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ABSTRACT
Objectives: To identify patient characteristics and
surgical factors associated with patient-reported
outcomes over 5 years following primary total hip
replacement (THR).
Design: Prospective cohort study.
Setting: Seven hospitals across England and
Scotland.
Participants: 1431 primary hip replacements for
osteoarthritis.
Main outcome measures: The Oxford Hip Score
(OHS) was collected preoperatively and each year up to
5 years postoperatively. Repeated measures such as
linear regression modelling are used to identify patient
and surgical predictors of outcome and describe trends
over time.
Results: The majority of patients demonstrated
substantial improvement in pain/function in the first
year after surgery—between 1 and 5 years follow-up,
there was neither further improvement nor decline. The
strongest determinant of attained postoperative OHS
was the preoperative OHS—those with worse
preoperative pain/function had worse postoperative
pain/function. Other predictors with small but
significant effects included: femoral component
offset—women with an offset of 44 or more had better
outcomes; age—compared to those aged 50–60,
younger (age <50) and older patients (age >60) had
worse outcome, increasing body mass index (BMI),
more coexisting diseases and worse Short Form 36
mental health (MH) was related to worse postoperative
pain/function. Assessment of change in OHS between
preoperative and postoperative assessments
revealed that patients achieved substantial and clinically
relevant symptomatic improvement (change),
regardless of variation in these patient and surgical
factors.
Conclusions: Patients received substantial benefit
from surgery, regardless of their preoperative
assessments and surgical characteristics (baseline
pain/function, age, BMI, comorbidities, MH and

femoral component offset). Further research is needed
to identify other factors that can improve our ability to
identify patients at risk of poor outcomes from THR
surgery.

ARTICLE SUMMARY

Article focus
▪ Total hip replacement (THR) is a common and

successful surgical intervention, providing sub-
stantial relief from pain and improvement in
function in patients with hip arthritis.

▪ An important minority of patients continue to
experience some pain and functional disability
following surgery.

▪ Relatively little work has been carried out to
establish the predictors of patient reported out-
comes after hip replacement, in particular the
role of intraoperative surgical factors and how
symptoms change over time in the mid-to-long
term.

Key messages
▪ The majority of patients achieved large improve-

ment in symptoms of pain and function in the
first year following surgery—there was no
further improvement or decline between 1 and
5 years.

▪ A new finding is that a larger femoral component
offset is associated with better outcomes of THR
in women—this finding requires confirmation in
other large cohorts.

▪ Small statistically significant differences in
attained postoperative Oxford Hip Score (OHS)
relating to patient (age, BMI, comorbidities and
mental health (MH)) and surgical (femoral com-
ponent offset) characteristics at the time of
surgery are greatly outweighed by the substantial
change in OHS achieved by these patients.
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INTRODUCTION
Total hip replacement (THR) surgery is a commonly
performed and successful surgical intervention, provid-
ing substantial relief from pain and improvement in
functional disability in patients with hip arthritis.1–4

Attention has turned from looking at the technical out-
comes of surgery, such as prosthesis survival, to the use
of patient reported outcome measures (PROMs) to see
whether surgery has been successful from the patient’s
perspective.3 5 Through the use of PROMs, it has
emerged that while on average the majority of patients
improve after surgery, an important minority of patients
continue to experience some pain and functional dis-
ability after THR, whereas some have no improvement
or get worse.6–10

