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Abstract: This study examines the responsiveness of the Western Ontario and

McMaster Universities Osteoarthritis Index (WOMAC) and Short Form-36 (SF-36) in

patients undergoing total hip arthroplasty. Eighty-nine patients completed the

WOMAC and SF-36 preoperatively and postoperatively. Standardized response means

(SRMs) and effect sizes (ES) were used to measure responsiveness. Mean follow-up

was 17 months. The SRMs for the WOMAC ranged from �0.93 to �1.49, and the ES

ranged from�1.02 to�1.53. The SRMs for the SF-36 ranged from 0.22 to 1.64, and the

ES ranged from 0.20 to 1.97. The highest values occurred with the physical

functioning, bodily pain, and Physical Component Summary Scales. This study

demonstrates a similar level of responsiveness of the WOMAC and several components

of the SF-36. This suggests that the isolated use of the SF-36 may be adequate to

monitor outcomes after total hip arthroplasty. There may still be a role for the WOMAC

when comparing outcomes of specific designs or techniques of total hip arthroplasty.
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There has been significant uncertainty as to which

outcomes tools should be used to report the results

of treatment for patients after total hip arthroplasty.

Several outcomes assessment instruments have

been proposed for use in monitoring total joint

patients. These include generic instruments, such as

the Medical Outcomes Study Short Form-36

(SF-36), which are designed for broad use in a

variety of medical conditions, as well as more

specialized questionnaires, such as the Western
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Ontario and McMaster Universities Osteoarthritis

Index [1-6]. The SF-36 is a 36-item questionnaire

that generates subscale scores for 8 domains of

health as well as summary scores for overall physical

and mental functioning [7,8]. The WOMAC is a

24-item questionnaire that can be analyzed as a

global score or as 3 subsection scores [9].

The criteria for selecting among these instru-

ments are their validity, reliability, and responsive-

ness in evaluating the health of the targeted

population [10-13]. The validity and reliability of

the SF-36 and WOMAC have been addressed in

previous studies. Despite being extensively validat-

ed and tested for reliability, the SF-36 is designed

for use as a generic tool and has been shown to

have lower levels of responsiveness to clinical

change in patients with orthopaedic disorders than

disease or region-specific tools [9,14-21]. More

focused instruments such as the WOMAC have

been designed to increase responsiveness and
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sensitivity to clinical change in patients with

arthritic conditions [9]. However, previous studies

have indicated that the relative responsiveness of

the WOMAC in comparison with the SF-36 may

not be consistently higher in patients undergoing

total hip arthroplasty [3,21].

The purpose of this study is to compare the

responsiveness to clinical change of the WOMAC

with the SF-36 in a group of patients undergoing

total hip arthroplasty by calculating the standard-

ized response means (SRMs) and effect size (ES) for

each questionnaire. The SRM and ES are common-

ly used measures of the sensitivity of an outcomes

tool to clinical change [10-13]. Our hypothesis was

that the WOMAC would have improved respon-

siveness as demonstrated by a higher SRM and ES

than the SF-36 in patients after total hip arthro-

plasty. This would support the continued use of

disease-specific questionnaires in conjunction with

generic tools to follow the clinical outcomes of

these patients. Conversely, similar levels of respon-

siveness of at least some of the SF-36 scales to the

WOMAC would suggest that the isolated use of the

SF-36 may be adequate to monitor outcomes in

patients undergoing total hip arthroplasty. This

would decrease the questionnaire load adminis-

tered to patients and allow direct comparison to

other health conditions without sacrificing ade-

quate sensitivity to clinical change.
Materials and Methods

Human Subjects

This project was approved by the Institutional

Review Board at the UCLA School of Medicine.

Informed consent was obtained from all patients

before participation.
Patient Sample

Patients were recruited through the joint re-

placement clinic at the UCLA School of Medicine.

Patients were included if they presented with a

chronic arthritic condition requiring total hip

arthroplasty. Patients were excluded if their indi-

cation for surgery was acutely traumatic or due to

fracture. In addition, revision arthroplasty patients

were excluded. Other inclusion criteria included

the ability to read English, age more than 18 years

unless accompanied by a parent, and consent to

participate. Patients unable to read English were

excluded. Patients were not excluded on the basis

of race or ethnicity.
Data Collection

Recruited patients were administered a packet

including an Informed Consent Form approved by

the Institutional Review Board, the Medical Out-

comes Study Short Form-36 version 2 (SF-36), and

the WOMAC. The patient packet was administered

during the initial patient visit for all enrolled

subjects. The same questionnaires were then ad-

ministered again at subsequent postoperative visits

for each patient. Questionnaires were checked for

completion by one of the investigators, and patients

were assisted in completing missing items.

