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Abstract

Safety of disinvestment in mid- to late-term follow-up post
primary hip and knee replacement: the UK SAFE evidence
synthesis and recommendations

Sarah R Kingsbury ,1,2 Lindsay K Smith ,3 Carolyn J Czoski Murray ,4

Rafael Pinedo-Villanueva ,5 Andrew Judge ,6,7,8 Robert West ,4

Chris Smith ,4 Judy M Wright ,4 Nigel K Arden ,5,6

Christine M Thomas,2 Spryos Kolovos ,5 Farag Shuweihdi ,4

Cesar Garriga ,5 Byron KY Bitanihirwe ,4 Kate Hill ,4

Jamie Matu ,1,4 Martin Stone 2,9 and Philip G Conaghan 1,2*

1Leeds Institute of Rheumatic and Musculoskeletal Medicine, University of Leeds, Leeds, UK
2NIHR Leeds Biomedical Research Centre, Leeds, UK
3UK Faculty of Health and Applied Sciences, University of theWest of England, Bristol, UK
4Leeds Institute of Health Sciences, University of Leeds, Leeds, UK
5Nuffield Department of Orthopaedics, Rheumatology and Musculoskeletal Sciences, University of
Oxford, Oxford, UK

6MRC Lifecourse Epidemiology Unit, University of Southampton, Southampton, UK
7Pharmaco- and Device-Epidemiology Group, Centre for Statistics in Medicine, Nuffield Department of
Orthopaedics, Rheumatology and Musculoskeletal Sciences, University of Oxford, Oxford, UK

8Translational Health Sciences, University of Bristol, Bristol, UK
9Leeds Teaching Hospitals NHS Trust, Leeds, UK

*Corresponding author p.conaghan@leeds.ac.uk

Background: Joint replacement surgery has revolutionised the management of degenerative joint
disease. Increasing demand for surgery and post-surgical reviews has overwhelmed orthopaedic
services and, consequently, many centres have reduced or stopped follow-up. Such disinvestment is
without an evidence base and raises questions regarding the consequences to patients.

Objectives: To produce evidence- and consensus-based recommendations as to how, when and on
whom follow-up should be conducted. Our research question was ‘Is it safe to disinvest in mid- to
late-term follow-up of hip and knee replacement?’.

Methods: The study comprised three complementary evidence synthesis work packages to inform a
final consensus process. Work package 1 was a systematic review of the clinical effectiveness and
cost-effectiveness literature. Work package 2 used routine national data sets (i.e. the Clinical Practice
Research Datalink–Hospital Episode Statistics, Hospital Episode Statistics–National Joint Registry–patient-
reported outcome measures) to identify pre, peri and postoperative predictors of mid- to late-term
revision, and prospective data from 560 patients to understand how patients present for revision surgery.
Work package 3 used a Markov model to simulate the survival, health-related quality of life and NHS costs
of patients following hip or knee replacement surgery. Finally, evidence from work packages 1–3 informed
a face-to-face consensus panel, which involved 32 stakeholders.
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Results: Our overarching statements are as follows: (1) these recommendations apply to post primary
hip and knee replacement follow-up; (2) the 10-year time point in these recommendations is based on
a lack of robust evidence beyond 10 years; and (3) in these recommendations, the term ‘complex cases’
refers to individual patient and surgical factors that may increase the risk of replacement failure. Our
recommendations are as follows: for Orthopaedic Data Evaluation Panel 10A* (ODEP-10A*) minimum
implants, it is safe to disinvest in routine follow-up from 1 to 10 years post non-complex hip and knee
replacement provided that there is rapid access to orthopaedic review; (2) for ODEP-10A* minimum
implants in complex cases or non-ODEP-10A* minimum implants, periodic follow-up post hip and knee
replacement may be required from 1 to 10 years; (3) at 10 years post hip and knee replacement, clinical
and radiographic evaluation is recommended; and (4) after 10 years post hip and knee replacement,
frequency of further follow-up should be based on the 10-year assessment (note that ongoing rapid
access to orthopaedic review is still required) [Stone M, Smith L, Kingsbury S, Czoski-Murray C, Judge A,
Pinedo-Villanueva R, et al. Evidence-based follow-up recommendations following primary hip and knee
arthroplasty (UK SAFE). Orthop Proc 2020;102–B:13. https://doi.org/10.1302/1358-992X.2020.5.013].

Limitations: The current absence of data beyond 10 years restricted the evidence base.

Conclusions: For ODEP-10A* prostheses, the UK SAFE programme demonstrated that it is safe to
disinvest in routine follow-up in the 1- to 10-year period after non-complex hip and knee replacement.
At 10 years, clinical and radiographic review is recommended. Complex cases, implants not meeting the
10A* criteria and follow-up after revision surgery are not covered by this recommendation.

Future work: The evidence base for follow-up after 10 years requires further evaluation. Further work
should establish the most clinically effective and cost-effective model of delivering a rapid access service
and evaluate alternative models for follow-up services, such as virtual clinics. Finally, the needs and
outcomes of patients who are symptomatic but do not have appropriate follow-up should be investigated.

Study registration: This study is registered as PROSPERO CRD42017053017.

Funding: This project was funded by the National Institute for Health and Care Research (NIHR)
Health and Social Care Delivery Research programme and will be published in full in Health and
Social Care Delivery Research; Vol. 10, No. 16. See the NIHR Journals Library website for further
project information.
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Plain English summary

Total joint replacement provides considerable improvement in quality of life in people with severe
joint damage. However, in a small percentage of people, problems can develop with the replaced

joint over time, requiring further surgery.

Providing follow-up care for everyone after their surgery is expensive and the NHS is under increasing
financial pressures. Many hospitals have dramatically reduced or stopped follow-up. There is very little
research evidence to determine whether not providing follow-up causes harm to people by missing the
opportunity to detect problems with a replaced joint before serious damage occurs.

This project aimed to understand whether or not it is safe to stop follow-up of joint replacement.

We gathered evidence from multiple sources to understand when people are most likely to develop
problems with their joint replacement and to identify whether or not some people are more likely than
others to develop problems. This included a detailed search of published literature, the collection of
information from 560 people undergoing revision surgery on their joint replacement and an analysis
of routinely collected hospital data on > 350,000 people who had a hip and knee replacement in the
last 10 years.

Finally, we presented all of the collected evidence to an expert panel, which included surgeons, general
practitioners and people who had undergone joint replacement. Based on the evidence, the expert
panel agreed the following:

1. It was safe to stop follow-up from 1 to 10 years after surgery, but only for straightforward
operations (involving joint replacement with well-studied implants in patients who are not at high
risk of developing problems after surgery).

2. All patients must have a radiographic and clinical review at 10 years.
3. For patients with an increased risk of developing a problem with their joint replacement (e.g. a novel

implant), regular routine follow-up should continue to be provided.
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Scientific summary

Background

Hip and knee replacement surgery is one of the great successes of twentieth-century medicine and has
revolutionised management of degenerative joint disease. In 2018–19, a total of 95,677 primary total
hip replacements (THRs), 106,617 total knee replacements (TKRs), 12,261 unicompartmental knee
replacements (UKRs), 1790 revision hip procedures and 6708 revision knee procedures were carried
out in the UK, an increase of 25% in only 4 years and of 300% over the past 20 years. With a rapidly
ageing and increasingly obese population, and medical advances that mean less stringent criteria for
surgery eligibility, there is no sign that demand will recede in coming years.

The burden on NHS orthopaedic services does not stop postoperatively. However, in the current
economic climate there is increasing pressure to identify cost-saving measures. Our previous work
suggested that many centres were curtailing primary total joint replacement (TJR) follow-up to deal
with growing pressure on their services. However, such disinvestment is without evidence base and
raises questions of the consequences to patients. Identification of problem patients in a timely fashion
is important to avoid complex revision surgery, which is more traumatic to the patient, carries higher
complication risk and is considerably more costly in terms of surgical and subsequent rehabilitation
costs. Urgent work is, therefore, required to determine the most cost-effective follow-up pathway to
minimise potential harm to patients. This project aimed to examine whether it is safe to completely
disinvest in TJR follow-up or whether this will expose people to unnecessary harm.

Research question

Is it safe to disinvest in mid- to late-term follow-up of hip and knee replacement?

Objectives

l To identify which patients need follow-up and when this should occur for primary TJR by making
use of routine data.

l To understand the patient journey (in primary and secondary care) to revision surgery by recruiting
patients admitted for elective and emergency hip and knee revision surgery.

l To establish how and when patients are identified for revision surgery and to understand why some
patients are missed from regular follow-up and present acutely with fracture around the implant
[i.e. periprosthetic fracture (PPF)] by using prospective and retrospective data.

l To identify the most appropriate and cost-effective follow-up pathway to minimise potential harm
to patients by undertaking cost-effectiveness modelling.

l To provide evidence- and consensus-based recommendations on how follow-up of primary TJR
should be conducted.

Methods

The study comprised three complementary evidence synthesis work packages to inform a final
consensus process.
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Work package 1
Work package 1 was a systematic literature review that aimed to evaluate the existing evidence on
the clinical effectiveness and cost-effectiveness of follow-up care pathways for hip and knee joint
replacement. Specific research questions were:

l What is the clinical evidence base for current and emerging follow-up care pathways for TJR and
the consequences for patients?

l What are the main follow-up care pathways for primary TJR?
l What is the cost-effective evidence for models of delivering follow-up to these patients?
l What are the barriers to and facilitators of follow-up after TJR?

The systematic review was conducted in accordance with the criteria of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA). Searches were run between May and
June 2017, and updated in June 2019 and April 2020. The protocol was registered on PROSPERO
(reference CRD42017053017).

Work package 2
Work package 2 used routine data from five national electronic health record data sets to understand
which patients present for revision surgery and when, together with prospective data collected on
patients presenting for revision surgery, to understand how they are currently identified.

Work package 2a
Work package 2a was an analysis of linked national data sets from primary care [i.e. Clinical Practice
Research Datalink (CPRD)–Hospital Episode Statistics (HES)] and secondary care [i.e. National Joint
Registry (NJR)–HES–patient-reported outcome measures (PROMs)]. Participants were aged ≥ 18 years
and had undergone a primary elective hip and knee replacement. The primary outcome was revision
surgery ≥ 5 years after primary hip or knee replacement. Cox regression modelling was used to ascertain
risk factors for mid- to late-term revision. Hazard ratios (HRs) and 95% confidence intervals (CIs) were
used to assess the association of sociodemographic factors, comorbidities, medication, surgical variables
and PROMs with mid- to late-term revision. Separate models were fitted for hip and knee joints.

Work package 2b
Work package 2b was a prospective cohort study of patients presenting for revision of a THR, TKR or
UKR. This cohort was used to understand current routes to revision surgery and to explore differences
in symptoms, health-care use, reason for revision and the revision surgery (e.g. surgical time, components
and length of stay) between patients having and those not having regular follow-up. Included participants
were aged ≥ 18 years with elective or emergency presentation for THR, TKR or UKR. Participants were
excluded from the study for previous revision surgery, metal-on-metal primary hip replacement or hip
hemiarthroplasty. Patient-reported and medical record data were collected for the 12 months prior to
revision. Participants were retrospectively classified as ‘follow-up’ or ‘no follow-up’. Multilevel regression
and propensity score matching were used to compare the two groups.

Work package 3
Work package 3 used a Markov model to simulate the survival, health-related quality of life and NHS
costs of patients, starting at the fifth anniversary of their hip or knee replacement and continuing for
the remainder of their lifetime. In the model, a simulated cohort of patients transitioned through a
series of health states at yearly intervals, with each year spent in a health state associated with a cost
to the NHS and a level of quality of life. Analyses were conducted separately for each joint and for
two age groups (< 70 years and ≥ 70 years) at the time of primary operation. Model parameters were
derived mainly from linked primary (CPRD) and hospital care (HES) medical records, as well as from
NHS PROMs and mortality (i.e. Office for National Statistics). Transitions between health states were
simulated according to parametric models built based on the observed incidence of the corresponding
events. Patients were classified as having had long-term follow-up or not based on recorded attendances
to hospital outpatient ‘trauma and orthopaedics’ consultations. The impact of the uncertainty surrounding
model parameter values was assessed by a probabilistic sensitivity analysis.

SCIENTIFIC SUMMARY
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Work package 4
Evidence from work packages 1–3 was fed into a face-to-face consensus panel using the National
Institute for Health and Care Excellence (NICE) guidelines development model. The meeting involved
32 stakeholders, including representatives from all key orthopaedic bodies, patients, general practitioners,
and industry and clinical commissioners. The purpose of this face-to-face meeting was to review the
complete work packages data and obtain agreement for future care pathways, supported by evidence
of their clinical effectiveness and cost-effectiveness, to be recommended and adopted across the NHS.

Results

Work package 1
The search strategy identified 21,058 articles. After the removal of duplicates, there remained a total of
15,858 articles, of which 73 met the inclusion criteria and were subject to detailed review. Seventeen
articles were included in the final analysis. Synthesis of findings found that both pain and functional
ability at follow-up in individuals who have undergone primary hip or knee arthroplasty serve as
important indicators for detecting emerging signs of implant failure, and that the use of patient-specific
outcome scores, such as Short Form questionnaire-36 items and EuroQol-5 Dimensions, three-level
version, during routine follow-up might prove cost-effective. However, the evidence refuted the suggestion
that adequate surveillance can be achieved with the use of PROMs alone and emphasised the importance
of including a radiographic review in the follow-up of hip arthroplasty. Factors such as age, education
and geographical locality, as well as socioeconomic circumstances, were identified as significant barriers
to patient follow-up. There was a paucity of literature correlating quality of life with follow-up after
arthroplasty of the hip and knee, and there is a need for further work in this area.

Work package 2a
NJR–HES–PROMs data were available from 2008 to 2011 on 188,509 knee replacements and
142,275 THRs. CPRD–HES data were available from 1995 to 2011, during which time 17,378 knee
replacements and 17,047 THRs were recorded. Patients were a minimum of 5 years post primary
surgery at the end of 2016. Age and sex distributions were similar across data sets. In the NJR, there
were 8607 (4.6%) revisions for knee surgery and 3582 (2.5%) revisions for hip surgery; the median
time to revision after the primary surgery was 1.8 (range 0–8.8) years and 1.9 (range 0.01–8.7) years,
respectively, and there were 1055 (0.6%) mid-term revisions and 598 (0.4%) late-term revisions. In the
CPRD, there were 877 (5.1%) revisions for knee surgery and 982 (5.8%) revisions for hip surgery, and
the median time to revision after the primary surgery was 4.2 (range 0.02–18.3) years and 5.3 (range
0–20) years, respectively, with 352 (2.0%) mid-term revisions and 520 (3.1%) late-term revisions.

Sociodemographic factors
Increasing age was associated with reduced risk of revision for THR (HR 0.96, 95% CI 0.95 to 0.96)
and TKR (HR 0.95, 95% CI 0.95 to 0.96). Obesity (obese vs. normal HR 0.70, 95% CI 0.56 to 0.88),
deprivation (most deprived vs. least deprived HR 0.71, 95% CI 0.58 to 0.87), non-white ethnicity
(HR 0.58, 95% CI 0.43 to 0.78), better preoperative and 6-month postoperative pain/function [Oxford
Knee Score (OKS) 25–48 points preoperative HR 0.42, 95% CI 0.33 to 0.53; postoperative HR 0.33,
95% CI 0.26 to 0.41] and moderate preoperative anxiety/depression (HR 0.73, 95% CI 0.63 to 0.83)
were associated with a lower TKR revision risk, and male sex (HR 1.32, 95% CI 1.04 to 1.67) was
associated with an increased TKR revision risk. A better 6-month postoperative Oxford Hip Score for
pain/function (24–48 vs. 0–9 points) was associated with reduced THR revision risk (HR 0.34, 95% CI
0.26 to 0.45). There was no effect on American Society of Anesthesiologists grade, smoking status
or drinking risk for either hip or knee revision. Effects of comorbidity were seen only in the hip revision
for primary care-recorded malabsorption (HR 3.97, 95% CI 1.13 to 13.94) and previous fracture
(HR 1.76, 95% CI 1.10 to 2.82) (i.e. an increased risk) and hypertension (HR 0.76, 95% CI 0.60 to 0.95)
(i.e. a reduced risk).

DOI: 10.3310/KODQ0769 Health and Social Care Delivery Research 2022 Vol. 10 No. 16

Copyright © 2022 Kingsbury et al. This work was produced by Kingsbury et al. under the terms of a commissioning contract issued by the Secretary of State for Health and
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/.
For attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xxix



Surgical and operative factors
For the hip revision group, compared with metal-on-polyethylene bearing surfaces, reduced risk was seen
in ceramic-on-ceramic bearing surfaces (HR 0.73, 95% CI 0.56 to 0.94) and ceramic-on-polyethylene
bearing surfaces (HR 0.75, 95% CI 0.57 to 0.99). The risk of revision was greater with larger head sizes
(≥ 44 vs. ≤ 28mm, HR 2.63, 95% CI 1.12 to 6.19). No effects were observed in the knee revision group.

Medication use
In the hip revision group, antidepressant use (HR 1.65, 95% CI 1.22 to 2.24) and steroid injections
(HR 2.28, 95% CI 1.14 to 4.54) were associated with an increased risk of revision. In the knee revision
group, oral glucocorticosteroid therapy was associated with a reduced risk of revision (HR 0.72, 95% CI
0.50 to 0.94) and higher doses of opioids were associated with an increased risk of revision (HR 1.67,
95% CI 1.08 to 2.59).

Work package 2b
Data from 568 patients who were recruited in 38 UK secondary care sites between October 2017
and October 2018 [43.5% male; mean age 71.86 (standard deviation 9.93) years] were analysed. There
were 208 patients in the follow-up group (hips, n = 106; knees, n = 102) and 360 in the no follow-up
group (hips, n = 199; knees, n = 161). No significant inclusion differences were identified between the
two groups. For the hip revision group, male sex [odds ratio (OR) 1.975, 95%CI 1.083 to 3.602; p = 0.026],
time to revision > 10 years (OR 3.804, 95% CI 1.353 to 10.694; p = 0.011), PPF (OR 20.309, 95% CI 4.574
to 90.179; p < 0.001) and dislocation (OR 12.953, 95% CI 4.014 to 41.794; p= 0.000) were associated with
no follow-up. For the knee revision group, time to revision > 10 years (OR 2.337, 95% CI 1.007 to 5.419;
p = 0.048) and infection (OR 2.946, 95% CI 1.046 to 8.298; p = 0.041) were associated with no follow-up.
No other significant differences in cost outcomes, duration of surgery or access to a health professional in
the year prior to revision were found between the two groups. When PPFs, dislocations and infections
were excluded, health-care utilisation and use of revision implants were significantly higher in the no
follow-up group.

Work package 3
We identified 9856 patients with primary TKRs and 10,837 with primary THRs in the CPRD–HES data
set. After identifying attended outpatient appointments, 4349 (44%) patients with a TKR and 4870
(47%) patients with a THR were included in the follow-up group. Revision rates were higher for the
follow-up group than for the no follow-up group for both age groups and for both joints. The average
patient having long-term follow-up was found to be associated with higher costs and lower quality-
adjusted life-years (QALYs) over their lifetime than the average patient not having long-term follow-up.
The main drivers of cost differences between follow-up and no follow-up were those associated with
outpatient visits (i.e. follow-up costs). This varied slightly by joint and by age group at the time of primary
surgery, but did not affect final comparative results. Parameter uncertainty affected THR analyses more
than TKR analyses, and the younger patient groups more than the older patient groups.

Work package 4
Following the NICE consensus model, all participants received summaries of the main research
findings in advance of the meeting. At the meeting, detailed presentations were given and consensus
discussions took place until agreement was reached on the final recommendation statements. It was
agreed that these should be grouped as overarching statements (to place the recommendations in
context) and the recommendations themselves.

Overarching statements

l These recommendations apply to post-primary hip and knee replacement follow-up.
l The 10-year time point in these recommendations is based on a lack of robust evidence beyond 10 years.
l In these recommendations, the term ‘complex cases’ refers to individual patient and surgical factors

that may increase the risk for replacement failure.
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Recommendations

l For Orthopaedic Data Evaluation Panel 10A* (ODEP-10A*) minimum implants, it is safe to disinvest
in routine follow-up from 1 to 10 years post non-complex hip and knee replacement provided that
there is rapid access to orthopaedic review.

l For ODEP-10A* minimum implants in complex cases or non-ODEP-10A* minimum implants, periodic
follow-up post hip and knee replacement may be required from 1 to 10 years.

l At 10 years post hip and knee replacement, clinical and radiographic evaluation is recommended.
l After 10 years post hip and knee replacement, frequency of further follow-up should be based on

the 10-year assessment (note that ongoing rapid access to orthopaedic review is still required)
[Stone M, Smith L, Kingsbury S, Czoski-Murray C, Judge A, Pinedo-Villanueva R, et al. Evidence-
based follow-up recommendations following primary hip and knee arthroplasty (UK SAFE). Orthop
Proc 2020;102–B:13. https://doi.org/10.1302/1358-992X.2020.5.013].

Conclusions

Our analysis of routine data found that the risk of a mid- to late-term revision operation 5 years
after the primary THR and TKR was very low. Interestingly, the predictors of revision were different for
hips and knees, suggesting that the organisation of follow-up services may need to consider different
factors when defining complex cases. The patient factors we identified were most likely markers of
inequalities in access to revision surgery and these need to be addressed. In our prospective study,
route to revision appeared to make minimal difference in terms of participant characteristics and we
could not identify specific subgroups that would benefit from targeted follow-up. Our health economic
modelling found that follow-up was associated with higher lifetime health-care costs and lower QALYs
than no follow-up for both primary knee and primary hip replacement. Revisions were rare, but they
were more common for patients in the follow-up group than for patients in the no follow-up group.

Summary

The UK SAFE programme demonstrated that for ODEP-10A* prostheses, it is safe to disinvest in routine
follow-up in the 1- to 10-year period after non-complex hip and knee replacements. At 10 years after
index surgery, clinical and radiographic review is recommended. Complex cases, implants not meeting
the 10A* criteria, metal-on-metal implants and follow-up after revision surgery are not covered by
this recommendation.

Recommendations for future research

l Establish the most effective model of delivering a rapid access service.
l Explore inequalities in access to follow-up services and revision surgery.
l Improve and evaluate the evidence base to enable recommendations for follow-up after 10 years.
l Evaluate alternative models of delivery of follow-up services, such as virtual clinics, and the role of

patient-specific outcome scores as indicators for emerging joint failure.
l Explore extrapolation and evaluation of these recommendations for other joints.

Study registration

This study is registered as PROSPERO CRD42017053017.
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Chapter 1 Introduction

Parts of this chapter have been adapted from Czoski Murray et al.1 This is an open access article
distributed in accordance with the Creative Commons Attribution 4.0 Unported (CC BY 4.0) license,

which permits others to copy, redistribute, remix, transform and build upon this work for any purpose,
provided the original work is properly cited, a link to the licence is given, and indication of whether
changes were made. See: https://creativecommons.org/licenses/by/4.0/.

Background

Hip and knee arthroplasty has revolutionised the management of degenerative joint disease. There is a
good evidence showing that hip and knee arthroplasty is both highly clinically effective, reducing symptoms
of pain and functional limitations for the vast majority of patients,2,3 and highly cost-effective, resulting in
cost savings for health-care systems and increasing benefits for patients compared with alternatives, such
as no surgical interventions and conservative management.4–6 In the UK, the lifetime risk of having a knee
replacement is estimated to be 10.8% for women and 8.1% for men, and the lifetime risk of having a hip
replacement is estimated to be 11.6% for women and 7.1% for men.7 In 2018–19, a total of 95,677 primary
total hip replacements (THRs), 106,617 total knee replacements (TKRs), 12,261 unicompartmental knee
replacements (UKRs), 1790 revision hip procedures and 6708 revision knee procedures were carried out
in the UK,8 an increase of 25% in only 4 years and of 300% over the past 20 years.