Relatively little work has been carried out to establish
the predictors of good or bad patient-reported outcomes
after THR.11 Several potential determinants of outcomes
of THR have been identified within the literature includ-
ing baseline levels of pain and function,8 12–16 severity
of clinical disease,13 16 age,13 16 17 gender,13 15 18

radiographic grade,13 14 education,8 12 14 18 obesity,15 17

comorbidities,8 15 living alone,15 19 mental health
(MH)16 and patient’s expectations of surgery.14 20 Little
is known about the probable role of intraoperative surgi-
cal factors on patient-reported outcomes. In addition,
the majority of prior research looks at short-term out-
comes and few studies have examined how symptoms
change over time in the longer term.
Using a large prospective cohort of patients receiving

primary THR for osteoarthritis (OA) with repeated
measures of patient-reported outcomes (as measured
by the Oxford Hip Score (OHS)) at yearly intervals over
a 5-year follow-up period, the aim of this study was to:
(1) identify patient characteristics and intraoperative
surgical factors associated with differences in attained
postoperative levels of pain and function and (2) for
variables identified as significant predictors of attained

postoperative score to assess change (temporal trends)
in symptoms of pain and function over time between
preoperative and postoperative assessments.

METHODS
We obtained information from the Exeter Primary
Outcomes Study (EPOS). Details of the study have previ-
ously been published elsewhere.21–23 Patients were con-
secutively recruited between January 1999 and January
2002 at seven centres across England and Scotland.
Patients underwent THR using a cemented Exeter
femoral stem component (Stryker Howmedica
Osteonics, Mahwah, New Jersey).24 A variety of cemen-
ted and uncemented acetabular components were used.
Patients were included if they were undergoing primary
hip replacement with an Exeter cemented femoral stem
and were willing and able to give consent to participate
in the study. The North Western Multiple Centre
Research Ethics Committee and the local research ethics
committees in all the participating centres gave ethical
approval for conducting the study. All eligible patients
were invited to participate in the study. Patient recruit-
ment varied between the centres but was between 80%
and 90% of eligible patients. The geographical area
covered by the participating hospitals was wide and
included both university teaching and district general
hospitals that included urban and rural locations and
represented both affluent and inner city suburbs. The
catchment area of the four combined units included
over a million people. There were 1375 patients (1431
hips) with a primary diagnosis of OA. The unit of ana-
lysis was the implant rather than the patient, of whom
56 had bilateral procedures. We examined 1431 THRs
performed by consultant and non-consultant surgeons
using anterolateral or posterior approaches.
An extensive range of patient and intraoperative surgi-

cal factors has been collected within the EPOS. A priori
a reduced set of variables was selected for inclusion in
the analysis, based on factors previously shown within
the literature to be related to patient-reported outcomes
of hip replacement, in addition to further variables that
were considered potentially relevant—in particular, the
intraoperative factors, as little is known within the litera-
ture on the possible role with patient outcomes. The
final set of patient and surgical factors that were selected
are described below.

Patient variables
At the preoperative assessment, information was col-
lected on age, gender, height and weight (from which
body mass index (BMI) was calculated), primary diagno-
sis and current occupation. Patients were asked whether
they were using concomitant therapies such as oral
anticoagulants, corticosteroids, non-steroidal anti-
inflammatory drugs and other analgesics. Data were col-
lected on coexistent diseases including whether the
patient had ever had deep venous thrombosis and

ARTICLE SUMMARY

Strengths and limitations of this study
▪ Strengths include the large sample size, repeated measures of

a reliable, valid and responsive instrument for assessing out-
comes of THR with data collected prospectively over 5 years
with a good rate of follow-up.

▪ Further strengths include the use of multiple imputation and
bootstrapping as an internal validation technique, ensuring that
the predictors identified are those most likely to be replicated
in external validation studies.

▪ Limitations are that other potential predictive variables were
not available in this study, such as radiographic grade, pattern
of osteoarthritis, patient expectations of surgery and the type
and extent of joint damage.

