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Abstract
Objectives  To estimate the relationship between 
patient characteristics and referral decisions made by 
musculoskeletal hubs, and to assess the possible impact 
of an evidence-based referral tool.
Design  Retrospective analysis of medical records and 
decision tree model evaluating policy changes using local 
and national data.
Setting  One musculoskeletal interface clinic (hub) in 
England.
Participants  922 adults aged ≥50 years referred by 
general practitioners with symptoms of knee or hip 
osteoarthritis.
Interventions  We assessed the current frequency and 
determinants of referrals from one hub and the change in 
referrals that would occur at this centre and nationally if 
evidence-based thresholds for referral (Oxford Knee and 
Hip Scores, OKS/OHS) were introduced.
Main outcome measure  OKS/OHS, referrals for surgical 
assessment, referrals for arthroplasty, costs and quality-
adjusted life years.
Results  Of 110 patients with knee symptoms attending 
face-to-face hub consultations, 49 (45%) were referred for 
surgical assessment; the mean OKS for these 49 patients 
was 18 (range: 1–41). Of 101 hip patients, 36 (36%) were 
referred for surgical assessment (mean OHS: 21, range: 
5–44). No patients referred for surgical assessment were 
above previously reported economic thresholds for OKS 
(43) or OHS (45). Setting thresholds of OKS ≤31 and OHS 
≤35 might have resulted in an additional 22 knee referrals 
and 26 hip referrals in our cohort. Extrapolating hub results 
across England suggests a possible increase in referrals 
nationally, of around 13 000 additional knee replacements 
and 4500 additional hip replacements each year.
Conclusions  Musculoskeletal hubs currently consider 
OKS/OHS and other factors when making decisions about 
referral to secondary care for joint replacement. Those 
referred typically have low OHS/OKS, and introducing 

evidence-based OKS/OHS thresholds would prevent 
few inappropriate (high-functioning, low-pain) referrals. 
However, our findings suggest that some patients not 
currently referred could benefit from arthroplasty based 
on OKS/OHS. More research is required to explore other 
important patient characteristics currently influencing hub 
decisions.

Introduction
Many clinical commissioning groups (CCGs) 
in the UK have set referral criteria for joint 

Strengths and limitations of this study

►► This is the first analysis reporting data on the char-
acteristics of patients being referred to a UK hub 
with symptoms of hip or knee osteoarthritis; such 
data are needed to assess the impact of changing 
referral criteria on the number of knee/hip replace-
ments and on costs and quality of life.

►► We retrospectively reviewed clinic records for 922 
men and women referred to a single musculoskel-
etal hub, although only 221 patients underwent 
arthroplasty.

►► We used several assumptions to extrapolate our es-
timates of how the probability of referral varies with 
preoperative characteristics using a decision tree 
and Markov model, which enabled us to estimate 
the potential impact of different referral policies lo-
cally and nationally.

►► A prospective pilot study would be required to quan-
tify the real-world impact of any policy change, while 
data from multiple hubs and information on other 
patient characteristics (such as body mass index) 
are required for a comprehensive understanding of 
current clinical practice.
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replacement that exclude patients with Oxford Knee and 
Hip Scores (OKS and OHS) above certain thresholds, 
which are often as low as 191 or 241–3 out of 48. Recent 
papers have shown that these low thresholds are inappro-
priate: arthroplasty has a ≥80% chance of producing a 
meaningful improvement in patients with OKS/OHS of 
19 or 244 and would cost <£10 000 per quality-adjusted life 
year (QALY).5 The recent Arthroplasty Candidacy Help 
Engine (ACHE) study analysed >400 000 medical records 
and concluded that referral thresholds between 31 and 
41 may be justified on clinical and cost-effectiveness 
grounds.4 5

Commissioners’ decisions concerning thresholds may 
be influenced by the likely number of operations and 
their cost. In the UK, >94% of patients currently under-
going arthroplasty have OKS/OHS ≤31, demonstrating 
that nearly all operations currently conducted are cost-
effective and have ≥70% chance of meaningful improve-
ment.4 5 However, there are very little data on how patient 
characteristics influence the assessment process in prac-
tice, or on patients who do not currently receive surgery, 
making it difficult to assess the impact that different 
referral criteria may have on patient numbers or costs. As 
in many other clinical areas, hubs (also known as triage 
clinics, musculoskeletal interface services or intermediate 
musculoskeletal assessment centres) are increasingly used 
as gatekeepers determining access to consultations with 
orthopaedic surgeons, assessing all patients being consid-
ered for surgery.6–8