Age-related osteoarthritis is the primary indication for THR, TKR and UKR (collectively referred to
as primary replacements throughout this report) and 65% of patients are aged ≥ 65 years at surgery.
The proportion of the UK population that is aged ≥ 65 years is rapidly increasing, growing from 15%
to 17% over the last 25 years, and is predicted to reach 23% by 2035.9 Owing to medical advances, the
elderly are more medically fit than previous generations and this, together with improved anaesthetic
techniques, means that a greater proportion of the population is now eligible for surgery. Furthermore,
improvements in implant technology and associated survival rates have reduced the average age
of arthroplasty patients, although recent National Institute for Health and Care Excellence (NICE)
guidelines on hip fracture management require that all patients who are independently mobile before
fracture, not cognitively impaired and medically fit for anaesthesia to be offered joint replacement.10

Ultimately, these factors have contributed to a rapid increase in the number of primary arthroplasties
conducted in the UK annually and a consequent increase in revision procedures. Future projections
of THR and TKR numbers based on 2010 figures, accounting for projected population changes in age,
sex and body mass index (BMI), estimated 95,877 THRs and 118,666 TKRs to be performed in the UK
in 2035;11 however, these numbers were already exceeded in 2018–19.8

Joint replacements are associated with reduced pain, enhanced function and improved quality of life
for patients.12,13 However, there is a risk of adverse events following surgery, including perioperative
complications, mortality and revision surgery, in which implant components are removed, added
or replaced.14 Adverse events are cost-intensive, with revision in particular being associated with
increased length of stay (LOS) at the hospital and substantial health-care costs.14,15 Nevertheless, the
risk of revision is low, ranging from 4.6% to 6.8% for knee replacements and from 4.7% to 6.4% for
hip replacements at 10 years after primary surgery,14 and approximately 75% of those revisions are
expected to occur after 5 years following the primary joint replacement.16

Follow-up after joint arthroplasty represents an effective way to detect the need for revision,17 as well
as an important source of information for physicians to improve both arthroplasty performance and
patients’ health outcomes, given the potential increased risk of failure of the implanted prosthesis over
time.18 Failure of the prosthesis may be caused by a number of factors, including the material used
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to make prosthetic implants (in addition to their design, size and positioning), infection, dislocation
and trauma, as well as unexplained pain or aseptic loosening with or without osteolysis.18,19 Early
(defined as < 5 years) complications are often symptomatic and include infection and technical errors.20

Arthroplasty failure in the longer term (defined as > 5 years), constituting 50% of revision surgery,
is usually caused by bearing surface wear and associated consequences of periprosthetic osteolysis
or aseptic loosening, and may be asymptomatic until clinical and radiographic failure have occurred.20,21

Complex revision surgery is considerably more costly in terms of both surgical and subsequent
rehabilitation costs, is more traumatic to the patient and carries higher complication risks. However,
with modern on-the-shelf revision implants and surgical techniques of allografting and impaction
grafting, there is often less urgency to proceed to revision surgery for asymptomatic radiographic
changes than there was 10 years ago. Cases are commonly kept under observation, with development
of symptoms often the trigger to proceed to surgery.

Currently, approximately 500,000 to 1,000,000 outpatient follow-up visits are offered to hip and knee
replacement patients per year in the UK.1 Orthopaedic services are already one of the poorest performers
across the NHS in terms of failure to meet waiting list targets, with an estimated 8000 orthopaedic NHS
breaches each month.9 With a rapidly ageing population and medical advances that mean less stringent
criteria for surgery eligibility,10 there is no sign that demand will recede in coming years, and orthopaedic
services will soon be stretched to breaking point. With pressure to meet waiting list targets and maintain
budgets, there is significant pressure on orthopaedic centres to reduce the amount of follow-up care.

Our recent work identified considerable diversity across the UK with respect to arthroplasty follow-up
pathways, in terms of timing, how follow-up is conducted and which health professionals are involved.
This is despite British Hip Society [(BHS) London, UK] and British Orthopaedic Association [(BOA)
London, UK] guidelines22,23 that recommend outpatient follow-up at 1 and 7 years and every 3 years
thereafter for Orthopaedic Data Evaluation Panel 10A (ODEP-10A) implants, with more frequent
follow-up for novel implants. Many centres do not have an established policy for follow-up. In some
centres, follow-up services after an early postoperative check have been curtailed or stopped entirely,
and this trend appears to be increasing, to cope with the demand on orthopaedic outpatient services.24

However, there is no evidence base to support that such disinvestment is safe for patients. In contrast,
other centres follow up all patients beyond 10 years. Importantly, many centres do not distinguish
between hip and knee joints, using identical follow-up plans for both joints despite increasing debate
regarding the considerable differences between rates of symptomatic and asymptomatic failure in
these joints. Similarly, with the exception of metal-on-metal implants, follow-up plans do not take
implant or patient-related factors into account. This wide variation causes problems in both directions.
In centres where a full follow-up plan is followed for all patients, this potentially leads to unnecessary
patient visits, unnecessary NHS expenditure and use of specialist time that may be better employed in
other areas of the orthopaedic pathways. Moreover, follow-up may not be targeted at the postoperative
period when failure is most likely to occur and may, therefore, not improve ability for early detection
of joint failure. In centres where no follow-up is conducted, there is the potential risk of lack of sensitivity
for detecting serious problems, resulting in subsequent unnecessary patient suffering and delayed
care/treatment needs.

With pressure to reduce costs across the NHS, arthroplasty follow-up is under threat and disinvestment
is likely to increase. Therefore, urgent work is required to determine the most cost-effective follow-up
pathway to minimise potential harm to patients. This timely project aimed to examine the consequences,
if any, of disinvestment in arthroplasty follow-up.

Evidence explaining why this research is needed now

Hip and knee replacement is one of the great success stories of medicine in the twentieth century.
Sir John Charnley pioneered this work over 50 years ago. In the early days of this surgery, all patients
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were followed for life with annual radiographies. As the techniques became mainstream, the need
for universal follow-up passed. The ‘optimal’ follow-up of these patients has never been established.
Gradually, the orthopaedic community has drifted away from long-term follow-up, for no particular
scientific reason, but driven by a variety of factors. However, sporadic cases of catastrophic failure of
implants, for example the 3M™ Capital™ Hip System (3M Health Care Ltd, Loughborough, UK) and the
metal-on-metal hip replacements, have awakened interest in follow-up. Appropriately, some of this has
been driven by patients themselves, with a culture of patients knowing that there can be failure that is
not associated with symptoms.

Current recommendations22,23 require updating, as they do not provide a consensus on follow-up times
post surgery. A range of recommendations for post-arthroplasty follow-up has been published by
different expert bodies, with varying evidence bases. Although the BHS provided updated guidelines in
2012, these guidelines were formulated by consensus, with limited evidence to support their advice.22

For knee surgery, there is greater disparity, with different recommendations advising follow-up at
varying times post surgery.23 Our scoping searches revealed some effectiveness evidence25,26 for the
range of clinical pathways and follow-up methods, and there is opportunity to include this in guidance.
In addition to the limited evidence base for current recommendations, there are a number of further
limitations to these guidelines.22,23 Current recommendations are based on replacement technologies that
have changed and, for the hip, do not reflect the shift in UK practice from cemented to uncemented femoral
stems, with a twofold increase in cementless procedures since 2005.9 With the exception of metal-on-metal
procedures, which are covered by a mandatory Medicines and Healthcare products Regulatory Agency
(MHRA)-specified follow-up pathway, there is no recognition that specific technologies and implants
may require different follow-up pathways.22 For example, more frequent follow-up may be required
for non-ODEP-10A implants.22 Despite efforts to increase the use of ODEP-10A implants (the current
gold standard), as recommended by NICE,27 there has been no significant change in the use of stems
achieving the 10-year benchmark over the last 3 years. Current National Joint Registry (NJR) data
suggest that 30–50% of stems/cups used across the UK have not been submitted for Orthopaedic Data
Evaluation Panel (ODEP) evaluation and, therefore, follow-up pathways that account for an ODEP rating
are pertinent. Current recommendations for follow-up also do not account for increasing surgical fitness of
the ageing population or improvements in bone stock restoration at modern revision surgery.

In the current economic climate, and with increasing demand on NHS services due to an ageing
multimorbid population and increasing consumer expectations, there is huge pressure for health
authorities to consider priorities around investment and disinvestment and for implementation of
rational evidence-based changes to practice. Given that current routine practice for post-hip and knee
arthroplasty follow-up costs the NHS in the region of £100M per year, disinvestment in this service
may be perceived as an easy cost-saving measure, enabling resources to be focused elsewhere. In
addition to budgetary issues, there are many other factors that may affect decision-making around
service planning in the NHS and that result in large variation across the UK as to how arthroplasty
follow-up is conducted. These factors include staffing pressures, particularly as a result of the European
Working Time Directive, which has reduced junior doctor support; the use of non-ODEP implants,
testing and development of new implants, and involvement in beyond-compliance studies, which may
result in more intensive follow-up regimes being implemented at individual centres; and presence
(or indeed absence) of patient participant groups and their ability to engage with commissioners and
have involvement in decision-making processes. We explored these factors within this programme,
with particularly interest in the last factor and understanding how patients should be involved in care
planning for orthopaedic follow-up.

The fact that research on follow-up is currently piecemeal further complicates the decision-making
process and, importantly, means that current decisions to decommission, restrict, retract or substitute
orthopaedic follow-up services lack an evidence base, and the impact of such changes to practice on
long-term patient outcomes is unclear. Similarly, the benefits of more expensive regular follow-up of
patients may be limited. Although we are aware that research is currently ongoing to evaluate new
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technologies for monitoring patients both at a distance and virtually to reduce the costs of hospital
attendance, such monitoring technologies are themselves expensive, and before such technologies
are employed into routine clinical practice an evidence base for arthroplasty follow-up must first be
established. Proposals have also been put forward at government level to move orthopaedic follow-up
away from secondary care and into the hands of general practitioners (GPs) and specialist nurses in the
community. However, a recent study found that 77% of patients, 95% of GPs and 100% of orthopaedic
trainees believed this to be inappropriate, indicating that such a move could cause potential harm to
patients and would remove an important training opportunity for orthopaedic trainees to ensure that
they acquire the appropriate skills to treat their patients safely.28

It is imperative that follow-up takes into account a variety of factors, including implant type, the joint
involved and patient factors, and that a decision to alter follow-up pathways considers the long-term
impact on patients, health professionals and the NHS as a whole. Robust and collaborative research is
required to definitively address the question of how hip and knee arthroplasty follow-up should be
conducted. Key to this is ensuring that any decision to disinvest does not result in patient harm.

The need for this programme of research was further supported by a number of recent reports:

l The 2012 Briggs9 report on improving the quality of orthopaedic care within the NHS in England
states that all patients should receive appropriate follow-up to detect complications and disease
recurrence early.

l The Academy of Medical Royal Colleges29 recently highlighted the increasing pressure on the NHS
to preserve standards of care in an environment of growing demand and increasingly constrained
budgets. The report29 by the Academy of Medical Royal Colleges challenges the NHS to consider
waste in terms of unnecessary use of clinical resources and low-value services. The report highlights
the widespread overuse of tests and interventions that bring little benefit to patients, and, in some
cases, may even do more harm than good (e.g. tests involving ionising radiation) and prevent NHS
resources from being used to bring the best health outcomes to patients. Disinvestment in unnecessary
procedures is a key step in focusing NHS spending, optimising health outcomes and improving patient
care. However, the Academy of Medical Royal Colleges advises that such disinvestment must be based
on robust evidence to ensure that the interest of the patient remains at the centre of NHS care.29

l Monitor30 recently highlighted an urgent need to identify mechanisms to close the NHS funding gap
while ensuring that the interests of patients remain protected and that the standard of service
provision is not compromised. Key areas for investigation within the Monitor30 report, and which
this project is designed to address, include improving productivity within existing services, ensuring
that the right care is delivered in the right settings, developing new and innovative ways of
delivering health care and allocating spending more rationally. These areas directly align with the
remit of the Health and Social Care Delivery Research programme.

l In March 2014, the James Lind Alliance and National Institute for Health and Care Research (NIHR)
Priority Setting Partnership for Hip and Knee Replacement for Osteoarthritis listed defining the ideal
postoperative follow-up period and the best long-term care model for people with osteoarthritis who
have had hip/knee replacement among its top 10 research priorities,31 highlighting the importance of
appropriate follow-up to ensuring the health of patients.

l Since the commencement of the UK SAFE study, NHS England commissioned NICE to develop
a clinical guideline on joint replacements. This guideline,32 which was published in June 2020,
drew particular attention to the importance of rehabilitation, as well as long-term follow-up and
monitoring after hip, knee and shoulder joint arthroplasty, but also highlighted the need for further
evidence on follow-up.

During the development of this project, we discussed the issue of arthroplasty follow-up with key
stakeholders, including orthopaedic surgeons, NHS managers, Clinical Commissioning Group (CCG)
managers, GPs and patients, as well as with all of the key orthopaedic societies. There was strong
support from all stakeholders for the need for this programme of research. Orthopaedic surgeons
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expressed frustration that they no longer had the resources to appropriately follow up all of their
patients and believed that decisions to change practice were often based on financial pressures rather
than robust evidence. From a primary care perspective, GPs were keen to understand whether or
not follow-up for knee/hip replacement was a cost-effective use of resources and what the potential
impacts would be on patients. The CCG managers were keen to understand if savings could be made
and whether or not these savings could be utilised to greater benefit in another area of the health
economy. CCG managers were also keen to apply the learning from this study to local pathways.
In addition, there was support for examining novel methods of follow-up, for example exploring
the use of telephone-/questionnaire-based methods or, indeed, video consultations, if applicable,
acknowledging that the traditional model of face-to-face follow-up may not always be cost-effective
for the NHS or the patient (factoring in hospital-related expenses and travel and time costs). GPs
and orthopaedic surgeons were also strongly supportive of engaging patients in the study. Of note,
ensuring the perception of care for patients was felt to be a key factor and there was strong belief that
disinvestment in arthroplasty follow-up services must not be supported without robust evidence that
this would not have the potential to cause harm to patients.

Aims and objectives

Research question

l Is it safe to disinvest in mid- to late-term follow-up of hip and knee replacement?

Objectives

l To identify which patients need follow-up and when this should occur for primary total hip surgery
and total and unicompartmental knee arthroplasty surgery by making use of routine data.

l To understand the patient journey (in primary and secondary care) to revision surgery by recruiting
patients admitted for elective and emergency hip and knee revision surgery.

l To establish how and when patients are identified for revision surgery and to understand why some
patients are missed from regular follow-up and present acutely with fracture around the implant
[i.e. periprosthetic fracture (PPF)], by using prospective and retrospective data.

l To identify the most appropriate and cost-effective follow-up pathway to minimise potential harm
to patients by undertaking cost-effectiveness modelling.

l To provide evidence- and consensus-based recommendations on how the follow-up of primary hip
and knee joint replacement should be conducted.
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Chapter 2 Cost-effectiveness of recovery
pathways following primary hip and knee
arthroplasty: a systematic review

Background

Despite the annual increment in hip and knee replacement procedures currently performed in the UK,
largely due to an increasing elderly population, as well as the growing obesity epidemic,11 a number of
NHS hospital trusts have reportedly disinvested in primary joint arthroplasty follow-up services as a
means of dealing with the increasing pressure on their orthopaedic and other health-care services.24

Against the continuing background of austerity in the UK and its impact on NHS-funded patient care,
there is a clear need to evaluate and ascertain the clinical effectiveness and cost-effectiveness of
follow-up clinical pathways in hip and knee arthroplasty.33,34 It is within this context that the present
systematic review aimed to assess the published evidence on follow-up care pathways for hip and knee
joint replacement, including any evidence on cost-effectiveness.

Research questions
The overall aim of this review was to evaluate the existing evidence in relation to the clinical
effectiveness and cost-effectiveness of follow-up care pathways for hip and knee joint replacement.
Specific research questions were:

l What is the clinical evidence base for current and emerging follow-up care pathways for hip and
knee joint replacement and the consequences for patients?

l What are the main follow-up care pathways for primary hip and knee replacement?
l What is the cost-effective evidence for models of delivering follow-up to these patients?
l What are the barriers to and facilitators of follow-up after hip and knee arthroplasty?

Methodology

Parts of this section have been adapted from Czoski Murray et al.1 This is an open access article
distributed in accordance with the Creative Commons Attribution 4.0 Unported (CC BY 4.0) license,
which permits others to copy, redistribute, remix, transform and build upon this work for any purpose,
provided the original work is properly cited, a link to the licence is given, and indication of whether
changes were made. See: https://creativecommons.org/licenses/by/4.0/.

This systematic review was conducted in accordance with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) criteria.35 The protocol for the present study was registered
on PROSPERO (reference CRD42017053017) and has been published elsewhere.1

Identification of studies
Between May and June 2017, and updated in June 2019 and April 2020, we conducted a world
literature search, focusing on hip and knee arthroplasty follow-up care pathways studies. Searches
were developed for hip or knee arthroplasty and follow-up care pathways or risks of complications,
such as arthroplasty failures or revision surgery. We searched the following databases: Bioscience
Information Service (BIOSIS) Previews® (Clarivate Analytics, Philadelphia, PA, USA; 1969 to week 26
2017), Cumulative Index to Nursing and Allied Health Literature [CINAHL; via EBSCOhost (EBSCO
Information Services, Ipswich, MA, USA); 1981–present], ClinicalTrials.gov (US National Institutes of
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Health, Bethesda, MD, USA), Cochrane Central Register of Controlled Trials (issue 5 of 12; May 2017),
Cochrane Database of Systematic Reviews (issue 6 of 12; June 2017), Database of Abstracts of
Reviews of Effect (issue 2 of 4; April 2015), EMBASE Classic and EMBASE™ (Elsevier, Amsterdam,
the Netherlands; 1947 to 25 May 2017), Health Technology Assessment Database (issue 4 of 4;
October 2016), Health Management Information Consortium (HMIC) (1983–present), IDEAS (research
papers in economics), Ovid® (Wolters Kluwer, Alphen aan den Rijn, the Netherlands) MEDLINE®

Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE Daily and Ovid
MEDLINE (1946–present), NHS Economic Evaluation Database (issue 2 of 4; April 2015), ProQuest®

(ProQuest LLC, Ann Arbor, MI, USA) Dissertations & Theses Abstracts & Indexes (A&I) database
(1743–present), ProQuest Dissertations & Theses database UK & Ireland, PsycInfo® (American
Psychological Association, Washington, DC, USA; 1806 to week 4 May 2017), PubMed® (National
Library of Medicine, Bethesda, MD, USA) (1946–present), Arts and Humanities Citation Index (Clarivate
Analytics; via the Web of Science™) (1975–present), Conference Proceedings Citation Index – Science
(Clarivate Analytics; via the Web of Science) (1990–present), Conference Proceedings Citation Index –

Social Science & Humanities (Clarivate Analytics; via the Web of Science) (1990–present), Sciences
Citation Index (Clarivate Analytics; via the Web of Science) (1900–present), Social Sciences Citation
Index (Clarivate Analytics; via the Web of Science) (1900–present) and Web of Science Core Collection:
Citation Indexes (Clarivate Analytics) (1900–present) (see Appendix 1, Tables 20–35).

Subject headings and free-text words were identified for use in the search concepts by text analysis
tools, including PubReMiner and medical subject heading (MeSH). Further terms were identified and
tested from known relevant papers.

In addition, the reference lists of included studies were reviewed for potentially relevant papers.
A sample search strategy and the databases searched are detailed in Appendix 1, Tables 20–35.

Selection of studies
Studies were included based on if they described follow-up care pathways after primary total or
unicompartmental knee or total hip arthroplasty and if they (1) reported the benefits to patient and/or
cost-effectiveness of arthroplasty or (2) involved planned elective revision or emergency revision and
provided follow-up data after primary arthroplasty. All models of follow-up care were included. Any
form of operating technique and prosthesis were included. No restrictions on language or study design
were applied.

Studies were excluded if no total hip or total or unicompartmental knee arthroplasty was performed.
We also excluded studies in which patient-reported outcomes [e.g. Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC®),36 Oxford Hip Score (OHS),37 Oxford Knee Score (OKS),37

Knee Society Clinical Rating System (KSS)38 and Harris Hip Score (HHS)]39 or clinical outcomes
(e.g. joint range of motion and walking distance) were not reported. If a study did not explicitly report
data (e.g. expert opinions, comments and editorials) or lacked follow-up information, then it was
excluded. Similarly, we excluded studies that included fractures resulting from falls or trauma, rather
than catastrophic failure of a previous hip or knee arthroplasty. Studies that included metal-on-metal
arthroplasty were reviewed but excluded if there was no mention of non-metal-on-metal arthroplasty
having been part of the study design. We also excluded ongoing studies, duplicate studies and studies
with a follow-up of < 5 years, as the purpose of this study was to examine longer-term follow-up.
Finally, studies that included patients aged < 18 years of age were also excluded.

Titles and abstracts of all identified studies were screened for eligibility, and full-text versions of
papers not excluded at this stage were obtained for detailed review.40 All abstracts were reviewed
by one researcher (JM), with a random selection (20%) independently screened by a second reviewer
(CJCM or KH). Potentially relevant studies were then independently assessed by three reviewers
(JM, CJCM and KH) to determine whether or not they met the inclusion criteria. Differences of opinion
were discussed until a consensus was reached, with clinical input from Lindsay K Smith. For the updated
searches, the same process was undertaken by Carolyn J Czoski Murray and Byron KY Bitanihirwe.
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Data extraction
Data extraction was carried out by one reviewer (JM) using a standardised pro forma and double-
checked by another reviewer (BKYB). Extracted data included citation details, study design, location,
patient characteristics, disease characteristics (e.g. osteoarthritis, rheumatoid arthritis), type of
arthroplasty (i.e. total or unicompartmental knee or total hip arthroplasty), joint details (i.e. fixation
type and joint material), joint material (e.g. cemented, titanium, polyethylene), outcome measures,
follow-up details and key findings. Assessment of bias was carried out as part of this process.

Assessment of bias
Quality assessment was carried out by one reviewer (JM) and double-checked by another reviewer (BKYB).
When possible, studies were assessed using previously developed scoring systems. The Newcastle–Ottawa
Scale was utilised for cohort and case–control studies. The Mixed Methods Appraisal Tool (MMAT) was
used to evaluate the quality of mixed-methods studies. The ROBIS (Risk of Bias in Systematic Review)
and AMSTAR (A MeaSurement Tool to Assess systematic Reviews) tools were used to assess risk of
bias and quality of systematic reviews, respectively.

Studies at risk of bias were not excluded, but an appraisal of the strength of existing evidence is reported.
Findings were interpreted in the light of this.

Data synthesis

Study characteristics and findings relating to clinical effectiveness, cost-effectiveness and study quality
were summarised in narrative and tabular form. Data pooling for meta-analysis was not feasible
because of study heterogeneity.

Overview
The search strategy identified 21,058 articles. There were 15,858 articles after duplicate articles
were removed, of which 72 articles met the inclusion criteria and were subject to detailed review
(Figure 1). We retrieved the full text of an additional paper that was identified from the reference list
(i.e. snowballing) of the articles that met the inclusion criteria and included this study. In the end,
17 papers41–57 were included in the final analysis.

Populations
Around a half of the studies were carried out in North America (n = 9),42,45,48–50,53–55,57 with the remaining
studies emanating from Europe (n = 7)43,44,46,47,51,52,56 and Oceania (n = 1).41 Just over two-fifths of the
European studies were conducted in the UK (n = 4).43,44,47,52 One study involved separate centres from
two countries (i.e. Germany and Greece),56 whereas another was a systematic review of the world
literature44 (Table 1). The sample size varied greatly between studies, ranging from tens of patients
(range 12–82 patients; n = 3) to hundreds of patients (range 104–844 patients; n = 12). It was not
possible to determine participant numbers in one study and another study (systematic review) comprised
17 separate studies (range 10–700 patients). The follow-up period in the study ranged from 5 to 14 years.
Most papers were published in the last 10 years (n = 11).