▪ Response bias may play a role, as responders were younger
and had better preoperative Short Form 36 MH scores; hence,
the true effects of these predictors may be underestimated.
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pulmonary embolism, whether there was any evidence of
urinary tract infection in the 4 weeks prior to surgery,
whether the patient had any other musculoskeletal
disease, whether the patient suffers from neurological,
respiratory, cardiovascular, renal and hepatic disease and
whether the patient was currently receiving treatment for
any other medical conditions. An ordinal variable was
created of the number of coexistent diseases a patient
had at the preoperative assessment. Fixed flexion
range of motion recorded in degrees was obtained from
the Charnley Modification of D’Aubigne-Postel Grade
questionnaire.25 26 Patients completed a preoperative
Short Form 36 (SF-36),27 which measures the quality of
life generically through eight domains: physical function,
bodily pain, general health, role physical, vitality, social
function, role emotional and MH. The lowest score, 0,
corresponds to the worst possible health and 100, to the
best possible health.

Surgical variables
Detailed intraoperative information was collected for
each patient. This included information on the grade of
the operator (consultant, registrar and senior house
officer), surgical approach (anterolateral and posterior)
and patient position (supine and lateral). Data were
available on whether or not a lavage system was used for
the acetabular component, whether there was cement
pressurisation for both the femoral and acetabular com-
ponents, the type of cement used in both the socket
(none, simplex, cmw1, palacos r and other) and the
femur (simplex, cmw1, cmw3, palacos r and palacos lv),
the type of polyethylene used (uhmwpe and cross-
linked), whether the femoral head was made of stainless
steel or ceramic, femoral head size (22, 26 or 28 mm)
and the femoral component offset size (35, 37.5, 44,
50 mm offset). The duration of the operation was
recorded in minutes.

Outcome variable
Prior to the surgery, patients completed an OHS ques-
tionnaire with follow-up questionnaires being filled in at
1, 2, 3, 4 and 5 years postsurgery. Preoperative and post-
operative scores were completed independently by the
patient prior to clinical examination. The OHS was
introduced in 1996 predominantly for use in clinical
trials.28 The score is joint specific and has been assessed
for reliability and validity.29 The OHS consists of 12
questions asking patients to describe their hip pain and
function during the past 4 weeks. Each question is on a
Likert scale taking values from 0 to 4. An overall score is
created by summing the responses to each of the
12 questions. A total score was created ranging from
0 to 48, where 0 is the worst possible score (most severe
symptoms) and 48 is the best score (least symptoms).

Statistical methods
Stata V.11.1 (Stata, College Station, Texas, USA) was
used for all statistical analyses. Potential prognostic

variables included the patient and surgical variables
described above. The cumulative effect of missing data in
several variables often leads to exclusion of a substantial
proportion of the original sample, causing a loss of preci-
sion and power. To overcome this bias we used multiple
imputation, which allows for the uncertainty about
missing data by creating several plausible imputed data-
sets and appropriately combining their results. We have
performed this using the Imputation by Chained
Equations (ICE) procedure in Stata30 and 10 imputed
datasets created. We included all predictor variables in
the multiple imputation process (as listed earlier),
together with the outcome variable as this carries infor-
mation about missing values of the predictors. We fitted
two models to describe the association of the patient and
surgical variables on the following outcomes:
A. Attained postoperative OHS at 1, 2, 3, 4 and 5 years

follow-up: a repeated measures linear regression
model was fitted where the outcomes were the OHS
at 1, 2, 3, 4 and 5 years follow-up, adjusting for the
preoperative OHS as a covariate in the model.
Generalised estimating equation was used to account
for clustering within the data using an exchangeable
correlation matrix. This model estimates the impact
of predictors on the average OHS over the five
follow-up time points. Fractional polynomial regres-
sion modelling was used to explore evidence of non-
linear relationships for continuous variables.
Interaction terms were fitted between the predictor
variable and time, to see if the association of the
predictor on outcome changed between 1 and
5 years follow-up.

B. Change in OHS between baseline and 1, 2, 3, 4 and
5 years follow-up: for variables identified as significant
predictors of attained postoperative OHS, the
repeated measures linear regression model is fitted,
where the outcome is expanded to include the pre-
operative and 1, 2, 3, 4 and 5 years postoperative
OHS. Interaction terms are fitted between the pre-
dictor variable and time to describe the change in
OHS over time31 across categories of the predictor
variable, for example, in those who are obese versus
not obese.