We aimed to review the characteristics of patients 
attending hub consultations, estimate the proportion 
of patients referred for surgical assessment and surgery, 
and explore how referral decisions vary with preoperative 
characteristics. To illustrate how such data could be used 
to inform policy, we estimated the potential impact of a 
change in referral criteria, namely basing referrals from 
the hub to surgical assessment on evidence-based OKS/
OHS thresholds, rather than the hub’s current referral 
criteria.

Methods
Outline
We collected data from one UK referral hub and used 
them to estimate a logistic regression model predicting 
the probability that patients will be referred from the hub 
to surgical assessment based on their OKS/OHS, age and 
sex. We then subsequently applied this regression model 
to nationally collected preoperative outcomes data9–14 
to estimate how many patients are referred for surgical 
assessment nationally. We predicted how many of these 
patients would be referred through to secondary care if 
different OKS/OHS thresholds were introduced at the 
hub and potentially how many extra operations would be 
performed.

Hub data collection
Anonymised data were extracted retrospectively from 
medical records of patients with knee or hip symptoms 

who had been referred by general practitioners (GPs) 
between July 2015 and July 2016 to the musculoskel-
etal hub at the Nuffield Orthopaedic Centre (NOC) in 
Oxford. This study was discussed and agreed through the 
Clinical Governance Group for hip and knee replace-
ment as part of a wider review of outcomes in hip and 
knee arthroplasty. The primary statistical analysis used 
a prognostic model to estimate how the probability of 
patients attending face-to-face consultations at the hub 
being referred to surgical assessments in secondary care 
varied with OKS/OHS, age and sex. We therefore chose 
the sample size to provide data on ≥30 knee referrals and 
≥30 hip referrals from the hub to secondary care, thereby 
providing ≥10 events per explanatory variable.15

Two medically qualified surgical research fellows 
extracted the following: age, sex, OKS/OHS at hub atten-
dance, attendance date, whether the patient was referred 
to secondary care, date of any subsequent surgical 
assessment visit and date of any subsequent arthroplasty 
surgery. Additional information on imaging, referrals 
to other clinics, and other surgeries or diagnoses was 
recorded in free-text fields. Data on OKS at the surgical 
assessment visit were also extracted, when available, from 
the secondary care records of patients with knee pain. 
Body mass index (BMI) was not extracted as the analysis 
focused on OKS/OHS and the available evidence on how 
capacity to benefit and cost-effectiveness vary with OKS/
OHS does not consider BMI.4 5 Patients who were on the 
waiting list for arthroplasty surgery at the time of data 
extraction (August 2016) and those for whom surgery 
was delayed due to comorbidities or high BMI after their 
attendance at the surgical assessment consultation were 
counted as having been referred for surgery.

Exclusion criteria comprised the following:
1.	 Aged <50 years (for whom knee/hip pain is unlikely to 

be caused by osteoarthritis).
2.	 Evidence from medical records that symptoms were 

due to a condition other than osteoarthritis.
3.	 Previous arthroplasty on the same joint.
4.	 Medical records inaccessible for research.
5.	 Any attendance at the hub or surgical assessment unit 

before July 2015.
However, patients who were referred for X-rays, MRI 

or physiotherapy but did not attend face-to-face consulta-
tions at the hub or surgical assessment unit were included 
in the descriptive analysis.

Statistical modelling
We used logistic regression to estimate a prognostic model 
of the local hub data that predicted how OKS/OHS, age 
and sex affected the odds of being referred for surgical 
assessment following a face-to-face attendance at the hub. 
Age and OKS/OHS at hub attendance were analysed as 
continuous variables. Explanatory variables were selected 
based on the Akaike information criterion using forward 
stepwise regression, manually testing variables in a 
prespecified sequence (online supplementary appendix). 
Analyses were conducted in Stata V.14 on a complete case 
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basis, excluding patients with missing data. We analysed 
binary variables using two-sample tests of proportions 
and analysed continuous variables using unpaired t-tests 
preceded by F-tests for equal variance. OKS/OHS in the 
hub sample was compared against population means9–14 
using one-sample t-tests.

