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Abstract. [Purpose] The purpose of this study was to determine the absolute reliability and relative reliability of
the Pediatric Balance Scale (PBS) for children with Cerebral Palsy (CP). [Subjects] For the inter- and intra-rater reli-
ability, 36 children with CP (20 boys, 16 girls) were recruited. For the test-retest reliability, 27 children with CP (16
boys, 11 girls) were recruited. [Methods] Seven pediatric physical therapists rated 36 video recordings of children
with CP to test inter-rater reliability. Two therapists rescored each video recording to test intra-rater reliability after
an interval of two weeks. To evaluate the test-retest reliability, one rater scored each of the 27 video clips on two
occasions, two-weeks apart. Relative reliability was calculated using the intraclass correlation coefficient (ICC).
Absolute reliability was assessed using the standard error of measurement (SEM) and the smallest real difference
(SRD). [Results] The PBS showed high to very high relative reliability, and the absolute reliability was satisfactory
for the inter- and intra-rater and test-retest reliability. [Conclusion] Excellent absolute reliability as well as relative
reliability of the PBS was obtained, so the PBS is reliable for examining the functional balance of children with

cerebral palsy.
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INTRODUCTION

Cerebral palsy (CP) is a group of disorders that affect
the development of posture and movement and is caused
by an irreversible insult to the developing central nervous
system?!). Motor disorder results in loss of functional balance.
As functional balance has been defined as the elements of
gross motor abilities, poor balance causes difficulties with
functional tasks involved in activities of daily living®.
Preschoolers and school-aged children with CP classified as
level I of the Gross Motor Function Classification Measure
(GMFCS) are able to ambulate independently without
assistive devices within their homes, schools, and commu-
nities with a limited movement repertoire, but it is difficult
for them to walk on uneven surfaces and walk in crowds
or confined spaces. Physical therapy often includes balance
training in their therapy sessions to improve their gross
motor ability> ¥, Therefore, a reliable and simple functional
balance measure is needed to evaluate the effects of physical
therapy interventions®.

Balance measures for children with CP have been examined
through the observations of the underlying elements of the
balance responses, standardized developmental measures of
gross motor function, and forceplates® 7). The standardized
assessment tools for children with CP include the Pediatric
Evaluation of Disability Inventory®), the Gross Motor
Function Measure”), and the Pediatric Reach Test'?). These

tests, however, do not detect small changes in functional
balance. Forceplates can be used only in controlled
laboratory environments and are, therefore, unsuitable for
use in general clinical settings'"). A review of balance in
the literature suggested that the Pediatric Balance Scale
(PBS) might be useful for assessing the functional balance
of preschoolers and school-aged children with CP. The
reliability of the PBS has been established!?). The test-retest
reliability is extremely high [(ICC; ;=0.998)], and inter-
rater reliability is also satisfactory [(ICC; ;=0.9987]. The
intraclass correlation coefficient (ICC), however, doesn’t
detect small but clinically significant changes over time.
In a reliability study, the use of the ICC and standard error
of measurement (SEM) together is recommended, because
ICC is a relative measure of reliability and reflects the
measurement’s ability to differentiate between participants,
while SEM is an absolute measure, and quantifies the
precise scores'?). Thus, our aim was to establish the absolute
reliability as well as the relative reliability of the PBS in
assessment of children with CP classified by the GMFCS as
levels I through III.

SUBJECTS AND METHODS
The PBS includes 14 items of increasing difficulty.

These items are used to assess functional skills relevant to
everyday tasks, such as: “sitting to standing,” “standing to
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sitting,” “transfers,” “standing unsupported,” “sitting unsup-
ported,” “standing with eyes closed,” “standing with feet
together,” “standing with one foot in front,” “standing on
one foot,” “turning 360 degrees,” “turning to look behind,”
“retrieving an object from the floor,” “placing alternate feet
on a stool,” “reaching forward with an outstretched arm.” As
in Franjoine’s study'?), item 14, “reaching forward with an
outstretched arm,” was omitted from the videotape analysis
because a two-dimensional videotape does not adequately
record the test performance. Each item was scored on the
criterion-based 0 to 4 point scale. A maximum total score
of 52 could be obtained for the thirteen items measured in
this study. Only one practice trial per item was allowed.
Verbal, visual and physical cues were provided to ensure
the child understood the requested task. If a child success-
fully completed the task (i.e., scored a four on the first trial),
additional trials were not administered.

