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Abstract

Purpose. To evaluate the intertester reliability of two methods for measuring lower-limb strength in children with cerebral
palsy (CP).

Method. Twenty-five subjects with CP (7—17 years of age) participated in this study. Lower-limb muscle strength was
measured on 2 occasions using a Hand-held Dynamometer (HHD; break-method and make-method) and a 30-sec
Repetition Maximum (RM) during three functional strength tests for the lower extremities. Reliability was measured using
the intraclass correlation coefficients (ICCs), the standard error of measurement (SEM) and the coefficient of variation
(CV).

Results.  The intertester reliability of strength measurement using a HHD was questionable with ICC values ranging from
0.42-0.73 for the break-method, and from 0.49-0.82 for the make-method. The SEM and CV (%) values ranged from
27.9-58.9 and 22.2-35.3% for the break-method, and from 30.6-52.7 and 16.2—-56.2% for make-method. The intertester
reliability of strength measurement using the 30-sec RM was acceptable with ICC values ranging from 0.91-0.96, and SEM

and CV (%) values ranging from 1.1-2.6 and 10.9-39.9% for the functional exercises.
Conclusion. The intertester reliability of measuring muscle strength of the lower extremities using a hand-held
dynamometer is questionable. The intertester reliability of the 30-sec RM for the lower extremity is acceptable.

Keywords: Muscles, exercise test, reliability, cerebral palsy

Introduction

The assessment of muscle strength in children with
cerebral palsy (CP) has become standard in clinical
practice and research. Many children and adoles-
cents with CP have a different distribution of muscle
strength, and this can be associated with difficulties
performing everyday functional activities [1]. Recent
studies show that children with CP can benefit from
strength training programs [2—6]. Therefore, it is
important that clinicians and researchers who are
interested in the efficacy of strength training pro-
grams have knowledge of the psychometric proper-
ties of their measurements of strength.

In general, there are two different muscle strength
measurements that are used in children and adoles-
cents with CP: Isometric and isokinetic. An
isometric-based test measures the ability of a muscle
group to produce force without a change in overall
muscle-tendon length. Isokinetic literally means
‘same velocity’ and refers to tests that are performed
at a predetermined constant velocity.

In clinical practice, muscle strength is usually
assessed by isometric resistance-based methods.
Two methods to assess muscle strength are manual
muscle testing (MMT) and the hand-held dynamo-
metry (HHD). MMT uses an ordinal 6-point (0-5)
Medical Research Council (MRC) scale. The HHD
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consists of a simple hand-held device equipped with
a small internal load cell capable of measuring
muscular force (in Newton).

Isokinetic dynamometry, most often used in a
laboratory setting, uses computer-controlled equip-
ment to measure the muscular force generated
throughout a controlled movement. Isokinetic as-
sessment has several advantages over isometric
testing. Most activities of daily living involve phases
of dynamic muscle action, and in this sense
isokinetic testing may provide more specificity in
terms of muscle action type than isometric testing
[7]. A maximal isometric contraction is only
indicative of the capacity to produce force in that
condition and at that particular muscle length, and
can not necessarily be extrapolated to conditions
where the muscle length is different or changing
throughout the task [8]. Perhaps most important,
however, is the inherent safety of isokinetic actions,
afforded by the computer-controlled mechanism of
accommodating resistance.

An alternative approach to measure muscle
strength in a dynamical way is the use of the
Repetition Maximum (RM) during functional ex-
ercises [9]. Since many lower extremity training and
rehabilitation programs have been centred on func-
tional exercises [10,11], the RM during functional
strength tests, based upon the specificity of training
principle, may be better suited to detect actual
improvements in lower extremity performance.
Two ways in which this kind of functional strength
tests may be used to assess lower extremity perfor-
mance are by counting the number of repetitions
performed at a specific activity over a specific period
of time and by assessing the time necessary to
complete a specified number of repetitions at a
specific activity [12,13]. Because of the great
diversity of functional abilities in young people with
CP, counting the numbers of repetitions performed
over a specific period of time seems the most
appropriate. Using this way of testing all children
can complete the test.

With respect to reliability of muscle strength
measures it has been found that the reliability of
MMT is fair when assessed for individual muscles
[14]. Considerable training is required to achieve this
modest reliability [14]. No data are available on the
reliability of this method in children with CP.
Moreover, this method is often not sufficiently
sensitive to assess muscle strength of MRC grade 4
(active movement against moderate resistance) and
grade 5 (normal strength; active movement against
maximum resistance) or to detect small or moderate
increases of strength over the course of rehabilitation
[15].