Data Analysis

Raw data for the SF-36 and WOMAC were

recorded using Microsoft Excel 2002 (Microsoft,

Redmond, Wash, 2001). The WOMAC and SF-36

were scored using standard scoring techniques

[7-9]. A global WOMAC score was calculated as

well as scores for the 3 subscores relevant to pain,

stiffness, and function [9]. The SF-36 data were

scored using the SF-36 Health Outcomes Scoring

Software Version 1.0 (QualityMetric Incorporated,

Lincoln, RI, 2003). This software package generates

output for all 8 subscales of the SF-36 in addition to

the Physical (PCS) and Mental Component Sum-

mary (MCS) Scales.

Missing data were adjusted as appropriate for

each outcomes tool. There is no established tech-

nique for missing data estimation with the

WOMAC scales, and patients with incomplete data

points for this tool were excluded from further

study [9]. The SF-36 software scored missing data

using standard algorithms. The SF-36 will allow

complete scoring for patients with a limited num-

ber of missing items. More extensive missing data

lead to incomplete scoring of some subscales or

summary scores [7,8].

Statistical Analysis

The mean value for each of the scales was

calculated both preoperatively and postoperatively.

The mean change in score for each scale is also

reported. The SRM and ES were calculated for each

instrument including the global WOMAC score, the

3 WOMAC subscores, the 8 SF-36 subscales, and

the 2 SF-36 summary scales. Microsoft Excel 2002

(Microsoft) was used for all statistical comparisons.

The SRM and ES are accepted measures of respon-

siveness [10-13]. Higher absolute values indicate

instruments more responsive to clinical change,

whereas lower values reflect less sensitivity to

underlying changes in health status. The SRM is



Table 1. Mean Baseline Scores, Mean Follow-Up
Scores, and Mean Change in Scores for the WOMAC

and SF-36 (n = 89)

Outcomes
Scale

Mean
Baseline
Scores

Mean
Follow-Up

Scores

Mean
Change

in Scores
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calculated as the mean change in scores divided by

the standard deviation of these changes. The ES is

calculated as the mean change in scores divided by

the standard deviation of the preoperative scores.

Small effects were considered higher than 0.20;

moderate effects, higher than 0.50; and large

effects, higher than 0.80 [10-13].

WOMAC

global score
51 19 �32

WOMAC
pain score

10 3 �8

WOMAC
stiffness score

4 2 �2

WOMAC
function score

36 15 �22

SF-36 subscales
PF 23 61 37
RP 24 58 34
BP 30 61 31
GH 66 61 �6
VT 49 60 11
SF 58 77 20
RE 56 74 18
MH 67 76 9

SF-36 summary scales
PCS Scale 31 42 12
MCS Scale 50 52 2
Results

Patient Sample

Eighty-nine patients were recruited and had

adequate data to allow complete scoring of the

WOMAC and SF-36 for the preoperative visit and

minimum 5-month postoperative follow-up. The

patients included in the study consisted of 48 wom-

en (54%) and 41 men (46%). The mean age of the

patient sample was 60 years (range, 20-91 years).

The mean follow-up period between surgery and

final questionnaire administration was 17 months

(range, 5-43 months). Thirty-three patients com-

pleted follow-up questionnaires within 1 year of

surgery. There were 33 patients who received

follow-up during the second postoperative year,

16 during the third postoperative year, and the

remaining 7 patients completed packets during the

fourth postoperative year.

Baseline Scores

Mean baseline scores were calculated for the

patient sample with results shown in Table 1 for the

WOMAC scores, 8 SF-36 subscales, and 2 SF-36

summary scales.

Mean raw scores for each of the 8 SF-36

subscales are shown in Table 1. The 8 subscales

include physical functioning (PF), role-physical

(RP), bodily pain (BP), general health (GH), vitality

(VT), social functioning (SF), role-emotional (RE),

and mental health (MH). These scales are scored

from 0 to 100, with higher scores indicating better

health status. The mean scores ranged from a high

of 67 for the MH subscale to a low of 23 for the

PF subscale.