Model validation
The full regression model including all predictor vari-
ables is fitted to each of the imputed datasets and aver-
aged together to give overall estimated associations with
standard errors (SEs) calculated using Rubins rules.30

Given the extensive list of patient and surgical variables
considered for inclusion in the model, we wanted to
ensure that we minimised the possibility of making a
type 1 error (rejecting the null hypothesis when it is
true)—for example, the chance that a variable identified
as being ‘significant’ in this dataset may not be repli-
cated in other samples of patients. For internal valid-
ation of the model, we therefore used a combination of
multiple imputation and bootstrapping32 33 (see online

Judge A, Arden NK, Batra RN, et al. BMJ Open 2013;3:e002453. doi:10.1136/bmjopen-2012-002453 3

The association of patient characteristics and surgical variables

 on 8 June 2018 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2012-002453 on 1 M
arch 2013. D

ow
nloaded from

 

http://bmjopen.bmj.com/


supplementary file). A total of 200 bootstrap samples are
randomly drawn with replacement. An automatic back-
ward selection procedure is applied to each of the 200
bootstrap samples of 10 imputed datasets using a Wald
test with a stopping rule of α=0.157. Variables retained
in the final regression model are those consistently
selected across the re-samples at least 70% of the time.
To assess model discrimination, we use the R2 statistic as
a measure of explained variation.34

RESULTS
Data are available on 1375 patients (1431 hips) receiving
primary hip-replacement surgery between January 1999
and January 2002. Of these patients, 1281 (89.5%) com-
pleted a preoperative OHS questionnaire and at least
one of the follow-up questionnaires and were included
in the analysis. About 80% of patients completed the
OHS at the 1 year follow-up and this declined to a 70%
response rate by 5 years. Baseline demographic details
are described in table 1. A comparison of the patients

that did, and did not, respond to the 5-year follow-up
questionnaire revealed that there were no differences in
baseline pain and function as assessed by the OHS.
Differences were observed where those that responded
were younger, less likely to be unemployed/retired and
had better preoperative SF-36 MH scores.
Histograms of the distribution of OHS at baseline

and follow-up and the absolute difference in scores
(figure 1) highlight that, at the 1-year and 5-year follow-
ups, the score is negatively skewed to the left, suggesting
that the majority of patients achieve improvement in
pain and function. The histograms of the difference in
scores highlight that almost all patients get better with
only a small minority getting worse or receiving no
improvement (2.3% by 1 year and 1.2% by 5 years). The
change in OHS over time from the repeated measures
regression model is displayed in figure 2. This demon-
strates that regardless of the level of preoperative OHS,
patients achieved substantial improvement in pain and
function following surgery. Those with the worst pre-
operative scores achieved the greatest improvement

Table 1 Descriptive statistics and comparison of those who did, and did not, complete the 5-year follow-up questionnaire

Variable Missing

Baseline

(n=1431)

Non-responders

at year 5

Responders

at year 5 p Value*

Oxford Hip Score

Preoperative 70 (4.9%) 16.4 (7.8) 16.1 (8.2) 16.5 (7.6) 0.35

1 year postoperative 274 (19.1%) 43 (36, 46) – –

2 year postoperative 316 (22.1%) 43 (36, 47) – –

3 year postoperative 368 (25.7%) 43 (36, 47) – –

4 year postoperative 430 (30.0%) 44 (36, 47) – –

5 year postoperative 396 (27.7%) 43 (37, 47) – –

Patient characteristics

Age 9 (1%) 70.0 (63.9, 76.1) 73.6 (66.2, 79.3) 68.8 (62.7, 74.5) <0.001

BMI 95 (7%) 27.4 (4.9) 27.1 (4.9) 27.6 (4.8) 0.077

Gender 7 (0%) 0.46

Male 537 (38%) 171 (39%) 366 (37%)

