- Arm crank
ergometer
- Wingate software
Moderately
expensive

-

-

- 15m running space
- 4 cones
Low-cost

- Standardized test
conditions
- Easy to perform
†61% successfully
completed the test once,
58% successfully completed
the test twice31
- Standardized test
conditions
†94% successfully
performed the test once,
88% successfully performed
it twice31
Easy to perform
†Feasibility: 8.8-9.2 on scale
1-1045

Aerobic
Laboratorybased:
Bicycle
ergometer
test
Laboratorybased:
Arm crank
ergometer
test

Anaerobic
Laboratorybased:
Wingate
bicycle
ergometer
test
Laboratorybased:
Wingate arm
crank
ergometer
test
Field-based:
Muscle
power sprint
test

Chapter
Maximum exercise
not always
achieved

Poor selectivity may
hinder test
performance

Maximum exercise
not always
achieved

Ability to ambulate
required
Outcome measure
depends on walking
ability
+: Extensive; +/-: Moderate; -: Minimal; *as determined by experienced authors of this systematic review; †Feasibility
determined in study.
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For anaerobic fitness testing there are no objective physiological criteria for maximal performance. All included studies used a protocol with the children who were instructed to
cycle or sprint at maximal speed.13 Three studies reported on how many cases the test succeeded,25;31;45 while other studies reported data on a subsample which suggests that not all
participants were able to perform the test.26 Achieving maximal performance is influenced
by the child’s motivation and ability to perform the test.13 It is therefore recommended that
subjective test performance and the percentage of subjects that are able to complete the
test are reported with the overall findings.
Few studies reported evidence of measurement validity. For aerobic tests the assumption is that VO2peak measured in a laboratory-based test is the “gold standard”.2 Recently,
validating the VO2peak with a supramaximal test has been suggested in children however,
applicability in children with CP has not been investigated.29 Criterion validity of aerobic field
tests can therefore be assessed using the VO2peak44 because there is no objective non-invasive golden standard available for aerobic testing. Criterion validity of the field-based MPST,
where power is estimated based on body mass and time to complete a 15 m run45, may be
assessed by comparing test results with a Wingate bicycle ergometer test.3 Although there
was strong evidence for good construct validity of the MPST, the estimated peak and mean
power in the MPST have not been compared with a bicycle Wingate test.
Level of evidence was strong for good reliability of the field-based aerobic tests, but evidence was lacking, or low to moderate for laboratory-based tests. For bicycle ergometer
testing, no evidence is available for the reliability of VO2peak testing, because only data on
peak power output were reported.34 Arm crank ergometer and treadmill tests have not been
subjected to reliability testing. Regarding anaerobic tests, Wingate bicycle and arm crank ergometer tests and MPST have been evaluated for test-retest reliability.31;34;45 The somewhat
older laboratory-based studies all used statistical analyses that have been replaced by more
rigorous analytic procedures.
Strong evidence was found for measurement error in the field-based SRT and MPST. This
measurement error represents the instruments evaluative quality which is important to
detect changes when repeated measures are performed. For interpretation of the results,
the LoA or SDC are used. The magnitude of change can be determined by evaluating these
measures against the MIC.10 However, the MIC for both the laboratory and field tests has not
been reported in the literature. Therefore, LoA and SDC were rated based on clinical experience of the authors of this review.
The clinimetric properties of an instrument must be appraised because low quality of clinimetric properties may bias intervention study results. Future research should focus on: i)
reliability, validity and clinical utility of laboratory-based aerobic and anaerobic tests for
children with CP at all GMFCS levels; and ii) reliability, validity and clinical utility of fieldbased tests to assess maximal aerobic and anaerobic capacity in children with CP at GMFCS
levels III to V.
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TABLE 2.6 Level of Evidence
Study

Validity

Reliability

Construct Criterion
Test-retest
Aerobic
Laboratory-based:
?
na
+ (peak power output)
Bicycle ergometer test
Laboratory-based:
?
na
?
Arm crank ergometer test
Laboratory-based: Treadmill test
?
na
?
Field-based:
na
+++/+++/?
+++/+++/+++
Shuttle run test (I/II/III)
Anaerobic
Laboratory-based:
?
na
++
Wingate bicycle ergometer test
Laboratory-based:
?
na
+
Wingate arm crank ergometer test
Field-based:
+++
? (vs laboratory test) +++/+++*
Muscle power sprint test
+++: Strong; ++: Moderate; +: Limited; ?: Unknown; na: not applicable; *inter-rater reliability.