Estimating the number of referrals and effect of introducing 
thresholds
A decision tree model of the treatment pathway was 
developed based on hub data and the authors’ clinical 
experience of running hubs and/or surgical clinics. The 
overall proportion of patients referred directly to surgical 
assessment and the proportion attending face-to-face hub 
consultations were calculated from the hub sample. We 
also estimated the proportion of patients who underwent 
arthroplasty after being referred from the hub to surgical 
assessment.

The model then extrapolated hub data to estimate the 
number of patients in England who are referred for hip 
or knee replacement (online supplementary appendix). 
Logistic regression results were used to predict the prob-
ability of being referred from the hub to surgical assess-
ment for men and women aged 50, 60, 70, 80 and 90 with 
different OKS/OHS. For each patient group defined by 
age, sex and OKS/OHS, we then estimated the number of 
patients referred to hubs nationally by dividing national 
data on the number of joint replacements currently 
conducted for osteoarthritis in England9–14 by the proba-
bility that patients in each group would undergo surgery.

We then conducted an exploratory analysis estimating 
how the number of referrals to surgical assessment and 
the number of arthroplasty procedures might change if 
different OKS/OHS thresholds between 18 and 45 were 
used to determine referral decisions during face-to-face 
hub consultations. Although in practice thresholds could 
be used at various stages in the referral pathway, our anal-
ysis focused on the impact of changing referral criteria 
during face-to-face hub consultations since OKS/OHS 
data were only routinely available for this patient group.

This analysis made the following assumptions:
1.	 Introducing OKS/OHS thresholds at the hub was as-

sumed to have no effect on GP referrals, the hub triage 
or the probability of a patient with particular preop-
erative characteristics being referred for arthroplasty 
following a surgical assessment visit.

2.	 Since patient records provided no data on OKS/OHS 
for patients who did not attend the hub, we assumed 
that the probability of direct referral to surgical assess-
ment and the probability of attending a face-to-face vis-
it at the hub were independent of OKS/OHS, age and 
sex. Although this assumption may not hold in practice 
(as symptom severity is one of the main factors consid-
ered in the hub triage), it is unlikely to affect estimates 
of the impact of changing referral criteria solely at the 
hub.

3.	 We also assumed that the probability of patients re-
ferred to surgical assessment subsequently being re-

ferred for surgery was independent of OKS/OHS, age 
and sex, which was supported by a secondary regres-
sion analysis (online supplementary appendix).

4.	 We assumed that the referral probabilities estimated 
from the NOC hub sample are broadly representative 
of clinical practice across the UK.

5.	 We assumed, based on the experience of clinical co-
authors, that 50% of patients who are currently not 
referred for surgical assessment after a face-to-face 
hub visit would still not be considered candidates for 
arthroplasty (and therefore not referred) regardless 
of whether thresholds were introduced. This group 
of patients includes patients who choose not to be 
referred, those who have not had a complete trial of 
non-operative treatment and others who are unsuit-
able for surgery due to comorbidities or other factors. 
The remaining 50% of patients were assumed to be 
referred only if their OKS/OHS was below the thresh-
old.

6.	 Since there are no published data on how OKS/OHS 
changes over time in the absence of arthroplasty, we 
assumed for simplicity patients who do not undergo 
arthroplasty following their hub attendance would not 
be referred back to clinic for 10 years.

7.	 Each 40 min hub attendance was estimated to cost £58 
and surgical assessment £132 (online supplementary 
appendix, online supplementary table A1).

8.	 The analyses took the perspective of the National 
Health Service (NHS), focusing on costs related to 
knee/hip arthroplasty. Costs of GP consultations, 
hub triage, X-rays, imaging, physiotherapy, injections, 
weight loss programmes, missed appointments and 
referrals to other clinics were excluded as there is no 
reason to expect the proportion of patients requiring 
these services to change following the introduction of 
OKS/OHS thresholds.

9.	 The reference year for costs was 2014.
The patient numbers calculated within the decision tree 

were used to estimate the cost of the referral pathway. The 
total 10-year costs and total QALYs estimated in a related 
study5 for different patient characteristics with and without 
arthroplasty were applied to the number of patients 
expected to undergo arthroplasty or have no arthroplasty 
in each scenario. These figures were used to estimate the 
net health benefit for each scenario16 17 (assuming that the 
NHS is willing/able to pay £20 000 per QALY gained18) 
and the incremental cost-effectiveness of different pairs of 
scenarios (online supplementary appendix).