The subjects were a convenience sample of 36 children
diagnosed with CP (20 boys and 16 girls), between 6
and 13 years of age, from two local CP clinics in South
Korea. All participants were scheduled to participate in
two separate test sessions with an interval of two weeks in
order to determine the test-retest reliability, but only 27 of
the 36 children with CP were available for the second test
due to health problems or personal reasons at the time of the
second test session. The inclusion criteria were: ability to
follow verbal commands; absence of nerve block injection
or orthopedic surgery within the previous 6 months, such
as Botox injection or muscle-lengthening surgery; absence
of cardiovascular disease and joint contractures; and ability
to stand independently without upper extremity support
for four seconds. Consent to participate in this study was
obtained from the parents of all the children, and approval
for this study was granted by the Hallym University Institu-
tional Review Board.

In the present study, we translated the English version
of the PBS into Korean with the permission of the original
author. The translation procedures followed a forward-
backward-forward method. In an effort to minimize the
measurement error, the PBS assessment was administered
in a pediatric physical therapy room which was comfortable
and familiar to the children. In addition, for the second
video-recording session, the day of the week and time of
day were kept as consistent as possible. All children were
assessed barefoot and without assistive devices. If the child
was tired or not feeling well, the assessment was postponed.
Scheduling of the test session was at the convenience of the
child and their parents. All of the tests were carried out by
one of the authors (JY), a pediatric physical therapist with
11 years of experience in the treatment and evaluation of
children with CP; and the procedure was recorded by another
pediatric physical therapist who did not participate in either
scoring session. Video recordings were made of each item of
the PBS (in the order they are listed above), and the process
took about 15 minutes per session per child. Seven pediatric
physical therapists (raters A, B, C, D, E, F and G) partici-
pated in the reliability scoring study. The raters had a mean
of 5.5 years of pediatric experience, varying from 11 months
(Rater G) to 9 years (Rater A). The seven raters and the one
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assistant who recorded the performance attended a one-day
PBS training workshop on video recording, administration
and scoring. The workshop was administered by the author
AJY).

The reliability scoring session was conducted in three
parts after all video-recording had been completed. In Part
1, to assess inter-rater reliability, the seven raters scored the
same first video recordings of the 36 subjects in the therapy
room. In Part 2, to determine intra-rater reliability, two of
the seven raters rescored the same first 36 video recordings
two weeks after the first assessment. In Part 3, to examine
the test-retest reliability, rater C scored 27 video recordings
in two scoring sessions, two-weeks apart. This assessment
interval was used to minimize the influence of memory'?.
Each scoring session was held over two days without
discussion of the scores among the raters. The GMFCS
level, hand function according to the Manual Ability Classi-
fication System (MACS), tone distribution and CP type were
evaluated by the author (JY) at the time of the first video
recording. The definition of the GMFCS levels I — III and
the MACS levels I — II1'» used in this study are as follows:
GMFCS 1, walking without restrictions but limitations in
more advanced gross motor skills; GMFCS 1I, walking
without restriction but with limitations in walking outdoors
and in the community; GMFCS III, walking with assistive
devices but with limitations in walking outdoors and in the
community; MACS I, handling objects easily and success-
fully; MACS 1I, handling most objects but with somewhat
reduced quality and/or speed of achievement; and MACS I1I,
handling objects with difficulty and need helping to prepare
and/or modify activities'>). Other information about general
characteristics such as epilepsy, age, weight and height were
obtained through interviews with the children’s parent.

Scores attained in the PBS are described using means and
standard deviations. For relative reliability, the ICC with
95% confidence intervals was used to evaluate the inter-
rater, intra-rater and test-retest reliability of the total scores
of the PBS. The inter-rater and test-retest reliability of the
total scores of the PBS were analyzed by using ICCs; ;, a
two-way mixed-effects model with absolute agreement,
and 95% confidence intervals (CI). To assess intra-rater
reliability, the ICC, | was calculated, and thus, a one-way
random effects model for a single measure was used'®). For
absolute reliability, the SEM and the smallest real difference
(SRD) were calculated. SEM is described as the square root
of the within participant variance: SEM = SD  1-r. For
inter-rater reliability, a SRD value of less than 1.96 x SEM
is expected to admit the results of 95% of the ratings'” In
the intra-rater reliability and test-retest reliability, the SRD
should be less than V2 x 1.96 x SEM = 2.77 x SEM for
95% of the pairs of ratings to be significant'®. The statistics
were performed using SPSS ver. 12.0.1 software (SPSS Inc.,
Chicago, IL, USA).

