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Objective

The objective of this study was to explore dimensionality of the Oxford Hip Score (OHS)
and examine whether self-reported pain and functioning can be distinguished in the form
of subscales.

Methods

This was a secondary data analysis of the UK NHS hospital episode statistics/patient-
reported outcome measures dataset containing pre-operative OHS scores on 97 487 patients
who were undergoing hip replacement surgery.

Results

The proposed number of factors to extract depended on the method of extraction
employed. Velicer’s Minimum Average Partial test and the Parallel Analysis suggested one
factor, the Cattell’s scree test and Kaiser-over-1 rule suggested two factors. Exploratory
factor analysis demonstrated that the two-factor OHS had most of the items saliently
loading either of the two factors. These factors were named ‘Pain’ and ‘Function’ and their
respective subscales were created. There was some cross-loading of items: 8 (pain on
standing up from a chair) and 11 (pain during work). These items were assigned to the
‘Pain’ subscale. The final ‘Pain’ subscale consisted of items 1, 8, 9, 10, 11 and 12. The
‘Function’ subscale consisted of items 2, 3, 4, 5, 6 and 7, with the recommended scoring of
the subscales being from O (worst) to 100 (best). Cronbach’s alpha was 0.855 for the ‘Pain’
subscale and 0.861 for the ‘Function’ subscale. A confirmatory factor analysis
demonstrated that the two-factor model of the OHS had a better fit. However, none of the
one-factor or two-factor models was rejected.

Conclusion

Factor analyses demonstrated that, in addition to current usage as a single summary scale,
separate information on pain and self-reported function can be extracted from the OHS in a
meaningful way in the form of subscales.
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‘Pain’ subscale consists of items 1, 8, 9, 10,
11 and 12. The ‘Function’ subscale con-
sisted of items 2, 3, 4, 5, 6 and 7.

The recommended scoring of the sub-
scales is from 0 (worst) to 100 (best).

Article focus
This study aims to explore if self-reported
pain and functioning can be distin-
guished from the Oxford Hip Score (OHS)
in the form of subscales.

Key messages Strengths and limitations

Exploratory factor analysis and confirma-
tory factor analysis demonstrated that
the OHS can be used as a summary scale
and in the form of pain and functional
subscales.

To our knowledge, the OHS is the only
hip-specific instrument that has been
subjected to such a high level of scru-
tiny in the population of patients
undergoing hip replacement surgery.
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Consistent factor-analytic results, based on large-
scale data, provide convincing evidence in favour of
the use of the OHS and its subscales.

Further research could usefully focus on evaluating
their construct validity and responsiveness.

Introduction

Hip replacement surgery is an effective treatment for hip
osteoarthritis (OA), resulting in improved mobility, pain
relief, and overall health-related quality of life (HRQoL). In
the US more than 400 000 hip replacements are per-
formed per year," with more than 86 000 patients under-
going this procedure per year in England and Wales.? The
success of hip replacement is often measured using
patient-reported outcome measures (PROMs). In this
context, PROMs aim to offer a valid and reliable represen-
tation of patients’ perceptions of their quality of life in
relation to their hip problem.

The Oxford Hip Score (OHS) is a 12-item PROM devel-
oped to assess patients’ perceptions of their HRQoL in
those undergoing hip replacement surgery. It was
designed to be used as a single composite scale, which
reflected patients’ perception of pain and functional
impairment arising from their hip. In this form, it has
proven to be valid, reliable and responsive.>* Originally,
Likert-type responses for each item were scored 1 to 5,
with a summary score of 12 (best) to 60 (worst). Subse-
quently, the scoring method changed, with the recom-
mendation made to score each question from O to 4, with
a summary score of 0 (worst) to 48 (best).> The OHS items
were generated by conducting qualitative interviews
with patients before and after undergoing hip replace-
ment surgery, which suggested that pain and functional
disability were generally inextricably linked. In 2009, the
OHS? and the EQ-5D° (a generic measure of health status)
were adopted as a part of the UK national patient-
reported outcome measures programme (NHS PROMs)
as a primary outcome measure for patients undergoing
hip replacement.

A decade ago, a study suggested that the OHS could be
analysed in the form of pain and functional subscales.”
However, these findings were based on data from a single
centre and the exploratory factor analysis (EFA) was based
on a Pearson correlation matrix. Both EFA and confirma-
tory factor analysis (CFA) assume normally distributed
data when using Pearson-product moment correlation,
but these are not robust when instruments with Likert-
type responses are used.®’ In such situations, it is now
recognised that EFA and CFA should be based on the
matrix comprising polychoric correlations,'® which is also
robust to underlying non-normality."