We also estimated the number of additional referrals for 
surgical assessment that might have been observed within 
the population of individuals attending the NOC hub if 
a fixed OKS/OHS threshold was introduced. Based on 
assumption 5, this was equal to half the number of patients 
who had OKS/OHS at or below the proposed threshold but 
were not referred, plus the number who were referred with 
OKS/OHS below the proposed threshold: for example, if 
(hypothetically) 60 out of 100 patients were referred and 55 
of those referred and 24 of those not referred had OKS <31, 
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Figure 1  Patient flow diagram for patients referred with knee symptoms. *See online supplementary table A2 for a list of the 
conditions other than osteoarthritis for which patients aged ≥50 years were excluded from the analysis. NHS, National Health 
Service.

we would estimate that 67 (55+24/2) would be referred if a 
threshold of 31 was introduced.

Public and patient involvement
Patient representatives were involved in the grant appli-
cation and design of the wider ACHE study.4 The ACHE 
research question and study design (prior to funding) 
were informed by patient interest groups. The current 
analysis was based on pre-existing data from medical 
records so no patients were directly recruited in the 
course of the work. Throughout the ACHE study, a 
user group, including patients and other stakeholders, 
informed progress and development of the work. Results 
of the analysis were discussed with user group, including 
clinicians and patient representatives, to inform the 
presentation of results.

Results
Current referral pathway
From the 1638 records reviewed, we identified 315 patients 
with knee osteoarthritis and 607 with hip osteoarthritis: 

922 in total (figures 1 and 2, online supplementary figure 
A1, online supplementary tables A2-A3). Data on these 
patients were used to construct the treatment pathway 
shown in figure 3.

During the time period for which data were collected, 
the musculoskeletal hub service was the only route for 
patients in Oxfordshire to access NHS elective ortho-
paedic surgery and also directed patients to physiotherapy 
in the absence of a direct referral physiotherapy service. 
When GPs refer patients to secondary care with knee/hip 
symptoms, the referral letter and X-rays are first reviewed 
by senior hub staff, who decide whether the patient 
should (1) be referred directly to surgical assessment, (2) 
attend the hub clinic or (3) be managed in primary care 
(figure  3). Triage is based on the symptoms described 
in the GP’s referral letter (which will include BMI and 
may include OKS/OHS) and the conservative treatments 
already given (such as anti-inflammatory drugs, physio-
therapy and weight loss strategies).

Of patients with osteoarthritis included in the analysis, 
23% (71 of 315) of knee patients and 39% (236 of 607) of 
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Figure 2  Patient flow diagram for patients referred with hip symptoms. *See online supplementary table A2 in online 
supplementary appendix for a list of the conditions other than osteoarthritis for which patients aged ≥50 years were excluded 
from the analysis. NHS, National Health Service.

hip patients were referred directly to surgical assessment 
based on the hub triage. In the authors’ experience, these 
patients tend to be those with severe symptoms, those 
who had already exhausted all conservative measures 
and those who had previously been referred for surgical 
assessments, but had chosen not to have surgery at that 
time. Among 27 patients referred directly to surgical 
assessment for whom OKS data were available, the mean 
OKS was 15 (range: 1–30); no such data were available for 
hip patients.

At the surgical assessment visit, patients discuss the 
risks and benefits of surgery with an orthopaedic surgeon 
and make an informed decision about whether or not 
to undergo arthroplasty or other surgery, taking into 
account their comorbidities, symptom severity and other 
factors. Those not undergoing arthroplasty may have 
interventional radiology or other operations. Among the 
patients who were referred directly for surgical assess-
ment and had outcomes data available, 56% (38 of 68) of 
knee patients and 69% (161 of 235) hip patients under-
went or were awaiting knee/hip replacements at the time 
of data extraction.