For the HHD, the topic of reliability is more
complex. Many researchers use the HHD to measure

muscle strength. However, in children and adoles-
cents with CP there is no consensus about the way of
testing that should be used. In published studies the
break-method [16,17], and the make-method
[10,18] were used to measure muscle strength. In
three studies that assessed intratester reliability in a
group of children with CP, the used method (break
or make) was different, and intraclass correlations
were >0.79 for most muscle groups [16,18,19].
Damiano et al. [8] suggested that the peak value,
achieved in a series of trials during the make-method,
should be used to measure muscle strength in
children with CP. Before using the HHD in general
practice, training is generally recommended. This
method might enhance reliability of measurement in
this population. To date, there is no study in which
the ‘break and make’ method in a group of children
and adolescents with CP has been compared.

Ayalon et al. [20] reported high intraclass correla-
tion coefficients for test-retest reliability for isokinetic
strength measurement in children with CP. Although
these results are encouraging, many clinicians do not
have access to expensive isokinetic dynamometry
equipment.

Measuring muscle strength using a HHD, the
most common way to assess muscle strength in
studies involving children with CP, is difficult. The
examiners need experience in hand-held dynamo-
metry. HHD measures muscle strength in a single
joint movement, whereas the functional strength
tests are more related to the activity level and consist
of multiple-joint movements. Moreover, the func-
tional strength tests not only measure muscle
strength, but also balance, coordination and some
endurance and therefore correspond with the con-
temporary task-oriented approach [21]. The func-
tional strength measures could be more appropriate
for the use in everyday clinical practice. Testing is
easily performed, functional and does not take a long
time. Moreover, it seems that formal training is not
required. To date, the reliability of the RM during
functional exercises has not been studied in a group
of children and adolescents with CP.

The consistency of measures of muscle strength is
important for clinicians. In research and clinical
practice it is preferable that a test can be reliably
performed by different assessors. Therefore, we
aimed to determine the intertester reliability of
measuring lower-limb strength with the HHD (break
vs. make) and the functional strength tests.

Methods
Subjects

A convenience sample of 28 children and young
adults from a school for special education were
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invited to participate in the study. To be included,
subjects were required to be within the age range of
7—20 years, had to be diagnosed with CP, and, due
to the physical demands of the tests, classified as level
I or II on the Gross Motor Function Classification
System (GMFCS) [22]. Cognitively, they had to be
capable of understanding and following simple
commands. Subjects had to have the degree of
passive joint range of motion in the hips and knees
that allowed them to assume the test positions
(Table I). The study was approved by the
Institutional Review Board of the University Medical
Center Utrecht.

Procedures

Prior to testing, each child was weighed on electronic
scales (Seca, Hamburg, Germany). Height measure-
ments were taken on the same visit while standing
against a wall. Body composition was assessed using
the sum of 7 skin folds method according to Pollack
et al. [23]. The measurements were taken at 7 sites
(on the right side of the body: triceps, biceps,
subscapular, suprailiac, mid-abdominal, medial calf,
and front thigh) by the investigators (OV and TT) in
accord with the American College of Sports Medi-
cine guidelines [24].

For the reliability study of the hand-held dynamo-
metry, two examiners (OV and MvB), previously
trained in hand-held dynamometry, performed
hand-held dynamometry measurements on 5 muscle
groups of the lower extremity (hip extensors, hip
abductors, knee extensors, knee flexors, ankle
plantar flexors), using break- and make- techniques.
Normally, a 3-min recovery period is sufficient to
repeat short running sprints without substantial
fatigue [25]. Because of the number of measure-
ments, the child was allowed a 5 minute rest between
the break- and make-test, assessed by the first
examiner in that order. Before the child performed
the tests, which were assessed in the same order by
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the second examiner, he/she had a 10-min rest-
period.

For the reliability study of the functional strength
tests, eight paediatric physical therapists performed
the functional closed chain strength tests. For each
child two therapists were randomly chosen out of a
sample of eight to perform the tests. All therapists were
experienced paediatric physical therapists (4—20
years of experience). Prior to data collection, the
therapists were given written instructions in the
application and scoring of the functional strength
measures, and had no formal training in how to
perform functional strength measures. Since a de-
crease in muscle strength can be expected after five
consecutive all-out functional tests the children were
given a minimum and maximum time between the
functional strength tests of respectively 24 and 72 h.