Female 887 (62%) 266 (61%) 621 (63%)

Occupation 0 (0%) 0.005

Heavy manual 41 (3%) 8 (2%) 33 (3%)

Light manual 89 (6%) 20 (5%) 69 (7%)

Office/professional 107 (7%) 21 (5%) 86 (9%)

Housewife 187 (13%) 67 (15%) 120 (12%)

Unemployed/retired 1007 (70%) 325 (74%) 682 (69%)

Number of coexisting diseases 0 (0%) 0.94

0 431 (30%) 136 (31%) 295 (30%)

1 498 (35%) 147 (33%) 351 (35%)

2 315 (22%) 99 (22%) 216 (22%)

3 140 (10%) 43 (10%) 97 (10%)

4 47 (3%) 16 (4%) 31 (3%)

Concomitant therapy used 8 (1%) 0.84

No 104 (7%) 31 (7%) 73 (7%)

Yes 1319 (93%) 406 (93%) 913 (93%)

SF36 mental health score 515 (36%) 74 (60, 88) 72 (52, 88) 76 (60, 88) 0.046

Cells represent either: number (percentage), mean (SD), median (IQR).
Where continuous variables were not normally distributed, a non-parametric t test (Kruskal-Wallis) was used.
Fisher’s exact test is used where the expected counts are less than 5.
*t Tests are used for continuous variables and χ2 tests for categorical variables.
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(28.8 point change in those with preoperative OHS <5);
however, patients with the best preoperative scores
still achieved substantial improvement (change of
10.6 points in those with preoperative OHS >30).
Interestingly, between the 1-year and 5-year follow-up, a
steady state is reached where there is no further
improvement or decline, with a non-significant trend
between OHS and time (p=0.88).
A number of variables were identified as important

predictors of attained postoperative OHS (table 2). The
strongest determinant of outcomes was the baseline
OHS. Increasing baseline OHS (better preoperative
pain/function) was associated with increasing follow-up
OHS (better postoperative pain/function). The effect of
age was non-linear, where compared to those aged 50–
60, younger patients (age <50) and older patients (age
>60) had worse outcomes. Increasing BMI, patients with
a greater number of coexisting diseases prior to surgery
and those with worse preoperative SF-36 MH scores, also
had worse outcomes. The surgical predictor we identi-
fied was femoral component offset, where patients with

larger offset size (offset of 44 or more) had significantly
better outcomes. We hypothesised that this may be
explained by an interaction with gender, where a larger
offset is used in men. A significant interaction was
observed where no association was observed in men,
while in women those with larger offsets had better out-
comes. The effect of surgical approach was significant at
the 1 year follow-up, where the anterolateral approach
had better outcomes than the posterior approach (dif-
ference in 1 year OHS of 2.2 units 95% CI 1.1 to 3.3);
however, the effect size attenuated over time and
became no longer significant between 3-year and 5-year
follow-up.
Figure 3 describes the change in OHS over time strati-

fied according to each of the predictor variables we
identified in this study. The graphs highlight that while
there are small statistically significant differences in
attained postoperative OHS relating to patient (age,
BMI, comorbidities and MH) and surgical (femoral
component offset) characteristics at the time of surgery,
this is greatly outweighed by the substantial change in

Figure 1 Distribution of Oxford Hip Score at baseline, follow-up and absolute difference in scores.
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OHS achieved by these patients, regardless of whether
they are old or young, obese or not obese. These patient
groups still receive great benefit from surgery.

Assessing the discriminatory ability of the final model
including the baseline OHS alone explained 10.3% of
the variability in outcome. The final predictive model
including the patient and surgical variables explained
16.6%. This suggests that although we have identified
significant patient and surgical predictors of the
outcome, they have smaller effects and explain little of
the variability in attained postoperative OHS above that
of the baseline score.