Following triage, 36% (114 of 315) of knee patients 
and 44% (265 of 607) of hip patients did not attend face-
to-face consultations at either the hub or surgical assess-
ment. Typically such patients comprise those who can be 
managed in primary care: for example those with mild 
symptoms and those who have not yet exhausted conser-
vative treatment options, such as advice and information, 
activity and exercise and weight loss. Across the 379 hip 
and knee patients without face-to-face consultations, 270 
(71%) had X-rays, MRI or ultrasound to identify the most 
appropriate care pathway. Eleven (3%) were referred for 
physiotherapy, while seven (2%) patients, all with hip 
osteoarthritis, had injections. Other patients may not 
be seen face-to-face as they are unfit for surgery or have 
recent injuries likely to heal without further intervention. 
Eighteen patients opted for non-NHS care, missed/failed 
to book hub appointments, died before the hub atten-
dance or were still awaiting a hub appointment at the 
time of data extraction (figures 1 and 2).

The remaining 41% (130 of 315) of knee patients 
and 17% (106 of 607) of hip patients attended face-
to-face assessments at the musculoskeletal hub, where 
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Figure 3  Number of patients predicted to be referred with (A) knee and (B) hip osteoarthritis symptoms in England and 
mean Oxford Knee and Hip Score (OKS/OHS) for the groups for which data are available. GP, general practitioner; MSK, 
musculoskeletal.

extended-scope specialist physiotherapists or orthopaedic 
fellows assess patients to confirm diagnosis. Patients 
routinely complete OKS/OHS questionnaires to assess 
whether the level of symptoms warrants surgery and to 
guide discussions about the symptom profile. Among the 
patients attending the hub, the mean OKS was 21 (range: 
1–48; online supplementary table A3, online supplemen-
tary figure A1), while the mean OHS was 24 (range: 5–46); 

both values were significantly higher than the average for 
patients undergoing arthroplasty nationally (mean: 18; 
p≤0.015), although only OHS was significantly different 
from the average for patients undergoing arthroplasty 
in Oxfordshire (mean OKS: 20, p=0.134; mean OHS: 19, 
p<0.0001).9–14

Diagnostic imaging, landmark injections and injections 
for trochanteric bursitis may be done during the hub 
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Table 1  Estimates of the potential impact of different OKS thresholds on patient numbers, costs and QALYs among the 172 
192 patients with knee osteoarthritis attending the hub in England each year

Current 
practice

Maximum OKS at which patients can be referred for surgical assessment

18 24 31* 35 41† 43‡

Number of attendances at the 
surgical outpatient visit

80 211 65 286 99 982 123 635 129 256 131 810 131 983

Number of arthroplasty 
procedures conducted (% 
change§)

24 063 19 586
(−6%)

29 995 
(+8%)

37 090 
(+17%)

38 777 
(+19%)

39 543 
(+20%)

39 595 
(+20%)

Total cost over 10 years 
(thousands)

£1 098 213 £1 081 313 £1 108 836 £1 134 134 £1 142 073 £1 146 346 £1 146 678

Total QALYs over 10 years 564 744 566 658 585 674 594 802 596 910 597 825 597 856

Net health benefit (QALYs)¶ 509 834 512 593 530 232 538 096 539 806 540 508 540 522

The results presented exclude patients who did not attend face-to-face consultations at the hub; based on our analysis, 31% (24 063 of 76 
617) of knee replacements are conducted on patients who attended the hub.
*Threshold at which 70% of patients are predicted to achieve a seven-point improvement in OKS.4

†Arthroplasty Candidacy Help Engine (ACHE) absolute threshold, above which patients cannot achieve a seven-point improvement in OKS.4

‡ACHE economic threshold, above which arthroplasty is not cost-effective (ie, costs >£20 000 per QALY gained).5

§Percentage change in the total number of arthroplasty procedures following a change to referral patterns at the hub. Equal to the difference 
in the number of procedures between the scenario in question and ‘current practice’, divided by the 76 617 knee replacements conducted in 
England each year.23

¶Net health benefit=QALYs − cost/£20 000, and indicates the QALYs for each scenario, minus the health benefits that would be foregone by 
spending money on knee arthroplasty candidates, rather than other conditions.
OKS, Oxford Knee Score; QALY, quality-adjusted life year.

consultation. Patients with BMI ≥40 are referred for moni-
tored weight loss programmes that must be followed for 
12 months before considering surgery. Staff and patients 
also discuss the risks and benefits of joint replacement 
(including recovery times, the need for support at home 
after hospital discharge and the potential need for revi-
sion surgery) and how these may be affected by patients’ 
living arrangements and comorbidities. Following the 
hub visit, 45% (49 of 130) of knee patients and 36% (36 of 
101) of hip patients were referred for surgical assessment. 
This includes patients who are considered candidates for 
arthroplasty or other procedures (eg, arthroscopy, ante-
rior cruciate ligament repair or interventional radiology).

