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�� Arthroplasty

The use of patient-reported outcome 
measures to guide referral for hip and 
knee arthroplasty
Part 1: The development of an evidence-based model 
linking preoperative score to the probability of 
gaining benefit from surgery

Aims
To calculate how the likelihood of obtaining measurable benefit from hip or knee arthro-
plasty varies with preoperative patient-reported scores.

Methods
Existing UK data from 222,933 knee and 209,760 hip arthroplasty patients were used to model 
an individual’s probability of gaining meaningful improvement after surgery based on their 
preoperative Oxford Knee or Hip Score (OKS/OHS). A clinically meaningful improvement after 
arthroplasty was defined as ≥ 8 point improvement in OHS, and ≥ 7 in OKS.

Results
The upper preoperative score threshold, above which patients are unlikely to achieve any 
meaningful improvement from surgery, is 41 for knees and 40 for hips. At lower scores, the 
probability of improvement increased towards a maximum of 88% (knee) and 95% for (hips).

Conclusion
By our definition of meaningful improvement, patients with preoperative scores above 41 
(OKS) and 40 (OHS) should not be routinely referred to secondary care for possible arthro-
plasty. Using lower thresholds would incrementally increase the probability of meaningful 
benefit for those referred but will exclude some patients with potential to benefit. The 
findings are useful to support the complex shared decision-making process in primary care 
for referral to secondary care; and in secondary care for experienced clinicians counselling 
patients considering knee or hip arthroplasty, but should not be used in isolation.

Cite this article: Bone Joint J 2020;102-B(7):941–949.

Introduction
Within the UK’s National Health Service (NHS), 
more than 200,000 hip and knee arthroplasties 
are now performed each year, mostly in patients 
with painful osteoarthritis (OA).1 In most cases, 
the procedures are highly successful in improving 
quality of life, although 10% to 20% of patients are 
dissatisfied with outcomes, mainly due to ongoing 
pain.2 Following National Institute for Health and 
Care Excellence (NICE) guidance for managing 
OA, patients should be referred to secondary care 
to be assessed for a possible arthroplasty when 
pain persists after nonoperative care manage-
ment.3 In secondary care, shared decisions about 
surgery are based on balancing an individual’s 
capacity to benefit from surgery and the potential 

risks associated with surgery (e.g. medical compli-
cations, revision, and dissatisfaction).4

Since 2009, patients in England have been 
asked to complete the Oxford Hip and Knee 
Score5 (OHS/OKS) questionnaires preoperatively 
and six months after surgery. In addition to patient 
outcome evaluation, these data have been used to 
compare providers.6-9 Over the last eight years, 
some Clinical Commissioning Groups have intro-
duced guidelines for referral that have included 
a maximum preoperative Oxford score, set as a 
threshold that acts as hard boundary for referral 
or not. The thresholds have varied between 18 
and 30 points.10-13 The assumption underpinning 
this approach is that patients with higher preop-
erative scores have less capacity to benefit from 
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arthroplasty4 and could be excluded from referral. However, 
there is currently no published evidence to support the use of 
thresholds or their current level.14 In response to the need for 
greater evidence in this area, the National Institute of Health 
Research (NIHR) commissioned research to examine whether 
preoperative score thresholds for referral are appropriate, and 
to provide some evidence-based guidance for the selection of 
threshold levels.

The aim of the research was to: estimate and internally vali-
date a model using existing data to link an individual’s preoper-
ative Oxford score to their probability of gaining a meaningful 
improvement after arthroplasty; quantify how the magnitude 
of change in Oxford score varies with preoperative score; and 
determine the effect of setting different and varying preopera-
tive scores as thresholds for referral into secondary care.