In this paper we explore the factor structure of the OHS
using a large national dataset and using the same
methodology that we applied in our recent publication,
which investigated pain and functional subscales in the
Oxford Knee Score.”” We employed a polychoric

Table I. Procedures undertaken

Procedure” N (%)
Primary THR 76 009 (78)
Primary TPR of the head of the femur 257 (0.3)
Primary hybrid prosthetic hip replacement 11 166 (11.5)
Other primary hip replacement 7 (0)
Revision total hip replacement 7203 (7.4)
Hip resurfacing 2179 (2.2)
Missing or unclear what type of procedure was performed 666 (0.7)

*Procedure field was coded according to the relevant classification of inter-
ventions and procedures codes'?

Patients who had more than one procedure were classified as ‘mixed’
TPR, total prosthetic replacement

correlation matrix in conducting both an EFA and a CFA to
explore whether pain and function can be distinguished
in the OHS in a meaningful way.

Materials and Methods

A secondary data analysis of the NHS hospital episode sta-
tistics/PROMS dataset on 97 487 patients who under-
went hip replacement from April 2009 to December 2011
was performed. The sample consisted of 39 969 men
(41%) and 57 518 women (59%) with a mean age of 68
(14 to 100). An EFA was performed using IBM SPSS 20
(Armonk, New York). LISREL (Chicago, lllinois) software
was used to conduct the CFA. Available information on
procedures undertaken is presented in Table I. Procedures
were coded according to the relevant Classification of
Interventions and Procedures codes.'* Where observa-
tions did not contain any procedure codes or contained
contradictory codes (i.e. codes for both primary and revi-
sion procedures, or codes for THR and hybrid replace-
ments), these observations were classed as missing or
unclear surgical procedures.

Statistical analysis. Factor analysis is a procedure that is
widely recommended and used in the construction and
validation of PROMs.'*' The main goal of factor analysis
is to explain the observed variables (in the case of PROMs,
items on a scale) by a smaller number of latent variables
(factors)."

EFA and CFA are two general techniques for conduct-
ing a factor analysis and the method used depends on the
purpose of the study. Normally, EFA may be used to iden-
tify the underlying structure of a measure or to discard
redundant items. If, on the other hand, the underlying
structure of the measure is already known and the goal is
to check if this structure holds across groups (invariance),
CFA is the method of choice. When conducting EFA, there
is often no a priori knowledge about the relationships
between the latent and observed variables, and the pur-
pose of EFA is to identify latent factor solutions that are
able to explain the pattern of correlations or covariances
between the observed variables. Alternatively, CFA can be
used statistically to test the fit of an a priori hypothesised
structure of an instrument. Usually, several competing
models that are based on theory and/or empirical
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Table II. Results of two-factor exploratory factor
analysis (abbreviated item content next to question

number)
Factor 1 Factor 2

Q5 (Shopping) 0.783 0.021
Q3 (Transport) 0.771 0.030
Q4 (Dressing) 0.758 -0.070
Q7 (Stairs) 0.750 0.075
Q2 (Washing) 0.733 -0.003
Q6 (Walking) 0.445 0.289
Q10 (Sudden pain) -0.124 0.833
Q12 (Night pain) -0.084 0.779
Q1 (Pain) 0.157 0.637
Q8 (Standing up) 0.363 0.484
Q11 (Work) 0.428 0.473
Q9 (Limping) 0.283 0.422

research are tested for good fit. Nevertheless, when both
EFA and CFA are conducted, it is important to consider the
type of measurement scale represented by the instru-
ment. Measures that use Likert-type responses (such as
the OHS) provide a categorical (ordinal) description of an
underlying continuous variable. In this case, the EFA and
CFA should be based on the matrix of polychoric correla-
tions (rather than Pearson), which is also robust to under-
lying non-normality."’

EFA. As the goal of EFA was to identify the number of fac-
tors that the measure was assessing, principal axis factor-
ing (PAF) was chosen as the extraction method.''® The
decision on the number of factors to extract was assessed
by using several methods: Kaiser-over-1 (K-over-1) rule,
the scree test,?° Velicer’s minimum average partial (MAP)
test?’ and Horn’s parallel analysis (PA).2? Factors were
rotated using the oblique rotation method (promax).
Items were assigned to a factor if their loading on a factor
was > 0.3.23

CFA. CFA was conducted to test the fit of the two hypo-
thesised factor models.

