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Comparison of the Original and Reduced Versions of
the Berg Balance Scale and the Western Ontario and
McMaster Universities Osteoarthritis Index in Patients
Following Hip or Knee Arthroplasty
Pankaj Jogi, Sandi J. Spaulding, Aleksandra A. Zecevic, Tom J. Overend, John F. Kramer

ABSTRACT

Purpose: To compare the original and reduced versions of the Berg Balance Scale (BBS) and the Western Ontario and McMaster Universities Osteoarthritis

Index (WOMAC), as completed by patients following total hip arthroplasty (THA) or total knee arthroplasty (TKA), with respect to their potential utility in

clinical and research settings.

Method: Patients with THA (n ¼ 26) or TKA (n ¼ 28) were evaluated before and after 5 to 7 weeks’ participation in a home-based exercise programme.

They were assessed using the original versions of the BBS and the WOMAC; scores for the reduced versions of the BBS and the WOMAC were extracted

from the original versions.

Results: Good to excellent correlations (r b 0.80) were observed between the original and the reduced versions of the BBS and the WOMAC. The index of

responsiveness, evaluated using standardized response means (SRM), was similar for the original and the reduced versions of the BBS and the WOMAC

function sub-scale.

Conclusions: The reduced versions of the BBS and the WOMAC provided similar information to the original versions and were equally responsive. These

reduced versions comprise fewer questions and may be completed in considerably less time, which suggests that they may be advantageous for clinical

and research use.
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RÉSUMÉ

Objectif : Comparer les tests réalisés à l’aide des versions originale et abrégée de l’échelle d’équilibre de Berg (EEB) et de l’indice d’évaluation de l’arthrose

WOMAC des Universités Western Ontario et McMaster chez les patients à la suite d’une arthroplastie totale de la hanche ou une arthroplastie totale du

genou, en ce qui a trait à leur utilité possible dans les cadres clinique et de la recherche.

Méthode : Les patients ayant subi une arthroplastie totale de la hanche (n ¼ 26) ou une arthroplastie totale du genou (n ¼ 28) ont été évalués après 5 à 7

semaines de participation à un programme d’exercices à domicile. Pour cette évaluation, on a utilisé les versions originales de l’EEB et du WOMAC. Les

pointages pour les versions abrégées de l’EEB et du WOMAC ont été obtenus à partir des résultats des tests avec les échelles originales.

Résultats : Des corrélations variant de bonnes à excellentes (r b 0,80) ont été observées entre les versions originales et abrégées de l’EEB et du WOMAC.

L’indice de réactivité, évalué à l’aide de moyens de réponse normalisés (standardized response means, ou SRM), était similaire pour les versions originales

et abrégées de l’EEB et de la sous-échelle de fonction du WOMAC.

Conclusions : Les versions abrégées de l’EEB et du WOMAC ont fourni de l’information similaire à leurs versions originales et étaient tout aussi pertinentes.

Les versions abrégées comportaient moins de questions et pouvaient être remplies en beaucoup moins de temps. Cela semble indiquer que les versions

abrégées pourraient être plus avantageuses pour une utilisation clinique ou à des fins de recherche.

Mots clés : arthroplastie totale de la hanche, arthroplastie totale du genou, échelle d’équilibre de Berg, indice d’arthrose des Universités Western Ontario

et McMaster
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INTRODUCTION

Lengthy outcome measures place a burden on re-
spondents assessed for their health status, as well as on
practitioners who use them in their clinical documen-
tation and researchers who base their studies on these
measures. Lengthy tests and questionnaires can adversely
affect respondents’ willingness to complete them.1 Many
outcome measures have been revised to offer shorter
versions, in an effort to gather similar information while
reducing the time and complexity of administration.2–4

The original 24-item Western Ontario and McMaster
Universities (WOMAC) Osteoarthritis Index has been
reduced to 12-item and 8-item WOMAC versions;5,6

similarly, the original 14-item Berg Balance Scale (BBS)
has been reduced to a 7-item BBS.7

Although the original version of the WOMAC has been
used extensively in research to assess patients’ subjective
opinions of their functional disability and is estimated to
take about 5 to 10 minutes to complete,8 clinical experi-
ence suggests that in the case of elderly patients, it often
takes longer to complete, and the questions may require
further explanation. For practical reasons, if a condition-
specific outcome measure such as the WOMAC is to be
used routinely by therapists in clinical practice, it must
be as short and simple as possible. For these reasons,
three reduced versions of the WOMAC have recently
been proposed;5,6,9 any advantages of one version over
the others are unclear, however.