Mean baseline scores are also reported for the

PCS and MCS Scales of the SF-36 in Table 1. The

summary scales are based on established norms,

with scores calculated as variations from a refer-

ence value of 50 for healthy populations. Each

10 points higher or lower is consistent with one

standard deviation from the normal population

reference value of 50 [8]. The PCS Scale had a

mean value of 31 for this patient sample. This is

approximately 2 standard deviations below the
mean for healthy subjects. In contrast, the mean

MCS Scale score of 50 in this group of patients is

equivalent to the reference value in healthy

patients. The MCS and PCS scores seen at baseline

in the present study are consistent with those in

prior studies of the health effects of osteoarthritis

and rheumatoid arthritis [22,23]. These findings

are also similar to prior studies that indicate hip

pathology has larger effects on the physical com-

ponents than the mental components of health

status measured by the SF-36 [24,25].

The mean global WOMAC score was 51 of a

possible 96 points. Higher WOMAC scores are

indicative of worse health. The mean WOMAC

pain score was 10 of a possible 20, the mean

WOMAC stiffness score was 4 of a possible 8, and

the mean WOMAC function score was 36 of a

possible 68 points. Normative values have not been

established for the WOMAC scores.
Postoperative Scores

The mean postoperative scores and the mean

change in scores are shown in Table 1. The mean

change in score for the WOMAC global scale was a

decrease of 32 points, which is consistent with an

improvement in health status. Similar results were

seen with improvement in the WOMAC scales for

pain (mean change, �8), stiffness (mean change,

�2), and function (mean change, �22).



Table 2. Standardized Response Means and ESs for the
WOMAC and SF-36 (n = 89)

Outcomes Scale SRM ES

WOMAC global score �1.49 �1.51
WOMAC pain score �1.40 �1.53
WOMAC stiffness score �0.93 �1.02
WOMAC function score �1.37 �1.37
SF�36 subscales
PF 1.64 1.97
RP 0.66 0.92
BP 1.12 1.48
GH �0.34 �0.22
VT 0.53 0.49
SF 0.70 0.70
RE 0.35 0.39
MH 0.50 0.39

SF-36 summary scales
PCS Scale 1.14 1.46
MCS Scale 0.22 0.20
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Some of the SF-36 subscales showed similar

improvement in scores when comparing preoper-

ative and postoperative scores. The mean changes

were highest for the PF (mean change, 37 points),

RP (mean change, 34), and bodily pain (mean

change, 31) subscales. The GH (mean change, �6),

MH (mean change, 9), and VT (mean change, 11)

subscales showed the least amount of change. The

PCS Scale showed a higher mean change with

improvement by 12 points as compared to a mean

increase of 2 points for the MCS Scale.

Responsiveness Testing

The SRMs and ESs for each instrument are

shown in Table 2. The WOMAC global score had

an SRM of �1.49 and ES of �1.51. The WOMAC

subscales also all had high levels of responsiveness

including the pain (SRM, �1.40; ES, �1.53),

stiffness (SRM, �0.93; ES, �1.02), and function

(SRM, �1.37; ES, �1.37) components.

The SF-36 subscales and summary scales had a

wider range of SRMs and ESs, with some subscales

having high levels of responsiveness and other

subscales demonstrating low levels of responsive-

ness. In general, higher SRMs and ES were seen in

the scales that are overweighted in the PCS Scale.

These include the PF (SRM 1.64/ES 1.97), bodily

pain (SRM 1.12/ES 1.48), RP (SRM 0.66/ES 0.92),

and GH (SRM �0.34/ES �0.22) subscales. Lower

SRMs and ES were seen in most of the subscales

overweighted in the MCS Scale. These include the

MH (SRM 0.50/ES 0.39), VT (SRM 0.53/ES 0.49),

RE (SRM 0.35/ES 0.39), and SF (SRM 0.70/

ES 0.70) subscales. These differences resulted in a

higher responsiveness of the PCS Scale (SRM 1.14/
ES 1.46) compared with the MCS Scale (SRM 0.22/

ES 0.20).
Discussion

This study demonstrated an adequate level of

responsiveness to clinical change after total hip

arthroplasty of several components of the SF-36

when compared with the disease-specific WOMAC.