All HHD and functional strength assessments
were performed within one week. The minimum
time between the HHD and the functional strength
tests was, respectively, 24 and 96 h. All tests were
performed during school hours at the school of
Special Education ‘Ariane de Ranitz, Utrecht, the
Netherlands’.

Measures

The GMFCS. The Dutch translation of the GMFCS
[22] was used by a paediatric physical therapist (OV),
who was experienced in using the GMFCS, to
classify the children and adolescents with CP into
groups based on their functional ability. Level I
represents the highest level of functional abilities and
level V the lowest. In this study, only children with
GMEFCS levels I or II were recruited (Level I:
Children walk indoors and outdoors, and climb stairs
without limitation, Level II: Children walk indoors
and outdoors, and climb stairs holding onto a railing,
but experience limitations in walking on uneven
surfaces and inclines, and walking in crowds or
confined spaces).

Table I. Standardized muscle test positions.

Muscle group Posture Subject position Dynamometer position

Hip extensors Supine Hip in 90° flexion; pelvis stabilized Anterior mid-thigh

Hip abductors* Supine Hips in neutral position and Lateral mid-thigh
0°abduction/adduction; pelvis
stabilized to prevent sliding

Knee extensors* Sitting Knee and hip flexed 90°; Anteriorly 5 cm proximal to lateral malleoli
pelvis stabilized to prevent hip extension

Knee flexors* Sitting Knee and hip flexed 90°; thigh Posteriorly 5 cm proximal to lateral malleoli

support to prevent hip flexion

Ankle plantar flexors’

Supine Knee extended and resting on a

Dorsum of foot at level of metatarsal heads

bench; lower leg stabilized

*Muscle test positions according to Berry et al. [18]; "Muscle test position according to Wiley and Damiano [17].
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Hand-held dynamometry. Hand-held dynamometry
was used to quantify subjects’ isometric muscle force
production. Children were given two practice trials
for each test until the investigators were confident
that they understood the task. Each child performed
three trials for each muscle group, and the peak force
values from the dynamometer were recorded for
break and make-method [26]. Clear standardized
instructions regarding the testing procedure and
strong verbal encouragement during the trials were
used to produce maximal effort.

In the break test, the examiner gradually applied
force with the dynamometer for 1 sec to allow the
subject to adjust and to recruit the maximum
number of muscle fibres. After 1 sec, the force of
the examiner exceeds the force of the patient very
slightly [27,28].

The make test, operationally defined as a maximal
effort exerted against a stationary HHD was used.
The children were instructed to gradually ‘push as
hard as possible’ against the dynamometer (held
rigidly by the examiner perpendicular to the child’s
limb segment) over a period of approximately 5 sec
until the examiner told them to relax [27,28].

The HHD (type CT3001, Citec, C.I.'T. Technics
BV, Groningen, The Netherlands) that was used,
could measure forces up to 500 Newton (N). The
HHD was calibrated with weights before beginning
data collection and was found to be accurate within
+0.89 N. The HHD was equipped with a padded
end piece provided by the manufacturer and was not
modified for this study.

Test positions, except for the hip extensors, were
standardized according to Berry et al. [18] and Wiley
and Damiano [17]. The position of the testers was
not standardized. The following muscle groups were
evaluated bilaterally: hip extensors and abductors,
knee flexors and extensors and ankle plantar flexors.
All muscle groups were assessed in the same order as
shown in Table I. The point on the extremity were
resistance is applied was standardized. Absolute
strength values in Newton were recorded and used
in the analyses.

Functional strength tests. To assess functional perfor-
mance in children with CP we chose functional
exercises in which the large muscle groups that are
important for standing and walking are being tested
[29]. Three closed kinetic chain exercises were
chosen:

(1) The Lateral Step-up Test (on a 20 cm bench).
This step test is a closed kinetic chain test
that has been utilized to assess lower ex-
tremity muscular performance [30]. For each
test, the subjects were asked to stand with the
extremity being tested on the step with their

feet parallel and shoulder width apart.
Appropriate lateral step-up technique was
defined as achieving a position within 15° of
knee extension for the tested extremity
during the extension phase of the test.
Repetitions were counted each time the heel
or toes of the extremity not being tested
touched the floor. Test-retest reliability in
young healthy adult subjects was very good
[12]. This protocol has never been examined
before in subjects with CP.