DISCUSSION
Main findings
Within a large prospective cohort of patients receiving
primary THR in the UK, we identified a number of pre-
dictors of differences in attained postoperative pain and
function. Determinants included: preoperative pain and
function—those with worse preoperative pain/function
had worse postoperative pain/function; femoral component
offset—women with an offset of 44 or more had better
outcomes, age—compared to those aged 50–60, younger
patients (age <50) and older patients (age >60) had
worse outcome, increasing BMI, a greater number of
coexisting diseases and worse SF-36 MH at the time of
surgery was related to worse postoperative pain and
function. The strongest determinant of outcome was the
baseline score with the patient and surgical variables
contributing small but statistically significant effects.
Assessing the relationship of change in symptoms of

pain and function between preoperative and post-
operative assessments for predictor variables in the final
model revealed that patients achieved large symptomatic
improvement (change), regardless of differences in

Table 2 Repeated measures analysis of covariance models to identify predictors of the average Oxford Hip Score (OHS)

between 1-year and 5-year follow-up

Variable

Univariable

Δ coefficient (95% CI) p Value

Multivariable

Δ coefficient (95% CI) p Value

Patient variables

Baseline total Oxford Hip Score (10 units) 3.68 (3.16 to 4.20) <0.001 2.68 (2.16 to 3.21) <0.001

Year 0.02 (−0.10 to 0.13) 0.77 0.01 (−0.11 to 0.13) 0.88

Age

<50 −1.44 (−3.92 to 1.03) 0.25

50–60 −0.96 (−2.27 to 0.35) 0.15 −1.87 (−3.22 to −0.53) 0.006

60–70 0.00 (0.00 to 0.00) – 0.00 (0.00 to 0.00) –

70–80 −0.37 (−1.20 to 0.46) 0.38 −1.49 (−2.37 to −0.61) 0.001

80+ −2.29 (−3.69 to −0.88) 0.001 −3.81 (−5.29 to −2.33) <0.001

BMI (10 units) −1.14 (−2.05 to −0.22) 0.02 −1.54 (−2.45 to −0.64) 0.001

Number of coexisting diseases −1.06 (−1.43 to −0.69) <0.001 −0.90 (−1.27 to −0.54) <0.001

SF-36 mental health score (10 units) 0.80 (0.50 to 1.11) <0.001 0.76 (0.46 to 1.07) <0.001

Surgical variables

Femoral component offset size (mm offset) 0.15 (0.04 to 0.26) 0.01 0.17 (0.06 to 0.28) 0.002

R2 17.4%

Optimism 0.8%

Bias-corrected R2 16.6%

Δ: represents the average follow-up OHS between 1, 2, 3, 4 and 5 years follow-up.
Variables included in the final regression model are those that are retained in at least 70% of the 200 bootstrap backward selection regression
models.
Univariable—each predictor in the model is adjusted for baseline OHS only.

Figure 2 Change in Oxford Hip Score over time, stratified by

baseline score.
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preoperative patient and surgical factors. The change in
symptoms greatly outweighs any differences in attained
postoperative score—patients achieved great benefit
from surgery regardless of factors such as their age and
BMI at the time of surgery. Exploring temporal trends
in symptoms of pain and function over time demon-
strated that there was neither little further improvement
nor decline in the short-term to mid-term (between
1-yearand 5-year follow-up) where a steady symptomatic
state was reached.