Specifically, there was evidence that the physical

functioning subscale, PCS Scale, and bodily pain

subscale of the SF-36 have a level of responsiveness

similar to that seen with the WOMAC in patients

undergoing total hip arthroplasty. This suggests

that the isolated use of the SF-36 may be sufficient

to follow outcomes in these patients while main-

taining adequate sensitivity to clinical change. This

would allow for a reduction in the questionnaire

load administered to patients while using an out-

comes instrument tested for validity and reliability

in a variety of health conditions [7,8]. Therefore,

the isolated use of the SF-36 may be a logical

approach to simplify data collection and make

monitoring of functional outcomes more feasible

for practicing orthopedic surgeons.

Several studies have examined the responsiveness

of generic tools such as the SF-36 and more specific

instruments in patients with orthopaedic condi-

tions. The SRMs seen in this study for the WOMAC

global score, WOMAC pain scale, WOMAC function

scale, SF-36 physical functioning and bodily pain

subscales, and SF-36 PCS Scale were all within the

range of 1.12 to 1.64, and the ESs were in the range

of 1.37 to 1.97. These values are above the threshold

of 0.7, which is commonly used for classifying a

questionnaire as having adequate responsiveness

[3,10]. In addition, these SRMs and ESs are of a

similar magnitude to those seen with outcomes tools

used for studies of patients undergoing treatment of

shoulder disorders, orthopedic trauma, hip frac-

tures, and radiculopathy [18,26-28].

The levels of sensitivity to clinical change reported

in this study are similar to those seen in prior

comparisons of the SF-36 and WOMAC over short-

term follow-up of total hip arthroplasty [3,21].

Quintana et al [3] noted ESs ranging from 1.61 to

2.10 for the WOMAC subscales, with SRMs in the

range of 1.39 to 1.80 after total hip arthroplasty. As

in our study, adequate levels of responsiveness were

seen in that study for the physical functioning (ES,

1.54; SRM, 1.10) and the bodily pain (ES, 1.15;

SRM, 0.91) subscales of the SF-36 [3]. A separate

study by Marx et al [21] also showed similar results

with an SRM of 1.5 for the PCS Scale in patients after
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total hip arthroplasty. Our study confirms and

expands on these previous findings by demonstrat-

ing a high level of responsiveness of the WOMAC,

the physical functioning, and bodily pain subscales

of the SF-36 and the SF-36 PCS Scale in patients at a

mean of 17 months after total hip arthroplasty.

These results indicate that the WOMAC and selected

components of the SF-36 all have an acceptable

level of responsiveness to clinical change in patients

undergoing total hip arthroplasty.

One weakness of the current study is that it

does not address the responsiveness of the

WOMAC and SF-36 in patients receiving treat-

ments other than total hip arthroplasty for

arthritic conditions of the hip. The isolated use

of the SF-36 may not be adequate to detect the

smaller changes in health status expected in

patients receiving nonoperative management. In

addition, this approach may not be adequate to

compare small differences in health status be-

tween patients undergoing total hip arthroplasty

using different indications (such as postfracture)

or combined with different techniques (such as

corrective osteotomies). The WOMAC may be

more sensitive to these smaller changes in health

status than the SF-36. Further studies may

support the continued use of the WOMAC in

clinical trials where the changes in health status

are expected to be of lesser magnitude than that

seen after total hip arthroplasty.

Outcomes assessment has become increasingly

important in evaluating the efficacy of medical and

surgical treatments. There has been ongoing

uncertainty regarding the best tool or combination

of tools to use in reporting the outcomes of

patients after total hip arthroplasty. Outcomes

tools should be valid, reliable, and responsive.

Previous studies have demonstrated the validity

and reliability of the SF-36, but there has been

concern that it is not adequately responsive to

clinical change in orthopedic patients [19]. The

findings of this study indicate that the physical

functioning subscale, bodily pain subscale, and

PCS Scale of the SF-36 have a level of responsive-

ness similar to that seen with the WOMAC. This

supports the isolated use of the SF-36 as a

reasonable approach toward monitoring clinical

outcomes after total hip arthroplasty. This would

allow for a decreased burden of questions on

patients being evaluated without sacrificing ade-

quate responsiveness to clinical change. The PCS

and MCS Scales may be particularly useful as a

summation of patient outcome that incorporates

the results of the more variable individual compo-

nents of the SF-36. However, further study is
required to determine whether the continued use

of the WOMAC is advantageous in detecting the

smaller clinical changes expected when evaluating

the results of nonoperative management or when

prospectively comparing different indications,

designs, or techniques for total hip arthroplasty.
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