Patients with higher OKS/OHS were significantly 
less likely to be referred for surgical assessment: each 
one-point increase in OKS reduced the odds of referral 
by 4.7% (p=0.019), while a one-point increase in OHS 
reduced the odds by 3.9% (p=0.062; online supplemen-
tary table A4). Those patients who are not referred to 
surgical assessment may be referred for physiotherapy, 
other non-surgical management or other outpatient 
clinics (eg, rheumatology or sports injury clinics), or may 
choose not to be referred as they prefer not to undergo 
surgery at the current time.

Across the hub attendees who were referred for surgical 
assessment and had data on clinical outcomes, 30% (12 
of 40) of knee patients and 37% (10 of 27) of hip patients 
underwent or were awaiting arthroplasty surgery.

Applying estimates of the probability of referral and 
subsequent arthroplasty from the hub data set to national 
data on the distribution of patients undergoing knee/hip 
arthroplasty suggests that GPs in England refer around 

417 000 patients with knee osteoarthritis and around 235 
000 patients with hip osteoarthritis to secondary care each 
year (figure 3). Of these, around 172 000 knee patients 
and 41 000 hip patients might attend a hub if the care 
pathway in Oxfordshire were followed nationally; such 
hub attendances would cost a total of £12 million.

Effect of introducing referral thresholds
Knees
We used the hub data to estimate the impact that using 
OKS to guide referral decisions during face-to-face hub 
consultations might have on patient numbers, costs and 
health outcomes. Table  1 shows the results for thresh-
olds between 18 and 43, although we focus here on the 
impact of an OKS threshold of 31, since the ACHE study 
reported that people with preoperative OKS ≤31 have a 
≥70% chance of achieving a seven-point increase in OKS 
following knee arthroplasty.4

Of the 110 knee patients attending the NOC hub, 94 
(85%) had OKS ≤31, of whom 47 (50%) were referred 
for surgical assessment. Two patients were referred with 
OKS of 32 or 41. Assuming that 50% of the NOC patients 
with OKS ≤31 who are not currently referred might still 
choose not to be referred or might be considered clin-
ically inappropriate for other reasons, a fixed referral 
threshold OKS of 31 would have resulted in an additional 
22 referrals to surgical assessment: a 49% increase.

Applying the results of logistic regression to the whole 
population undergoing surgery nationally suggested that 
an OKS threshold of 31 might result in 43 000 additional 
surgical assessment visits and 13 000 additional knee 
replacement procedures in England each year (table 1). 
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Table 2  Estimates of the potential impact of different OHS thresholds on patient numbers, costs and QALYs among the 41 
121 patients with hip osteoarthritis attending the hub in England each year

Current 
practice

Maximum OHS at which patients can be referred for surgical 
assessment

18 24 30 35* 40† 45‡

Number of attendances at the surgical 
outpatient visit

17 793 18 036 25 420 29 871 31 561 32 108 32 216

Number of arthroplasty procedures 
conducted (% change§)

6590 6680 
(+0%)

9415 
(+4%)

11 063 
(+6%)

11 689 
(+7%)

11 892 
(+8%)

11 932 
(+8%)

Total cost over 10 years (thousands) £168 402 £168 202 £182 080 £190 519 £193 753 £194 816 £195 030

Total QALYs over 10 years 123 674 128 990 135 863 138 888 139 929 140 248 140 288

Net health benefit (QALYs)¶ 115 254 120 580 126 759 129 362 130 242 130 508 130 537

The results presented exclude patients who did not attend face-to-face consultations at the hub; based on our analysis, 9% (6590 of 69 313) 
of hip replacements are conducted on patients who attended the hub.
*Threshold at which 70% of patients are predicted to achieve an eight-point improvement in OHS.4

†Arthroplasty Candidacy Help Engine (ACHE) absolute threshold, above which patients cannot achieve an eight-point improvement in OHS.4

‡ACHE economic threshold, above which arthroplasty is not cost-effective (ie, costs >£20 000 per QALY gained).5

§Percentage change in the total number of arthroplasty procedures following a change to referral patterns at the hub. Equal to the difference 
in the number of procedures between the scenario in question and ‘current practice’, divided by the 69 313 hip replacements conducted in 
England each year.23

¶Net health benefit=QALYs − cost/£20 000, and indicates the QALYs for each scenario, minus the health benefits that would be foregone by 
spending money on hip arthroplasty candidates, rather than other conditions.
OHS, Oxford Hip Score; QALY, quality-adjusted life year.