Methods
Choice of the Oxford scores. As part of the wider project, 
we initially performed a comprehensive systematic review 
of the literature exploring all outcome measures used for to-
tal hip arthroplasty (THA) and total knee arthroplasty (TKA) 
patients.15 This assessed the methodological quality and psy-
chometric properties of 32 instruments. It was found that the 
best-performing condition-specific scores were the Oxford 
Hip Score, the Oxford Knee Score, and the Western Ontario 
and McMaster Universities Osteoarthritis Index16 (WOMAC). 
As a result of their evidence base,9 established and document-
ed measurement properties,17 consensus opinion, and existing 
widespread use in the NHS, OHS and OKS were selected for 
estimation of thresholds. These scores range between zero and 
48 points (where zero indicates the most severe problems and 
higher values indicate better function) and have been shown 
to be validated measures of preoperative disease state and out-
comes of arthroplasty.5,18-20

Dataset. The NHS patient-reported outcome measures 
(PROMs) dataset linked to Hospital Episode Statistics21 (HES; 
2009 to 2015) was used. Inclusion criteria were patients who 
had undergone primary hip or knee arthroplasty (including to-
tal knee, unicondylar knee and patellofemoral arthroplasty, and 
total and resurfacing hip arthroplasty) primarily for OA;22 base-
line and six-month postoperative Oxford scores are collected.
Definition of benefit after hip and knee arthroplasty. Benefit 
was defined as a meaningful improvement in OHS/OKS after 
surgery. An anchor-based best cut-point method for determin-
ing meaningful improvement using receiver operating char-
acteristic (ROC) curves had previously been developed using 
an earlier extract of the same data source (NHS PROMs data 
2009 to 2011).17 Based on the minimal important change (MIC) 
identified in that study, we defined a clinically meaningful im-
provement (‘much better’ or ‘a little better’) after arthroplasty 
as comprising an eight points or greater improvement in OHS, 
and seven points or more for OKS. Although meaningful im-
provement could be defined using smaller values of OHS and 
OKS, we believe that the use of the calculated MIC, using es-
tablished methodology, is the best estimate.
Modelling. We used two statistical models to address the first 
two aims of our study: to use existing data to link an individ-
ual’s preoperative OHS/OKS to their probability of gaining a 

meaningful improvement after arthroplasty, and to quantify 
how the magnitude of change in OHS/OKS varies with preop-
erative score.

First, we modelled the probability of achieving a meaningful 
improvement directly using fractional polynomial logistic regres-
sion. This assessed the prognostic value of the preoperative OHS/
OKS only, and with additional covariates.23 The performance of 
the models with the preoperative score only and the final covariate 
model was assessed in terms of discrimination and calibration by 
calculating the area under the (receiver operating) curve (AUC) 
and producing calibration plots. The baseline covariates investi-
gated in the logistic regression models were age (as a continuous 
variable), sex, the presence or absence of 12 patient-reported 
comorbidities (heart disease, high blood pressure, problems 
caused by stroke, leg pain when walking due to poor circulation, 
lung disease, diabetes, kidney disease, disease of the nervous 
system, liver disease, cancer, depression, and arthritis) and length 
of time with hip or knee symptoms (< one year, one to five years, 
six to ten years, > ten years).

Second, we used quantile regression to quantify how the 
magnitude of change in Oxford score varies with preoperative 
score: a calculation that was not possible with the first model-
ling approach. These models had a third-degree polynomial 
form and robust variance estimation and directly modelled the 
absolute magnitude of change across the range of preoperative 
scores for the respective centile.24 We assessed the prediction 
accuracy of this modelling approach by comparing the esti-
mated values against the observed percentile value across 
the preoperative score range. Additionally, we calculated the 
probability of a meaningful improvement from the respective 
quantile (1 to 99 percentile) model and compared this against 
the observed data and the estimate from the logistic regres-
sion model. Given the very large size of the available dataset, 
modelling performance was internally validated by assessing 
sensitivity to key factors (time period, sex, and age) through 
undertaking subset analyses and not by selecting a random 
sample or a bootstrapping approach. The sensitivity and spec-
ificity (with confidence intervals (CIs)) of using the respective 
preoperative threshold to identify those who had a meaningful 
improvement was calculated.

Complete case analyses were performed throughout, given 
the large samples available and the lack of information about 
reasons for values being missing. Stata v. 14 (StataCorp, 
College Station, Texas, USA) was used for all statistical anal-
yses. For binary measures, 95% CIs were calculated using the 
binomial exact method.
Calculation of example thresholds. We defined the ‘abso-
lute threshold’ as the level of preoperative OHS or OKS above 
which a patient had a 0% probability of achieving a meaningful 
improvement in score. Below the absolute threshold value, an 
individual’s probability of achieving a good outcome changes 
as the preoperative score reduces. It is therefore possible to cal-
culate preoperative scores (or thresholds) that equate to a prede-
termined probability of achieving a meaningful improvement. 
Specifically, we report example threshold OHS/OKS values at 
which the probability of meaningful improvement is 90%, 80%, 
70%, and 50%.
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Table I. Demographics of the populations studied.