(2) Sit-to-Stand (from 90° flexion of the knee and
hip to standing position). This test is a
functional item in which the child has to
attain stand without using the arms. The
child was positioned on a small bench, and
seated with feet flat on the floor and knees
flexed at 90°. The child had to achieve
standing, arms free, without any assistance
from their arms on the bench or their body in
the transition. Repetitions were counted each
time the child’s legs and hips were within 15°
of the extended position.

(3) Artain stand through half kneel, without using
arms. This test is a functional item in which
the child has to attain stand without using the
arms. The child was positioned on a mat in
high kneeling, arms free. This means that
weight bearing is on one knee and the
opposite foot, and that the alignment may
vary as long as the buttocks are clear of the
lower legs and/or the weight bearing surface.
The child was instructed to assume standing
without using any external support such as
furniture or the floor. Repetitions were
counted each time the child achieved a
standing position, and both legs and hips
are within 15° of the extended position.

Exercise 1 and 3 were assessed bilaterally. During
exercise 2 both extremities were used to perform the
task. Total scores for the left and right side were
calculated from the repetition maximums for each
side, so in total 5 scores were calculated; Lateral
Step-up Test (scores for left and right side), Sit-to-
Stand (score) and left and right Attain stand through
half kneel. (scores for the left and right side).
Following the command, ‘Ready, set, go,” subjects
started each test and timing began on a stopwatch
accurate to 0.01 sec. Subjects were given 2 practice
repetitions per extremity prior to formal testing.
Subjects were given 30-sec rest following the practice
session and 180-sec between tests. The exercises
were assessed in the following order: (i) Lateral Step-
up Test left, (ii) Lateral Step-up Test right, (iii) Sit-
to Stand, (iv) Attain stand through half kneel left,
and (v) Attain stand through half kneel right. The
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subjects were instructed to perform as many repeti-
tions as possible in 30 sec and they were verbally
encouraged. The number of repetitions performed
over 30 sec were recorded and used in the analyses.

Data analysis

Data gathered from both tests and extremities were
analysed using the statistical software package
(SPSS, version 13.0; SPSS; Chicago, Ill) and MS
Excel 2005 for Windows. Intra-class correlations
(ICC; two way mixed) were computed for the
intertester reliability of the HHD-measurements
and the functional strength measures. The ICC gives
a relative index of the ratio of variance between
subjects to the variance between subjects plus error
variance. Acceptable reliability criteria for ICC
values were values > 0.80 [31].

In order to assess the amount of error associated
with repeated measurements, the standard error of
measurement (SEM) was calculated by means of the
following equation: SEM = SDV1-ICC. Values were
computed for each muscle group of each limb
(HHD) and for each test of the functional strength
tests.

Moreover, limits of agreement (LOA) were calcu-
lated to conform to the procedure described by
Bland and Altman [32]. Bland-Altman analysis
describes the level of agreement between two
measurements. In this analysis, the ‘bias’ is an
estimate of how closely on average the two measure-
ments agree and the ‘precision; indicates how well
the methods agree for an individual. By multiplying
the precision by 1.96, the ‘limits of agreement’ are
calculated. The coefficient of variation (CV) was
calculated to compare the reliability of the different
measurement tools [33]. The level of statistical
significance was set at p =0.05.

Results

In total, 25 subjects (15 males, 10 females) and their
parents agreed to participate and signed the informed
consent form. Three subjects refused to participate
because they were involved in another study. All
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included subjects were able to assume the test
positions as described in Table I. Group character-
istics are described in Table II. All 25 subjects
successfully performed all four test-sessions. The
following results refer to both sexes and GMFCS
levels combined.

Hand-held dynamometry

Break test. The ICC and SEM for the break-test can
be found in Table III. ICC values ranged from 0.42
for left knee flexors to 0.73 for right hip abductors.
The precision of our measures, represented as CV,
ranged from 22.2% for the right hip abductors to
35.3% for the left hip abductors and left knee flexors.
In most subjects the tested muscle groups could be
measured bilaterally. For the ankle plantar flexors the
strength could only be measured in 10 subjects for
the left side and 8 (tester 1) and 5 (tester 2) subjects
for the right side. In this study the break test has
questionable reliability for measuring muscle
strength using hand-held dynamometry for most
muscle groups. The SEM values, the standard error
of the difference values, are listed in Table III. SEM
values ranged from 30.7 N to 58.9 N for hip
extensors and hip abductors, knee extensors and
knee flexors.