There are differences in both content and method
of administration between the original WOMAC and
BBS outcome measures. Whereas the WOMAC is a self-
administered, disease-specific questionnaire used to
assess the functionally oriented difficulty of patients pre-
senting with osteoarthritis (OA) of the hip and/or knee,
the BBS is a commonly used clinical performance test of
balance. The original 14-item BBS has been widely used
to assess balance in the elderly10 and in patients with
brain injury,11 stroke,12 and Parkinson disease,13 as well
as to examine the effect of exercise programmes on
balance.14

Recently, Chou et al.7 proposed a 7-item version of
the BBS (short BBS) and demonstrated that it provided
a reliable and valid measure of postural balance in
patients who had sustained a stroke.7 Another simplified
version of the BBS was proposed by Wang et al,15 whose
approach to simplifying the BBS was to shorten the
scoring scale from five levels to three. Because this
version continues to require performance of all 14 tasks
of the original BBS, it is unlikely to reduce the burden
on either the rater or the patient; therefore, we did not
include it in our study.

Because the reduced versions of the WOMAC and the
BBS were developed only recently, their measurement
properties have not been examined thoroughly. There-
fore, the purposes of the current study were (1) to
compare the 7-item version of the BBS with the original

BBS and (2) to compare the three reduced versions of
the WOMAC (Hirsch-WOMAC, Whitehouse-WOMAC, and
Tubach-WOMAC) with the original WOMAC with respect
to concurrent validity, responsiveness, and absolute mea-
surement error in patients with hip or knee arthroplasty.
A finding that the reduced versions of these instruments
demonstrate similar properties to the original versions
would support their use.

METHODS

Participants

Fifty-four patients who had undergone total hip
arthroplasty (THA) or total knee arthroplasty (TKA) and
had participated in a related study of home exercise inter-
vention programmes completed the original WOMAC
and the BBS on two occasions: (1) 1 week after hospital
discharge and at the start of a home exercise pro-
gramme, and (2) 5 to 7 weeks after participation in the
home exercise programme. All participants had primary
unilateral THA or TKA as a result of hip- or knee-joint
OA and had been advised by their surgeon to bear weight
as tolerated following their surgery. Patients with revi-
sion THA or TKA and those who had been advised by
their surgeon to partially or completely avoid bearing
weight on either the operated or the non-operated leg
were excluded. Patients with a neurological condition
that might affect balance (e.g., hemiplegia, peripheral
neuropathy, Parkinson disease, multiple sclerosis, or
spinal-cord compression), as well as those considered
unable to communicate or follow instructions in English,
were also excluded from the study. Ethics approval
was obtained from the University of Western Ontario
Research Ethics Board for Health Sciences Research
Involving Human Subjects, and all participants provided
informed consent prior to participation.

Procedure

Patients were evaluated individually at their place of
residence by a physical therapist within 1 week follow-
ing hospital discharge. Author PJ and another physical
therapist, each with 3 to 4 years’ experience in working
with patients with large joint arthroplasty, participated
in the study. Participants were asked to complete a self-
report questionnaire (the original version of the WOMAC)
and were evaluated by their physical therapist using the
BBS. The primary investigator (PJ) completed a follow-
up assessment after 5 to 7 weeks’ participation in a
home exercise programme. There was no specific order
in which the tests were completed; rather, the order was
selected by each participant. All testing was completed
during the afternoon hours.