Outcomes and follow-up studied
Of the various areas evaluated in this review, 13 studies42,44–46,48–55,57 focused on the types of follow-up
investigated and included the length of time of follow-up. Only one study56 specifically focused on
determining cost-effectiveness.

Quality assessment
None of the included studies employed a controlled trial methodology, with 11 studies41,42,47–55

being case–control or cohort studies (Table 2). Eight studies41,47–49,52–55 involved retrospective
data collection. Two studies41,42 involved review of medical records and/or analysis of data from
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Additional studies
identif ied from
reference list of
included studies

(n = 1)

Articles after duplicated removed
(n = 15,858)

Studies excluded following review of abstract
(n = 15,803)

Potentially eligible studies retrieved for detailed evaluation
(n = 72)

Studies excluded
(n = 56)

• Effectiveness of follow-up not discussed
• Details of follow-up missing
• Short follow-up period (< 5 years)
• Perspective article
• Conference abstract that had not been subsequently
    published in a peer-reviewed journal
• Master’s thesis that had not been subsequently
    published in a peer-reviewed journal

Number of studies included in the systematic review
(n = 17)

Articles identif ied via database search
(n = 21,058)

FIGURE 1 A PRISMA flow chart.

TABLE 1 Included papers by country under study

Continent/country Number

North America 9

USA 9

Europe 8

Denmark 1

Greece 1

Germany 1

Sweden 1

UK 4

Oceania 1

Australia 1
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prospective registry databases. A single study43 collected data using a questionnaire followed by
semistructured interviews (i.e. sequential mixed-methods evaluation). Secondary analysis of data was
conducted in an individual systematic review.44 Patient satisfaction surveys, by questionnaire, direct
mail, fax or telephone completion were also well represented in this study.

One study56 involved multiple locations (in Germany and Greece) and has been included under each
included country.

Risk of bias within studies
Twelve41,42,45–54 of the 1341,42,45–55 observational studies assessed were reported to have a low risk of bias,
and one study55 was reported to have a moderate risk of bias. In a single study,56 the level of potential
bias was unclear, as the premise of this study was a cost-effective analysis. In the only systematic
review44 that was included in this study, there was a low risk of bias (according to the ROBIS tool58) and
the study quality was deemed moderate (according to AMSTAR criteria59). One study,43 which applied a
sequential mixed-methods approach evaluation, was rated as being of ‘considerable’ quality according to
the MMAT (with a MMAT score of 75%). Both of the case–control studies,50,51 which were retrospective,
were rated as being low for potential bias (both scored 7/9). Similarly, nine cohort studies41,42,47–49,52–55

(eight retrospective) were rated as having low potential for bias (median 8; range 7–9).

None of the studies received funding from commercial device companies.

Results

Clinical effectiveness of follow-up care pathways
The main treatment goals of joint arthroplasty are to reduce pain, improve function and increase
quality of life.18 The primary outcomes of interest can be measured by a range of established tools,
including WOMAC,36 OHS,37 OKS,37 KSS38 and HHS.39 Thirteen41–43,45–50,52,53,55,56 of the 17 studies
identified here as evaluating the clinical effectiveness of follow-up of hip and knee replacement
surgery applied such a tool. Three studies41,46,53 did not specify which tool was used, although the
authors stated that the tool had previously been validated in patients who had undergone hip or knee
replacement. Two studies45,47 used a combination of tools, whereas four studies44,51,54,57 did not apply
any tools. Seven studies43,45,47–50,56 evaluated patient-reported outcome measures (PROMs), such as
EuroQol-5 Dimensions, three-level version (EQ-5D-3L), Short Form questionnaire-6 Dimensions
(SF-6D),WOMAC, KSS, OKS and OHS, in relation to hip or knee replacement, whereas three studies42,44,54

utilised clinician-based outcome measures, including HHS scores to assess joint functionality
(see Appendix 1, Table 36).

TABLE 2 Research designs employed by included studies

Study design Number

Descriptive survey (before and after) 1

Case–control 2

Cost–benefit analysis/cost estimation 1

Cohort 9

Cross-sectional 2

Systematic review 1

Sequential mixed methods 1
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Synthesis of these findings reveals that both pain and functional ability at follow-up in individuals who
have undergone primary hip or knee arthroplasty serve as important indicators for detecting emerging
signs of implant failure. Indeed, in a cohort study conducted by Singh et al.42 it was reported that both
absolute HHS postoperative scores and HHS score change at up to 5 years post surgery are predictive
of revision risk after primary THR. This does not, however, extend to longer-term post 5-year revisions.
In another study50 that utilised patient records in conjunction with internet search techniques – so as
to locate patients who had not returned for follow-up after total knee arthroplasty – it was found
that there was no difference between patients who had and those who had not attended follow-up
appointments at a minimum of 5 years post operation. Specifically, assessments of pain and function
according to the KSS tool were found to be similar between these groups, and no patient who had not
attended follow-up appointments had required revision surgery.50 Interestingly, one study47 observed
that radiographic changes of the hip prosthesis at mid-term review (i.e. 6–9 years of follow-up)
could not be predicted by changes in the OHS. This evidence refutes the suggestions that adequate
surveillance can be achieved with the use of PROMs alone and emphasises the importance of including
radiographic review in the follow-up of hip arthroplasty.52

In two studies48,49 that considered quality of life in the context of follow-up joint replacement surgery,
postoperative SF-6D60 scores at follow-up were significantly higher than the original preoperative
scores, although no relevance was drawn to the use of this health index for identifying individuals
requiring revision replacement surgery. In another study that examined radiographic changes in the
hip prosthesis at follow-up in conjunction with the EuroQol-5 Dimensions (EQ-5D)61 (i.e. a standardised
instrument for use as a measure of health outcome and currently recommended by NICE62), no
significant differences were reported in the participants’ perception of quality of life,47 suggesting that
use of this instrument alone may not be useful in identifying individuals requiring revision hip or knee
replacement surgery.

In the only systematic review44 included in this study, which focused on identifying surrogate markers
of long-term outcomes in primary hip arthroplasty as a means for monitoring the status of prosthetic
implants, it was found that radiostereometric analysis (RSA) and Einzel-Bild-Röntgen-Analyse are
effective for measuring implant migration and wear.44 Attention was brought to the fact that, although
both of these techniques can detect migration and wear of the implant, which can be used to predict
early prosthesis failure due to aseptic loosening, unfortunately they cannot effectively detect other
modes of implant failure.

Care pathways for primary knee and hip replacement
A total of five studies41,43,45,51,54 was identified that described a care pathway through which patients
were brought in for hip and knee replacement surgery. In two of these studies,45,51 only individuals
undergoing elective revision knee or hip replacement surgery were included. In contrast, a third study41

included patients who had decided to undergo elective follow-up of primary hip arthroplasty in addition to
patients who had presented to the emergency room. The main indications for revision hip replacement
surgery comprised aseptic loosening, dislocation, PPF, osteolysis and infection, with only a small fraction
of individuals presenting for asymptomatic revisions.41 Loosening and instability of the knee prosthesis
represented the principal indications for revision knee replacement surgery.54 In the last study, Parkes
et al.43 developed a virtual clinic model that allows for long-term monitoring and screening of symptomatic
patients by clinicians, using web-based outcome scores (i.e. PROMs) and radiographs as a care pathway
through which individuals can be directed to hip and knee replacement. Although the virtual clinic process
appeared to be well accepted by patients and to provide cost savings (by freeing up face-to-face clinic
capacity), a key concern was the difficulties encountered in using the system and the need for clear
pathways to address this concern.

Cost-effectiveness of follow-up
A single study56 considered cost-effectiveness in terms of long-term follow-up care after total joint
arthroplasty. This study56 applied a cost–benefit analysis to compare a virtual mobile-based health-care
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system [i.e. providing follow-up for primary arthroplasty patients through questions about symptoms
in the replaced joint via tools, including WOMAC36 and Short Form questionnaire-36 items (SF-36),60

and through a radiological examination of knee or hip joint], with the traditional way of supporting
follow-up in terms of health-care and travel costs per patient (per annum). The results of this study
indicated significant cost savings (i.e. a reduction of 63.67% in relation to a re-admission rate of 5%)
in the standard health-care total cost of all hip and knee replacements when the mobile-based
health-care system is applied.56 Other relevant research by Kingsbury et al.,52 which focused on
the value of an outpatient clinic, using radiograph review in conjunction with a questionnaire as a
potential cost-effective total hip and knee ‘virtual clinic’ follow-up mechanism, found a substantial
agreement between a questionnaire and radiograph reviewed remotely by an orthopaedic surgeon
and an arthroplasty care practitioner-led outpatient follow-up in terms of clinical decision-making.
In a separate study conducted by Stilling et al.,51 which applied a cost-analysis approach comparing
assessment techniques for measuring the level of polyethylene that is worn away following hip
arthroplasty, it was shown that follow-up with PolyWare software (Draftware Developers Inc.,
North Webster, IN, USA) has a clinical precision similar to that of RSA, but is less expensive. In the
context of the present study, although PolyWare software is not commonly used in the UK, RSA, in
contrast, can be used for follow-up assessment of orthopaedic implants, although this is not practical
in routine follow-up.63

Barriers to and facilitators of referral pathways
Although consensus recommendations for knee and hip arthroplasty follow-up in the USA has favoured
annual or biennial visits following surgery,57 this is not commonly the case in a global setting. Indeed,
it is appreciated that factors such as age, education and geographical locality, as well as socioeconomic
circumstances, represent significant barriers to patient follow-up.45,50,55 However, advances in novel and
emerging cost-effective methods (e.g. virtual clinics or virtual consultations) have been suggested to
facilitate the early identification of patients who may benefit from revision hip or knee arthroplasties.43,52,56

Discussion

This systematic review provided an insightful perspective into the existing evidence dealing with follow-up of
individuals who have undergone primary hip or knee arthroplasty and how these individuals are identified
and referred for revision of a prosthesis before it causes significant impact on their health and quality of life.
Our findings, although limited by the existing evidence, suggest that patient-specific outcome scores, such as
SF-36 and EQ-5D-3L, following joint arthroplasty can help in identifying individuals for whom the prosthesis
is starting to fail at follow-up,42 and that the use of such approaches during routine follow-up may prove to
be cost-effective.56 However, conclusive evidence as to the clinical benefit and cost-effectiveness of this
process remains scarce.

Although the benefits of hip and knee replacement surgery are widely accepted,18 there are still
considerable gaps in our knowledge regarding follow-up after joint replacement surgery, and the
limitations of the current state of research needs to be highlighted. In this regard, of the 17 studies
identified herein, few involved a clear focus on, or description of, the care pathway (i.e. elective vs.
emergency surgery) or comparison in terms of the way in which individuals were identified for revision
surgery.41,45,54 In a similar context, only one study56 drew specific attention to the cost-effectiveness
of routine follow-up after primary joint arthroplasty surgery. Few studies considered quality of life
(e.g. SF-6D and EQ-5D-3L) in the context of helping to identify individuals for whom the prosthesis
was starting to fail.47–49 Unfortunately, more quality-of-life studies have tended to focus on the
preoperative and postoperative benefits to patients. However, one study47 assessed radiographic
changes in the hip prosthesis at follow-up in conjunction with the EQ-5D-3L health questionnaire and
reported no significant differences in the patients’ quality-of-life scores.

DOI: 10.3310/KODQ0769 Health and Social Care Delivery Research 2022 Vol. 10 No. 16

Copyright © 2022 Kingsbury et al. This work was produced by Kingsbury et al. under the terms of a commissioning contract issued by the Secretary of State for Health and
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/.
For attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

13



Given that the majority of the work identified here stemmed from observational studies, it was
possible to grade the quality and robustness of this evidence. Notably, 1241,42,45–54 of the 1341,42,45–55

observational studies assessed were reported to have a low risk of bias, with one study55 reported
as having a moderate risk of bias. Similarly, for the only systematic review44 that was included in this
study, there was a low risk of bias (according to the ROBIS tool58) and the study quality was deemed
to be moderate (according to AMSTAR criteria59). Taken together, this information would suggest that
the studies included in the present systematic review are methodologically sound.

The number of revision joint arthroplasties carried out in the UK is projected to rise over the next
few decades because of an increased incidence of primary hip and knee arthroplasties, as well as an
expansion of the indications for joint arthroplasty, such as obese patients, younger and more active
patients, and limitations of implant longevity.11 Therefore, it is important to establish whether or
not follow-up is cost-effective if a particular model of care is preferred. Unfortunately, the lack of
information and research on how people are identified and referred for revision of a prosthesis
before it causes significant impact on their health and quality of life makes it difficult for clinicians and
policy-makers to draw a solid conclusion on this matter. In this context, follow-up services after joint
arthroplasty have the potential to deliver significant costs savings and to improve patient satisfaction
for the NHS. Gathering this information is key and must be reported in future studies to identify best
practice and to support decision-making.

Follow-up appointments after primary joint arthroplasty are commonly recommended by orthopaedic
surgeons, even if the patient should be asymptomatic.57 The key purpose of routine assessment of
asymptomatic patients is to detect early signs of implant failure so as to guide recommendations for
early intervention.18,57 Some of the factors known to feed into this decision-making process include
aspects such as the implant design, surgical technique, patient age, activity level, BMI, revision
arthroplasty, bone quality, a history of joint sepsis and other underlying disease processes.64,65 Because
early signs of failed total joint arthroplasty have been suggested to include an increase in pain or a
decrease in joint function,64,66 patients who present with these symptoms may require revision joint
arthroplasty.64,66 With this in mind, being able to identify preoperatively which patients may wish to
undergo routine postoperative visits, as opposed to those who would prefer less frequent follow-up
intervals, may allow for a strategic implementation in which health-care costs can be reduced while
simultaneously improving patient satisfaction.

Conclusion

With the significant rise of primary hip and knee replacement surgeries in the UK, an understanding of
implant survival patterns and reliable clinical outcomes for detecting emerging failure are necessary to
facilitate the timely identification of need for revision.11 Against this background, the main emphasis
of the present systematic review was to investigate the follow-up of individuals who have undergone
primary hip or knee arthroplasty and to establish how they are identified and referred for revision of a
prosthesis. Similarly, a key focus was placed on establishing the cost-effectiveness of follow-up visits
after primary total joint arthroplasty. It should be noted that the development novel cost-effective
methods for hip or knee arthroplasty follow-up (e.g. virtual clinics) will potentially assist in facilitating
the identification of patients who may benefit from revision surgery.67

Similarly, beyond structural changes to the care pathway and incentives to support surgeons in providing
preoperative education to patients and promoting follow-up, additional research will be required to
accurately determine the cost-effectiveness of follow-up visits and how many patients must be seen
routinely as a means of obviating total joint failure.
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Limitations

Despite the important observations made in this systematic review, some notable limitations must be
acknowledged. First, heterogeneity among the included studies prevented a meta-analysis from being
performed. Second, only 443,44,47,52 of the 1741–57 studies included in this review stemmed from the UK.
Unfortunately, the UK referral data do not provide all information in terms of the case mix of patients
and, as such, it is difficult to ascertain which individual factors have an impact on patient referrals. In the
broader literature, several patient factors were identified as being predictive of follow-up after primary
joint arthroplasty, including age, education, geographical locality and socioeconomic circumstances.45,50,55

Third, despite an extensive search yielding more than 10,000 unique records, we cannot guarantee that
our search was completely exhaustive of the relevant literature. However, having searched a multitude
of sources, including those containing grey literature, as well as reference lists of all included articles,
we are fairly confident to have included all available relevant studies. Last, more research is needed
in relation to prospective multicentre randomised studies to determine the cost-efficacy of clinical
pathways to patients who need to undergo hip and knee replacement.

Recommendations

Additional research is needed that focuses on recovery pathways following primary hip and knee
arthroplasty to accurately determine the cost-effectiveness of follow-up visits and how many patients
must be seen routinely to minimise complicated joint failure.

There is a paucity of literature correlating quality of life with follow-up after arthroplasty of the hip
and knee. Conducting further research with regard to predicting long-term risk of prosthetic failure
in the context of quality of life is, therefore, recommended;68 for instance, further assessment of the
EQ-5D-3L in relation to primary hip and knee arthroplasty, given that this instrument is widely used by
health economists and it is the preferred measure of health-related quality of life (HRQoL) by NICE.69

However, it should be emphasised that EQ-5D-3L responses do not necessarily reflect the entirety of
individual patient impact from a joint replacement.68

Carrying out more research on morbidity and mortality following revision surgery, in addition to conducting
case studies to determine what key aspects and factors individuals who have undergone primary hip
or knee arthroplasty feel are important to them with regard to the follow-up process, is recommended.
Routinely collected NHS data together with registry data may contribute to greater understanding.
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Chapter 3 Analysis of routine NHS data 1:
CPRD–HES and NJR–HES–PROMs

Parts of this chapter have been adapted from Smith et al.70 This is an open access article distributed in
accordance with the Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits

others to copy, redistribute, remix, transform and build upon this work for any purpose, provided the
original work is properly cited, a link to the licence is given, and indication of whether changes were
made. See: https://creativecommons.org/licenses/by/4.0/.

Parts of this chapter have been adapted from Smith et al.71 This is an open access article distributed
in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially, and license their
derivative works on different terms, provided the original work is properly cited, appropriate credit is
given, any changes made indicated, and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/.

What does analysis of routine NHS data tell us about mid- to late-term revision risk after hip and
knee replacement?

Aims

The aim of this chapter is to identify which patient groups require follow-up based on their mid- to
late-term revision risk (i.e. ≥ 5 years post primary surgery). We used national linked data from primary
care [i.e. Clinical Practice Research Datalink (CPRD)] and secondary care [i.e. NJR and Hospital Episode
Statistics (HES)] to identify predictors of mid- to late-term revision.

Methods

Parts of this section have been adapted from Czoski Murray et al.1 This is an open access article
distributed in accordance with the Creative Commons Attribution 4.0 Unported (CC BY 4.0) license,
which permits others to copy, redistribute, remix, transform and build upon this work for any purpose,
provided the original work is properly cited, a link to the licence is given, and indication of whether
changes were made. See: https://creativecommons.org/licenses/by/4.0/.

Study design
This was nationwide retrospective cohort study.

Setting and source of data

CPRD–HES
The CPRD comprises the entire computerised medical records of a sample of patients attending general
practices in the UK.72 The CPRD contains information on more than 11 million unique patients (i.e. around
7% of the UK population) registered at over 600 general practices in the UK.With 4.4 million active (i.e.
alive and currently registered) patients meeting quality criteria, approximately 6.9% of the UK population
are included, and patients are broadly representative of the UK general population in terms of age, sex
and ethnicity.73,74 GPs in the UK play a key role in the delivery of health care by providing primary care
and referral to specialist hospital services. Patients are registered with one practice that stores medical
information from primary care and hospital attendances. The CPRD is administered by the MHRA.
The CPRD records contain all clinical and referral events in both primary and secondary care, in addition
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to comprehensive demographic information, prescription data and hospital admissions data. Data are
stored using Read and Oxford Medical Information Systems codes for diseases that are cross-referenced
to the International Classification of Diseases, Tenth Edition (ICD-10). Read codes are used as the standard
clinical terminology system within UK primary care. Only practices that pass quality control are used as
part of the CPRD database. Deleting or encoding personal and clinic identifiers ensures the confidentiality
of information in the CPRD.

The CPRD GOLD data were linked to the HES database. CPRD already provide access to the HES
data that are held under the CPRD Data Linkage Scheme. CPRD and HES-linked data are available
for around 50% of patients in the CPRD database. Previous research by the CPRD team has shown
that linked practices/patients are representative of the CPRD GOLD population as a whole.73

NJR–HES–PROMs
Starting in 2003, the NJR has collected information on all hip and knee replacements performed each
year in both public and private hospitals in England, Wales, Northern Ireland and the Isle of Man.
Data are entered into the NJR using forms completed by surgeons at the time of surgery and revision
operations are linked using unique patient identifiers. Data recorded in the NJR includes prosthesis
and operative information (e.g. prosthesis type, approach and thromboprophylaxis use), patient information
[e.g. age, sex, BMI and American Society of Anesthesiologists (ASA) grade] and surgical and unit
information (e.g. surgeon and unit caseload and public/private status).

The HES database holds information on all patients admitted to NHS hospitals in England, including
diagnostic ICD-10 codes providing information about a patient’s illness or condition and OPCS
Classification of Interventions and Procedures version 4 (OPCS4) procedural codes for surgery. HES
include episodes of care delivered in treatment centres (including those in the independent sector)
funded by the NHS, episodes of care in England when patients are resident outside England and
privately funded patients treated within NHS England hospitals. HES cover a smaller geographical
area than the NJR (excluding patients operated on in Wales and Northern Ireland) and do not include
privately funded operations. However, HES provide additional information for every patient (including
detailed comorbidity information and deprivation indices) and about every procedure (including LOS
and need for blood transfusion or critical care). Additional records contain details of readmissions,
reoperations and revisions not recorded in the NJR database. Data for all-cause mortality are provided
by the Office for National Statistics (ONS) and are linked to the HES database.

Since April 2009, PROMs data have been collected on hip and knee replacements performed in public
hospitals in England. Preoperative and 6-month postoperative quality-of-life questionnaires (i.e. the
EQ-5D75) and joint-specific PROMs (i.e. the OHS76 and OKS77) are collected along with patient-reported
measures of preoperative disability and postoperative satisfaction. For this analysis, we used NJR
records linked to data from the HES and PROMs databases on all hip and knee replacement operations.

Participants
Anonymised records were extracted for all patients aged ≥ 18 years receiving primary hip or
knee replacement surgery. For CPRD–HES data, the time span covers the years 1995–2016.
For NJR–HES–PROMs data, the time span covers the years 2008–16. Patients were included if
they had primary THR or TKR, primary hip resurfacing (metal-on-metal hip resurfacing) or UKR.
We excluded patients who had revision surgery and total joint replacement (TJR) of unspecified
fixation. The following exclusions were made to remove potential case mix issues: diagnostic codes
indicating fracture or cancer of the hip bones, other injuries due to trauma (e.g. transport accidents
and falls), non-elective admissions and a diagnosis other than primary hip/knee osteoarthritis.
There was overlap between patients in the two data sources (e.g. around 7% of patients receiving
knee replacement between 2009 and 2016); however, these anonymised data sets were analysed
independently of each other.
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Primary outcome

Early (defined as < 5 years after surgery) complications are often symptomatic and include infection
and technical errors.20 Arthroplasty failure in the longer term (defined as after 5 years), constituting
50% of revision surgeries, is usually caused by bearing surface wear and associated consequences of
periprosthetic osteolysis or aseptic loosening, and may be asymptomatic until clinical and radiographic
failure have occurred.20,21 The primary outcome was defined as mid- to late-term revision (defined as
> 5 years post primary surgery). Revision is defined as the removal, exchange or addition of any of the
components of arthroplasty.

In the NJR–HES–PROMs-linked data sets, operative details are completed using the NJR data set,
rather than the OPCS4 coding used by the HES data set. The NJR collects operative data using two
forms, one for primary operations and the other for revision operations [and both are available via
URL: www.njrcentre.org.uk (accessed 10 February 2022)]. In both cases, all component labels from
the surgery are attached to the form and it is from these that the component details were collected.
Revision operations were linked to primaries using unique patient identifiers and so two operations
on the same knee/hip would be linked using this system. The combination of the separate coding at
source and the secondary linkage to revision procedures gave confidence that primary and revision
operations were correctly identified. In the CPRD data set, patients with a revision surgery procedure
were identified using the Read/Oxford Medical Information Systems codes and OPCS4 codes could be
used for those with HES-linked data.