Make test. The ICC and SEM for the make-test can
be found in Table III. ICC values ranged from
—0.04 for left ankle plantar flexors to 0.82 for right
hip extensors. The precision of our measures,
represented as CV, ranged from 16.2% for the right
hip extensors to 56.2% for the left ankle plantar
flexors.

In all subjects the tested muscle groups could be
measured bilaterally, except for the ankle plantar
flexors in which for 25 subjects one right ankle
plantar flexor by tester 1, two left and three right
ankle plantar flexors could not be tested by tester 2.
While specific muscle groups measured by hand-held
dynamometry using the make test have questionable
reliability, the tool also has questionable reliability for
measuring the strength of knee flexors and ankle
plantar flexors in this population.

Table II. Subject characteristics (7= 25).

GMFCS I* 14 GMFCS II° 11
Number of subjects
Variables Mean SD Median Range Mean SD Median Range
Age (y.m) 11.11 2.8 12.6 7.8-16.8 10.11 2.7 12.2 7.5-17.4
Height (cm) 149.6 15.3 149.0 125.0-175.0 148.9 18.9 145.1 123.0-175.0
Body mass (kg) 40.3 12.4 35.1 23.8-60.8 38.6 12.1 32.7 24.0-59.7
Sum of seven skin folds 77.5 44.5 62.0 36.5—-197 74.5 28.5 70.5 33.5-132

SD, standard deviation; GMFCS, Gross Motor Function Classification System; *12 hemiplegia: 2 diplegia; °1 hemiplegia; 10 diplegia.
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Table III. Mean scores, intertester reliability and standard error of measurements for Break- and Make-method of lower-limb strength, using

a Hand held Dynamometer (n=25).

T1 T2 T1 T1

NT/T NT/T Mean (N) SDN)

T2 T2
Mean (N)  SD (N) ICC SEM CV (%) LOA

Break method
Hip extensors

Left 3/22 2/23 209.6 81.7

Right 3/22 3/22 204.8 64.6
Hip abductors

Left 1/24 1/24 176.4 66.1

Right 1/24 1/24 181.8 59.9
Knee extensors

Left 1/24 1/24 206.9 91.8

Right 2/23 2/23 198.9 87.2
Knee flexors

Left 3/22 3/22 178.5 78.0

Right 3/22 1/24 187.3 73.7
AnKle plantar flexors

Left 15/10 15/10 170.7 56.9

Right 17/8 20/5 169.0 29.7

Make method
Hip extensors

Left 0/25 0/25 236.2 70.3

Right 0/25 0/25 209.4 72.7
Hip abductors

Left 0/25 0/25 136.0 55.5

Right 0/25 0/25 137.7 55.2
Knee extensors

Left 0/25 0/25 188.7 73.8

Right 0/25 0/25 198.4 77.9
Knee flexors

Left 0/25 0/25 154.5 67.2

Right 0/25 0/25 169.0 66.9
Ankle plantar flexors

Left 0/25 2/23 128.3 53.9

Right 1/24 3/22 127.3 47.2

187.4 57.4 0.53 55.5 28.5 134.6
188.0 62.4 0.63 38.9 23.3 107.5
189.2 67.3 0.49 47.2 35.3 131.7
199.0 67.6 0.73 30.7 22.2 92.6
168.8 77.0 0.60 57.5 32.7 148.4
169.4 79.9 0.62 54.7 33.1 142.7
171.0 66.4 0.42 58.9 35.3 152.6
176.7 56.4 0.46 54.1 34.2 133.8
158.0 79.5 0.70 27.9 29.4 105.1
142.5 31.8 N/A N/A N/A N/A
158.8 70.4 0.67 40.4 22.4 111.2
164.3 61.4 0.82 30.9 16.2 79.4
127.0 53.0 0.69 30.6 27.4 83.2
127.5 56.0 0.68 31.7 27.4 86.9
143.9 62.0 0.70 40.4 21.6 103.3
150.5 63.4 0.70 42.7 28.1 108.1
139.5 47.9 0.49 40.7 275 115.2
155.9 68.0 0.64 40.1 31.2 112.6
137.3 45.5 —0.04 52.7 56.2 141.0
136.7 51.2 0.48 35.6 28.8 98.3

NT/T, not testable/testable; N, Newton; SD, standard deviation; ICC, intra class correlation; LOA, limits of agreement; SEM, Standard
Error of Measurement; CV, coefficient of variation; N/A, not calculated because of the small sample size.