Scores for the reduced test versions (Hirsch-WOMAC,
Whitehouse-WOMAC, Tubach-WOMAC, and 7-item BBS)
were calculated from their respective original versions
rather than from a separate administration of these tests.
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Previous studies have used a similar method to generate
and score items on reduced versions.5–7,9

Outcome Measures

Western Ontario and McMaster Universities Osteoarthritis

Index (WOMAC)

The original version of the WOMAC consists of 24
separate questions distributed among three sub-scales:
(1) a pain sub-scale with five questions, (2) a stiffness
sub-scale with two questions, and (3) a physical function
sub-scale with 17 questions.8 Patients respond to the
questions using five-point scales (0–4); the maximum
score is 96. Higher scores on the WOMAC indicate
greater pain and stiffness and greater difficulty in per-
forming selected functional activities. The WOMAC has
been demonstrated to have good reliability, validity, and
responsiveness and has been used extensively by sur-
geons and physical therapists to assess patient status
following surgical interventions16,17 and rehabilitation
programmes.18,19

Hirsch-WOMAC

Hirsch et al.5 developed a reduced WOMAC, using
Rasch analysis methodology, from the original WOMAC
completed by patients with hip or knee complaints, in-
cluding those who had undergone THA or TKA. The final
Hirsch-WOMAC has eight items, three for pain and five
for function (see Table 1). Items on the Hirsch-WOMAC
are scored similarly to the original WOMAC items, using
the five-point scale; higher scores indicate greater pain
and functional difficulty. The Hirsch-WOMAC has been
shown to be reliable and valid, with excellent correla-
tions (r ¼ 0.94) between the pain and function sub-
scales of the Hirsch-WOMAC and those of the original
WOMAC.5

Whitehouse-WOMAC

Whitehouse et al.9 developed a reduced version of the
original WOMAC using responses to the WOMAC items
based on (1) function most likely to change after surgery,
(2) function patients care about the most, and (3) func-
tion representative of a broad spectrum of activity levels
from 36 orthopaedic and rheumatology health care pro-
fessionals in the United Kingdom and the United States.
While the pain sub-scale of the original WOMAC was not
changed, the stiffness sub-scale was excluded from the
reduced version. The Whitehouse-WOMAC thus has a
total of 12 items—5 for pain and 7 for function (see
Table 1)—that are scored using the five-point scoring
system of the original WOMAC. The Whitehouse-
WOMAC has been shown to be reliable and valid, with
excellent correlations (r ¼ 0.96) between the Whitehouse-
WOMAC and the original WOMAC based on total scores.

Tubach-WOMAC

Tubach et al.6 developed a reduced WOMAC from the
physical function sub-scale of the original 24-question
WOMAC,8 using an expert-based reduction approach.
Development of the Tubach-WOMAC involved 1,362
patients and 399 rheumatologists, along with statistical
analyses of item quality. A four-step procedure was
followed: (1) items were ranked from highest to lowest
importance according to patient and rheumatologist
opinions; (2) items with a high proportion of missing
data were excluded; (3) items for which distribution of
answers showed floor and/or ceiling effects were ex-
cluded; and (4) where two items showed redundancy by
inter-item correlation coefficients, the least important
item of the pair was excluded. The Tubach-WOMAC has
a total of eight function items (see Table 1), scored using

Table 1 Summary of Questions Used in the Reduced Versions of the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)*

Hirsch-WOMAC Whitehouse-WOMAC Tubach-WOMAC

Pain Pain

1. Walking on flat surface 1. Walking on flat surface

2. Going up or down stairs 2. Going up or down stairs

4. Sitting or lying 3. At night while in bed

4. Sitting or lying

5. Standing upright

Function Function Function

1. Descending stairs 2. Ascending stairs 1. Descending stairs

7. Getting in/out of car 3. Rising from sitting 2. Ascending stairs

10. Rising from bed 6. Walking on flat 3. Rising from sitting

12. Lying on bed 7. Getting in/out of car 6. Walking on flat

17. Light domestic duties 9. Putting on socks/stockings 7. Getting in/out of car

10. Rising from bed 8. Going shopping

14. Sitting 9. Putting on socks/stockings

15. Getting on/off toilet

* Numbers refer to item numbers on the original WOMAC.
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the original five-point scoring system. The Tubach-
WOMAC has also been demonstrated to be reliable and
valid, with excellent correlations (r ¼ 0.96) between the
reduced and original WOMAC function sub-scales.