Model 1 hypothesised that all 12 items characterise the
single underlying factor. This model was tested as the one-
factor model corresponds to the conceptual basis of the
OHS.3 The acceptability of this model was further con-
firmed by evidence of its high internal consistency and on
the basis of the number of extracted factors in this study
using some of the most commonly recommended meth-
ods, namely Horn’s PA?2 and Velicer’s MAP test.?'

Model 2 tested two first-order correlated factors as indi-
cated by other commonly recommended methods: the
scree test?® and K-over-1 rule."

As the data were ordinal and non-normal, the diagonally-
weighted least squares (DWLS) method, based on poly-
choric correlations and asymptomatic covariances, was
used for extraction.”! No modification indices were consid-
ered. The DWLS method was used to estimate relationships
between items and factors. This method works best with
large datasets containing ordinal data. The following fit

indices were considered satisfactory: root mean square error
of approximation (RMSEA) < 0. 05 close fit, < 0.08 good fit,
< 0.1 satisfactory fit; comparative fit index (CFl) > 0.95, and
standard root mean square residual (SRMR) < 0.08 good,
< 0.05 close fit.* Cronbach’s alpha®® was used to test the
internal consistency of the subscales.

Results

EFA. Depending on the method employed, one- or two-
factor models of the OHS were suggested. Velicer’s MAP
test?’ and the PA?2 suggested one-factor. The scree test?°
and K-over-1" rule suggested two factors, with the sec-
ond eigenvalue of 1.02. The first two factors explained
64% of the variance. Table Il demonstrates the factor load-
ings for the two-factor solution.

The two-factor EFA revealed that items 2 (have you had
any trouble with washing and drying yourself (all over)
because of your hip?), 3 (have you had any trouble getting
in and out of a car or using public transport because of
your hip? (whichever you tend to use)), 4 (have you been
able to put on a pair of socks, stockings or tights?), 5 (could
you do the household shopping on your own?), 6 (for how
long have you been able to walk before pain from your hip
becomes severe? (with or without a stick)) and 7 (have you
been able to climb a flight of stairs?) loaded saliently on
Factor 1. This factor was labelled ‘Function’. Items 1 (how
would you describe the pain you usually have from your
hip?), 9 (have you been limping when walking, because of
your hip?), 10 (have you had any sudden, severe pain —
‘shooting’, ‘stabbing’ or ‘spasms’ — from the affected hip?)
and 12 (have you been troubled by pain from your hip in
bed at night?) loaded significantly on the Factor 2. This fac-
tor was labelled ‘Pain’. Items 8 (have you been able to put
on a pair of socks, stockings or tights?) and 11 (how much
has pain from your hip interfered with your usual work
(including housework)?) were markedly cross-loading.
These items were assigned to the ‘Pain’ factor.

Cronbach’s alpha was 0.861 for the ‘Function’ subscale

and 0.855 for the ‘Pain’ subscale.
CFA. CFA (Table Ill) indicated that the two-factor model of
the OHS demonstrated marginally better fit than the one-
factor model. However, neither of the models was rejected.
The results of EFA and CFA demonstrate that the OHS can
be used both as a single summary score and in the form of
Pain and Function component subscales. Items 1, 8, 9, 10,
11 and 12 can be grouped into a ‘Pain’ component and
items 2, 3,4, 5, 6 and 7 can be grouped into the ‘Function’
component. We recommend scoring the two component
subscales on a scale 0 (worst) to100 (best).

Discussion

The aim of this study was to explore if pain and function
can be distinguished in the OHS in a meaningful way, by
conducting both EFA and CFA. EFA and CFA demon-
strated that the OHS can be considered as consisting of
either one or two factors.
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Table I11. Summary of confirmatory factor analysis fit measures for one- and two-factor model

Factor X df CFI SRMR RMSEA RMSEA 90% CI
1 6251 54 1.00 0.052 0.034 (0.034 to 0.035)
2 4114 53 1.00 0.043 0.028 (0.027 to 0.029)

X2, chi squared; df, degrees of freedom; CFl, comparative fit index; SRMR, standard root mean square residual; RMSEA, root mean square error of approxi-
mation; 90% Cl, 90% confidence interval
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