Exposures

Secondary care predictors
Patient-level characteristics available in NJR and HES include age, sex, BMI, area deprivation, rurality,
ethnicity, Charlson Comorbidity Index (CCI)78 (calculated from HES using ICD-10 codes at the time of
admission for surgery) and ASA grade. Data from the NJR provided additional information on surgical
and operative factors, including whether or not a minimally invasive technique was used, annual surgeon
volume/caseload, operative time, grade of operating surgeon, surgical approach, patient position,
implant fixation, type of mechanical or chemical thromboprophylaxis and unit type (e.g. public, private,
independent sector treatment centre). Data from the PROMs database provided additional information
on symptoms of pain, function and HRQoL preoperatively and at 6 months post surgery. Pain and
function were measured using the OHS and OKS. The EQ-5D consists of five questions (assessing
mobility, self-care, ability to conduct usual activities, degree of pain/discomfort and degree of anxiety/
depression), ranging from 1 (no problem) to 3 (severe problems). The EQ-5D can be expressed as a
preference-based overall index (graded from –0.594 to 1) or as ordinal responses for each category.
Preoperatively, patients rate their general health on a five-point Likert scale, from very poor to excellent,
and are asked to report if they considered themselves to suffer from a disability (yes or no).

Primary care predictors
The CPRD database includes information on age, sex, BMI, joint replaced (hip/knee), year of joint
replacement operation, recorded diagnosis of osteoarthritis (yes/no), fracture pre surgery (yes/no),
calcium and vitamin D supplements, use of bisphosphonates, use of selective oestrogen receptor
modulators, oral glucocorticosteroid therapy, smoking status and alcohol intake recorded closest to the
date of the primary surgery, Index of Multiple Deprivation (IMD), region of UK, comorbid conditions
(i.e. asthma, malabsorptive syndromes, inflammatory bowel disease, hypertension, hyperlipidaemia,
ischaemic heart disease, stroke, chronic obstructive pulmonary disease, chronic kidney failure, neoplasms
and diabetes) registered by the physician and use of drugs that can affect fracture risk (e.g. proton pump
inhibitors, antiarrhythmics, anticonvulsants, antidepressants, anti-Parkinson drugs, statins, thiazide
diuretics and anxiolytics).
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Inclusion and exclusion criteria
We included only patients receiving planned elective primary surgery for hip and knee osteoarthritis
(Figures 2 and 3). For the NJR–HES–PROMs data, this covered the years 2008–16 (as our requested
linked HES data were from 2008 onwards and earlier years of data were not available to us). For the
CPRD–HES data, this time frame spanned the years 1995–2016. For both data sets, we excluded
patients receiving a primary joint replacement after 2011 to ensure that all patients had at least 5 years
of follow-up, as we were interested in revisions occurring 5 years after the primary replacement surgery.

Statistical methods

Survival analysis was used to model time to revision. To identify patients most likely to require revision,
proportional hazards regression modelling was used to identify pre, peri and postoperative predictors of
mid- to late-term revision. The date of a patient’s first hip or knee replacement was used as the start
time. The event of interest in all time-to-event models was the first recorded revision operation.

Linearity of continuous predictors was assessed using fractional polynomial regression modelling.
Proportionality assumptions were checked using Shoenfeld residuals. Missing data were handled by
using multiple imputation methods using the imputation by chained equations procedure.79 Standard
errors were calculated using Rubin’s rules. We included all predictor variables in the multiple imputation
process, together with the outcome variable (i.e. Nelson–Aalen estimate of survival time and whether
or not the patient had the outcome), as this carried information about missing values of the predictors.
Analyses were conducted separately for hip and knee arthroplasty.

Patients with primary hip replacement in CPRD
(n = 72,339)

Patients with primary knee replacement in CPRD
(n = 64,071)

Outcome (hip revision) and index event
(hip replacement) not available in

Northern Ireland (n = 2389; 3.3%), Scotland
(n = 6896; 9.5%) and Wales (n = 7189; 9.9%)

Outcome (hip revision) and index event
(hip replacement) not available

(n = 33,344; 46.1%)

Hip resurfacing (n = 209; 0.9%)

Primary surgery after 2011 
(for allowing 5 years of follow-up)

(n = 5265; 23.4%)

Patients with primary THR (n = 17,047) used in the
survival analysis

Patients with primary knee replacement (n = 17,378) 
used in the survival analysis

Patients with primary knee replacement in CPRD linked 
to HES (n = 22,836) and used in the survival analysis

Primary surgery after 2011 
(for allowing 5 years of follow-up)

(n = 5458; 23.9%)

Outcome (knee revision) and index event
(knee replacement) not available

(n = 27,454; 42.9%)

Outcome (knee revision) and index event
(knee replacement) not collected in

Northern Ireland (n = 1402; 2.2%), Scotland
(n = 5397; 8.4%) and Wales (n = 6982; 10.9%)

Patients with primary hip replacement in CPRD
linked to HES (n = 22,521)

FIGURE 2 Flow diagram showing selection of patients for inclusion in this study.
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For the CPRD–HES primary care data set, 10 imputed data sets were generated for THR and knee
replacement, respectively. Data were imputed for the variables BMI, deprivation index, smoking status
and drinking risk factors. For the NJR–HES–PROMs secondary care data set, a single imputed data set
was generated for THR and knee replacement, respectively. Imputed variables were BMI, deprivation
index, rurality, ethnicity, OHS/OKS baseline scores and EQ-5D item for anxiety and depression. Data
were imputed for type of primary cup fixation, type of primary stem fixation and bearing surfaces for
the THR model. Univariate Cox regression models were run. Risk factors with a p-value of < 0.20 were
selected for multivariable models. Backward selection of variables was used to identify variables to
keep in the final model, in which risk factors were included with at least one category with a p-value
of < 0.05. For the CPRD–HES primary care data set, we present two final models, one with medication
use as yes/no variables and the other model with defined daily doses (DDDs) calculated from the
1 year prior to the primary surgery and divided in tertiles. In addition, we conducted sensitivity
analyses using a Fine–Gray competing risk model to account for the competing risk of death.

Data applications

NJR–HES–PROMs-linked data
In the NJR, before personal data and sensitive personal data are recorded, express written patient
consent is provided. The NJR records patient consent as either ‘yes’, ‘no’ or ‘not recorded’. With
support under Section 251 of the National Health Service Act 2006,80 the Health Research Authority
(HRA) Confidentiality Advisory Group (CAG) allows the NJR to collect patient data when consent is
indicated as ‘not recorded’. Approval for NJR data was received on 3 October 2016 (NJR internal
reference ‘Is it safe to completely disinvest in TJR follow-up or will this expose people to harm?’).
CAG Section 251 approval was received on 24 February 2017 (CAG reference 17/CAG/0030). A Data
Access Request Service (DARS) application was made to NHS Digital (formally known as the Health
and Social Care Information Centre) for HES and PROMs data to be linked to data from the NJR.
This was approved, with the data-sharing agreement signed by NHS Digital on 4 July 2018 and by
Oxford University Research Services on 31 July 2018.

Patients with primary hip replacement
(n = 746,779)

Patients with primary knee replacement
(n = 841,212)

Primary surgery before 2008 (no data
available in HES) (n = 169,776; 20.2%)

Primary surgery before 2008 (no data
available in HES) (n = 164,306; 22.0%)

Primary surgery after 2011 (for allowing
5 years of follow-up) (n = 357,280; 47.8%) Primary surgery after 2011 (for allowing

5 years of follow-up) (n = 415,832; 49.4%)
Hip resurfacing

(n = 10,901; 1.5%)
Without primary surgery date

(n = 1037; 0.1%)

Non-elective surgeries
(n = 535; 0.1%)

Without information on type of admission
(n = 63,416; 7.5%)

A diagnosis other than primary knee
osteoarthritis (n = 2940; 0.4%)

Revision surgery and TJR
of unspecif ied f ixation (n = 40; <0.1%)

Metal-on-metal hip replacement
(n = 12,846; 1.7%)

Non-elective surgeries
(n = 788; 0.1%)

Without information on type of
admission (n = 51,856; 6.9%)

A diagnosis other than primary hip
osteoarthritis (n = 6487; 0.9%)

Patients with primary THR (n = 142,275) used
in the survival analysis

Patients with primary knee replacement 
(n = 188,509) used in the survival analysis

FIGURE 3 Flow diagram showing selection of patients for inclusion in this study (hospital data).
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CPRD–HES linked data
The CPRD has ethical approval from the National Research Ethics Service (NRES) for all anonymised,
observational research. The study was approved by the Independent Scientific Advisory Committee
(ISAC) for Medicines and Healthcare products Regulatory Agency (MHRA) database research (protocol
number 11_050AMnA2RA2).

Data summary
A team of clinicians has supported us in defining code lists for variables based on ICD-10 diagnosis
codes, including OPCS4 operation codes, Read codes for GP consultations and product/British National
Formulary codes for medications. The team has worked closely with the data manager in resolving
queries and checking codes. All data sets were made ready as ‘flat’ files for statistical analysis.

Results

Descriptive statistics
Summary statistics for patients in the CPRD–HES- and the NJR–HES–PROMs-linked data sets are
provided in Appendix 2, Tables 37 and 38. In the NJR–HES–PROMs data set, data were available from
2008 to 2011 on 142,275 THRs and 188,509 knee replacements (see Figure 2). The CPRD–HES-linked
data covered a longer time period: between 1995 and 2011 on 22,312 THRs and 17,378 KRs (see Figure 3).
The age and sex distribution of patients was similar across both data sets, with a mean age of 70 years
for both hip and knee replacement and the proportion of women being 62% for hip replacement and
57% for knee replacement. An extensive range of patient case mix, surgical, operative factors and primary
care prescribing data was available for analysis (see Appendix 2, Tables 37 and 38).

In the NJR–HES–PROMs data, for THRs there were 3582 (2.5%) revision procedures over a median
of 1.9 years of follow-up (range 0.01–8.7 years), of which 598 (0.4%) were mid- to late-term revisions.
For KRs, there were 8607 (4.6%) revisions, with a median follow-up of 1.8 years (range 0–8.8 years),
of which 1055 (0.6%) were mid- to late-term revisions.

The CPRD–HES data set had a longer follow-up. For THRs, there were 982 (5.8%) revisions over a
median follow-up period of 5.3 years (range 0–20 years), with 520 (3.1%) mid- to late-term revisions.
For KRs, there were 877 (5.1%) revisions over a median follow-up of 4.2 years (range 0.02–18.3 years),
with 352 (2.0%) mid- to late-term revisions.

Predictors of mid- to late-term revision

Patient demographics
Older age at the time of primary operation was associated with a lower risk of mid- to late-term revision
(Tables 3–6). The effect of age was linear and the association was stronger for knee replacement. For knee
replacement, a 1-year increase in age at surgery reduced the risk of outcome by 5%. For THR, a 1-year
increase in age at surgery reduced the risk of outcome by 3%. These findings were consistent across
the CPRD–HES and NJR–HES–PROMs data sets. There was no effect associated with sex for patients
receiving THR. However, for knee replacement, males had a greater risk of mid- to late-term revision
than females. This was observed in only the CPRD–HES data, in which males had a 32% increased risk
of outcome, but the effect size was weaker and non-significant in the NJR–HES–PROMs data set.

There was no effect of obesity on outcome for THR. However, for knee replacement, an association
was seen in the NJR data set. In the NJR data set, when compared with patients with a normal BMI,
underweight patients were at an increased risk of revision and obese patients were at reduced risk
of mid- to late-term revision. For THR, there was no effect of IMD deprivation; however, for knee
replacement in the NJR data set, patients in the most deprived areas were less likely to undergo
mid- to late-term revision. Note that there was no such association with obesity or deprivation for
knee replacement observed in the CPRD–HES data set. An association with ethnicity was observed for
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TABLE 3 Cox regression model identifying risk factors of revision after 5 years of primary THR: primary care data

Risk factors
(reference category)

Crude analysis,
HR (95% CI); p-value

Patients undergoing THR (n= 22,312), HR (95% CI); p-value

Drug yes/no Drug DDD

Adjusted analysis
Adjusted competing
risk analysis Adjusted analysis

Adjusted competing risk
analysis

Year of primary THR (2010–11)

1995–9 4.34 (1.88 to 9.98); p< 0.01 4.98 (2.14 to 11.59); p< 0.01 7.31 (3.18 to 16.79); p< 0.01 5.02 (2.14 to 11.76); p< 0.01 7.22 (3.12 to 16.68); p< 0.01

2000–4 2.78 (1.22 to 6.32); p= 0.02 3.16 (1.38 to 7.23); p= 0.007 4.33 (1.91 to 9.80); p< 0.01 3.22 (1.40 to 7.42); p= 0.006 4.32 (1.90 to 9.83); p< 0.01

2005–9 2.59 (1.13 to 5.91); p= 0.02 2.74 (1.20 to 6.28); p= 0.017 3.46 (1.53 to 7.85); p= 0.003 2.73 (1.19 to 6.25); p= 0.018 3.40 (1.50 to 7.71); p= 0.003

Age at primary THR
(continuous variable)

0.97 (0.96 to 0.98); p< 0.01 0.97 (0.96 to 0.98); p< 0.01 0.96 (0.95 to 0.96); p< 0.01 0.97 (0.96 to 0.98); p< 0.01 0.96 (0.95 to 0.96); p< 0.01

Smoking status (non-smoker)

Ex-smoker 1.31 (0.77 to 2.22); p= 0.49 0.91 (0.72 to 1.17); p= 0.47 0.88 (0.69 to 1.13); p= 0.31 0.91 (0.71 to 1.16); p= 0.44 0.88 (0.68 to 1.12); p= 0.29

Current 1.31 (0.77 to 2.22); p= 0.58 0.73 (0.54 to 0.99); p= 0.041 0.67 (0.50 to 0.91); p= 0.01 0.73 (0.54 to 0.98); p= 0.037 0.67 (0.50 to 0.91); p= 0.009

Fracture in pelvis,
proximal/humerus, wrist/
forearm, spine or rib

1.51 (0.96 to 2.40); p= 0.08 1.68 (1.06 to 2.67); p= 0.027 1.64 (1.04 to 2.61); p= 0.035 1.76 (1.10 to 2.82); p= 0.018 1.75 (1.09 to 2.79); p= 0.02

Comorbidities

Malabsorption 4.17 (1.24 to 14.01); p= 0.02 3.97 (1.13 to 13.94); p= 0.032 3.69 (1.05 to 12.95); p= 0.042

Hypertension 0.72 (0.58 to 0.89); p< 0.01 0.77 (0.61 to 0.96); p= 0.02 0.77 (0.62 to 0.97); p= 0.025 0.76 (0.60 to 0.95); p= 0.014 0.77 (0.61 to 0.96): p= 0.021

Antidepressants 1.40 (1.17 to 1.68); p< 0.01 1.37 (1.14 to 1.65); p= 0.001 1.32 (1.09 to 1.59); p= 0.004

Statins 1.07 (0.86 to 1.34); P= 0.54 1.43 (1.12 to 1.81); p= 0.004 1.37 (1.08 to 1.75); p= 0.01

Glucocorticoid steroid
injections (intra-articular)

1.32 (1.06 to 1.65); p= 0.01 1.32 (1.06 to 1.66); p= 0.015 1.33 (1.06 to 1.67); p= 0.014

DDDs 1-year prior surgery

Bisphosphonates DDD (no dose)

< 140 1.02 (0.48 to 2.16); p= 0.96 1.16 (0.54 to 2.48); p= 0.70 0.99 (0.46 to 2.11); p= 0.98

≥ 140–340 0.42 (0.16 to 1.12); p= 0.08 0.43 (0.16 to 1.17); p= 0.10 0.40 (0.15 to 1.09); p= 0.072

> 340 1.70 (0.84 to 3.45); p= 0.14 2.03 (0.99 to 4.18); p= 0.054 1.77 (0.85 to 3.68); p= 0.13

Dose missing 0.42 (0.11 to 1.70); p= 0.23 0.52 (0.13 to 2.09); p= 0.35 0.43 (0.11 to 1.75); p= 0.24
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TABLE 3 Cox regression model identifying risk factors of revision after 5 years of primary THR: primary care data (continued )

Risk factors
(reference category)

Crude analysis,
HR (95% CI); p-value

Patients undergoing THR (n= 22,312), HR (95% CI); p-value

Drug yes/no Drug DDD

Adjusted analysis
Adjusted competing
risk analysis Adjusted analysis

Adjusted competing risk
analysis

Antidepressants DDD (no dose)

< 85 1.42 (0.97 to 2.06); p= 0.07 1.35 (0.92 to 1.98); p= 0.12 1.31 (0.90 to 1.92); p= 0.16

≥ 85–365 1.67 (1.24 to 2.25); p< 0.01 1.65 (1.22 to 2.24); p= 0.001 1.57 (1.16 to 2.13); p= 0.003

>365 1.57 (0.96 to 2.59); p= 0.07 1.56 (0.93 to 2.61); p= 0.089 1.46 (0.87 to 2.43); p= 0.15

Dose missing 1.24 (0.96 to 1.59); p= 0.09 1.21 (0.93 to 1.56); p= 0.15 1.17 (0.90 to 1.51); p= 0.23

Statins DDD (no dose)

< 280 1.26 (0.88 to 1.81); p= 0.20 1.61 (1.12 to 2.33); p= 0.01 1.55 (1.07 to 2.23); p= 0.02

≥ 280–370 1.16 (0.85 to 1.60); p= 0.35 1.59 (1.14 to 2.23); p= 0.007 1.51 (1.08 to 2.12); p= 0.016

> 370 1.01 (0.64 to 1.59); p= 0.97 1.34 (0.84 to 2.15); p= 0.22 1.32 (0.82 to 2.11); p= 0.25

Dose missing 0.33 (0.10 to 1.01); p= 0.05 0.44 (0.14 to 1.36); p= 0.15 0.42 (0.13 to 1.31); p= 0.13

NSAID cox DDD (no treatment)

< 60 0.96 (0.53 to 1.74); p= 0.89 0.97 (0.53 to 1.78); p= 0.93 1.00 (0.55 to 1.83); p= 0.99

≥ 60–280 0.51 (0.27 to 0.96); p= 0.04 0.53 (0.28 to 1.01); p= 0.053 0.55 (0.29 to 1.04); p= 0.064

> 280 1.10 (0.56 to 2.13); p= 0.79 1.09 (0.56 to 2.12); p= 0.80 1.15 (0.59 to 2.25); p= 0.67

Dose missing 1.18 (0.80 to 1.74); p= 0.42 1.26 (0.84 to 1.88); p= 0.26 1.25 (0.84 to 1.87); p= 0.27

Intra-articular steroids DDD (no treatment)

< 55 1.18 (0.71 to 1.97); p= 0.53 1.14 (0.68 to 1.93); p= 0.62 1.14 (0.67 to 1.92); p= 0.63

≥ 55 2.22 (1.15 to 4.31); p= 0.02 2.28 (1.14 to 4.54); p= 0.019 2.13 (1.07 to 4.25); p= 0.031

Dose missing 1.29 (1.01 to 1.66); p= 0.04 1.30 (1.01 to 1.67); p= 0.043 1.31 (1.02 to 1.69); p= 0.037

CI, confidence interval, HR, hazard ratio.

Notes
The HR represents number of times to have a revision after 5 years compared with the reference group. A value of > 1 indicates that the group has higher risk for revision.
Variables included in the final regression model are those with at least one category with a p-value of < 0.05 for the 10 imputed datasets in a backward selection.
Year index is categorised because the continuous variable violates the proportional-hazards assumption for Cox models on the basis of Schoenfeld residuals.
Bold figures represent results with p-values of < 0.05 in the final regression model.
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TABLE 4 Cox regression model identifying risk factors of revision after 5 years of primary THR: hospital data

Risk factors
(reference category)

Patients undergoing THR (n= 142,275), HR (95% CI);
p-value

Adjusted analysis (competing
risk), HR (95% CI); p-valueCrude analysis Adjusted analysis

Age at primary THR
(continuous variable)

0.98 (1.0 to 1.0); p< 0.01 0.97 (0.97 to 0.98); p< 0.01 0.97 (0.96 to 0.97); p< 0.01

Sex (woman)

Man 1.17 (1.0-1.4); p= 0.08 1.22 (1.02 to 1.45); p= 0.029 1.17 (0.98 to 1.39); p= 0.088

ASA grade (P1 – fit and healthy)

P2 – Mild disease,
not incapacitating

0.93 (0.7-1.2); p= 0.52 0.97 (0.76 to 1.22); p = 0.77 0.95 (0.75 to 1.21); p= 0.70

P3–5 0.70 (0.5-1.0); p= 0.04 0.67 (0.47 to 0.94); p= 0.022 0.58 (0.41 to 0.82); p= 0.002

Bearing surface (MoP)

CoC 1.08 (0.9-1.3); p= 0.44 0.73 (0.56 to 0.94); p= 0.015 p= 0.02

CoP 0.93 (0.7-1.2); p= 0.57 0.75 (0.57 to 0.99); p= 0.039 0.76 (0.58 to 1.00); p= 0.052

CoM-MoC 2.28 (1.3-4.1); p= 0.01 1.62 (0.87 to 2.99); p = 0.13 1.65 (0.89 to 3.05); p= 0.11

Head size (≤ 28mm)

32mm 1.28 (1.0-1.6); p= 0.02 1.33 (1.07 to 1.65); p= 0.012 1.28 (1.03 to 1.60); p= 0.026

36–42mm 1.24 (1.0-1.5); p= 0.05 1.21 (0.94 to 1.56); p = 0.15 1.17 (0.91 to 1.51); p= 0.23

≥ 44mm 3.12 (1.4-7.0); p= 0.01 2.63 (1.12 to 6.19); p= 0.027 2.56 (1.09 to 6.02); p= 0.031

OHS: 6-month score (points) (0–9 points)

10–14 0.75 (0.60 to 0.95); p= 0.02 0.73 (0.58 to 0.91); p= 0.006 0.73 (0.58 to 0.92); p= 0.007

15–18 0.66 (0.52 to 0.83); p< 0.01 0.61 (0.49 to 0.78); p< 0.01 0.62 (0.49 to 0.79); p< 0.01

19–23 0.39 (0.29 to 0.53); p< 0.01 0.36 (0.26 to 0.49); p< 0.01 0.36 (0.27 to 0.50); p< 0.01

24–48 0.39 (0.30 to 0.51); p< 0.01 0.34 (0.26 to 0.45); p< 0.01 0.35 (0.27 to 0.46); p< 0.01

CI, confidence interval; CoM-MoC, ceramic on metal; HR, hazard ratio.

Notes
The HR represents number of times to have a revision after 5 years compared with the reference group. A value of > 1
indicates that the group has higher risk for revision.
Variables included in the final regression model are those with at least one category with a p-value of < 0.05 for a
single imputed dataset in a backward selection.
Bold figures represent results with p-values of < 0.05 in the final regression model.