Strengths and limitations
The strength of this study lies in its large sample size
and repeated measures of a reliable, valid and

responsive instrument for assessing outcomes of
THR,28 29 with data collected prospectively over 5 years
with a good rate of follow-up. The use of multiple imput-
ation and bootstrapping as an internal validation
technique is a strength of this study, ensuring that
the predictors we identified are those most likely to be
replicated in external validation studies and not chance
significant findings that are anomalies of our dataset.
Within this study, the aim was to identify predictors
of differences in attained postoperative pain and
function—it should be noted that the predictors we
identified of attained health state may not necessarily be
the same as the predictors of improvement (change) in
symptoms. It should be noted that it remains unclear

Figure 3 Change in Oxford Hip Score over time, stratified by predictive variables.
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which measure of the two outcomes of change in status
or attained status is most appropriate for judging the
value of surgery35—THR could either be viewed as
intended to preserve the highest levels of pain function
or alternatively to maximise the potential for symptom-
atic improvement. The limitations are that other poten-
tial predictive variables were not available in this study,
predominantly radiographic factors such as x-ray grade
and pattern of OA and other factors including patient
expectations of surgery and the type and extent of joint
damage. Response bias may play a role, as responders
were younger and had better preoperative SF-36 MH
scores; hence, the true effects of these predictors may
be underestimated in this study.
Within this study, histograms of the absolute difference

(change) in scores between preoperative and post-
operative assessments highlight that almost all patients
get better with only a small minority getting worse or
receiving no improvement (2.3% by 1 year and 1.2% by
5 years). This is set in the context that data in the study
come from seven high volume centres with skilled sur-
geons across England and Scotland and raise the possi-
bility that outcomes in this study may be better than
expected. Comparing this finding with data from other
cohorts, in the European Collaborative Database of Cost
and Practice Patterns of Total Hip Replacement
(EUROHIP) study consisting of THR patients across 20
European orthopaedic centres, based on the change
in Western Ontario and McMaster Universities
Osteoarthritis score (WOMAC) score at 12 months, 58
(6.9%) of 845 patients had no change or a worsening of
symptoms—although this varied by region— and in
patients from the UK, only 4 (3.5%) of 111 patients had
no change or got worse. In data from the Elective
Orthopaedic Centre database that include primary hip
replacements performed in four acute National Health
Service trusts in the UK in South West London, 88
(5.1%) of 1711 patients symptoms got worse after
6 months based on the OHS, and in data from
St. Helier district general hospital, Carshalton, UK, 14
(2.3%) of 619 patients had no change or a worsening in
OHS at 12 months. Hence, while it is plausible that out-
comes in the EPOS may be better than expected, the
findings are consistent with other cohorts.

What is already known?
In our study, an important new finding was that a larger
femoral component offset is associated with better out-
comes of THR. We hypothesised that the effect of offset
size may be explained by an interaction with gender, as
men have larger offsets. A significant interaction was
observed, where no association was observed in men,
while in women those with larger offsets had better out-
comes. The choice of offset can affect hip stability as
well as abduction strength, potentially resulting in abnor-
mal (trendelenburg) gait. Component offset may be
preoperatively templated, although common offsets are
often assumed (ie, 37.5 mm for females and 44 mm

for males). There is greater potential to decrease offset
in females, partly because of the above assumption,
and it is sometimes difficult to use the larger offset com-
ponents because a smaller femoral canal diameter pre-
cludes their use. The choice of offset for the femoral
component has not changed since this study was con-
ducted, and these findings are generalisable to clinical
practice. We are not aware of any data in the literature
describing the relationship of intraoperative surgical
factors on patient-reported outcomes. Within the litera-
ture, data exist on the relationship between head size
and failure of a THR, whereby a larger head size
(40 mm vs 28 mm) with a ceramic-on-ceramic bearing
surface was associated with lower 5 year revision rates.36

This is thought to be related to larger diameter heads
increasing fluid-film lubrication, in turn reducing wear,
and decreasing dislocation rates.36 However, femoral
component offset and head size are independent factors
that are unrelated to one another. Within this study, we
found no association between head size and patient-
reported outcomes—this is unsurprising since the head
sizes used were 22, 26 and 28 mm and common to
orthopaedic practice at the time this study took place.
Thinner liners are now manufactured allowing larger
head sizes to be used in acetabular components of the
same size.
Consistent with other studies in the literature, we

observed that worse preoperative MH was a predictor of
poor outcome16 as were greater numbers of preoperative
comorbidities.8 15 We found that older age and higher
BMI were associated with worse patient-reported out-
comes. Within the literature, while some authors con-
clude that older age and increasing BMI area were
associated with worse outcomes, others have found no
evidence of an association.7–9 12–19 31 37 This is in line
with the conclusions of large literature reviews stating
that such factors are not strong predictors of outcome.11