Characteristic Hip Knee

Total patients 209,761 222,933

Mean age (SD; range) 68.4 (10.5; 13 to 100) 69.5 (8.9; 16 to 102)

Age category, n (%)*
< 60 yrs 37,904 (18.1) 29,349 (13.2)

60 to 80 yrs 144,064 (68.7) 164,132 (73.6)

> 80 yrs 27,793 (13.2) 29,452 (13.2)

Sex, n (%)†
Male 84,673 (40.4) 96,006 (43.1)

Female 125,058 (59.6) 126,885 (56.9)

Comorbidity, n (%)

Heart disease 19,679 (9.4) 23,340 (10.5)

High blood pressure 82,428 (39.3) 102,542 (46.0)

Stroke 2,912 (1.4) 3,733 (1.7)

Peripheral vascular disease 11,968 (5.7) 16,464 (7.4)

Lung disease 15,592 (7.4) 18,571 (8.3)

Diabetes 18,449 (8.8) 27,789 (12.5)

Kidney disease 3,550 (1.7) 4,022 (1.8)

Nervous system disorder 1,566 (0.7) 2,155 (1.0)

Liver disease 1,081 (0.5) 1,199 (0.5)

Cancer 10,085 (4.8) 10,416 (4.7)

Depression 15,264 (7.3) 18,375 (8.2)

Arthritis 151,331 (72.1) 174,391 (78.2)

Comorbidities, n (%)

0 29,933 (14.3) 22,121 (9.9)

1 79,168 (37.7) 73,599 (33.0)

2 63,076 (30.1) 74,649 (33.5)

3+ 37,584 (17.9) 52,564 (23.6)

Year of NHS PROMs, n (%)

2009 to 2011 96,041 (45.8) 102,448 (46.0)

2012 to 2015 113,720 (54.2) 120,485 (54.0)

Living arrangement, n (%)‡
I live with someone 151,669 (73.6) 164,451 (75.3)

I live alone 53,318 (25.9) 52,985 (24.3)

I live in a care home 259 (0.1) 219 (0.1)

Other 769 (0.4) 802 (0.4)

Symptom period, n (%)§
< 1 year 29,053 (13.9) 11,041 (5.0)

1 to 5 years 142,960 (68.5) 116,195 (52.4)

6 to 10 years 23,108 (11.1) 48,340 (21.8)

More than 10 years 13,588 (6.5) 46,273 (20.9)

*Data missing for one hip patient.
†Data missing for 30 hip patients and 42 knee patients.
‡Data missing for 3,746 hip patients and 4,476 knee patients.
§Data missing for 1,053 hip patients and 1,84 knee patients.
PROMs, patient-reported outcome measures.

Fig. 1

Flowchart for hip and knee data sets. HES; Hospital Episode Statistics; 
OHS; Oxford Hip Score; OKS; Oxford Knee Score; PROMs, patient-
reported outcome measures.

For each of the threshold levels, we used PROMs data to 
calculate the proportion of patients who currently undergo hip 
or knee arthroplasty in England who would potentially have 
been restricted from referral if that threshold was applied.

Results
Descriptive and demographic statistics. The NHS PROMs co-
hort linked to HES for the period 2009 to 2015 included 277,786 
hip and 298,194 knee procedures once duplicates were removed 
(Table I). Of these, 209,761 hips and 222,933 knee patients who 
completed pre- and postoperative OHS/OKS with sufficient 
procedure-specific data to derive scores were included in the 