Berg Balance Scale (BBS)

The original BBS consists of 14 simple functionally
oriented balance tasks, which patients are asked to per-
form under the supervision of a therapist. These tasks
are scored on five-point scales (0–4), yielding a maxi-
mum total score of 56; higher scores indicate better
balance. The BBS has been reported to be a reliable
and valid tool to assess balance in a variety of patient
populations.10–14

Short BBS

The short BBS7 consists of seven of the original BBS
tasks (see Table 2), scored with the original scale. The
short BBS requires less than 10 minutes to administer,
as opposed to 10–15 minutes for the full 14-item BBS.
To our knowledge, only Chou et al.7 have investigated
its validity and reliability; in their study, the short BBS
was found to be reliable (a ¼ 0.97) and had excellent
agreement with the original BBS (ICC ¼ 0.99).

Statistical Analyses

Scores on all outcome measures were treated as
parametric data. Pearson product-moment correlation
coefficients were calculated to determine the relation-
ships among the original and reduced versions of the
WOMAC and the BBS. The pain and function sub-scales
of the original WOMAC, Hirsch-WOMAC, and Whitehouse-
WOMAC were analyzed separately. The correlation co-
efficients were subjectively interpreted as follows: 0.90–
1.0 ¼ excellent; 0.70–0.89 ¼ good; 0.40–0.69 ¼ modest;
0.20–0.39 ¼ low; <0.20 ¼ slight.20 The correlations and
prediction bands were calculated using STATISTICA 7.0
software (StatSoft Inc., Tulsa, OK).

Responsiveness of the original and reduced versions
of the WOMAC and the BBS was evaluated using the

standardized response mean (SRM), an indicator of
effect size whereby larger values suggest greater effect
size and responsiveness. The SRM for each outcome
measure was calculated based on average change in
scores on two different occasions divided by the stan-
dard deviation of the change score.21,22 Subsequently,
the 95% confidence intervals for the SRM were calcu-
lated using the standard error, which was approximated
as 1 divided by the square root of n (sample size).23 The
SRM assumes that the change within the data set was
homogeneous.23 To test this assumption, a repeated-
measures analysis of variance (ANOVA) considering
two between-group factors (gender and joint) and one
within-group factor (occasion) was carried out. A finding
of insignificant between-group interactions would sug-
gest that the change scores were homogeneous.

The absolute measurement error of an outcome mea-
sure is referred to as the precision of the outcome
measure and is expressed in the units of measurement
of the outcome measure.24 The standard error of mea-
surement (SEM) is sometimes regarded as an adequate
measure of absolute measurement error.24 The absolute
measurement error for the outcome measures in the
current study was calculated using SEM of the outcome
measure divided by the scale range of the measure.
Similar absolute measurement error for outcome mea-
sures indicates a similar degree of precision for the
outcome measures.

RESULTS

Twenty-six patients who had undergone THA (mean
age: 68e 8 years) and 28 patients who had undergone
TKA (mean age: 64e 10 years) completed the study.
Scores on the original and reduced versions of the
WOMAC and BBS are given in Table 3. Correlations
between the pain and function sub-scales of the original
WOMAC and the reduced versions of the WOMAC were
good to excellent (see Table 4). Correlations between

Table 2 Summary of Questions Used in the Short Version of the Berg Balance
Scale (BBS)*

Reduced version of the BBS

8. Reaching forward with outstretched arm

6. Standing with eyes closed

13. Standing with one foot in front

10. Turning to look behind

9. Retrieving object from floor

14. Standing on one foot

1. Sitting to standing

* Numbers refer to item numbers on the original BBS.

Table 3 Scores on the Original and Reduced Versions of the Berg Balance
Scale (BBS) and the Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) (n ¼ 54)

Measure (max. score) Occasion 1
meane SD

Occasion 2
meane SD

BBS (56) 34e 8 50e 6

Short BBS (28) 16e 5 25e 4

WOMAC pain (20) 8e 4 4e 4

WOMAC function (68) 36e 11 15e 11

Hirsch-WOMAC pain (12) 4e 2 2e 2

Hirsch-WOMAC function (20) 9e 4 4e 3

Whitehouse-WOMAC pain (20) 8e 4 4e 4

Whitehouse-WOMAC function (28) 13e 4 5e 5

Tubach-WOMAC (32) 16e 6 7e 5
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original and reduced BBS scores for occasions 1 and 2
were also good to excellent (see Table 5). The 95% pre-
diction bands for the original and short BBS, the func-
tional sub-scales of Hirsch-WOMAC and Whitehouse
WOMAC, and the Tubach-WOMAC are shown in Figures
1–4.