The SEM values, the standard error of the
difference values, are also listed in Table III. SEM
values ranged from 30.6 N to 42.7 N for hip
extensors and hip abductors, knee extensors and
knee flexors.

Functional strength tests

The reliability statistics of all functional measures are
shown in Table IV. ICC values ranged from 0.91—
0.96, and SEM values ranged from 1.1-2.6 for the
three functional exercises, and from 3.7 —4.5 for the
total scores on the right and left side. The test-retest
data are based on the two assessors that tested the
subject on both tests. The precision of our measures,
represented as CV, for the total number of repeti-
tions for the left and right lower extremity were
respectively 10.9% and 16.2%. As can be appre-
ciated from the Bland-Altman plot (see Figure 1),
there were some obvious outliers. Although these

outliers are included in the calculations, the relia-
bility statistics are still acceptable.

Discussion

In this study the intertester reliability of strength
measurements in a group of children with CP was
assessed. Functional tests showed acceptable relia-
bility values (ICC >0.91; CV 10.9-39.9%) for all
three functional strength measures: (i) The Lateral
Step-Up Test; (ii) Sit-to-Stand; and (iii) Attain stand
through half kneel; and variable reliability values
(ICC= —0.04 to 0.82; CV 16.2-56.2%) for HHD
measurements between two assessors.

In the present study different statistics to examine
reliability (i.e., ICC, SEM and CV) were used. The
ICC indicates the proportion of the total variance in
the measurements which is due to the true difference
between subjects. The SEM and CV are methods of
analysing absolute reliability [34]. The SEM, that is
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unaffected by the range of measurements, is used if
the goal is to determine the stability of a child’s
performance. The coefficients of variation (CV) are
particularly useful for comparing the reliability
between performance tests. Thus, when measuring
the reliability, the ICC, SEM and CV yield useful,
although quite different information. Previous relia-
bility studies in children with CP have used the
Pearson correlation as a measure of reliability [35—
37]. However, the Pearson correlation is not very
suited for the purpose since it cannot assess
systematic bias and it depends greatly on the range
of values in the sample [38].

Measurements taken by an individual are typically
more reliable than those taken by multiple examiners
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[39]. However, in research and clinical practice it is
preferable that a test can be reliably performed by
different assessors. Taking this into account, it is not
surprising that in the studies, investigating the
intratester reliability of HHD in subjects with CP
[16,18,19], the ICCs are higher than those found in
the present study. The results of our study show that
agreement among two observers with experience in
the assessment of muscle strength using a HHD is
low. It would be interesting to examine agreement
in a group of observers with no or limited experience
in HHD strength testing.

For rehabilitation practice, it is desirable that a
measurement tool is reliable enough to be used on
individuals. For example, a clinician may need to

Table IV. Mean scores, intertester reliability and standard error of measurements of functional lower-limb strength measurement (n = 25).

Test positions NT/T Mean SD ICC SEM CV (%) LOA
Lateral step up test

Left 0/25 13.2 reps 10.5 0.94 2.4 reps 17.8 7.24

Right 0/25 12.6 reps 10.4 0.94 2.6 reps 22.7 6.83
Sit-to stand 0/25 14.4 reps 5.0 0.91 1.5 reps 12.1 4.04
Half kneel to stand

Left 0/25 7.5 reps 5.5 0.96 1.1 reps 28.6 3.16

Right 0/25 6.0 reps 5.3 0.93 1.4 reps 39.9 3.87
Total left 0/25 35.4 reps 18.9 0.96 3.7 reps 10.9 10.38
Total right 0/25 33.1 reps 18.2 0.94 4.5 reps 16.2 12.16