Introducing this policy could cost the NHS an additional 
£36 million for each annual cohort of patients (of which 
£5.8 million would be due to additional surgical assess-
ments), but would gain 30 000 QALYs. This policy would 
be highly cost-effective compared with current practice, 
costing just £1195 per QALY gained. Introducing OKS 
thresholds between 32 and 43 would produce still greater 
health benefits and cost less than £20 000 per QALY 
gained.

Hips
Similarly, the ACHE study found that people with preop-
erative OHS ≤35 have a ≥70% chance of achieving an 
eight-point increase in OHS following hip arthroplasty.4 
Within the NOC hub, 87% (88 of 101) of patients had 
OHS ≤35, of whom 35 were referred. One patient was 
referred with OHS of 44. Introducing a threshold of 35 
might therefore result in 26 additional referrals: a 30% 
increase.

Extrapolating across England, we might expect 14 000 
additional surgical assessments and 5000 additional hip 
replacements each year if a threshold of 35 was introduced 
at the hub (table 2). The impact of this policy is lower 
than for knee osteoarthritis, as 90% of hip replacements 
are done in patients who were referred directly and did 
not attend the hub. The policy could cost an additional 
£25 million (of which additional surgical assessments 
account for £2 million) and gain 16 000 QALYs, costing 
£1560 per QALY gained. Introducing thresholds between 
36 and 45 would produce greater health benefits and cost 
<£20 000 per QALY gained.

Discussion
This retrospective analysis characterised the patients 
being referred to and from a musculoskeletal hub, and 
showed that OKS/OHS and other factors were considered 
when deciding which patients to refer for surgical assess-
ment. Since most patients attending hubs have relatively 
severe osteoarthritis symptoms and few patients with high 
OKS/OHS undergo arthroplasty (partly due to the low 
OKS/OHS thresholds used by some CCGs), introducing 
evidence-based OKS/OHS thresholds for arthroplasty 
is unlikely to prevent large numbers of inappropriate 
referrals. However, since recent evidence demonstrates 
that arthroplasty is both cost-effective and highly likely to 
benefit people with OKS/OHS well above the thresholds 
currently used by some CCGs,4 5 such policies are also 
likely to identify patients who are not currently referred, 
but for whom arthroplasty could be expected to be bene-
ficial and cost-effective. Extrapolating from the hub data 
suggests that setting thresholds of OKS ≤31 and OHS 
≤35 would result in many more patients being referred 
for surgical assessment and surgery, although the exact 
patient numbers are uncertain and rely on assumptions. 
More evidence is therefore urgently needed on the other 
factors currently influencing both the decision to refer 
from the hub to surgical assessment and the decision on 
whether arthroplasty is the appropriate treatment option.

To our knowledge, our study is the first to report the 
characteristics of patients attending a musculoskeletal 
hub. However, the analysis was based on a small sample 
from only one hub and included only eight hub attendees 
with OKS/OHS ≥40. The proportion of patients under-
going surgery after surgical assessment is uncertain as 
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only 22 hub attendees underwent arthroplasty; however, 
varying the probability of undergoing surgery over its 
95% CI did not materially change our conclusions. Data 
were analysed 1 month after the end of the 1-year period 
studied; some patients may therefore have gone on to 
have arthroplasty after physiotherapy or weight loss treat-
ment after our data were extracted. Furthermore, the 
retrospective review of medical records may not have 
identified all patients meeting exclusion criteria, partic-
ularly for patients who did not attend either the hub or 
surgical assessment. Furthermore, no data were collected 
on BMI.