RESULTS
Characteristics of the subjects and descriptive statistics

are shown in Tables 1 and 2. In the 7-rater trial (A1-B1-C1-
D1-E1-F1-Gl), high inter-rater reliability was demonstrated



Table 1. Summary of sample characteristics

Variables Inter- and intra-rater Test-retest
reliability reliability (n=27)
(N=36)

Gender

Boy 20 (55.56) 16 (59.26)

Girl 16 (44.44) 11 (40.74)
GMECS level

I 23 (63.89) 18 (66.67)

11 11 (30.56) 8(29.63)

111 2 (5.55) 1(3.70)
Epilepsy

Yes 5(13.89) 4 (14.81)

No 31 (86.11) 23 (85.19)
Hand function

1 24 (66.67) 18 (66.67)

11 9 (25.00) 6(22.22)

111 3(8.33) 3 (11.11)
Tone distribution

Hemiplegia 8(22.22) 6(22.22)

Diplegia 27 (75.00) 21 (77.78)

Quadriplegia 1(2.78) 0(0.00)
CP type

Spastic 35(97.22) 27 (100.00)

Dyskinetic 1(2.78) 0 (0.00)
Age (years) 8.94+2.40 8.93+2.32
Weight (kg) 30.17 £ 10.18 30.15 £ 10.46
Height (cm) 129.69 + 12.33 129.11 + 12.24

Values are n (%) or Mean (SD); GMFCS: Gross motor function clas-
sification system; CP: Cerebral palsy.

by an ICC;; value of 0.901 for the total score of the PBS
(Table 3). The SEM and SRD were 0.65 and 1.27, respec-
tively (Table 3).

In the two-rater trial with an interval of two weeks, the
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Table 2. Descriptive statistics of the first test for the

total score of the PBS (N=36)
Rater Mean + SD Min - Max
A 46.06 = 4.60 31-52
B 46.64 +5.91 24 -52
C 4594 + 4.46 34-51
D 45.00 +£5.35 32-52
E 45.08 +£5.22 33-52
F 45.22 +£5.23 32-52
G 47.92 +4.53 36-52

PBS: Pediatric balance scale.

Table 3. Inter-rater reliability for the total score of the PBS: ICC,

SEM, SRD for CP (N=36)
ICCs, 95%ClI SEM SRD
0.901 0.849 - 0.941 0.65 1.27

ICC: Intraclass correlation coefficient; CI: Confidence interval; SEM:
Standard error of measurement; SEM%: Standard error of measure-
ment%; SRD: Smallest real difference.

intra-rater (A1-A2, G1-G2) reliability ICC,; of the total
score of the PBS was 0.988 for the experienced rater (rater
A) and 0.978 for the newly trained rater (rater G) (Table 4).
The SEM and SRD for the total score of the most experi-
enced rater were 0.37 and 1.02, respectively (Table 4). For
the newly trained rater, the SEM and SRD were 0.43 and
1.19, respectively (Table 4).

The test-retest (C1-C2) reliability of total score for the
PBS with an interval of two weeks was assessed using
ICC;,, and the value was 0.958 (Table 5). The SEM and
SRD were 0.61 and 1.69 for the total score, respectively
(Table 5).

Table 4. Intra-rater reliability for the total score of the PBS: ICC, SEM, SRD for CP (N=36)
Rater 15t of first test Min - Max 2nd of first test Min - Max ICC, 95%ClI SEM SRD
Mean + SD Mean + SD
0.976
A 46.06 + 4.60 31-52 46.56 +4.57 32-52 0.988 0.994 0.37 1.02
0.957
G 4792 +4.53 36-52 45.36 £ 5.21 33-52 0.978 0.988 0.43 1.19

PBS: Pediatric balance scale; ICC: Intraclass correlation coefficient; CI: Confidence interval; SEM: standard error of measurement; SRD: Small-

est real difference.