DOI: 10.3310/KODQ0769 Health and Social Care Delivery Research 2022 Vol. 10 No. 16

Copyright © 2022 Kingsbury et al. This work was produced by Kingsbury et al. under the terms of a commissioning contract issued by the Secretary of State for Health and
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/.
For attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

25



TABLE 5 Cox regression model identifying risk factors for revision after 5 years of primary TKR and UKR: primary care data

Risk factors
(reference category) Crude analysis

Patients undergoing TKR and UKR (n= 17,378),
HR (95% CI); p-value

Patients undergoing TKR and UKR with missing dose for
bisphosphonates and opioids excluded (n= 14,470),
HR (95% CI); p-value

Adjusted analysis
(drug yes/no)

Adjusted competing risk
analysis (drug yes/no)

Adjusted analysis
(drug DDD)

Adjusted competing risk
analysis (drug DDD)

Year of primary TKR and UKR (2010–11)

1995–9 4.63 (1.98 to 10.81); p< 0.01 5.39 (2.28 to 12.75); p< 0.01 6.60 (2.82 to 15.44); p< 0.01 8.10 (2.52 to 25.98); p< 0.01 10.16 (3.20 to 32.29); p< 0.01

2000–4 3.24 (1.42 to 7.41); p= 0.01 3.65 (1.59 to 8.40); p< 0.01 4.33 (1.90 to 9.87); p< 0.01 5.49 (1.73 to 17.37); p< 0.01 6.64 (2.12 to 20.83); p= 0.001

2005–9 2.36 (1.04 to 5.36); p= 0.04 2.42 (1.06 to 5.52); p= 0.04 2.77 (1.22 to 6.28); p= 0.015 3.45 (1.10 to 10.86); p= 0.03 4.04 (1.29 to 12.65); p= 0.017

Age at primary
TKR and UKR
(continuous variable)

0.93 (0.92 to 0.94); p< 0.01 0.93 (0.92 to 0.94); p< 0.01 0.93 (0.92 to 0.93); p< 0.01 0.93 (0.92 to 0.94); p< 0.01 0.92 (0.92 to 0.93); p< 0.01

Sex (woman)

Man 1.26 (1.02 to 1.55); p= 0.03 1.24 (1.00 to 1.53); p= 0.06 1.18 (0.95 to 1.46); p= 0.13 1.32 (1.04 to 1.67); p= 0.02 1.26 (1.00 to 1.60); p = 0.054

BMI (normal)

Overweight 1.02 (0.71 to 1.45); p= 0.93 0.97 (0.67 to 1.42); p= 0.89 1.01 (0.69 to 1.47); p= 0.96 0.98 (0.65 to 1.46); p= 0.91 1.01 (0.68 to 1.51); p = 0.97

Obese class I
(moderately obese)

1.25 (0.86 to 1.80); p= 0.24 1.06 (0.71 to 1.57); p= 0.79 1.08 (0.73 to 1.60); p= 0.71 1.09 (0.69 to 1.70); p= 0.72 1.11 (0.71 to 1.73); p = 0.66

Obese class II and
higher

1.35 (0.91 to 2.00); p= 0.14 1.03 (0.65 to 1.63); p= 0.90 1.03 (0.65 to 1.64); p= 0.90 0.97 (0.58 to 1.63); p= 0.90 0.97 (0.57 to 1.63); p = 0.89

Region (East Midlands)

East of England 0.83 (0.49 to 1.41); p= 0.49 0.95 (0.56 to 1.61); p= 0.84 0.94 (0.55 to 1.59); p= 0.82

London 0.81 (0.46 to 1.43); p= 0.47 0.96 (0.54 to 1.71); p= 0.90 0.94 (0.53 to 1.66); p= 0.83

North East 0.28 (0.08 to 0.95); p= 0.04 0.27 (0.08 to 0.91); p= 0.04 0.27 (0.08 to 0.91); p= 0.035

North West 0.88 (0.53 to 1.47); p= 0.63 0.93 (0.56 to 1.55); p= 0.78 0.91 (0.55 to 1.52); p= 0.73

South Central 0.81 (0.48 to 1.36); p= 0.42 0.93 (0.55 to 1.57); p= 0.79 0.91 (0.54 to 1.52); p= 0.71

South East Coast 1.08 (0.64 to 1.82); p= 0.77 1.37 (0.82 to 2.29); p= 0.23 1.33 (0.80 to 2.23); p= 0.28

South West 0.86 (0.51 to 1.44); p= 0.56 1.01 (0.60 to 1.70); p= 0.97 0.98 (0.58 to 1.65); p= 0.95

West Midlands 0.74 (0.44 to 1.26); p= 0.26 0.79 (0.46 to 1.33); p= 0.37 0.78 (0.46 to 1.31); p= 0.34

Yorkshire and
The Humber

0.87 (0.46 to 1.65); p= 0.68 0.88 (0.47 to 1.66); p= 0.70 0.87 (0.46 to 1.63); p= 0.67
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TABLE 5 Cox regression model identifying risk factors for revision after 5 years of primary TKR and UKR: primary care data (continued )

Risk factors
(reference category) Crude analysis

Patients undergoing TKR and UKR (n= 17,378),
HR (95% CI); p-value

Patients undergoing TKR and UKR with missing dose for
bisphosphonates and opioids excluded (n= 14,470),
HR (95% CI); p-value

Adjusted analysis
(drug yes/no)

Adjusted competing risk
analysis (drug yes/no)

Adjusted analysis
(drug DDD)

Adjusted competing risk
analysis (drug DDD)

Drugs prior to primary TKR and UKR

Oral
glucocorticosteroid
therapy

0.75 (0.56 to 1.02); p= 0.07 0.72 (0.53 to 0.99); p= 0.04 0.69 (0.50 to 0.94); p= 0.02

Drugs which can affect fracture risk prior to primary TKR and UKR

Antiarrhythmics 1.35 (0.97 to 1.87); p= 0.08 1.41 (1.00 to 1.98); p= 0.05 1.36 (0.97 to 1.92); p= 0.078

Anticonvulsants 1.72 (1.11 to 2.68); p= 0.02 1.58 (1.01 to 2.47); p= 0.04 1.50 (0.96 to 2.34); p= 0.076

Painkillers/anti-inflammatory drugs

Total opiates 1.40 (1.13 to 1.73); p< 0.01 1.36 (1.08 to 1.71); p= 0.01 1.32 (1.05 to 1.65); p= 0.019

DDDs 1 year prior to primary TKR and UKR

Bisphosphonates DDD (no dose)

< 140 0.25 (0.03 to 1.79); p= 0.17 0.40 (0.06 to 2.91); p= 0.37 0.36 (0.05 to 2.59); p = 0.31

≥ 140–340 1.47 (0.73 to 2.96); p= 0.28 2.44 (1.12 to 5.36); p= 0.03 2.10 (0.96 to 4.60); p = 0.063

> 340 0.55 (0.14 to 2.21); p= 0.40 1.08 (0.26 to 4.54); p= 0.92 0.96 (0.23 to 4.06); p = 0.95

Dose missing 1.23 (0.51 to 2.95); p= 0.65

Opioids total DDD (no dose)

< 85 1.45 (0.95 to 2.21); p= 0.09 1.33 (0.86 to 2.06); p= 0.20 1.30 (0.84 to 2.01); p = 0.25

≥ 85–365 1.36 (0.97 to 1.90); p= 0.07 1.27 (0.90 to 1.79); p= 0.17 1.22 (0.86 to 1.72); p = 0.26

> 365 1.85 (1.20 to 2.85); p= 0.01 1.67 (1.08 to 2.59); p= 0.02 1.53 (0.99 to 2.38); p = 0.056

Dose missing 1.28 (0.95 to 1.72); p= 0.10

CI, confidence interval; HR, hazard ratio.

Notes
The HR represents number of times to have a revision after 5 years compared with the reference group. A value of > 1 indicates that the group has higher risk for revision.
Variables included in the final regression model are those with at least one category with a p-value of < 0.05 for the 10 imputed datasets in a backward selection.
BMI and sex were force entered into all models. ‘Total opiates’ includes benzomorphan derivatives, diphenylpropylamine derivatives, morphinan derivatives, natural opium alkaloids,
oripavine derivatives, phenylpiperidine derivatives, and other opioids.
Bold figures represent results with p-values of < 0.05 in the final regression model.
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TABLE 6 Cox regression model identifying risk factors of revision after 5 years of primary TKR and UKR: hospital data

Risk factors
(reference category)

Patients undergoing TKR and UKR (n= 188,509),
HR (95% CI); p-value

Adjusted analysis competing
risks, HR (95% CI); p-valueCrude analysis Adjusted analysis

Year of primary TKR and UKR (2008)

2009 0.91 (0.78 to 1.06); p= 0.23 0.90 (0.77 to 1.05); p = 0.20 0.88 (0.75 to 1.03); p= 0.10

2010 0.82 (0.68 to 0.98); p= 0.03 0.82 (0.69 to 0.99) p= 0.037 0.77 (0.64 to 0.92); p= 0.004

2011 0.83 (0.64 to 1.07); p= 0.15 0.83 (0.65 to 1.07); p = 0.15 0.69 (0.54 to 0.87); p= 0.002

Age at primary TKR and
UKR (continuous variable)

0.94 (0.9 to 0.9); p< 0.01 0.95 (0.95 to 0.96); p< 0.01 0.95 (0.94 to 0.95); p< 0.01

Sex (woman)

Man 1.08 (1.0 to 1.2); p= 0.23 1.13 (0.99 to 1.28); p = 0.074 1.09 (0.95 to 1.24); p= 0.21

BMI (normal)

Underweight 1.96 (0.96 to 4.01); p= 0.07 2.31 (1.13 to 4.73); p= 0.022 2.22 (1.08 to 4.56); p= 0.029

Overweight 1.04 (0.85 to 1.28); p= 0.68 0.91 (0.74 to 1.11); p = 0.35 0.92 (0.75 to 1.13); p= 0.45

Obese class I
(moderately obese)

1.02 (0.83 to 1.25); p= 0.87 0.74 (0.60 to 0.91); p= 0.004 0.75 (0.61 to 0.92); p= 0.007

Obese class II and higher 1.20 (0.96 to 1.49); p= 0.10 0.70 (0.56 to 0.88); p= 0.002 0.71 (0.56 to 0.88); p= 0.002

IMD quintiles at primary TKR and UKR (less deprived 20%)

Less deprived: 20–40% 0.87 (0.72 to 1.05); p= 0.14 0.84 (0.70 to 1.01); p = 0.06 0.84 (0.70 to 1.01); p= 0.058

Less deprived: 40–60% 0.91 (0.75 to 1.10); p= 0.32 0.78 (0.64 to 0.94); p= 0.01 0.77 (0.64 to 0.93); p= 0.008

More deprived: 20–40% 0.94 (0.78 to 1.14); p= 0.55 0.79 (0.65 to 0.96); p= 0.016 0.78 (0.64 to 0.94); p= 0.01

Most deprived: 20% 0.87 (0.71 to 1.06); p= 0.17 0.71 (0.58 to 0.87); p= 0.001 0.70 (0.58 to 0.86); p= 0.001

Ethnicity (white)

Non-white 0.68 (0.5-0.9); p= 0.01 0.58 (0.43 to 0.78); p< 0.01 0.59 (0.44 to 0.80); p= 0.001

OKS baseline score (0= poor, 48= good) (0–10 points)

11–14 0.82 (0.7 to 1.0); p= 0.03 0.85 (0.70 to 1.02); p = 0.073 0.85 (0.71 to 1.02); p= 0.087

15–19 0.69 (0.6 to 0.8); p< 0.01 0.71 (0.60 to 0.85); p < 0.01 0.73 (0.61 to 0.87); p< 0.01

20–24 0.51 (0.4 to 0.6); p< 0.01 0.55 (0.44 to 0.68); p < 0.01 0.56 (0.45 to 0.69); p< 0.01

25–48 0.37 (0.3 to 0.5); p< 0.01 0.42 (0.33 to 0.53); p < 0.01 0.43 (0.34 to 0.54); p< 0.01

OKS 6-month score (0= poor, 48= good) (0–10 points)

11–14 0.72 (0.61 to 0.86); p< 0.01 0.81 (0.67 to 0.96); p= 0.016 0.81 (0.68 to 0.97); p= 0.019

15–19 0.53 (0.44 to 0.63); p< 0.01 0.59 (0.49 to 0.72): p< 0.01 0.60 (0.50 to 0.72); p< 0.01

20–24 0.43 (0.35 to 0.52); p< 0.01 0.48 (0.39 to 0.59); p< 0.01 0.48 (0.39 to 0.59); p< 0.01

25–48 0.29 (0.23 to 0.36); p< 0.01 0.33 (0.26 to 0.41); p< 0.01 0.33 (0.26 to 0.42); p< 0.01

EQ-5D-3L anxiety depression, 3 months or closer to primary TKR and UKR (I am not anxious or depressed)

I am moderately anxious
or depressed

1.02 (0.9 to 1.2); p= 0.78 0.73 (0.63 to 0.83); p< 0.01 0.72 (0.63 to 0.82); p< 0.01

I am extremely anxious
or depressed

1.26 (0.9 to 1.7); p= 0.14 0.67 (0.49 to 0.91); p= 0.01 0.65 (0.48 to 0.89); p= 0.007

CI, confidence interval; HR, hazard ratio.

Notes
The HR represents number of times to have a revision after 5 years compared with the reference group. A value of
> 1 indicates that the group has higher risk for revision.
Variables included in the final regression model are those with at least one category with a p-value of < 0.05 for a single
imputed dataset in a backward selection.
BMI and sex were force-entered into all models.
Bold figures represent results with p-values < 0.05 in the final regression model.
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knee replacement in the NJR data set only, with patients of non-white ethnicity less likely to undergo a
mid- to late-term revision than those of a white ethnicity.

Implant factors (NJR data set)
For knee replacement, none of the implant-related factors was associated with an increased mid- to
late-term revision risk. For THR, there was an effect of the bearing surface, when, compared with metal-
on-polyethylene (MoP), implants with a ceramic-on-ceramic (CoC) or ceramic-on-polyethylene (CoP)
bearing surface had a reduced risk of revision. Larger head size appeared to increase revision risk, with
the risk being lowest in those receiving implants with the smaller head size (≤ 28 mm) (see Tables 4 and 6).

Preoperative and 6-month postoperative patient-reported outcome measures
There was no association between preoperative PROMs at primary surgery and risk of mid- to
late-term revision for THR. However, worse 6-month postoperative pain and function was associated
with an increased risk of revision.

For knee replacement, there was a clear linear trend with the preoperative and 6-month postoperative
OKS: patients with the most pain and functional limitations at the time of surgery, and 6 months after
surgery, were substantially more likely to require mid- to late-term revision. Patients with preoperative
anxiety/depression were found to be less likely to undergo a mid- to late-term revision operation
(see Tables 4 and 6).

Primary care comorbidities and medication use
Through the CPRD data set, we were able to investigate comorbidities recorded prior to surgery and
medication use. The findings observed were, once again, different for the hip and knee joints.

For THR, comorbidities played a role and patients with malabsorption or history of fracture (i.e. pelvis,
proximal humerus, wrist/forearm, spine, rib) were more likely to require revision. In addition, those
patients with hypertension were less likely to require revision. There was no association between revision
risk and preoperative comorbidity in the case of knee replacement. Oral glucocorticoid steroid therapy
was associated with a lower risk of revision for knee replacement, whereas the use of antiarrhythmics
and anticonvulsants was associated with a higher risk. Antidepressant use was associated with a higher
THR revision risk.

For the pain medication use, an increased revision risk was observed in opiate use for knee replacement
and steroid injections for THR. When examining effects of medication use in more detail, by looking at
DDDs calculated from the 1 year prior to the primary surgery and divided into tertiles, further patterns
emerged. For THR, the use of statins was associated with an increased risk of outcome in those with a
DDD of < 370 compared with no medication use. An effect of bisphosphonate use was also seen, with
those in the highest tertile of > 340 DDD at an increased revision risk. The effect of steroid use was
apparent in only the higher dose category of > 55 DDD. For knee replacement, the effect of opioids
was only significant in the highest DDD tertile of > 600 DDD (see Tables 3 and 5).

Conclusions

Main findings
The risk of a mid- to late-term revision operation 5 years after the primary hip and knee replacement
surgery was very low. Our CPRD primary data set contained data on up to 20 years of patient follow-up
from the start point of 5 years after the primary operation (i.e. 25 years from the index operation date)
and, even then, the mid- to late-term revision rate was only 3.1% for THR and 2.0% for knee replacement.
Interestingly, the predictors of revision were different for hips and knees, with the only main consistent
finding being age. This suggests that the organisation of follow-up services should not be the same for hip
and knee operations, as the patients at risk of mid- to late-term revision are not necessarily the same.
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For knee replacement, it was the patient case mix factors that were associated with mid- to late-term
revision surgery. Patients at increased risk are those who were younger, not obese, living in affluent
areas, of non-white ethnicity, not anxious or depressed and with worse pain and functional limitations
at the time of primary surgery. Knee replacement patients receiving and being offered mid- to late-term
revision surgery by orthopaedic surgeons were very much a healthier, affluent subset of patients who
sought primary replacement at a much earlier stage of the disease process (i.e. patients with lower levels
of preoperative pain and functional limitations). It is unclear to what extent this offer of revision surgery
represents a true need for revision surgery, as this group of patients is generally more active, with
healthier lifestyle effects, and, therefore, simply undergo revision surgery later than other patient groups.
Alternatively, this offer of revision surgery may be a reflection of the known measurement error in using
revision surgery as an outcome measure for the success of surgery. This patient group may simply be more
able to navigate the care pathway (as they did for the primary operation), reflect biases in patient–surgeon
decision-making and not a true estimate of who actually needs revision surgery. There will be patients
in pain and with functional difficulty who need revision surgery, but either do not seek help from their
GP or surgeon, or are told that they are not suitable for revision surgery. It is of interest to better
understand why patient demographic characteristics seem to play a role in knee revision surgery but not
for hip revision surgery.

For THR, implant factors at the time of primary surgery were identified as being associated with mid-
to late-term revision risk. The MoP was the most common bearing surface, used in 66% of patients in
the NJR data set over the time period studied, and these patients were at lowest risk of mid- to late-
term revision. The bearing surfaces with a higher risk of mid- to late-term revision were CoC (20% of
patients) and CoP (13% of patients). This may represent a plausible target group of patients for extended
follow-up. Prior to analysis we had excluded patients who had hip resurfacing and metal-on-metal hip
replacement, as we know that in such cases the revision risk is higher. However, it was still the case that, for
the remaining THR patients, a larger head size was associated with higher mid- to late-term revision risks.
Although malabsorption was associated with a fourfold increased revision risk, this comorbidity is very rare,
affecting only 0.3% of patients. Over 30% of patients had hypertension preoperatively, but it is unclear why
this in itself would confer lower revision risk and is considered simply an association.

What is already known
One of the aims of our study was to understand when revision surgery happens to inform when follow-up
should occur. Using data from the CPRD, with over 20 years of follow-up, we estimated smoothed hazard
plots showing instantaneous risk of revision (i.e. risk of revision following a given period of implant
survival) by age and sex subgroups.81 The smoothed hazard plots (Figures 4 and 5) show consistently
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FIGURE 4 Smoothed hazard curve of revision risks in female patients stratified by age. Instantaneous risk of revision for
a given length of implant survival, stratified by age at time of primary THR or knee replacement (in 10-year age bands).
HR, hazard ratio.
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higher revision risks for men and younger patients at all time points. Figures 4 and 5 also show that
the trends of timing to revision surgery are similar across all age bands, with the exception of the most
elderly patient groups, in whom follow-up is limited by life expectancy. Male and younger patients are
at a consistently higher revision risk over the whole follow-up, and these factors do not influence the
timing of when revision occurs.

In our previous work,82 we have shown that younger age, male sex and obesity are risk factors for revision
hip and knee replacement. Our findings in respect of age are consistent with this existing literature, as is
the effect of male sex for knee replacement, showing that these effects are also seen in mid- to late-term
revision. However, for THR, the effect of male sex was not a predictor of mid- to late-term revision,
nor an effect of obesity. For knee replacement, the opposite was seen for obesity in our study, where
this now had a protective effect on risk of mid- to late-term revision after 5 years. It has previously been
shown that those in the most deprived areas are less likely to receive revision knee replacement surgery.83

Disappointingly, this is consistent with what we observe here and is likely to reflect inequalities in access to
revision surgery and unmet need.

The most recent NJR annual report84 examined the effects of head size and bearing surface on THR
revision rates, and the findings reflect earlier work by Smith et al.85 In the case of MoP and CoP,
large head sizes appear to be associated with higher failure rates, particularly 36-mm heads used
with cemented fixation and heads > 36 mm used with hybrid and uncemented fixation. In our study,
we also observed that large head size was associated with revision risk. Of concern is that, according
to the latest NJR report,84 in 2003, the vast majority of hip replacements utilised heads of ≤ 28 mm
across all fixation methods, but since 2003 there has been a progressive shift away from small heads
in cemented hip replacements to larger head sizes (i.e. > 28 mm) and alternative fixation methods
(i.e. uncemented or hybrid). In respect of bearing surface, NJR Kaplan–Meier plots84 of revision rates
also show lower revision risk for CoC and CoP bearing surfaces. These implant factors are, therefore,
potentially relevant for making decisions about which patient groups to target for extended follow-up.

There have been some previous studies86 looking at the effects of medication use on revision risk,
particularly for medications associated with bone and fracture risk. Postoperative statin use has
previously been suggested to reduce revision risk following hip replacement.87 The effects seen here
in our study on mid- to late-term revision were inconsistent. For THR, we found a suggestion that
statins actually increased revision risk. However, for knee replacement, in crude unadjusted analyses,
statins reduced risk, but this was attenuated in the full regression model.
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FIGURE 5 Smoothed hazard curve of revision risks in male patients stratified by age. Instantaneous risk of revision for
a given length of implant survival, stratified by age at time of primary THR or knee replacement (in 10-year age bands).
HR, hazard ratio.
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Bisphosphonate use has also been suggested to reduce revision risk;87,88 however, again, we saw an
opposite effect, with high DDD users having an increased revision risk, and this may reflect the reason
for revision as Danish studies have shown that, although bisphosphonates reduced all cause-revision,
revision for infection increased.

The findings in respect of pain in knee replacement were interesting. In the secondary care data,
although pain and function at, or 6 months after, primary surgery were associated with a reduced risk
of revision, those patients with the poorest scores were more likely to undergo revision. In primary
care data, preoperative pain medication use was the only risk factor of interest other than healthy
patient case mix selection effects that are unlikely to be informative for extended follow-up.
Preoperative use of anticonvulsants (e.g. gabapentin and pregabalin) and opioids was associated with
increased mid- to late-term revision risk. Although opioids are recommended for controlling pain due
to osteoarthritis before primary surgery,89 they may be indicative of chronic pain and opioid-related
comorbidities, and two-thirds of patients have been shown to continue to use opioids post surgery.90

Use of anticonvulsants prior to primary surgery is suggestive that neuropathic pain has already been
identified in these patients. Patients with neuropathic or chronic pain at the time of primary surgery
may require closer monitoring and follow-up, particularly if they are then at further increased risk of
mid- to late-term revision.

Strengths and limitations
Strengths of this study include the use of large national routine data sets. NJR data are mandatory and
have near-complete coverage. CPRD data are nationally representative in respect of UK population
demographic characteristics. Large sample sizes afforded us the ability to identify predictors of a rare
long-term outcome, such as revision surgery. A limitation of the NJR–HES–PROMs-linked data is that
long-term follow-up was constrained by the fact that data were available only from 2008 onwards and,
to determine for revision rates after 5 years, it was possible to include primary operations carried out
only up to 2011. This was to allow us to explore the impact of preoperative PROMs data, which have
been collected since only 2008. Strengths of NJR data include detailed surgical and hospital factors
available in the data. Strengths of our CPRD data set include having > 20 years of follow-up and the
ability to capture a wide range of primary and hospital factors. There have been changes in anaesthesia
and surgical techniques over time that may no longer reflect current orthopaedic practice and this was
considered a limitation. In addition, there were missing data for some of the variables in our data set
and, consequently, this required us to use imputation to account for these data in our analyses.

What this study adds
This is one of the first studies to specifically identify predictors of mid- to late-term revision risk
for hip and knee replacement surgery. It is clear that the risk factors we identified for hip and knee
replacement are different, suggesting that the organisation of follow-up services may need to consider
different factors when defining ‘complex’ cases. For THR, implant factors of bearing surface and head
size appeared to be important and relevant factors in deciding which patients may require extended
follow-up. For knee replacement, the relevant predictors of failure were less clear. The patient factors
we identified are most likely markers of inequalities in access to revision surgery that need to be addressed.
Further work is needed to determine whether targeted follow-up is required for patients with worse
pain and function pre and/or post primary surgery or higher levels of preoperative pain medication
(e.g. opioids and anticonvulsants) because of their increased risk of mid- to late-term revision.
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Chapter 4 Analysis of routine NHS data 2:
ResearchOne–HES

Introduction

Data relating to health and health care are routinely collected by health-care professionals to inform
patient care. With an appropriate legal and ethics basis, and with robust technical and organisational
safeguards in place, routinely collected data can be used for research purposes. Routinely collected
data have advantages over data collected within the context of a specific study, including the scale,
frequency and detail at which data are collected and the representativeness of the data to the
population to whom study outputs would apply.