The assumption of homogeneous change necessary
for use of the SRM analysis was satisfied by the finding
of a significant effect for occasion only for both WOMAC
and BBS data (BBS: F(1,50) ¼ 172.66, p < 0.001; WOMAC

pain: F(1,50) ¼ 56.36, p < 0.001; WOMAC function:
F(1,50) ¼ 143.48, p < 0.001); no interaction effects were
found (BBS: F(1,50) ¼ 0.92, p ¼ 0.34; WOMAC pain:
F(1,50) ¼ 1.26, p ¼ 0.26; WOMAC function: F(1,50) ¼
0.69, p ¼ 0.40). SRMs for the original and reduced ver-
sion of the BBS were similar and were greater than those
for the original and reduced versions of the WOMAC (see
Table 6). SRMs for the function sub-scales of the reduced
versions of the WOMAC were similar and slightly lower
than that for the function sub-scale of the original
WOMAC.

The absolute measurement errors for the original and
short BBS were similar (see Table 7). The absolute mea-
surement errors for the function sub-scale of the original
WOMAC, the function sub-scale of the Whitehouse-
WOMAC, and the Tubach-WOMAC were similar. The
absence of a reliability coefficient for the Hirsch-WOMAC
version prevented a calculation of its measurement error.

DISCUSSION

The current study compared the reduced and original
versions of the BBS and the WOMAC with respect to con-
current validity and responsiveness. The results suggest
that information provided by the reduced versions of

Table 4 Correlation Coefficients (95% CI) between Original and Reduced Versions of the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)

WOMAC

Occasion 1 Occasion 2

Pain Function Pain Function

Hirsch-WOMAC

Pain 0.95 (0.91, 0.97) 0.93 (0.88, 0.96)

Function 0.92 (0.86, 0.95) 0.95 (0.91, 0.97)

Whitehouse-WOMAC

Pain 1 1

Function 0.88 (0.80, 0.93) 0.95 (0.91, 0.97)

Tubach-WOMAC

Function 0.95 (0.91, 0.97) 0.95 (0.91, 0.97)

95% CI ¼ 95% confidence interval

Table 5 Correlation Coefficients (95% CI) between Original and Reduced
Versions of the Berg Balance Scale (BBS)

BBS

Occasion 1 Occasion 2

Short BBS 0.92 (0.86, 0.95) 0.97 (0.95, 0.98)

95% CI ¼ 95% confidence interval

Table 6 Standardized response means for the original and reduced versions
of the Berg Balance Scale (BBS) and the Western Ontario–McMaster Universi-
ties Osteoarthritis Index (WOMAC) (n ¼ 54)

Outcome Measures SRM (95% CI)

BBS 1.9 (1.64–2.16)

Short BBS 1.8 (1.54–2.06)

WOMAC Pain 1.0 (0.74–1.26)

Hirsch-WOMAC Pain 0.9 (0.64–1.16)

Whitehouse-WOMAC Pain 1.0 (0.74–1.26)

WOMAC function 1.7 (1.44–1.96)

Hirsch-WOMAC function 1.4 (1.14–1.66)

Whitehouse-WOMAC function 1.5 (1.24–1.76)

Tubach-WOMAC function 1.5 (1.24–1.76)

SRM ¼ standardized response mean; 95% CI ¼ 95% confidence interval

Table 7 Absolute Measurement Error for Original and Reduced Versions of
the Berg Balance Scale (BBS) and the Western Ontario and McMaster Universi-
ties Osteoarthritis Index (WOMAC) (n ¼ 54)

Outcome Measure Absolute Measurement Error

BBS 0.02

Short BBS 0.01

WOMAC function 0.07

Hirsch-WOMAC function –

Whitehouse-WOMAC function 0.06
Tubach-WOMAC 0.07
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the BBS and WOMAC is similar to that provided by the
original versions of these measures in patients following
THA or TKA. The reduced versions of the BBS and the
WOMAC could therefore be used to assess this popula-
tion of patients. Use of these reduced versions would
reduce administration and scoring time relative to the
original versions, making them useful in both clinical
and research situations.