Table 5. Test-retest reliability for total score of the PBS: ICC, SEM, SRD for CP (n=27)
First test Second test
o o o
Rater Mean + SD Min-Max Mean + SD Min-Max ICC5,; 95% CI SEM SRD
91
C 46.41 +4.26 34-51 46.81 +4.36 35-52 0.958 838(1) 0.61 1.69

PBS: Pediatric balance scale; ICC: Intraclass correlation coefficient; CI: Confidence interval; SEM: Standard error of measurement; SRD: Small-

est real difference
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DISCUSSIONS

The objective of this study was to investigate the absolute
reliability and the relative reliability of the PBS in the
assessment of children with CP in order to provide thera-
pists with useful clinical values for detecting real changes
before and after interventions. The results of this study are
the first to confirm not only good relative reliability but also
acceptable absolute reliability for the total score of the PBS
in the assessment of children with CP.

Reliability refers to the dependability, consistency, and
stability of an assessment tool. Several types of reliability
exist, such as inter- and inter-rater, and test-retest reliability.
Inter-rater reliability estimates how consistent the test is
when used by different raters; whereas intra-rater reliability
is the consistency with which one rater assigns scores to a
single set of responses on two or more occasions. If a tester
is using videotape analysis to examine intra-rater reliability,
he or she can view the same videotape on two different days.
The test-retest reliability demonstrates the consistency of an
assessment tool between one test occasion and another.!®.
These three kinds of reliability are necessary to establish a
reliable assessment tool. Reliability is quantified as relative
or absolute. Relative reliability investigates the agreement
between a group of raters and is represented by the ICC.
Absolute reliability examines variability in scores in
repeated measurements and is represented by the SEM and
the SRD'?).

In the present study, the ICC scores of the inter- and intra-
rater reliability, and the test-retest reliability for the total
score of the PBS were 0.901, 0.988 and 0.978, and 0.958,
respectively (Tables 3, 4, and 5). A study by Franjoine et
al.!?, examined the inter-rater and test-retest reliability of
the PBS using the ICC. The value for inter-rater ICCs
was 0.997 and the ICCs; of the test-retest reliability was
0.998. Harley and Fragala-Pinkham?? stated that values
of 0.90-1.00 represent very high correlation, values of
0.70-0.89 represent high correlation, values of 0.50-0.69
indicate moderate correlation, values of 0.26—0.49 demon-
strate low correlation and values of 0.00-0.25 represent
little correlation. Our results were consistent with a previous
study'? (Tables 3, 4, and 5). For the intra-rater reliability,
both raters showed very high reliability regardless of the
extent of their clinical experience.

However, ICC alone does not provide clinical guidance,
for it cannot assess real differences?"). Bland and Altman'®
suggested that a more appropriate way of evaluating the
reliability of an assessment tool for clinical use is to examine
absolute reliability. To our knowledge, this is the first study
of children with CP that has examined the absolute reliability,
represented by the reliability indices of the SEM and the
SRD, of the PBS. Liaw et al.?? suggested that SEM scores
of less than 10% of the total mean score are acceptable, and
Smidt et al.>® suggested that SRD scores less than 10% of
the total range are acceptable. We found that the SEMs for
the inter- and intra-rater, and test-retest reliability of the
total score of the PBS were small, indicating that the error
band of the observed scores was limited. The values of the
SRD, which is based on the SEM, were also reasonable and

were less than 10% of the total range. Because the SEM is
inversely related to the ICC reliability, a relatively high ICC
may result in a low SEM value; therefore, it is important to
document both. The value of the SEM for assessment tools is
useful for interpreting whether a change in scores is beyond
measurement error in clinical setting?. A value higher than
the SEM has been suggested'® for determining whether a
change is real. In the intra-rater reliability (Rater A), the
raw score of the total score of the PBS for children with CP
should change by more than 0.37 (Table 4) for the change
to indicate a real change with a 95% confidence level. On
the other hand, values below 0.37 cannot be interpreted as a
real improvement because such a change may occur due to
measurement error.

This study had some limitations. The sample was one of
convenience, and we included only children with CP treated
in a CP clinic. Further studies are required to examine the
validity of the PBS by comparing it with other assessment
tools that are frequently used in pediatric settings. In
addition, other psychometric properties such as respon-
siveness and sensitivity to change need to be addressed with
larger numbers of subjects including children with CP who
attend physiotherapy outside the CP clinic.

In conclusion, we have demonstrated satisfactory absolute
and relative inter- and intra-rater reliabilities of the PBS and
provided a reference framework for future studies using SEM
values to assess the functional balance of children with CP.
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