In England, characteristics of, and patterns of care for, patients who have undergone primary hip and
knee replacement, and subsequent revision, can be determined from routinely collected NHS data.
National databases make routinely collected NHS data available for research purposes, but can vary
in their coverage of patient populations and dimensions of health and health care. Work package 2a
(ResearchOne–HES) proposed to use routinely collected NHS data from two national databases (HES
and ResearchOne) to determine when, which and how patients present for revision surgery. Data from
these databases were to be linked by NHS Digital to enable characteristics and patterns of care to
reflect both primary care (when available) and secondary care. Work package 2a (ResearchOne–HES)
was designed to complement work package 2a (CPRD–HES) by facilitating analysis of a different
representative patient population for external validation.

Work package 2a (ResearchOne–HES) received (1) approval from research governance at the sponsor,
(2) a favourable opinion from an NHS Research Ethics Committee (REC) and (3) a conclusion that
Section 251 of the National Health Service Act 200680 support is not required following communication
with the HRA, NHS Digital and The Phoenix Partnership (TPP). Following application to NHS Digital,
723 days elapsed without approval before the research team determined that the work package was
no longer deliverable within the project timelines and the application was withdrawn. Delays were
attributable to a number of causes, including (1) approval of a precedent application [Liaison Psychiatry:
Measurement and Evaluation of Service Types, Referral Patterns and Outcomes (LP-MAESTRO)]91,92

by NHS Digital, (2) establishment of a Data Processing Agreement between the University of Leeds
(Leeds, UK) and TPP, and (3) resolution of a range of technical and organisational queries raised by NHS
Digital in their consideration of the application for work package 2a (ResearchOne–HES).

In this chapter, we describe the proposed methodology for work package 2a (ResearchOne–HES) and
summarise the progression of the approval processes. We conclude that the methodology that we
proposed to link HES and ResearchOne is feasible, based on successful enactment in another project
at the University of Leeds (LP-MAESTRO91,92). However, the time implications have been shown to be
prohibitive within the context of a funded research project. Moreover, these implications are inherently
unpredictable in the design stages of a research project. Use of the proposed methodology has advantages
not only for the privacy of patients, the protection of their personal data and the confidentiality of their
information, but also for the quality of research designs, processes and outputs based on routinely
collected NHS data. The use of the methodology, however, currently presents a significant risk to delivery
of research projects within defined timelines.
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Aims

The aim of work package 2a (ResearchOne–HES) was to determine when, which and how patients
present for revision surgery.

Methods

Parts of this section have been adapted from Czoski Murray et al.1 This is an open access article distributed
in accordance with the Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any purpose, provided the
original work is properly cited, a link to the licence is given, and indication of whether changes were made.
See: https://creativecommons.org/licenses/by/4.0/.

Study design
Work package 2a (ResearchOne–HES) was designed as a retrospective cohort study that used routinely
collected NHS data from primary and secondary care to compare when, which and how patients present
for revision surgery. All hospitals in England were included for a period of 15 years to enable variation
in follow-up for hip and knee replacements and revisions within and between hospitals over time to
be analysed.

Data sources
Work package 2a (ResearchOne–HES) was designed to use the following sources of routinely collected
NHS data.

Hospital Episode Statistics
Hospital Episode Statistics93 is a database that is controlled by NHS Digital.94 HES contains data that
are routinely collected in secondary care, relating to emergency departments, admitted patient care
and outpatient episodes at hospitals in England.

ResearchOne
ResearchOne95 is a database controlled by TPP.96 ResearchOne contains data that are routinely
collected in primary care by organisations using the SystmOne (The Phoenix Partnership, Leeds, UK)
clinical information system.97

Population
Patients were to be included in the study population if, between 1 April 2000 and 31 March 2015
(i.e. the index period), they had been admitted to a hospital in England for one of the following
procedures:98 (1) hip replacement, (2) hip revision, (3) knee replacement or (4) knee revision.99

To be included, patients also had to be aged ≥ 18 years at the time of the index episode. However,
it is important to note that data items may have included those relating to a period when the
patient was aged < 18 years. Definitions were based on those provided within the OPCS4 operation
codes relevant to procedures recorded on the document published by the NJR.98 Based on data
provided within the NJR annual report,99 800,683 primary hip replacements, 89,023 hip revisions,
875,585 primary knee replacements and 54,278 knee revisions were reported (subject to specific
inclusion and exclusion criteria) during the period from 1 April 2003 to 31 December 2015. Therefore,
for a comparable period within the study, we anticipated that around 900,000 hip replacements
and 1,000,000 knee replacements (i.e. 1,900,000 joint replacements in total) would be identified.
Patients were to be excluded from the study population if they registered a type 2 objection100

with NHS Digital to prevent their identifiable data from any health and social care settings being
released.101 Although NHS Digital does not routinely apply type 2 objections (now national data
opt-outs) to pseudonymised data requests, we requested that national data opt-outs be applied in
the application for work package 2a (ResearchOne–HES).
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NHS Digital was to select the study population using inpatient admissions recorded as admitted patient
care episodes within HES and based on the above criteria.

Data items
Data items to be included for each patient in the study population were determined by the research
team based on those that were necessary and sufficient for analysis. No patient identifiable data102

were required by the research team.

For patients included in the study population, the following data items were selected for inclusion from
HES for the period from 1 April 2000 to 31 March 2015:

l Episodes from HES [accident and emergency (A&E)]103 that contain a diagnosis of dislocation/
fracture/joint injury/amputation for an anatomical area of one of the following: (1) hip, (2) groin,
(3) thigh, (4) knee or (5) lower leg. For each episode, data items relating to the following were to be
included: (1) attendance, (2) diagnoses, (3) investigations, (4) treatments, (5) socioeconomic status,
(6) provider and (7) demographics.

l Episodes from HES (admitted patient care)104 that contain a treatment specialty of trauma and
orthopaedics or rheumatology. For each episode, data items relating to the following were to be
requested: (1) admission, (2) cause, (3) diagnoses, (4) procedures, (5) specialty, (6) discharge,
(7) spell, (8) provider, (9) waiting list, (10) demographics and (11) socioeconomic status.

l Episodes from HES (outpatient)105 that contain a treatment specialty of trauma and orthopaedics
or rheumatology. For each episode, data items relating to the following were to be requested:
(1) appointment, (2) waiting list, (3) referral, (4) diagnoses, (5) procedures, (6) specialty, (7) provider,
(8) waiting list, (9) demographics and (10) socioeconomic status.

For patients included in the study population whose data relating to general practice is included in
ResearchOne,106 the following additional data items were selected for inclusion from ResearchOne for
the period prior to 1 April 2015:

l patient demographics and socioeconomic status
l selected general practice events, including (1) coded diagnoses/observations that relate to selected

comorbidities,107 hip/knee replacement/revision and pain, and referrals to trauma/orthopaedics and
rheumatology; (2) prescriptions and repeat prescriptions for opioid analgesics, non-steroidal anti-
inflammatory drugs, non-opioid analgesics and compound analgesics, rubefacients, topical non-steroidal
anti-inflammatory drugs, capsaicin and poultices, drugs that suppress the rheumatic disease process and
corticosteroids; (3) non-coded referrals; and (4) practice registrations.

A detailed data specification was included as an appendix to the research protocol, which was
provided as part of the approval processes (see Appendix 3, Tables 39–47). Data relating to general
practice are included in ResearchOne for patients if (1) the patient is registered to a general
practice that uses the SystmOne clinical information system, (2) the general practice has opted into
ResearchOne and (3) the patient has not individually opted out of ResearchOne. Further information
regarding the consent model used for ResearchOne can be found in the database protocol. Definitions
of comorbidities were based on those provided in the Quality Outcomes Framework business rules
previously published by Primary Care Commissioning and now published by NHS Digital,107 and included
the following comorbidities: asthma, atrial fibrillation, high blood pressure, cancer, coronary heart
disease, cardiovascular disease, chronic kidney disease, chronic obstructive pulmonary disease, dementia,
depression, diabetes, epilepsy, heart failure, hypertension, learning disability, obesity, osteoporosis,
psychosis, schizophrenia or bipolar affective disorder, peripheral arterial disease, palliative care, rheumatoid
arthritis, smoking, stroke and stroke (transient ischaemic attack). All other clinical definitions were
determined by an expert clinician.
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Linkage
Linkage of data items from HES and ResearchOne was required to enable data items relating to
the same patient across data sources to be determined. No persistent link exists between HES and
ResearchOne and, to our knowledge, no linkage methodology had been previously enacted between
the two sources. Prior to the design of work package 2a (ResearchOne–HES), another research project
at the University of Leeds (LP-MAESTRO91,92) had proposed a methodology for linkage of data items
between these two sources. LP-MAESTRO91,92 was progressing through approval processes on the basis
of this methodology and establishing precedent. Therefore, the same linkage methodology (Figure 6)
was adopted in the design of work package 2a (ResearchOne–HES).

Linkage was undertaken by NHS Digital in accordance with recommendations provided in the Caldicott
Review: Information Governance in the Health and Care System108 document published by the National
Data Guardian. Each data source generated two unique references for each patient: (1) a pseudonym
that was generated by applying a one-way cryptographic hash function (SHA-512) to an input that
comprises a cryptographic salt and the patient’s NHS number and (2) a source-specific identifier.
For a patient with a given NHS number, each data source generated the same pseudonym but a
different source-specific identifier. Both the pseudonym and source-specific identifier generated for
each patient were specific to the study. Pseudonyms were used by NHS Digital to (1) communicate
to TPP those patients for whom data are required from ResearchOne and (2) generate mappings
between different source-specific identifiers for each patient.91 NHS Digital and TPP provided
the required data items to the research team, including only the source-specific identifier as the
unique reference for each patient. The mappings generated by NHS Digital were then provided to
the research team and used to enable data items relating to the same patient across data sources
to be determined.

University of Leeds

Salt

Salt
Generate salt

Data extract (HES)
Generate data extract (HES)

Generate pseudonyms
(HES) for data extract (HES)

Data extract (ResearchOne)

Mapping f ile: identif ier (HES) to
identif ier (ResearchOne)

Perform analysis

Mapping f ile: pseudonym (HES)
to identif ier (ResearchOne)

Generate mapping f ile:
identif ier (HES) to identif ier
(ResearchOne)

Generate mapping f ile:
pseudonym (HES) to
identif ier (ResearchOne)

Filter data extract
(ResearchOne)
on pseudonyms (HES)

Generate pseudonyms
(ResearchOne) for data
extract (ResearchOne)

Pseudonyms (HES)

Generate data extract
(ResearchOne)

TPPNHS Digital

FIGURE 6 A summary of the key data flows and processing activities of the methodology.
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A detailed description of the data linkage methodology was included as an appendix to the research
protocol, which was provided as part of the approval processes (see Appendix 3, Tables 39–47).

Infrastructure
Infrastructure provided by the Leeds Institute for Clinical Trials Research109 at the University of Leeds
was to be used for this work. Information security standards defined in the Data Security and Protection
Toolkit110,111 have been met by the infrastructure (reference ECC0010), and the Data Sharing Framework
Contract between the University of Leeds and NHS Digital (reference CON-315426-K3W7R) includes
use of this infrastructure.

Data flows between organisations were to be performed using one of two of the following secure data
transfer services: (1) the SFT (Secure File Transfer) Service (provided by Leeds Institute for Clinical
Trials Research), which is used to transfer data between the University of Leeds and TPP, or (2) the
SEFT (Secure Electronic File Transfer) Service112 (provided by NHS Digital), which is used to transfer
data between the University of Leeds and NHS Digital, and between TPP and NHS Digital.

Analysis

Analysis in work package 2a (ResearchOne–HES) was designed to be consistent with the analysis
undertaken in work package 2a (CPRD–HES) to ensure the comparability of results for the different
representative patient populations.

Survival analysis was to be used to model time to revision. To determine the follow-up time of revision,
a smoothed Nelson–Aalen cumulative hazard rate was to be examined to identify any peak in the
mid- to long-term risk of revision. To identify patients most likely to require revision, proportional
hazards regression modelling was to be used to identify preoperative, perioperative and postoperative
predictors of mid- to late-term revision. The date of a patient’s first hip or knee replacement was to be
used as the start time. The event of interest in all time-to-event models was to be the first recorded
revision operation.

Cox proportional hazards regression modelling was to be used to identify pre, peri and postoperative
predictors of mid- to late-term revision (defined as > 5 years post primary surgery). Should testing
have revealed that the proportional hazards assumption was not valid, then parametric modelling was
to be used instead. Shared frailty was to be modelled with a random effect for hospitals/providers
and another for general practice, as it was anticipated that both hospital practice regarding follow-up
and GP behaviour regarding referral would influence the survival time of the primary joint replacement.
Competing risks, including mortality and comorbidities following the primary surgery, were to be
considered. Linearity of continuous predictors was to be assessed using fractional polynomial regression
modelling or splines. Missing data were to be handled by using multiple imputation methods using the
imputation by chained equations procedure.

Approvals
Approval was planned from research governance at the sponsor (i.e. University of Leeds). Ethics
approval would then be sought from a NHS REC113 to ensure consistency with applicable ethics
frameworks for medical research, including the Declaration of Helsinki.114 In addition, an application
would be made to the CAG115 at the HRA116 to obtain support (if applicable) under Section 251 of
the National Health Service Act 2006.80

Application to CAG was based on the following rationale.
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Owing to the number of patients in the study population, explicit consent from all patients for inclusion
in the study would not be practicable. Study design could be amended to reduce the population to a
number from which explicit consent would be practicable. This would limit the ability to determine which
and how patients present for revision surgery with sufficient generality to inform recommendations on
how follow-up should be conducted. Processing of confidential patient information requires consent or
another appropriate legal basis, such as support under Section 251 of the National Health Service Act
2006,80 to ensure that there is no breach of confidentiality under common law.

Pseudonymised data requests that go through the DARS process at NHS Digital are considered
to be compliant with the Information Commissioner’s Office Code of Practice on Anonymisation.117

ResearchOne has received a decision from the National Information Governance Board that Section
251 support is not required, as there is no disclosure of identifiable data.118 ResearchOne has also
received a favourable ethics opinion as a research database from a NHS REC (reference 11/NE/0184).
On this basis, data provided individually by these two sources would appear not to fulfil the definition
of confidential patient information and would, therefore, not require Section 25180 support to process
in the absence of explicit consent.

Work package 2a (ResearchOne–HES) required linkage of data from HES and ResearchOne. Linkage
was designed to use patient pseudonyms generated by NHS Digital and TPP from NHS numbers
and was communicated between NHS Digital and TPP only (see Linkage). Application to CAG was to
ensure due diligence in relation to the proposed linkage methodology, that is, seeking an independent,
authoritative view on whether or not the processing activities and data flows of the methodology
would be considered to require Section 25180 support and, if so, obtaining such support through CAG.

Approvals from the information asset owner and Independent Group Advising on the Release of
Data (IGARD)119 at NHS Digital, and from the ResearchOne Project Committee120 at TPP, would then
be underpinned by the approvals/decisions from the sponsor and HRA (Figure 7). Enactment of the
methodology would follow approval from these bodies at NHS Digital and TPP.

Ordering of approvals at NHS Digital, which we present in Figure 7, is based on information published
by the DARS121 at the time of report preparation.

Privacy impact assessment
Design of the proposed methodology was underpinned by the principles defined in data protection
legislation applicable to the UK122–124 and the guidance published by the National Data Guardian in
relation to confidentiality in the health domain.108 Impacts from the use of the methodology in work
package 2a (ResearchOne–HES) on the privacy of patients, the protection of their personal data and
the confidentiality of their information were considered within a privacy impact assessment (PIA).

Sponsor

Research
governance

HRA

NHS Digital

ResearchOne
Project Committee

TPP

Information
asset

owner
IGARD

NHS REC CAG

FIGURE 7 A summary of the approval processes.
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The PIA was undertaken in accordance with the Privacy Impact Assessment: Code of Practice published
by Information Commissioner’s Office125 and was based on the PIA template provided within the
Code. Assessment included (1) a description of the project and methodology, (2) details of consultation
with stakeholders, (3) details of identified privacy and related risks, (4) a set of solutions to address
these risks, (5) details of the selected solutions and (6) assigned responsibilities within the University
of Leeds.

The PIA was included as an appendix to the research protocol, which was provided as part of the
approval processes (see Approvals).

Results

Work package 2a (ResearchOne–HES) received (1) approval from research governance at the sponsor,
(2) a favourable opinion from a NHS REC and (3) a conclusion that Section 25180 support was not
required following communication with the HRA, NHS Digital and TPP. Approvals to this point required
158 days. Following application to NHS Digital, 723 days elapsed (Figure 8) without approval before
the research team determined that the work package could no longer be delivered within the project
timelines and the application was withdrawn.

31 days

8 days

2 days

44 days
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governance at
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Receipt of decision
from HRA

(Section 251)

0 days

Receipt of decision
from NHS Digital

(Section 251)
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application to

NHS Digital
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Receipt of approval
from ResearchOne
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Review by
ResearchOne

Project Committee 459 days
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Submission of
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NHS Digital
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Receipt of approval
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FIGURE 8 A summary of the progression of the approval processes and associated time periods. IRAS, Integrated
Research Application System.
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Key points in the timeline and the documents required to underpin approval processes are detailed in
Figure 8 and in Appendix 3, Tables 39–47.

Approval from research governance at the sponsor and receipt of favourable opinion from the NHS
REC (Leeds East) proceeded without significant delay. Application to the CAG led to correspondence
with the HRA regarding the requirement for Section 25180 support. The HRA stated that it would
not provide a view on whether Section 25180 support was required and that any requirement for
Section 25180 support must be determined with the data controllers (i.e. NHS Digital and TPP). NHS
Digital and TPP confirmed that Section 25180 support was not required. Application to the CAG was
withdrawn and the project proceeded on this basis.

Following application to the TPP, 459 days elapsed before the most recent approval by the ResearchOne
Project Committee. The period of 723 days between application to NHS Digital and subsequent withdrawal
by the research team represented 78% of the time period for the project up to that point (i.e. 926 days).
Delays were attributable to a number of causes, which are described below.

Approval of a precedent application (LP-MAESTRO) by NHS Digital
NHS Digital advised that the application for work package 2a (ResearchOne–HES) should be progressed
following approval of the precedent application for LP-MAESTRO91,92 by IGARD. A period of 164 days
elapsed between submission of the application for work package 2a (ResearchOne–HES) to NHS Digital
and the approval of LP-MAESTRO91,92 by IGARD.

Establishment of a data-processing agreement between the University of Leeds and
The Phoenix Partnership
The University of Leeds prepared a data-processing agreement to cover the processing activities
of TPP within work package 2a (ResearchOne–HES). A period of 288 delays elapsed between
supply of the agreement to TPP and receipt of a signed agreement from TPP. A period of 133 days
then elapsed between receipt of the signed agreement from TPP and signature by the University
of Leeds.

Resolution of a range of technical and organisational queries raised by NHS Digital in its
consideration of the application for work package 2a (ResearchOne–HES)
NHS Digital raised a range of technical and organisational queries as a result of review by the
DARS team and within two ‘pre-IGARD’ meetings. Queries related to (1) the reasons for requesting
patient objections to be upheld on a pseudo-anonymised data request; (2) the evidence for security
assurances for backup locations; (3) the organisation with legal responsibility for ResearchOne;
(4) the role of the Study Management Group in processing activities; (5) the provision of lay
explanations of statistical techniques and cryptographic concepts; (6) the data controller’s and
processor’s responsibilities for research partners in the UK SAFE project; (7) the justification and
explanation of specific steps within the linkage methodology; and (8) the privacy notice for work
package 2a (ResearchOne–HES).

Following a project extension by the funder, the application to NHS Digital notice for work package 2a
(ResearchOne–HES) was reinstated by the research team and, subsequently, resubmitted to NHS
Digital. Appendix 3 documents progress up to 31 May 2020.

Conclusions

Work package 2a (ResearchOne–HES) sought to use routinely collected NHS data from HES and
ResearchOne to determine when, which and how patients present for revision surgery. No persistent
link exists between these two sources and no linkage methodology had, to our knowledge, been previously
enacted between the two sources. Linkage of data items from HES and ResearchOne was based on
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a methodology for which the precedent was being established by another project (LP-MAESTRO91,92)
at the University of Leeds.

Use of the proposed methodology had advantages for the privacy of patients, the protection of their
personal data and the confidentiality of their information. No patient identifiable data were communicated
between organisations or received by the research team, linkage is undertaken by NHS Digital, and
organisations are subject to a range of technical and organisational safeguards. In addition, the transient,
purpose-specific linkages126 facilitated by the methodology have the potential to expand the set of research
questions that can be robustly answered using routinely collected NHS data, moving beyond those
questions that can be answered using data from the small numbers of data sources between which
persistent linkages have been established (e.g. CPRD127 and HES93) and for which pathways exist for use
in research projects [e.g. work package 2a (CPRD–HES)]. Transient, purpose-specific linkages also enable
the benefits and risks of linkage, along with ethics and legal implications, to be appropriately scrutinised
within the context of a specific project.

Significant challenges have been encountered from the use of the proposed methodology for work
package 2a (ResearchOne–HES). Co-ordination between multiple organisations at both a technical and a
governance level was a challenge. Different organisations and organisational units required information
to be presented at different levels of granularity, with different emphases, and in adherence to different
presentational formats. Timely provision of this information was also contingent on successful traversal of
complex organisational structures. Moreover, the governance processes that drive decision-making within
organisations are subject to change both in definition and in interpretation over time. Consequently,
delays in provision of information have the potential to lead to further delays. Unless such challenges
are addressed to provide accessible and functional pathways for projects based on such methodologies,
there is a risk that they will not be adopted by researchers. This will have a detrimental impact not
only on the privacy of patients, the protection of their personal data and the confidentiality of their
information, but also on the quality of research designs, processes and outputs based on routinely
collected NHS data.

We conclude that the methodology that we propose to link HES and ResearchOne is feasible because
of successful enactment in another project at the University of Leeds (i.e. LP-MAESTRO91,92). The time
implications, however, have been shown to be prohibitive within the context of a funded research
project. Moreover, these implications are inherently unpredictable in the design stages of a research
project. Use of the proposed methodology has advantages, but currently presents a significant risk to
delivery of research projects within defined timelines.
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Chapter 5 Prospective cohort study

Parts of this chapter have been reproduced from Kingsbury et al.128 This is an open-access article
distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives

(CC BY-NC-ND 4.0) licence, which permits the copying and redistribution of the work only, and provided
the original author and source are credited. See https://creativecommons.org/licenses/by-nc-nd/4.0/.

This chapter presents a comparative study of patients presenting for revision of hip or knee
replacements, based on whether or not under long-term follow-up.

Aims

We conducted a prospective cohort study of patients presenting for revision of a THR, TKR or UKR.
The aim of this chapter was to understand current routes to revision surgery and to explore differences in
symptoms, health-care use, reason for revision and the revision surgery (e.g. surgical time, components, LOS)
between patients having regular follow-up and patients without follow-up.

Methods

Parts of this section have been adapted from Czoski Murray et al.1 This is an open access article
distributed in accordance with the Creative Commons Attribution 4.0 Unported (CC BY 4.0) license,
which permits others to copy, redistribute, remix, transform and build upon this work for any purpose,
provided the original work is properly cited, a link to the licence is given, and indication of whether
changes were made. See: https://creativecommons.org/licenses/by/4.0/.