NT/T, not testable/testable; ICC, intra class correlation; LOA, limits of agreement, CV, coefficient of variation; SEM, Standard Error of
Measurement; reps, repetitions.
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Figure 1. Bland-Altman plot for measurement 1 and measurement 2 for total repetitions for the left & right lower extremity. The bold-type
line shows the mean difference between the 2 measurements, and the 2 thin lines indicate the limits of agreement (+1.96 standard
deviations). On the X-axes, the average repetitions from both tests are displayed. On the Y-axes, the difference between the total repetitions

for the left & right lower extremity during measurement 1 and measurement 2 is displayed.
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know whether an improvement in muscle perfor-
mance following a rehabilitation program is real or
merely due to measurement error. The results of the
functional strength tests showed that they could be
assessed in a highly reliable way between two
assessors in children with CP. The calculated SEM
can be used to determine the range in which a
person’s ‘true score’ could be expected to lie,
considering the amount of error associated with
repeated measures. For example, we can be 95%
confident that the ‘true score’ for people performing
the functional strength tests lies within +1.96 SEM.
Based on the data in Table IV, total RM increases of
7.3 (1.96 x 3.7) and 8.8 (1.96 x 4.5) for the left and
right side respectively can be attributed to real
change with 95% confidence. Since the SEM values
for each of the functional strength tests were small, it
appears that these tests represent stable measures
and may be used in the clinical evaluation of children
and adolescents with CP.

The coefficients of variation (CV) for the hip
extensors and abductors, and the knee extensors and
flexors HHD measures vary from 22.2-35.3%
and from 16.2-31.2% for, respectively, the break
and make method. The CV for the individual
functional exercises vary from 12.1-39.9% for,
respectively, the Sit-to-Stand and the Attain stand
through half kneel (right) item. The CVs for the total
score of the functional strength test for the left and
right lower extremities are 10.9% and 16.2%, respec-
tively. Since the CVs for the sit-to-stand test and the
total scores for the lower extremities are smaller than
for the other functional strength tests and HHD,
these tests might be the most sensitive to change.

Poor selective control in some muscle groups may
prevent an individual from being able to perform the
task [8]. In the current study this was only found in
the ankle plantar flexors during the make-method.
This may be due to the fact that in children and
adolescents classified as a level I or II on the
GMFCS (the ones with the best motor abilities),
motor control limitations are not likely to be a
substantial factor in the ability to generate force. In
the break-method the examiner attempts to exceed
the force of the child. In this way of testing the
examiner’s strength can be inadequate to overpower
the tested muscle. In this group of children the
make-method has been shown to be more reliable
than the break-method for the following muscle
groups: hip extensors, hip abductors, knee extensors
and knee flexors. We therefore recommend the use
of the make method for measuring muscle strength
in young people with CP.

In previous studies that assessed the intratester
reliability for strength testing using HHD in children
with CP, experienced examiners were used. In our
study, that assessed the intertester reliability for

HHD we also used experienced examiners. We
found questionable reliability for the make and break
method. As mentioned in the introduction it is
preferable that a test can be reliably performed by
different testers. However, it is clear from this and
previous studies [40] that HHD suffers from ques-
tionable intertester reliability. Intratester reliability is
high or moderate for most muscle groups and
therefore it is recommended to use the same
examiner if longitudinal measurements have to be
done.

For the functional strength tests physical therapists
who had no formal training were used to assess the
intertester reliability. So, to perform the functional
strength tests in a reliable way, a special training is
not required. Therefore, this strength testing method
is available and applicable for a variety of profes-
sionals working with children with CP. If a research-
er or clinician is interested in the functional gain in
task-related activities, the functional strength test is
an appropriate and reliable measure. Moreover, the
functional strength test is reliable when used by
different testers.

There are some limitations in our study. In the
present study the order in which all muscle groups
and functional exercises were examined were fixed.
Fatigue, concentration and distraction can play an
important role in these kind of test protocols. The
present study provides no information on the effect
of order of testing and if these results apply to other
testing orders or the testing of a single muscle or
functional movement. As can be appreciated from
the Bland-Altman plot (Figure 1) there were some
outliers in muscle strength scores. Both muscle
strength tests are influenced by the motivation or
co-operation of a patient. Moreover, children with
CP show a large variability in the generation of
muscle strength [41]. Cognitive impairment has
been cited as a possible reason for large within-
participant  variability when testing isokinetic
strength [35]. Unfortunately, cognition of the chil-
dren that participated in this study were not formally
assessed.

In conclusion, the results of this study show that
intertester reliability of HHD is low, and therefore it
is advised to use the same examiner when HHD is
the preferred muscle strength test method. When a
task-related outcome is preferred the 30-sec RM
total scores for the left and right lower extremity can
be used by different examiners to obtain highly
reliable measures of lower extremity performance
when used conform a standardized protocol.
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