Measurement
error
?
?

Chapter
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+++/+++/+++
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?
?
+++

Functional mobility levels in children with CP were not uniformly described or classified before the introduction of the GMFCS.24 Classification according to GMFCS level has only been
utilized for the aerobic SRT. Future research should focus on evaluating reliability for each
GMFCS level since functional abilities influence testing suitability and subsequent validity
and reliability.5
Clinical utility is mainly attributed to the testing environment; laboratory-based or fieldbased. Overall, laboratory tests require more equipment, costs, assessor training, more time
to administer, and are more burdensome to the participant in comparison to field tests. The
outcome measures for laboratory-based testing are more objective, standardised and, provide more physiological information than those associated with field tests. Most field-based
outcome measures are dependent on walking (or running) ability. As both laboratory and
field-based tests are maximal capacity assessments, internal and external motivation, test
adaptations to meet the abilities of the child, and a sufficient level of cognition are required
for the children to fully participate and succeed in completing the test. For developing and
evaluating exercise tests for children with more severe CP, existing measures might be necessary to be adapted in terms of protocols (i.e. smaller increments) and adaptations to the
equipment (i.e. adaptable cranks on a bicycle ergometer) for optimal test performance.
The preference of the testing type and protocol is essentially determined by the resources
available in the setting, goal of the assessment, and the population to be tested. Treadmill
tests normally obtain higher HR’s at maximum but require the child to have sufficient balance to be able to walk and run in the last stages on a treadmill test.44 Adaptation to the
treadmill is usually achieved during an adaptation session prior to the maximum test so
the child becomes familiar with this equipment. A bicycle ergometer requires selectivity
and sufficient leg muscle force and upright balance may be less of a concern than on a

45

Chapter 2

treadmill.5 Children that have difficulties in using their leg muscles in daily life may be able
to complete an arm crank ergometer test. A limitation of arm crank ergometer tests is that
maximal exhaustion of the cardio respiratory system is achieved less readily because the upper extremities may experience muscle fatigue before maximal aerobic capacity is reached.4
Essentially, a child’s functionally abilities should be considered when determining which test
to use. Field tests can be used in a clinical environment where less equipment is available.
Laboratory-based tests are indicated for research purposes or in a clinical setting to support
clinical decision making that require an objective, standardized approach.
Study limitations
A strength of the present clinimetric review is the systematic method by which the review
was conducted and the inclusion of a thorough assessment of the methodological quality
of the clinimetric studies using the COSMIN methodology. Our approach allows for a clear
description of the level of evidence of the clinimetric properties. It was not possible to conduct a meta-analysis or to compare studies and provide an overall conclusion of the best
testing type because of the limited number of studies that described clinimetric properties
of fitness measures.
CONCLUSIONS
In conclusion, there is a paucity of research on the clinimetric properties of measurement
instruments which assess aerobic and anaerobic capacity for children with CP. Since functional ability has been the focus in rehabilitation interventions, measures for anaerobic and
aerobic fitness may be less developed. Over the past decade, the awareness of the importance of fitness in children with CP has increased. This increased interest in fitness levels
and fitness interventions for children with CP has driven the need for the development
and refinement of clinimetrically sound fitness measures. Strong evidence is reported on
good reliability and validity of field-based measures of aerobic (Shuttle Run Test - SRT) and
anaerobic capacity (Muscle Power Sprint Test - MPST). For laboratory-based testing, only
limited to moderate evidence is reported. The majority of evidence that is available, however, focuses on children classified at GMFCS Levels I and II. Further clinimetric studies of
laboratory-based measures in children with CP at all levels and clinimetric studies of fieldbased measures in children who are classified at GMFCS levels III to V are recommended.
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