analysis (Figure 1). Individuals (< 1%) with partially completed 
OHS/OKS were excluded given the overall sample size. In the hip 
group, 59.6% were female, and there was a mean age of 68.4 years 
(12 to 100) (Table I). In the knee cohort, 56.9% were female, and 
there was a mean age of 69.5 years (16 to 102).
Absolute thresholds. We calculated the absolute threshold 
(above which there is 0% probability of a meaningful improve-
ment) to be 40 points on the OHS, since patients with preop-
erative scores of 41 or higher cannot achieve an eight-point 
improvement in OHS. Similarly, the absolute OKS threshold 
(above which patients cannot achieve a seven-point improve-
ment in OKS) was 41 points.
Linking preoperative score to probability of achieving a 
meaningful improvement. Figure  2 demonstrates how the 
probability of achieving a meaningful improvement in out-
come varies according to preoperative OHS/OKS. All patients 
at or below the absolute threshold (40 points for hips and 41 
points for knees) had, by definition, some chance of achieving 
a meaningful improvement from hip/knee arthroplasty. For hip 
arthroplasty, the maximum estimated probability of meaning-
ful improvement was 95% (at a preoperative OHS score of 
eight points). The probability of meaningful improvement was 
over 90% at OHS scores between 0 and 23 points (Figure 2a). 
Between 24 and 38 points, the probability of benefit decreased 
slowly at first then more quickly as the preoperative OHS in-
creased. Above a score of 38 points, where the probability of 
meaningful improvement was calculated to be about 50%, there 
was a faster drop to the absolute threshold of 40 points. Above 
40 points there is, by definition, a zero probability of meaning-
ful improvement, since these patients cannot achieve an eight-
point improvement on the 48-point scale.
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Fig. 2

Graphs showing observed and predicted probability of achieving a 
meaningful improvement plotted against preoperative Oxford score for 
a) hip (area under receiver operating characteristic (ROC) curve: 0.65 
(95% confidence interval (CI) 0.64 to 0.65) and b) knee arthroplasty (area 
under ROC curve: 0.61 (95 % CI 0.61 to 0.62)), calculated using fractional 
polynomial logistic regression. In each plot, the light grey line with 95% 
CIs presents the observed proportion.

Fig. 3

Change from baseline Oxford Hip Score (OHS) and Oxford Knee Score 
(OKS) at the 10th, 20th, 30th, and 50th quantiles estimated with 95% 
confidence intervals (CIs) using the quantile regression model and 
based upon the observed data for a) hips and b) knees. Lightest grey 
dots indicate each observational percentile and all other dots indicate 
the observation density thresholds

The overall pattern for knee arthroplasty was similar to hip 
arthroplasty (Figure  2b). The peak probability of meaningful 
improvement of 88% was seen at 11 points. In contrast to the 
hip model, there was some suggestion of a modest decrease 
in probability of meaningful improvement decreased this, 
reaching a minimum value of around 85%. Above 20 points, 
the probability of improvement reduced more quickly with 
increasing preoperative scores; however, the curve drops less 
steeply than that for hips, over a much wider range of scores. 
For scores above 41 points (the absolute threshold), applying 
our definition there is no chance of a meaningful improvement.

The quantile regression models demonstrated that for almost 
all preoperative scores below the absolute threshold, most 
patients achieved improvements from hip and knee arthroplasty 
that were greater than the minimally important clinical differ-
ence, while a minority of patients did not achieve a meaningful 
improvement (Figure 3).

Calculation of example threshold levels. A selection of differ-
ent example threshold levels were explored. For patients under-
going hip arthroplasty, setting a preoperative OHS threshold of 
35 points would identify patients with a ≥ 70% chance of mean-
ingful improvement. The other specific example relative thresh-
old levels calculated for hip arthroplasty were 23, 32, and 38 
points respectively. The proportion of patients who would have 
a meaningful improvement at each of these preoperative score 
categories was 90%, 80%, and 50% respectively (Table II). For 
knee arthroplasty, a threshold of 31 points would identify pa-
tients with a ≥ 70% chance of improvement. Relative thresholds 
of 25 and 36 points would identify patients with 80% and 50% 
chance of meaningful improvement, respectively (Table III).
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Table II. Relative threshold values for hip arthroplasty at which 90%, 80%, 70%, and 50% of subjects achieved the meaningful improvement criteria 
of eight points on the Oxford Hip Score, for both observed data and predictions from quantile regression.

Baseline covariate Total patients Predicted preoperative score corresponding 
to preselected percentage probability of 
improvement.