The findings are important for decision making as physi-
cians often advise patients that they are too old or obese
to receive THR.11 38 We can conclude that in relation to
patient-reported outcomes of THR, even if some groups
fare less well after THR, it does not mean these patients
do not get benefit from surgery.11 Expectations of
patients may also play a role;, for example, what a young
person wants to achieve in functional rehabilitation is
different from the wants of an older person, for whom a
lower functional score may be perfectly acceptable. It is
also well known within the literature that patients with
better preoperative pain and function achieve better
attained postoperative pain and function and that
patients with worse preoperative pain and function get
the greatest change (symptomatic improvement) between
baseline and follow-up.8 12–16

While the effects of preoperative patient characteristics
including age, BMI, coexisting diseases and MH may
already be known within the existing literature, what is
novel about this study is contrasting the effects of these
factors on attained levels of postoperative scores with a

8 Judge A, Arden NK, Batra RN, et al. BMJ Open 2013;3:e002453. doi:10.1136/bmjopen-2012-002453
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graphical representation of change (improvement in
scores). Our findings highlight that small but significant
differences in attained scores are greatly outweighed by
the fact that these patient groups get great benefit from
surgery (in terms of substantial change in symptoms of
pain and function), regardless of the differences in pre-
operative patient characteristics.
Within this study, although we examined a wide

range of patient and intraoperative surgical factors, we
were only able to explain around 17% of the variability
in patient-reported outcomes of THR. Data were not
available to us on other factors known within the
literature to be predictive of outcomes of THR such as
radiographic information and the presence of musculo-
skeletal disease in other joints. It has previously been
shown that patients with pain in other joints39 have
worse outcomes. Patients with worse preoperative x-rays
are more likely to improve.13 14 Worse outcomes have
been observed in patients who live alone,15 19 those
with less social support31 and patients with lower educa-
tional attainment.8 12 14 18 Patients with greater pre-
operative expectations of surgery have been observed
to have better outcomes.14 20 While inclusion of such
factors would help to improve the predictive ability of
the model, as individual factors of interest, it is quite
likely that we would see the same pattern whereby small
differences are seen in attained score but patients
achieve benefit.

What this study adds?
Within this study, we have identified a number of patient
and surgical predictors of attained postoperative pain
and function following THR surgery. These predictors
remain related to outcome over the short-to-midterm.
An important new finding was that a larger femoral
component offset was associated with better post-
operative pain and function in women. This finding
implies that greater consideration should be given to
measuring and deciding upon the choice of offset in
women as there is potential to undersize. While age,
BMI, coexisting diseases, MH and femoral component
offset were associated with small but significant differ-
ences in attained pain and function, analyses of change
demonstrate that these patients still achieve substantial
symptomatic benefit from surgery regardless of the dif-
ferences in these preoperative factors. The findings will
be important to inform patients and clinicians’ decisions
regarding the likely outcomes of surgery for these
patient groups. Although we have assessed a wide range
of patient characteristics and intraoperative surgical
factors, there is still uncertainty as to the cause of vari-
ation in outcomes of hip replacement. There is a need
to focus on issues that remain unclear such as the effect
of soft tissue and the severity and pattern of OA. Further
research is needed using more detailed measures of
existing predictive variables and identification of other
factors beyond those observed in this study that explain
a greater proportion of the variability in outcome to

improve our ability to identify patients at risk of poor
outcomes from THR surgery.
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