Parts of this section have been reproduced from Kingsbury et al.128 This is an open-access article distributed
under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (CC BY-NC-ND 4.0)
licence, which permits the copying and redistribution of the work only, and provided the original author
and source are credited. See https://creativecommons.org/licenses/by-nc-nd/4.0/.

Setting and participants
A cross-sectional prospective observational study of elective and emergency patients presenting
for revision hip or knee replacement surgery was carried out. Participants were recruited between
October 2017 and October 2018 from 38 hospitals in England that had been selected to provide
regional spread and a mix of district general hospitals and tertiary referral centres. The inclusion
criteria were age ≥ 18 years, elective or emergency presentation for revision surgery of primary hip
or knee arthroplasty, able and willing to provide written informed consent and to undertake study
procedures, and able to complete an English language questionnaire. Exclusion criteria were previous
revision surgery, metal-on-metal primary hip replacement and hip hemiarthroplasty.

Ethics, consent and permissions
Ethics approval was received from the North West Haydock REC Yorkshire (reference 17/NW/0469)
and all participants provided written informed consent. Protocol amendments are documented in
Appendix 4, Table 48.

Data collection
Data were captured from participants during their inpatient stay post revision surgery and from their
medical records. Data collected included independent living and carer status, working status, details
of orthopaedic follow-up pathway and pathway to current revision surgery (see Report Supplementary
Material 1 for the participant questionnaire). Participant data were corroborated and supplemented
with data collected from medical notes, including demographics, GP and orthopaedic appointments,
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medication related to recent problems with joint replacement, medical history, primary joint replacement
history, reasons for scheduling revision at this time and details of revision surgery (see Report Supplementary
Material 2 for the case report form).

Statistical methods

Sample size
Sample size was calculated based on using stratified sampling to recruit 25 orthopaedic centres of varying
size. Accounting for variation in the size of centres, with an estimated average number of patients per
centre of 45, and assuming a recruitment rate of 60%, a conservative assumption of 27 patients recruited
from each centre was made, giving a total sample size of 675 patients. The intraclass correlation coefficient
(ICC) for our primary outcome of revision identified through routine follow-up was not known; however,
from previous research24 it was anticipated it to be in the region of 0.01–0.05.1 A conservative ICC
of 0.05 was used. This gave a design factor of 2.3 and an effective sample size of 293 patients after
accounting for clustering within centre. The enrolment of 38 centres reduced the design factor to 1.6
and the minimum sample size required to 455 patients. From previous research,24 the rate of our outcome
was estimated at 20%. The effective number of events would be 58. As estimated by Peduzzi et al.,129 there
would be sufficient power for logistic regression to robustly estimate the coefficients of up to five potential
risk factors. There would be 12 effective events per risk factor (more than the 10 recommended). These
potential risk factors would be derived from a brief patient survey and would not exceed five. Therefore,
the conservative estimates gave sufficient study power for the primary analysis.

Classification of route to revision
Based on collected data, participants were classified as undergoing unplanned revision (UR) identified
outside a clear orthopaedic pathway or planned revision (PR) identified through an orthopaedic/
follow-up pathway, according to an algorithm (Figure 9). The decision algorithm incorporated data
collected by the research nurse and from the patient-reported questionnaire (see Report Supplementary
Material 1). The algorithm was developed following a pilot study on this topic130 and the knowledge
that if a patient was being followed up, then regular orthopaedic review would have preceded the
revision surgery. Collected data were used to identify those patients who came to revision through
this route compared with those patients with minimal or no orthopaedic review prior to revision.
A 12-month cut-off point in time from referral to revision surgery was used because, at the time
of the study, the period from referral to surgery was approximately 9 months (i.e. a 22- to 24-week
wait to first orthopaedic appointment, an 8- to 10-week wait for screening and results, and a 2- to
3-week wait from preoperative assessment to surgery).130 The choice of a 12-month cut-off point was
designed to differentiate between those participants who came to revision surgery without regular
orthopaedic assessment (i.e. UR) and those who were in a regular follow-up programme or who were
being monitored for progression of potentially damaging changes around the joint replacement (i.e. PR).

Outcomes
The primary outcome was revision identified through a routine orthopaedic/follow-up pathway.
Three cost-variable outcomes were used for the exploratory cost analysis: (1) LOS (days) in acute
hospital for revision surgery, (2) time (hours) taken from anaesthetic induction to patient leaving the
operating theatre and (3) consultation with any health professionals in relation to their joint problem.
Components used in the revision surgery were categorised into standard primary implants, off-the-shelf
revision implants or custom-made components.

Predictors
The following predictors of PR were examined: the reason for primary surgery (pathology), complications
at the time of primary operation, ability to live independently before coming to hospital for revision
surgery, caring responsibilities for someone else or receiving any care themselves prior to revision
surgery, reason for revision surgery, the time from primary to revision surgery, comorbidities (measured
using the CCI), age at revision surgery and sex.
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Statistical analysis
Patient characteristics, characteristics of primary surgery and outcomes of interest were cross-tabulated
by PR and UR status. To indicate association, two-sample t-tests were used for continuous variables and
Pearson’s chi-squared tests were used for categorical variables. Using a multilevel logistic regression
model incorporating a random intercept for hospital, an adjusted model was used to establish the
propensity for PR as the study data were derived from a convenience sample. Odds ratios (ORs)
complete with confidence intervals (CIs) were reported for each factor and covariate retained in the
final parsimonious propensity model. Intraclass correlation was reported to reflect the contribution
from hospitals and also the range of ORs associated with the random effects.

To explore potential health-care resource implications of PR compared with UR surgery, propensity
score matching was undertaken to construct the PR and UR cohorts, balancing covariates that predict
membership of the two groups. A propensity model was constructed for the propensity, or probability,
of a patient receiving UR. Patients from the PR group were then matched 1 : 1 with patients from the
UR group by selecting the patient with the nearest matching propensity score (calculated probability).
This produced a cohort of patients for whom the propensity for UR was matched, based on known
patient characteristics that were known to be associated with group membership. These matching
variables were complication prior to primary surgery, hip or knee replacement, infection, PPF or dislocation
as the reason for revision and time to revision (Table 7). As two separate analysis approaches were used,
a correction factor was applied to the level of significance, reducing the threshold for statistical
significance from p = 0.05 to p = 0.025 (p = 0.05/2).

UR

RN: revision after A&E
admission

n = 97 (17.08%)

RN: referral for revision
from GP

n = 249 (43.84%)

RN: length of time from GP letter to revision surgery

PR

> 12 months
n = 57 (22.89%)

≤ 12 months
n = 138 (55.42%)

Unknown
n = 54 (21.69%)

PR PRUR

UR UR

PR

Patient-reported orthopaedic check-up beyond
12 months after primary surgery

No further
n = 47 (44.34%)

Single
n = 24 (22.64%)

Multiple
n = 35 (33.02%)

Patient-reported source of referral for revision surgery

Referral for revision
from GP

n = 30 (85.71%)

Referral from other
source

n = 5 (14.295%)

Referral via A&E
department
n = 0 (0.0%)

No
n = 106
(18.7%)

Yes
n = 116
(20.4%)

RN: referral for revision
from orthopaedic clinic

n = 130 (22.89%)

RN: referral for revision
from another source

n = 92 (16.20%)

RN: on a planned orthopaedic review pathway

FIGURE 9 Algorithm for allocating participants to planned and unplanned routes to revision. RN, research nurse.
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Results

Participants
A total of 647 participants were enrolled in the study; however, 79 participants were subsequently
excluded because they were ineligible [i.e. revision of revision (n = 23), second-stage revision (n = 10),
metal-on-metal (n = 4), hemiarthroplasty (n = 1), primary surgery (n = 1), surgery delayed/cancelled
(n = 19), withdrawal of consent (n = 9), missing data (n = 12)]. Therefore, data were analysed from
568 participants, with a mean age of 72 years, 43.5% (247/568) of whom were male (Table 8). Of these,
305 participants had presented for a revision of a THR and 263 had presented for revision of a TKR
or UKR. Primary surgery had originally been undertaken for osteoarthritis in 395 (69.7%) participants
(Table 9). Time from primary surgery to revision in the combined group was < 5 years for 179 (32%)
participants, 5–10 years for 109 (19%) participants, > 10 years for 222 (39%) participants and was
unspecified for 58 (10%) participants (see Table 9).

After applying the algorithm (see Figure 9), 208 (37%) patients were classified as having had PR surgery
through an orthopaedic/follow-up pathway (PR group: hips, n = 106; knees, n = 102) and 360 patients
were classified as having UR surgery (UR group: hips, n = 199; knees, n = 161). Of the latter, 97 (17%)
participants had revision surgery following admission through A&E. There were no significant differences
in participant characteristics between the two groups for either hip or knee (see Tables 8 and 9).
Participants in the hip revision PR group were more likely than those participants in the UR group to
have had complications following their primary surgery (p = 0.014) and to present with pain as a reason
for revision (p = 0.003). For hip patients, PPF as the reason for revision was more likely in the UR group
(p = 0.001 respectively) than in the PR group (see Table 9).

We also explored the role of age at primary surgery. We found that revision after 10 years was more
likely for those who were younger at primary surgery, regardless of route to revision (Table 10).
Patients having earlier revision surgery (i.e. ≤ 10 years post primary surgery) for TKR were more likely
to be younger at time of surgery (knee, 64.25 ± 8.401 years; hip, 67.10 ± 10.68 years; p = 0.013) than
they were for THR. For later revision (i.e. > 10 years), there were no differences in age at primary or
revision surgery between TKR and THR.

TABLE 7 Propensity score matching

Characteristic

Before matching After matching

UR, n (%) PR, n (%) p-value UR, n (%) PR, n (%) p-value

Complication prior to primary 246 (68.3) 149 (71.6) 0.466 81 (42.0) 88 (45.6) 0.053

Hip or knee replacement 161 (44.7) 102 (49.0) 0.365 92 (47.7) 94 (48.2) 1.00

Reason for revision

Infection 47 (13.1) 26 (12.5) 0.952 20 (10.4) 22 (11.4) 0.871

PPF 42 (11.7) 3 (1.4) < 0.001 3 (1.6) 3 (1.6) 1.00

Dislocation 52 (14.4) 10 (4.8) 0.001 9 (4.7) 8 (4.1) 1.00

Time to revision (years)

< 5 (reference) 97 (26.9) 82 (39.4) 0.016 66 (34.2) 75 (38.9) 0.700

5–10 74 (20.6) 35 (16.8) 78 (40.4) 73 (37.8)

> 10 147 (40.8) 75 (36.1) 38 (19.7) 32 (16.6)

Not specified 42 (11.7) 16 (7.7) 11 (5.7) 13 (6.7)
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TABLE 8 Participant characteristics

Characteristic All (N= 568)

Hip Knee

UR (N= 199) PR (N= 106) p-value UR (N= 161) PR (N= 102) p-value

Male, n (%) 247 (43.5) 93 (46.7) 42 (39.6) 0.285 70 (43.5) 42 (41.2) 0.810

Age (years), mean (SD) 71.86 (9.93) 74.08 (10.78) 71.58 (10.4) 0.053 70.87 (8.68) 69.32 (8.67) 0.161

CCI, mean score (SD) 3.31 (1.67) 3.52 (1.64) 3.35 (1.78) 0.408 3.21 (1.65) 3.04 (1.62) 0.408

Able to live
independently prior to
revision surgery, n (%)

495 (87.5) 177 (88.9) 87 (82.9) 0.189 142 (88.2) 89 (88.1) 1.000

With caring
responsibilities, n (%)

80 (14.1) 28 (14.1) 13 (12.5) 0.839 25 (15.7) 14 (13.7) 0.792

Receiving care, n (%) 98 (17.3) 30 (15.2) 21 (20.2) 0.352 29 (18.2) 18 (17.8) 1.000

Employed/self-employed
prior to revision surgery,
n (%)

117 (20.6) 36 (18.4) 24 (23.1) 0.413 32 (20.0) 25 (25.3) 0.403

ASA grade, n (%)

1 32 (5.9) 12 (6.5) 9 (8.7) 0.293a 7 (4.5) 4 (4.0) 0.161a

2 288 (52.8) 90 (48.4) 57 (55.3) 78 (50.3) 63 (62.4)

3 220 (40.4) 80 (43) 37 (35.9) 70 (45.2) 33 (32.7)

4 5 (0.9) 4 (2.2) 1 (1.00)

Smoking status, n (%)

No 344 (68.3) 122 (63.2) 60 (57.1) 0.586 101 (63.9) 61 (61.6) 0.789

Yes 35 (6.3) 12 (6.2) 8 (7.6) 101 (63.9) 61 (61.6)

Ex-smoker 176 (31.7) 59 (30.6) 37 (35.2) 49 (31) 31 (31.3)

SD, standard deviation.
a ASA grades 3 and 4 were combined for the chi-squared test.

TABLE 9 Characteristics of primary and revision surgeries

Characteristic All (N= 568)

Hip Knee

UR (N= 199) PR (N= 106) p-value UR (N= 161) PR (N= 102) p-value

Diagnosis at primary surgery, n (%)

Osteoarthritis 396 (69.7) 135 (67.8) 66 (62.3) 0.395 116 (72.0) 79 (77.5) 0.406

Arthritis 44 (7.7) 14 (7.0) 7 (6.6) 1.000 14 (8.7) 9 (8.8) 1.000

Trauma 43 (7.6) 16 (8.0) 10 (9.4) 0.842 11 (6.8) 6 (5.9) 0.962

Congenital 8 (1.4) 4 (2.0) 3 (2.8) 0.957 1 (0.6) 0 (0.0) 1.000

Other 78 (13.7) 29 (14.6) 15 (14.2) 1.000 23 (14.3) 11 (10.8) 0.525

Do not know 33 (5.8) 11 (5.5) 10 (9.4) 0.296 9 (5.6) 3 (2.9) 0.484

Complications after first
operation on hip/knee,
n (%)

212 (37.7) 57 (28.9) 46 (43.8) 0.014** 62 (38.5) 47 (47.0) 0.221

Infection 212 (37.3) 10 (5.0) 16 (15.1) 0.005** 18 (11.2) 12 (11.8) 1.000

Dislocation 44 (7.7) 29 (14.6) 8 (7.5) 0.108 5 (3.1) 2 (2.0) 0.866

Other 137 (24.1) 24 (12.1) 25 (23.6) 0.014* 49 (30.4) 39 (38.2) 0.241

continued
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TABLE 10 Age at primary surgery

Revision

Age (years) at primary surgery, mean (SD)

Hip surgery Knee surgery

Time to revision
≤ 10 years (n= 137)

Time to revision
> 10 years (n= 135) p-value

Time to revision
≤ 10 years (n= 151)

Time to revision
> 10 years (n= 87) p-value

PR 66.58 (10.37) 55.18 (12.21) < 0.001 63.91 (8.92) 55.94 (12.26) < 0.001

UR 67.41 (10.89) 57.60 (11.10) 0.001 64.54 (8.00) 57.61 (9.94) < 0.001

SD, standard deviation.

Note
Bold denotes significant p-value.

TABLE 9 Characteristics of primary and revision surgeries (continued )

Characteristic All (N= 568)

Hip Knee

UR (N= 199) PR (N= 106) p-value UR (N= 161) PR (N= 102) p-value

Time to revision (years), n (%)

< 5 (reference) 179 (31.5) 46 (23.12) 36 (33.96) 0.142 51 (31.68) 46 (45.10) 0.092

5–10 109 (19.2) 41 (20.60) 14 (13.21) 33 (20.50) 21 (20.59)

> 10 222 (39.1) 89 (44.72) 46 (43.40) 58 (36.02) 29 (28.43)

Not specified 58 (10.2) 23 (11.56) 10 (9.4) 19 (11.80) 6 (5.88)

Reason for revision, n (%)

Infection 73 (12.9) 15 (7.5) 12 (11.3) 0.370 32 (19.9) 14 (13.7) 0.266

Aseptic loosening 227 (40.0) 85 (42.7) 50 (47.2) 0.532 60 (37.3) 32 (31.4) 0.399

Stiffness 19 (3.3) 2 (1.0) 3 (2.8) 0.470 9 (5.6) 5 (4.9) 1.000

Pain 269 (47.4) 69 (34.7) 56 (52.8) 0.003 85 (52.8) 59 (57.8) 0.500

Wear 55 (9.7) 14 (7.0) 11 (10.4) 0.427 16 (9.9) 14 (13.7) 0.458

Osteolysis 36 (6.3) 13 (6.5) 13 (12.3) 0.136 7 (4.3) 3 (2.9) 0.802

PPF 45 (7.9) 33 (16.6) 3 (2.8) 0.001 9 (5.6) 0 (0.0) 0.037

Implant failure 30 (5.3) 9 (4.5) 3 (2.8) 0.678 12 (7.5) 6 (5.9) 0.810

Osteoarthritis
progression

11 (1.9) 0 (0.0) 0 (0.0) 5 (3.1) 6 (5.9) 0.435

Dislocation 62 (10.9) 47 (23.6) 10 (9.4) 0.004 5 (3.1) 0 (0.0) 0.182

Instability 26 (4.6) 3 (1.5) 3 (2.8) 0.719 12 (7.5) 8 (7.8) 1.000

Other 6 (1.1) 5 (2.5) 1 (0.9) 0.612 0 (0.0) 0 (0.0)

*p < 0.05, **p < 0.01, ***p < 0.001.

Note
Bold denotes significant p-value.

Route to revision surgery
In the case of hip surgery, there were no differences in the reasons for seeking medical help between
the PR and UR groups, with the exception that patients in the PR group were more likely to report that
their other hip was causing a problem than patients in the UR group. In the case of knee surgery, patients
in the PR group were more likely than patients in the UR group to report that they had difficulty walking
on the affected knee or that something did not feel right in the affected knee (Table 11). However, responses
to the question ‘Did your hip/knee feel safe to walk on?’ did not differ between the UR and PR groups
for either hip or knee surgery (Table 12).
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Reasons for revision
In the UR group, dislocation and PPF were the most common reasons for hip revisions carried out
< 5 years post primary surgery; however, in the PR group, pain and infection were the most common
reasons (Table 13). In both the UR and PR groups, pain was the most common reason for revision for
hip revisions occurring 5–10 years post primary surgery, followed by aseptic loosening. Beyond 10 years
post primary surgery, aseptic loosening was the most common reason for revision in both groups.

In both groups, and at all time points post primary surgery, pain was the most common reason for knee
replacement revision surgery. However, in both groups, the second most common reason was infection
in the case of earlier revisions (i.e. < 5 years) and aseptic loosening in the case of later time points
(i.e. 5–10 years and > 10 years post primary surgery).

Predictors of route of presentation for revision surgery

Hospital effect
The ICC was 0.081, indicating that 8% of the follow-up pathway can be explained by between-hospital
differences. The likelihood ratio statistic was 101.73 (1 degree of freedom), providing strong evidence
that the between-hospital variance was non-zero.

TABLE 11 Route to revision surgery

Reason for seeking medical help

All
(N= 568),
n (%)

Hip surgery Knee surgery

UR
(N= 199),
n (%)

PR
(N= 106),
n (%) p-value

UR
(N= 161),
n (%)

PR
(N= 102),
n (%) p-value

A health professional told me it
needed to be redone

157 (27.6) 59 (29.6) 33 (31.1) 0.809 39 (24.2) 26 (25.5) 0.782

I had pain in the affected hip/knee 385 (67.8) 116 (58.3) 73 (68.9) 0.078 122 (75.8) 74 (72.5) 0.649

I had difficulty walking on the
affected hip/knee

288 (50.7) 79 (39.7) 53 (50.0) 0.090 87 (54.0) 69 (67.6) 0.022

Something did not feel right in the
affected hip/knee

231 (40.7) 74 (37.2) 35 (33.0) 0.451 67 (41.6) 55 (53.9) 0.043

My other hip/knee was causing
a problem

42 (7.4) 5 (2.5) 9 (8.5) 0.023 17 (10.6) 11 (10.8) 1.00

Bold denotes significant p-value.

TABLE 12 Reponses to ‘Did your hip/knee feel safe to walk on?’

Did your hip/knee
feel safe to walk on?

All (N= 568),
n (%)

Hip surgery Knee surgery

UR (N= 199),
n (%)

PR (N= 106),
n (%) p-value

UR (N= 161),
n (%)

PR (N= 102),
n (%) p-value

Strongly disagree 208 (36.6) 62 (31.2) 35 (33.0) 0.131 69 (42.9) 42 (41.2) 0.978

Disagree 156 (27.5) 46 (23.1) 31 (29.2) 47 (29.2) 32 (31.4)

Neutral 50 (8.8) 14 (7.0) 14 (13.2) 12 (7.5) 10 (9.8)

Agree 85 (15) 42 (21.1) 15 (14.2) 18 (11.2) 10 (9.8)

Strongly agree 69 (12.1) 35 (17.6) 11 (10.4) 15 (9.3) 8 (7.8)

DOI: 10.3310/KODQ0769 Health and Social Care Delivery Research 2022 Vol. 10 No. 16

Copyright © 2022 Kingsbury et al. This work was produced by Kingsbury et al. under the terms of a commissioning contract issued by the Secretary of State for Health and
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/.
For attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

49



Participant characteristics
In the hip revision group, a time to revision > 10 years (OR 3.804, 95% CI 1.353 to 10.694; p = 0.011),
PPF (OR 20.309, 95% CI 4.574 to 90.179; p < 0.001) and dislocation (OR 12.953, 95% CI 4.014 to
41.794; p < 0.001) were associated with UR (Table 14). In the knee revision group, there were no
associations with UR.

Analysis of health-care factors with propensity score matching
Based on the propensity matched cohort, time in surgery was significantly longer for those in the UR
group [UR: mean 2.72 hours, standard deviation (SD) 1.24 hours; PR: mean 2.48 hours, SD 1.13 hours;
p = 0.014]; however, when the hip and knee groups were analysed separately, this difference was no
longer significant (Table 15). No other significant differences in health-care factors [including access to
a health professional in the 12 months prior to revision or complexity of revision surgery (defined by
type of implant used)] were found between the UR and PR groups among either hip or knee patients.

There was a trend for increased LOS and increased surgery time in the UR group for hip. We reasoned
that LOS may be longer for patients presenting with acute events, such as PPF and dislocation, as such
patients may be inpatients for a longer period prior to surgery and/or recovery time may be slower.
In addition, patients presenting with infection require more complex surgery with enhanced recovery time.

TABLE 13 Most common reasons for revision by joint, follow-up pathway and time to revision

Time to
revision
(years)

Hip surgery Knee surgery

UR PR UR PR

Reason n (%) Reason n (%) Reason n (%) Reason n (%)

< 5 Dislocation 15 (32.6) Pain 18 (50) Pain 25 (49) Pain 25 (54.3)

PPF 13 (28.3) Infection 10 (27.8) Infection 16 (31.4) Infection 13 (28.3)

Pain 12 (26.1) Dislocation 7 (19.4) Aseptic
loosening

15 (29.4) Aseptic
loosening

9 (16.9)

Infection 7 (15.2) Aseptic
loosening

6 (16.7) Instability 7 (13.7) Implant failure 4 (8.7)

Aseptic
loosening

6 (13) Stiffness 2 (5.6) Stiffness 5 (9.8) Stiffness 3 (6.5)

5–10 Pain 15 (36.6) Pain 11 (78.6) Pain 20 (60.6) Pain 15 (71.4)

Aseptic
loosening

15 (36.6) Aseptic
loosening

7 (50) Aseptic
loosening

11 (33.3) Aseptic
loosening

6 (28.6)

Dislocation 13 (31.7) Infection 1 (7.1) Infection 8 (24.2) Instability 4 (19)

Infection 5 (12.2) Dislocation 1 (7.1) Instability 3 (9.1) Wear 3 (14.3)

PPF 4 (9.8) Osteolysis 1 (7.1) PPF 3 (9.1) Implant failure 2 (9.5)

> 10 Aseptic
loosening

55 (61.8) Aseptic
loosening

31 (67.4) Pain 33 (56.9) Pain 16 (55.2)

Pain 32 (36) Pain 23 (50.0) Aseptic
loosening

27 (46.6) Aseptic
loosening

14 (48.3)

Osteolysis 12 (13.5) Wear 8 (17.4) Wear 10 (17.2) Wear 9 (31)

PPF 11 (12.4) Osteolysis 8 (17.4) Implant
failure

6 (10.3) Osteolysis 3 (10.3)

Wear 11 (12.4) Dislocation 2 (4.3) Osteolysis 4 (6.9) Osteoarthritis
progression

2 (6.9)
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Therefore, we repeated the analysis for hip, first excluding all patients who presented with PPF or
dislocation and then also excluding those who presented with infection. Interestingly, the trends
towards increased LOS and increased surgery time were not observed in these exploratory analyses,
suggesting that these trends were driven by these three reasons for revision. However, of note, in the
UR group, a significant difference emerged in both analyses for an increased frequency of seeing a
health professional prior to revision surgery (p = 0.0018) and a trend towards an increased frequency
of requiring a revision prosthesis, rather than a standard primary implant for the revision surgery.