The current study observed good to excellent correla-
tions between original and reduced versions of the BBS.
Furthermore, the SRM and absolute measurement errors
were similar for the original and reduced versions of
the BBS. The SRM for the BBS in the current study
(1.9) was slightly higher than that reported by Seely
(SRM ¼ 1.43)25 in patients assessed on the BBS before
and 3 months after TKA.

The reduced versions of the WOMAC pain and func-
tion sub-scales also produced good to excellent and
similar correlations with the original WOMAC. Corre-
lations for the pain (r ¼ 0.95 and 0.93) and function
(r ¼ 0.92 and 0.95) sub-scales between the Hirsch-
WOMAC and the original WOMAC in the current study
were similar to those reported by Hirsch et al.5 for
the three-item pain (r ¼ 0.94) and five-item function
(r ¼ 0.96) sub-scales 1 year after THA or TKA. Although
Whitehouse et al.9 assessed correlations between the
original WOMAC and the Whitehouse-WOMAC function
sub-scales using Spearman’s rank correlation coefficient,
correlations reported by Whitehouse et al.9 (r ¼ 0.97 and
0.96 for THA and TKA, respectively) were similar to those
observed in the current study for occasion 2 (r ¼ 0.95).
Correlations reported by Tubach et al.6 between the

Figure 1 Relationship between original and short Berg Balance Scale
scores (dashed lines depict 95% prediction bands)

Figure 2 Relationship between Western Ontario McMaster Universities
Osteoarthritis Index (WOMAC) and Hirsch-WOMAC function sub-scale
scores (dashed lines depict 95% prediction bands)

Figure 3 Relationship between Western Ontario McMaster Universities
Osteoarthritis Index (WOMAC) and Whitehouse-WOMAC function sub-scale
scores (dashed lines depict 95% prediction bands)

Figure 4 Relationship between Western Ontario McMaster Universities
Osteoarthritis Index (WOMAC) and Tubach-WOMAC function sub-scale
scores (dashed lines depict 95% prediction bands)
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function sub-scale of the original WOMAC and the
Tubach-WOMAC (r ¼ 0.95) in patients with hip or knee
OA were identical to those demonstrated in the current
study on both occasions (r ¼ 0.95).

The SRM for an outcome measure has commonly
been calculated as the mean change in scores between
two different occasions divided by the standard devia-
tion of the change scores.21,22 The SRM for the original
WOMAC function sub-scale in the current study (1.7)
was similar to that reported by Seely (SRM ¼ 1.8)25 in
patients assessed on the WOMAC before and 3 months
after TKA. The SRM calculated by Hirsch et al.5 for the
original WOMAC and Hirsch-WOMAC was based on
the mean difference between preoperative and 1-year
postoperative scores following THA or TKA. The SRMs
for the pain sub-scale of the original WOMAC and
Hirsh-WOMAC reported by Hirsch et al.5 (0.88 and 0.87,
respectively) in patients following THA or TKA were
similar to those observed in the current study (1.0 and
0.9, respectively). However, the SRMs reported for the
function sub-scales of the original WOMAC and the
Hirsch-WOMAC (0.65 and 0.62, respectively) were lower
than those observed in the current study (1.7 and 1.4,
respectively). Although the SRM reported by Hirsch el
al.5 was lower than that observed in the current study,
the SRM was found to be similar for the original WOMAC
and Hirsch-WOMAC function sub-scales in the same
study sample.

The SRM for the Whitehouse-WOMAC function sub-
scale observed in the current study was similar to that
reported by Whitehouse et al.9 (SRM ¼ 1.5) in a sample
of patients 3 months after THA or TKA. The SRMs
reported by Tubach et al.6 for the original WOMAC func-
tion sub-scale and the Tubach-WOMAC (0.80 and 0.84,
respectively), assessed in patients with hip or knee OA,
were lower than those observed in the current study (1.7
and 1.5, respectively). The SRMs for the original WOMAC
function sub-scale and the Tubach-WOMAC reported by
Tubach et al.6 were based on the mean change in scores
over 4 weeks in patients with hip or knee OA, as com-
pared to mean change in scores over 5 to 7 weeks in
patients following THA or TKA in the current study.
Based on the finding that the SRMs for the function
sub-scales of the original and reduced versions of the
WOMAC in the current study were higher than those
reported by Hirsch et al.5 and by Tubach et al.,6 these
outcome measures may be better suited to assess change
in patients with THA or TKA within 5 to 7 weeks fol-
lowing surgery. However, further study is required to
address this question.