Estimates of the impact of different policies rely on 
additional assumptions and represent an approximate 
indication of potential patient numbers; prospective 
pilot studies would be required to assess the true impact 
in practice. In particular, we focused on the impact of 
changing referral guidelines at hubs, as no data were avail-
able on patients visiting GPs with osteoarthritis symptoms. 
In practice, any decision aid or referral guideline is also 
likely to affect GPs’ referral decisions and the hub triage 
process, which could increase the number of additional 
operations resulting from any policy change. We assumed 
that decisions made by the patient and the surgeon about 
whether to proceed to surgery after surgical assessment 
would be unaffected by the use of thresholds by the hub 
as OKS/OHS would have already been taken into account 
at the hub; the budget impact for patients referred via 
the hub could be lower than shown in tables 1 and 2 if 
patients referred with high OKS/OHS were less likely to 
undergo surgery. We also assumed, arbitrarily, that 50% of 
people with OKS/OHS below the threshold who are not 
currently referred would choose not to be referred for 
surgery even if this were offered. The model also assumed 
that patients who do not undergo arthroplasty following 
their hub attendance would not have surgery for 10 
years, since there are currently no data on how OKS/
OHS change over time without arthroplasty.5 In practice, 
many patients who would be eligible for surgery if the 
OKS/OHS threshold was raised would otherwise have 
had surgery later, after their condition had deteriorated. 
If the OKS/OHS thresholds were raised, the number of 
operations and budget impact might decrease over time 
as these patients would have been treated earlier, before 
their disease progresses, and would not need primary 
arthroplasty in the future.

Although access to joint replacement may be restricted 
if funding for interventions is reduced, our results suggest 
that increased numbers of knee/hip replacements could 
be justified on cost-effectiveness grounds. Our results 
suggest that the NHS is currently willing to pay no 
more £2000 per QALY gained from arthroplasty, while 
the National Institute for Health and Care Excellence 
routinely approves treatments for patients with other 
conditions (eg, rheumatoid arthritis) that cost £20 00018 
or even £40 00019 per QALY. This suggests that it may be 
more efficient and more equitable to spend limited NHS 
funds on conducting more joint replacements, increasing 

the operation rate in the UK to a level similar to that 
of Austria or Germany,20 rather than directing these 
resources to other conditions. However, the number 
of procedures is also limited by availability of surgeons, 
operating theatres and hospital beds, which may mean 
that it is not currently feasible to conduct all of the opera-
tions that could be justified on cost-effectiveness grounds, 
and as noted earlier OKS/OHS is clearly not the only 
factor taken into account in decision-making by hubs and 
surgeons. In particular, patient choice plays a substantial 
role, and comorbidities and other factors are also taken 
into account.

Referral hubs have previously been shown to be an effec-
tive mechanism for referring patients to the most appro-
priate healthcare interventions/setting and patients are 
generally satisfied with this model of care.8 One aim of 
introducing hubs was to identify patients who do not want 
surgery or who have mild symptoms and direct them to 
other effective interventions if surgery is not appropriate. 
However, the process and criteria for arthroplasty refer-
rals still vary greatly between CCGs.1 Explicit guidelines 
and decision aids could help reduce geographical ineq-
uity and ensure that all patients likely to benefit have fair 
access to cost-effective treatments. Although our analysis 
is based on retrospective data on a small sample from only 
one hub, it provides initial estimates of what the poten-
tial patient numbers and costs might be if a more explicit 
threshold-based approach was adopted nationally. While 
arthroplasty rates and patient characteristics in Oxford-
shire are similar to the national average,21 22 referral 
guidelines and pathways vary substantially between 
CCGs, suggesting that a larger study covering multiple 
hubs is necessary to provide a more comprehensive 
picture of current clinical practice. Ideally this would also 
collect more detailed patient information (eg, BMI or 
comorbidities).

In conclusion, our study demonstrates that musculo-
skeletal hubs currently take account of OKS/OHS and 
a variety of other factors when making decisions about 
referral to surgical assessment and arthroplasty. Intro-
ducing evidence-based thresholds for hip/knee replace-
ment based on OKS/OHS, such as the ACHE tool, is likely 
to prevent very few inappropriate referrals, but identify 
many more patients who are not currently referred but 
for whom arthroplasty is likely to be beneficial and cost-
effective. Our results can be used to estimate the impact 
of other policies, including those where thresholds vary 
by age or other patient characteristics. However, our esti-
mates of potential patient numbers are approximations 
relying on numerous assumptions; a multicentre pilot 
study would be required to evaluate the actual impact of a 
policy change on routine clinical practice.
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