      Observed score

90% 80% 70% 50% 90% 80% 70% 50%
Total 209,761 223 32 35 38 24 31 35 38

Age category, n
< 60 yrs 37,904 26 33 36 38 27 32 38 38

60 to 80 yrs 144,064 24 32 35 38 24 32 35 38

> 80 yrs 27,793 19 27 32 36 19 26 31 36

Sex, n*

Male 84,673 25 32 35 38 26 33 35 38

Female 125,058 22 31 34 38 23 31 35 38

Year of NHS PROMs, n
2009 to 2011 96,041 22 31 34 38 20 31 35 38

2012 to 2015 113,720 25 32 35 38 25 31 35 38

*Data missing for 30 patients.
PROMs, patient-reported outcome measures.

Table III. Relative threshold values for knee arthroplasty at which patients have a 90%, 80%, 70%, or 50% probability of achieving the meaningful 
improvement criteria of seven points on the Oxford Knee Score, for both observed data and predictions from quantile regression.

Baseline covariate Total patients Predicted preoperative score corresponding 
to preselected percentage probability of 
improvement

    Observed score

90% 80% 70% 50% 90% 80% 70% 50%
Total, n 222,933 N/A 25 31 36 1 25 30 36

Age category, n
< 60 yrs 29,349 N/A 18 29 35 1 21 30 35

60 to 80 yrs 164,132 N/A 26 31 36 1 26 31 36

> 80 yrs 29,452 13 24 30 35 15 26 30 36

Sex, n*

Male 96,006 N/A 26 31 36 0 26 32 36

Female 126,885 N/A 25 30 35 1 25 30 36

Year of NHS PROMs, n
2009 to 2011 102,448 N/A 24 30 35 1 23 30 36

2012 to 2015 120,485 N/A 27 31 36 1 26 32 36
*Data missing for 42 patients.
N/A, not applicable; PROMs, patient-reported outcome measures.

Model performance. The fractional polynomial logistic regres-
sion demonstrated that both OHS and OKS had prognostic val-
ue (based upon AUC around 0.6) for predicting whether patients 
have a meaningful improvement (Figures 3a and 4a). However, 
there was still substantial unexplained variation between pa-
tients. Following the model building process, the AUC was 
only marginally improved by the final models, which contained 
the selected covariates (Figures 1 and 2). Quantile regression 
results showed good correspondence between observed and es-
timated change (Figure 3). The quantile regression model did 
not show much difference across subpopulations (internal val-
idation). There was also a good level of agreement of the pro-
portion achieving a meaningful improvement based upon the 
quantile regression models and the corresponding values from 
the fractional polynomial logistic model and the observed data.
Effect of thresholds on current provision of hip and knee 
arthroplasty in the NHS. Based on the PROMs data, less than 
1% of hip and knee arthroplasties performed between 2009 
and 2016 were undertaken in patients with preoperative scores 
above our calculated absolute thresholds. This is reassuring for 

current practice and suggests that introducing such an absolute 
threshold for potential to benefit would not restrict access to 
care for most of the patients currently selected for arthroplas-
ty. However, introducing lower thresholds could potentially 
restrict access to care for some patients (Figure 4). For exam-
ple, setting a threshold OHS of 35 or OKS of 31 points (which 
would identify patients with a ≥ 70% probability of meaningful 
improvement) would have precluded referral in 2% of current 
hip arthroplasty patients (approximately 2,000 patients/year in 
England) and 6% (approximately 6,000/year) of knee arthro-
plasty patients, respectively. A threshold set at 25 points for 
knee patients would identify patients with an 80% or greater 
probability of meaningful improvement, but would exclude 
20% of current patients. For patients with hip OA, a threshold 
of 23 would identify those with a 90% or greater probability 
of meaningful improvement, but would exclude 26% of cur-
rent patients. In these circumstances a significant proportion of 
those excluded in each model would potentially have done well 
from surgery.
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Fig. 4

Frequency plots of the preoperative scores recorded for a) hip and b) knee arthroplasty between 2009 and 2015, showing the effect of preoperative 
thresholds on current practice.