Although correlation between the Whitehouse-WOMAC
and the original WOMAC function sub-scale was slightly
lower than correlation between the Hirsch-WOMAC func-
tion sub-scale and the Tubach-WOMAC for occasion 1,
the correlation was similar for occasion 2. The 95%
prediction bands for the Hirsch-WOMAC function sub-

scale, the Whitehouse-WOMAC function sub-scale, and
the Tubach-WOMAC were similar (see Figures 2–4). In
addition, the SRMs for the function sub-scales of the
Hirsch-WOMAC and Whitehouse-WOMAC and for the
Tubach-WOMAC were similar, although slightly lower
than the SRM for the original WOMAC function sub-
scale. As noted above, absolute measurement error for
the Hirsch-WOMAC was not calculated; however, the
absolute measurement errors for the original WOMAC
function sub-scale, the Whitehouse-WOMAC function
sub-scale, and the Tubach-WOMAC were similar. The
correlations and SRMs for the pain sub-scales of the
Hirsch-WOMAC, the Whitehouse-WOMAC, and the origi-
nal WOMAC were also similar.

Although patients who had undergone THA demon-
strated better improvement on the outcome measures at
occasion 2, there was no significant difference in scores
on outcome measures between THA and TKA patients
at occasion 1. The current study focused on comparing
the psychometric properties of the original and reduced
versions of the BBS and the WOMAC, as used by the
general population of patients who have undergone
THA or TKA. Combining data on THA and TKA patients
for analyses in the current study provided a larger
sample size to evaluate the psychometric properties of
the original and reduced versions. Previous studies have
also combined data on patients undergoing THA or TKA
to assess the psychometric properties of outcome mea-
sures.6 Future studies are needed to determine whether
and to what extent the original and reduced values are
comparable between THA and TKA populations.

LIMITATIONS

A limitation of the current study is that scores for
items on reduced versions of the BBS and the WOMAC
were extracted from scores on original versions com-
pleted by the patients. Although this method has been
used previously,5,6,9 future studies using scores collected
independently for the original and reduced versions of
the BBS and the WOMAC would be helpful in better
understanding the relationships between them and in
determining the actual time required to complete each
questionnaire. In addition, it is recommended that
future studies explore relationships between the original
and reduced versions of the BBS and the WOMAC.
Separate groups with larger sample sizes of patients
undergoing THA or TKA may provide useful informa-
tion on how these relationships differ between the two
groups of patients. Although reduced versions of the
BBS and the WOMAC could decrease the response
burden for clinicians and for patients, clinicians should
be aware of the loss of some detailed information con-
tained in omitted items that appear on the original BBS
and WOMAC scales.
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CONCLUSION

The original and reduced versions of the BBS and the
WOMAC provided similar information about balance
and physical function in patients following THA or TKA
and were similarly responsive. The use of reduced ver-
sions of the BBS and the WOMAC could be particularly
beneficial for clinicians and researchers in health care
settings. These versions include fewer questions, should
take less time to administer and score, and may be asso-
ciated with lower costs. The reduced versions of the BBS
and the WOMAC also decrease the response burden on
patients and may therefore increase their willingness to
complete these measures.

KEY MESSAGES

What Is Already Known on This Topic

A reduced version of the Berg Balance Scale (BBS) and
three reduced versions of the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC)
have recently been developed. Clinicians and researchers
have limited information on the utility of these reduced
versions of the BBS and the WOMAC.

What This Study Adds

Findings of the current study suggest that the reduced
versions of the BBS and the WOMAC are highly related to
their original versions and are equally responsive. These
reduced versions include fewer questions and can be
completed in considerably less time, which suggests
that they may have advantages for both clinical and
research use.
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