Discussion
We have estimated a model that links a patient’s preoperative disease 
status, measured by a valid PROM, to their probability of gaining 
meaningful improvement from hip or knee arthroplasty. The results 
provide absolute preoperative Oxford score thresholds, above which 
patients have no capacity (0% probability, as defined by this study) 
to achieve clinically meaningful benefit from arthroplasty surgery: 
40 points for hip patients and 41 points for knee patients. Above 
these thresholds, patients may increase their score postoperatively 
but cannot reach our definition of meaningful improvement. It is 
our opinion that they should probably not be routinely referred for 
consultation with an arthroplasty surgeon for consideration for hip 
and knee arthroplasty. Exceptions to this may (and will) occur such 
as individuals with an Oxford score above the absolute threshold for 

whom arthroplasty is required to treat other reasons beyond existing 
pain and dysfunction (e.g. progressive deformity).

No previously published studies have used preoperative 
PROMs to determine a threshold for referral. This lack of 
evidence has been a major criticism of previous use of Oxford 
scores to set referral levels. Previous work has shown that 
preoperative functional status is the strongest predictor of 
an individual’s final functional outcome.25-27 These findings 
support our model of using the preoperative Oxford score to 
predict an individual’s capacity to improve. Importantly, our 
study supports the findings of many other studies observing that 
up to 85% of patients undergoing knee arthroplasty and 90% 
undergoing hip arthroplasty register meaningful improvement, 
with many demonstrating very large improvements.5,6



VOL. 102-B, No. 7, July 2020

The use of patient-reported outcome measures to guide referral for hip and knee arthroplasty 947

The model predicts an individual patient’s probability of 
gaining meaningful improvement for any preoperative OHS/
OKS below the absolute threshold; in other words it indicates 
whether arthroplasty will provide benefit for an individual 
patient. It shows that most patients have the potential to benefit 
from hip and knee arthroplasty.

We also assessed the effect of applying different thresholds 
for referral on current practice. Our analysis shows that some 
of the lower referral threshold levels that have been used within 
the NHS (e.g. an OKS of 20 points) would exclude significant 
numbers of patients who potentially have much to gain from 
surgery. Introducing the absolute threshold (e.g. an OKS of 
41 points) would only limit access to surgery for less than 1% 
of patients who currently undergo hip and knee arthroplasty. 
This suggests that the current referral and assessment process 
in the UK does not result in many patients undergoing surgery 
where there is no potential for them to benefit. Lower absolute 
thresholds would exclude an increasing numbers of patients 
who currently undergo arthroplasty, despite them having some 
potential to benefit.

It is important to note that the model provides evidence about 
who may benefit from surgery and therefore could be referred 
for surgical assessment. It does not identify who should or will 
undergo surgery. This requires further detailed assessment and 
a shared decision-making process in secondary care, including 
assessment of medical risks and the likelihood of further 
surgery. However, the predicted probability of achieving a good 
outcome could be usefully integrated into a discussion regarding 
referral or the final decision to undergo surgery and this may 
be a useful application of our work. A web-based Arthroplasty 
Candidacy Help Engine (ACHE tool) using these data is under 
development and testing.

The implementation of the absolute threshold in patient-
orientated decision-making is relatively straightforward to 
adopt. Above this level, a patient’s score may improve after 
surgery, though they are unlikely to have a clinically mean-
ingful increase in quality of life. A consultation between a suit-
ably qualified clinician and patient with preoperative OKS/OHS 
above this threshold should lead to referral only in exceptional 
circumstances. The evidence should protect patients against 
undergoing surgery that is unlikely to be of value. Further-
more, the accompanying paper28 demonstrates that hip and knee 
arthroplasty is highly cost-effective at the absolute thresholds, 
and that there is no health economic basis for restricting access 
to care for patients with OHS below 45 points or OKS below 43 
points. Even these higher boundaries, if strictly applied, could 
exclude some who would benefit due to measurement error and 
the benefits not detectable with patient-reported pain and func-
tion measures.

Implementation of lower thresholds for referral (i.e. 
creating a hard boundary for referral or not) is less straight-
forward and requires further consideration. Our work demon-
strates that any lower threshold would inevitably exclude 
some patients who would potentially benefit from surgery. 
The difficulty around setting any minimum OKS/OHS 
threshold has already been recognized by some UK commis-
sioning groups. They have moved away from setting formal 
thresholds for referral, avoiding a postcode lottery of access 

to hip and knee arthroplasty and the gaming that a threshold 
may introduce.13

It is important to reflect on our chosen definition for ascribing 
benefit. We chose the specific gain of at least seven and eight 
points in OKS and OHS, respectively, to define meaningful 
benefit. This was based on our previously published work 
where the Minimally Important Change (MIC) for individual 
level analysis was calculated using ROC analysis14 . Whatever 
the level picked it may exclude some individuals who gain less 
than the MIC but nonetheless have improved quality of life 
and are very satisfied with the outcome of their surgery. Our 
analysis could not include all possible confounding variables 
(for example, socioeconomic status) that could have affected 
the model, as we were limited to the variables included within 
the existing data. However, our study used a very large and rich 
dataset collected over seven years, which enables robust and 
reliable estimates of the model’s performance. Internal valida-
tion showed the model results to not be affected much by the 
explored factors. There was a substantial amount of patient post-
surgical outcome variability which was unexplained (reflected 
in the low AUC value) making the models of limited use to 
predict the outcome of an individual based upon the available 
preoperative information.

A limitation to note is that the current work does not predict 
the probability that patients would be made worse by surgery. 
Showing the potential to gain benefit is different from predicting 
the likelihood of doing poorly. We accept that some patients 
may be worsened but have not included this in the present 
model or the decision-making process. Such differences are 
subtle, but this understanding is essential to how a new ACHE 
tool could work in practice and be usefully integrated into clin-
ical pathways. The accompanying paper28 also takes account of 
surgical mortality, revisions, and the magnitude of quality of 
life changes (both above and below the MIC) when assessing 
how cost-effectiveness varies with preoperative OHS/OKS.

Notional thresholds are not designed to, nor should, reduce 
or remove any autonomy from clinical decision-making. It 
would be wrong to use any threshold as a standalone barrier 
to referral as each patient’s symptoms and clinical problem 
must be assessed on an individual basis. They can be used 
to help both the healthcare professional and the patient with 
shared decision-making. Any consultation using thresholds for 
arthroplasty should be conducted by professionals with appro-
priate levels of competency and knowledge in the manage-
ment of musculoskeletal disease. In complex situations, such 
as progressive deformity with limited pain, referral for expert 
assessment by an orthopaedic surgeon is required regardless of 
the Oxford score. Following published NICE treatment guid-
ance for managing OA, patients who are being considered for 
referral should have a persistent and intrusive level of preoper-
ative symptoms that could be improved by surgery.3 A patient 
must weigh up the potential benefits of the procedure against 
the real risks of surgery (e.g. infection, medical complications, 
revision surgery, and poor functional outcome). The most 
effective way of using the model we have produced may be to 
support the shared decision-making process for patients, begin-
ning at the referral stage and extending into secondary care. 
Our model could be used to inform patients of their likelihood 
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of improvement following surgery and, as such, the tool helps 
deliver effective care rather than restrict access.

In conclusion, we estimated models linking an individual’s 
preoperative OHS/OKS to the probability that they will achieve 
a meaningful improvement in symptoms from hip or knee 
arthroplasty surgery. By our definition of ‘meaningful improve-
ment’, there is little chance of benefit from surgery when 
patients report OKS and OHS of 41 and 40 points, respectively, 
and referral may not be appropriate or necessary. Our work 
suggests that in current practice very few patients undergo hip 
or knee arthroplasty above these levels. Introducing minimum 
thresholds (i.e. creating a hard boundary for referral or not) is 
not straightforward because any threshold below the absolute 
value would increase the proportion of patients achieving a 
meaningful benefit from surgery, but would reduce access for 
some patients who have the potential to benefit. The models 
created could be usefully employed to support shared decision-
making for individual patients at the time of referral and in 
secondary care.

Take home message
- - The preoperative Oxford Hip or Knee Score can be usefully 

linked to the likelihood of improving after arthroplasty.
- - Patients with an OKS above 41 and OHS above 40 should 

not be routinely referred for surgery and in UK current practice the vast 
majority of patients are referred below these levels.
- - The models developed should be used to support patients’ shared 

decision-making but thresholds should not be deployed to unfairly 
restrict patients who would benefit from arthroplasty.
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