TABLE 14 Table of ORs for the multilevel regression model

Variable

Hip surgery Knee surgery

OR 95% CI p-value OR 95% CI p-value

Intercept 0.201 0.040 to 1.003 0.050 0.897 0.189 to 4.266 0.891

Primary surgery due to osteoarthritis 0.993 0.523 to 1.887 0.983 0.511 0.235 to 1.108 0.089

Complications at primary surgery 0.542 0.265 to 1.107 0.093 0.806 0.417 to 1.559 0.522

CCI score 0.891 0.709 to 1.119 0.320 1.020 0.811 to 1.284 0.865

Lived independently prior to revision 2.536 0.930 to 6.916 0.069 1.328 0.566 to 3.114 0.515

Caring responsibilities 1.143 0.465 to 2.808 0.771 1.425 0.576 to 3.528 0.443

Receiving care 0.971 0.390 to 2.416 0.949 0.897 0.189 to 4.266 0.891

Employed/self-employed 0.735 0.315 to 1.716 0.477 0.511 0.235 to 1.108 0.089

Reason for revision (reference surgical report)

Infection 2.461 0.747 to 8.112 0.139 2.946 1.046 to 8.298 0.041

Aseptic loosening 1.473 0.698 to 3.107 0.309 1.356 0.629 to 2.922 0.437

Stiffness 0.687 0.082 to 5.767 0.730 2.425 0.545 to 10.780 0.245

Pain 0.969 0.501 to 1.877 0.926 1.037 0.530 to 2.030 0.915

Wear 0.981 0.339 to 2.835 0.971 0.706 0.272 to 1.832 0.474

Osteolysis 0.706 0.249 to 2.003 0.513 1.861 0.286 to 12.133 0.516

PPF 20.309 4.574 to 90.170 < 0.001

Implant failure 2.622 0.494 to 13.921 0.258 2.756 0.791 to 9.599 0.111

Dislocation 12.953 4.014 to 41.794 0.000

Osteoarthritis progression 0.695 0.170 to 2.850 0.613

Instability 2.724 0.371 to 20.025 0.325 1.401 0.442 to 4.444 0.567

Time (years) since primary surgery (reference < 5 years)

5–10 2.321 0.889 to 6.059 0.085 1.404 0.613 to 3.216 0.422

> 10 3.804 1.353 to 10.694 0.011 2.337 1.007 to 5.419 0.048

Not specified 3.619 1.012 to 12.946 0.048 2.306 0.632 to 8.421 0.206

Age > 70 years 1.357 0.599 to 3.075 0.566 1.173 0.558 to 2.466 0.674

Male 1.975 1.083 to 3.602 0.026 1.090 0.577 to 2.059 0.791

Note
Models were adjusted for age and sex.
Bold denotes significant p-value.
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TABLE 15 Health-care factors of revision surgery with cost implications

Factor

All Hip surgery
Hip surgery (excluding
PPF and dislocation)

Hip surgery (excluding PPF,
dislocation and infection) Knee surgery

UR PR p-value UR PR p-value UR PR p-value UR PR p-value UR PR p-value

LOS (days) for
revision surgery,
median (IQR)

5.00 (6) 5.00 (5) 0.101 6.00 (6) 5.00 (5) 0.053 5.00 (6) 5.00 (6) 0.557 4.50 (4) 5.00 (4) 0.406 5.00 (5) 4.00 (5) 0.745

Time (hours)
for surgery,
mean (SD)

2.72 (1.24) 2.48 (1.13) 0.014 3.00 (1.35) 2.69 (1.31) 0.073 3.00 (1.84) 2.75 (1.51) 0.192 2.94 (1.60) 2.69 (1.61) 0.176 2.48 (1.06) 2.38 (0.86) 0.144

Seen any health
professionals in
last 12 months
about the
hip/knee
replacement
on which you
have just had an
operation, n (%)

160 (82.90) 159 (82.38) 1.000 84 (83.16) 80 (80) 0.691 81 (91) 70 (78.7) 0.020 74 (92.5) 62 (79.5) 0.018 77 (83.7) 79 (84.9) 0.158

Complexity, n (%)

Primary implant 85 (49.13) 88 (50.86) 0.764 43 (45.26) 52 (54.73) 0.115 33 (41.8) 46 (58.2) 0.034 30 (41.7) 42 (58.3) 0.031 42 (53.84) 36 (46.15) 0.383

Off-the-shelf
revision implant

106 (51.20) 101 (48.79) 57 (56.43) 44 (43.56) 55 (57.9) 40 (42.1) 49 (59) 34 (41) 49 (46.22) 57 (53.77)

IQR, interquartile range.

Note
Bold denotes significant p-value.
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Discussion

In this 568-participant cross-sectional cohort we determined the proportion of patients undergoing
PR surgery through a clear orthopaedic pathway in 38 English hospitals. In addition, we explored
differences between these patients and those having ‘unplanned’ revision surgery. We found that
37% of participants progressed to revision surgery through an orthopaedic follow-up pathway, which
was higher than the 20% predicted from our previous survey of orthopaedic follow-up routes.24

As anticipated, there was a clear nesting of outcome based on hospital, suggesting that defined
pathways were still in existence in some hospitals at the time of this study, in line with previous work24

demonstrating wide variation in follow-up practice across the UK. It should be noted that, as a result
of the COVID-19 pandemic, further practice changes are likely to have been implemented since our
study was conducted.

Our exploratory analysis of differences between UR and PR surgery found that surgery was more
likely to be unplanned in the case of patients undergoing hip revision surgery > 10 years post primary
surgery and those having surgery for PPF or dislocation. We observed that participants undergoing
unplanned hip revision surgery required significantly more health professional appointments in the
12 months prior to revision, after we had removed diagnoses of infection, PPF and dislocation from
the propensity score matching.

We found that revision after 10 years was more likely among those who were younger at primary
surgery, regardless of route to revision, which may reflect the prosthesis out-surviving the older
patient or contraindications preventing revision in these patients. Of note, patients having an earlier
knee revision (i.e. < 10 years post primary) were more likely to be younger, which is consistent
with our finding in Chapter 3, which found that younger males tended to have earlier knee revision
than others. Although we did not explore the role of sex in relation to this finding within this cohort,
we could postulate that this may relate to the inclusion of UKRs as well as TKRs within our analysis.
In addition, it is possible that demographics and access to health care may also be important.

Discounting early post-surgical problems, the need for revision is associated with longevity of
the prosthesis in situ.24 In line with this, in our study, we found the largest numbers of revisions at
> 10 years, followed by < 5 years, with fewer cases presenting in the medium term (i.e. 5–10 years
post primary surgery). Approximately half of revision cases were identified through follow-up at
< 5 years post primary surgery, but this reduced to only one-third of cases at > 10 years post primary
surgery. This may reflect local practice to either reduce follow-up frequency beyond 10 years24 or
to discharge patients, for example because of age or comorbidities that may preclude revision surgery
or simply because they have had no problems to date and there are limited resources for follow-up.
Differences in local practice are known to exist, and the between-hospital variance in our results
suggest that this is a continuing situation.24 It is also possible that patients may have been incorrectly
classified in this study as UR because they presented through primary care or acutely through A&E,
even though they were on a long-term follow-up pathway. Overall, the proportion of cases revised
at > 10 years was slightly higher in the UR group (41%) than in the PR group. It may be argued that
revision is being carried out earlier in those patients in the PR group because problems are identified
in a more timely manner. Further work is needed to understand whether these observations are due to
existing patterns of service delivery or whether there are more complex issues that affect patient care.

We noted that there were more hip revision surgeries for PPF and dislocation in the UR group than
in the PR group. These events are highly symptomatic and occur suddenly, with minimal or no prior
detectable radiographic changes. Patients sought medical intervention acutely, therefore, appearing
automatically in our UR group if they attend via A&E, regardless of whether or not they were under
routine review.131 The higher incidence of infection in knee revision cases in the UR group may also
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be explained by the rapid onset of systemic symptoms in knee infection patients.132 These patients
often present outside a follow-up pathway, through A&E, with early progression to surgery. Although
we cannot rule out the possibility that follow-up might result in joint problems, such as implant failure,
migration or wear that subsequently progresses to dislocation or PPF, being detected sooner, it is likely
that follow-up would not alter the pathway of most patients.

Data from the NJR24 indicate the reasons for revision in hip and knee arthroplasty and the proportion
of patients in each category. In this study, the reasons for revision are grouped by number of years
post primary surgery, thereby giving an indication of which reasons are most prevalent within a 5-year
period. In both hip and knee revision, our results show that the indications for surgery < 10 years
post primary surgery are all symptomatic, suggesting that, for arthroplasty patients in this time period,
routine follow-up is not needed provided that there is readily available access to patient-initiated
orthopaedic review for any symptomatic individual. The results of previous single-centre studies17,133

of hip replacement suggest that early discharge following uncomplicated Orthopaedic Data Evaluation
Panel 10A* (ODEP-10A*)-rated hip replacement is safe. Beyond 10 years, the highest proportion of
revisions are carried out because of aseptic loosening, which is not always symptomatic, especially in
the early stages. The silent aseptic failures of joint replacement are a function of implant wear, and so
most occur after 10 years.134–136 Further work is needed to explore the need for targeted follow-up
in the second decade after hip or knee replacement. Potentially, NJR forms collected at the time of
revision surgery could be modified and extended to include this information.

We initially observed a trend for longer LOS and increased surgical time for hip surgery in the UR
group. We reasoned that this may be driven by patients presenting for PPF, dislocation and infection,
as they were more likely to present acutely through A&E, to be classified in the UR group in this
study and, subsequently, to have an extended inpatient stay preoperatively or require more complex
surgery with increased postoperative recovery time. In line with this, the trends in both LOS and
surgery time were lost once these patients were removed from the analysis. When PPF, dislocations
and infections were removed from the analysis, we observed that the patients presenting for other
reasons for revision, such as pain, aseptic loosening and lysis, were more likely to have consulted
with other health professionals in the previous 12 months. Whether this was driven by symptoms
or purely enhanced follow-up by the surgeon is not known. It does suggest that patients requiring
revision surgery may self-present if a suitable pathway to contact secondary care is in place. There was
also a trend for greater use of revision implants for the surgery, which, although readily available, are
more costly than primary implants. Although this did not reach significance, it highlights a need for
further work to understand the barriers to and facilitators of self-presentation by patients.

Limitations
Given the long timelines for revision post primary surgery, a longitudinal study was not feasible.
Consequently, data captured involved both long periods of recall for the participant and extraction
of data from medical notes. When possible, patient-reported data were corroborated with research
nurse data and the latter were used in cases of discrepancy. However, for some data points, there
were estimations (e.g. date of primary surgery > 20 years ago) and missing data (e.g. components
used in primary surgery). We included both UKRs and TKRs, but were unable to distinguish between
these in our analysis. We must also be aware that there may be recruitment biases, including ability
to complete an English-language questionnaire. Patients presenting through primary care or acutely
through A&E, such as for PPF, while on a long-term follow-up pathway, may have been incorrectly
classified as ‘unplanned’. Owing to the multicentre nature of the study, with both hip and knee
patients recruited from 38 centres, and with primary surgery up to 25 years previously, the variation
in implant type and fixation method was too large to enable meaningful grouping of components
for cost analysis.
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Conclusions
There appeared to be only minimal differences between the characteristics of patients undergoing
PR surgery and those undergoing UR surgery. Although there was greater health-care utilisation in
those having UR surgery, it appears unlikely that routine orthopaedic review would have detected
many of these issues that these patients presented with. Up to 10 years, indications for revision
surgery are symptomatic, suggesting that for most patients it may be safe to disinvest in routine
follow-up provided there is a rapid access self-referral pathway to orthopaedic review. Future work
should explore the most appropriate mechanisms for provision of access to specialist services.
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Chapter 6 Qualitative exploration with
health professionals of the care pathways
in place of hip and knee follow-up

Introduction

Building on previous work by Smith24 in 2015, which highlighted changes in follow-up practice, this
work package aimed to explore the rationale and motivating factors behind these changes, including
the facilitators and any evidence considered when implementing new pathways (e.g. no follow-up).

Methods

Parts of this section have been adapted from Czoski Murray et al.1 This is an open access article
distributed in accordance with the Creative Commons Attribution 4.0 Unported (CC BY 4.0) license,
which permits others to copy, redistribute, remix, transform and build upon this work for any purpose,
provided the original work is properly cited, a link to the licence is given, and indication of whether
changes were made. See: https://creativecommons.org/licenses/by/4.0/.

This qualitative interview study was designed as a substudy of the prospective cohort study
(see Chapter 5).

Participant selection and recruitment
The main study enrolled 38 centres across England that provide revision procedures following hip
and knee arthroplasty. These sites were then used to construct a purposive sample using the following
criteria: NHS trust type (e.g. teaching, foundation trust, district general hospital), geographical area
(e.g. urban, rural), socioeconomic area (e.g. low socioeconomic status, high socioeconomic status) and
ethnicity. Some selection criteria were nested (e.g. hospital type, geographical area) and participant
selected to ensure that a range of viewpoints were identified.

Interview process
Professional leads and service managers were identified from site contacts and were invited via e-mail
by the study project manager to take part in a telephone interview. A number of contacted individuals
did not respond to the initial contact and alternative contacts were sought when possible. It was not
always possible to identify other suitable candidates for interview. For those candidates who agreed,
informed consent was requested along with permission to record the interview. Appointments were
made to undertake the interviews, although a number of participants (n = 4) were unavailable at the
time arranged for the interview. One follow-up e-mail was sent as a reminder but no other contact
was attempted.

The interviewers used a semistructured topic guide (developed from the available literature by the
study team) to help guide discussions to understand sites’ current follow-up care pathway and to
explore any changes that had taken place. The interviews were audio-recorded and transcribed
verbatim when permission was given.

DOI: 10.3310/KODQ0769 Health and Social Care Delivery Research 2022 Vol. 10 No. 16

Copyright © 2022 Kingsbury et al. This work was produced by Kingsbury et al. under the terms of a commissioning contract issued by the Secretary of State for Health and
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/.
For attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

57

https://creativecommons.org/licenses/by/4.0/


Procedure

l One researcher (CJCM, applied health researcher with a nursing background) carried out
the interviews.

l Interviews were conducted by telephone and recorded with permission of the interviewee.
One participant withdrew from the study after the interview and their transcript was removed
from the corpus of the data.

l Interviewees had sight of the topic guide prior to the interview, but often had limited time to offer,
and interviews varied in length from 15 to 40 minutes. In some cases, the interview schedule had
to be adapted to fit the time available and, therefore, there are cases in which some information
is missing.

l One researcher (CJCM) transcribed the recorded interviews.
l Two experienced qualitative researchers (CJCM and KH) analysed the data and identified the

emerging themes.
l Partial analysis of the study data analysis was undertaken with the first three interviews to

establish if new emerging themes could be explored.

The participants
The 16 included participants (n = 13 male; n = 3 female) were drawn from a range of geographical
areas and types of NHS trust). They included two arthroplasty specialist nurses, one specialist
physiotherapist, one manager of orthopaedic service and 12 orthopaedic consultants (all male).

Data management and analysis
The data were managed based on principles of information governance at the University of Leeds.
The data from the interviews were analysed using a framework approach, allowing a structured
exploration of the participants’ perspectives and a method to compare and contrast different
follow-up pathways.137 This approach was used to ensure the collection of a large amount of
detailed information about the pathway in use, geographical location, the acceptability of pathways,
resources (including staff), how patients accessed further care if needed, budgets and input from
commissioners. The interview transcripts were used to identify key information for each service and
key themes about the pathway adopted in each centre to establish some of the reasons for their
implementation (Figure 10 and Box 1).

Health-care
professional

Patient
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‘Bullying’

Referrals
GP

Geography

Time
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FIGURE 10 Early thematic development: UK SAFE qualitative thematic map – health-care professionals. Bold, main and
subordinate categories; arrows indicate how emergent themes associated with the main and subordinate categories.
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Results

Themes from the analysis
The analysis of the data from interviews with health-care professionals involved in services currently
being delivered has provided an in-depth analysis across a cross-section of services in England.

We were primarily exploring whether or not there was a standard care follow-up pathway that
extended beyond the initial postoperative period and the rationale for the existence of this follow-up
pathway (or, indeed, its non-existence), as well as the evidence considered when implementing
new pathways and the motivating factors behind these changes. The previous work by Smith24 had
highlighted the changes taking place in which some centres were not offering any follow-up beyond
the initial period and not beyond 5 years.

Most respondents described their early care pathway postoperatively up to around the 6- to 8-week
postoperative period, with patients typically being brought back for wound checks, functional
assessment and radiology. Interviewees reported that this role is now sometimes undertaken by other
specialist health-care professionals rather than by consultants or specialist trainees. One respondent
said that this service is now run as an outreach service, with specially trained nurses visiting patients
in their own homes for postoperative assessment before 8 weeks. However, this was not reported by
other respondents.

A priori assumptions and emerging themes were explored from the literature and from the data.
We had an understanding that there has been a shift away from bringing patients back into a clinic for

BOX 1 Early thematic development

Long-term follow-up:

l rationale for care pathway
l structure of follow-up
l staff involved.

Pressure to change the nature of follow-up:

l patient numbers in the clinic for follow-up
l lack of evidence for longer term follow-up
l reliability of newer prosthetics.

How patients get back into the system:

l reliance on the patient to contact their GP.

Patient experience and adding value to follow-up:

l reorganisation for patient benefit
l patient long-term safety.

Plans for the future:

l different ways of following up patients.

Commissioners and funding.
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repeat follow-up assessments; however, this was not universal, and some centres had long-established
care pathways that involved long-term follow-up. Although the ways in which those services were
provided might be different, some common features emerged. Centres were likely to face common
problems, including large patient numbers and funding restraints.

The overarching theme of this study was the nature of, and rationale behind, follow-up and how this
was structured and implemented across the various sites. We looked to explore the differences
between the care pathway models.

No longer-term follow-up
Staff at a number of centres reported that they do not follow up patients beyond the immediate
post-surgical period (see Appendix 5, Table 49). All of the interviewees explained their follow-up at the
point of discharge from the ward:

. . . then they’re seen 8 weeks, or around 8 weeks post their surgery, in a consultant-led sort of traditional
follow-up clinic. And at that point the vast majority, unless there are any specific problems, they are
discharged and they’re not, they’re not routinely followed up any further than that.

Interviewee 8, large tertiary

One interviewee from a major surgical centre reported that any follow-up would be carried out at the
patient’s local hospital:

I would say across the patch everybody is discharged by a year. And the great majority are now
discharged between 3 and 6 months. There is no routine follow-up.

Interviewee 10, specialist centre

Interestingly, one interviewee reported a change in their hospital’s established practice, from not
seeing any patients after the postoperative visit to bringing back all patients after the postoperative
visit. This was not without its problems and was perhaps not sustainable in the longer term:

. . . the reason we went from none to following up everyone is we had a large cohort of hips more than
knees although I think we have revised some knees as well that came very late to revision in fact we had
a high periprosthetic fracture rate.

Interviewee 4, district general hospital

This change had made the clinic difficult to manage, with increased patient numbers. The follow-up
patients are currently seen by the nurses in the clinic, who have been given additional training to
examine the radiographs and collect PROM scores. If the nurses identify any potential problems then
they bring in the consultant. Three out of the five nurses who are able to do this will retire in the near
future but there has been little interest in succession planning by the managers despite a reported
reduction in their PPF rates, as it is difficult to attribute this to the follow-up clinic.

Pressure for changing practice
A number of interviewees explained some of the pressures for changing their practice. For example,
bringing people back into clinic when there was no obvious clinical indication caused logistic problems:

. . . oh yes! The clinic’s tiny. So it looked like Beirut during most clinic sessions that we had, probably
capacity for about 20 patients sat, and then probably capacity for another 10 to stand with them.
Um and obviously with four or five clinics running it was just carnage.

Interviewee 12, district general hospital
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The reality is, I work in the NHS, we’re virtually bankrupt – the NHS, not this hospital – and the system is
falling apart. So we’ve had to do something to work around um what is in my opinion an appalling state
of affairs. But we’ve tried to do it in a manner that’s safe, and so it’s not my first choice, but I’ve been a
huge advocate for this over the last 10 years, and we’ve made huge improvements. Of necessity really.

Interviewee 12, district general hospital

. . . there was some issue regarding the logistics of getting so many patients into the follow-up clinics as
the numbers are limited and the trust was finding it very difficult to erm to arrange these patients into
the follow-up clinics. There was a need for extra . . . extra clinics and that was another reason.

Interviewee 13, district general hospital

Caveats to the no follow-up clinic: fidelity to protocols
The interviewer explored with the participants if the described care pathway was adopted widely
across their department and whether or not there were exceptions to their stated follow-up pathway.
In some centres, there were no exceptions and clinical staff were discouraged from bringing patients
back into clinic in a routine manner. There was some evidence that consultants who had been in
post for some time were more likely to bring patients back beyond that recommended by the
hospital protocol:

There are a few caveats em there are a couple of consultants that like to, for sort of young patients,
uncemented, with uncemented hips, a couple of the consultants will see them again maybe at 6 months
or a year to get another X-ray [radiograph] but they’re generally discharged at that point but I’d say that’s
probably only . . . 5–10% of the patients at most really.

Interviewee 8, large tertiary

. . . but what we do is have a patient outcome database so that every patient who gets a joint
replacement at X will get questionnaires sent to them by our outcomes department and that goes on
forever. So we have really fantastic patient-reported outcome measures reported at 97% completion
which is way ahead of anyone else in the NHS.

Interviewee 10, specialist centre

I think our arthroplasty team is spot on in doing the follow-ups and everything, there’s a set protocol
everybody follows that and that’s very good.

Interviewee 7, district general hospital

. . . we have several knee and several hip consultants, um, the consultants on the other side of the trust,
their registrars may well do the odd random patient for a 2-year follow-up. But that wouldn’t be the,
that’s not the majority.

Interviewee 3, district general hospital

One participant outlined how others in their department approached follow-up that was potentially
too short, but the participant acknowledged that they had understood their own skills and weaknesses
as a surgeon. New consultants at this centre were also encouraged to opt out of the follow-up usually
provided by the specialist nurses to better understand their surgical practice and patient outcomes:

I mean one of my colleagues started out by just discharging everyone at 6 weeks [laughs]. Why? Because
he was confident in his results. And you can only do that when you’ve been around the block a couple of
times as a consultant. One of the things that I didn’t say at the start, which perhaps I should of done, is
that we said to the junior consultants, and we’ve got a couple who’ve just started in the last 2 or 3 years,
is that we did not feel that they needed to feed their patients into this system. They needed to see how
their patients were behaving at 6 weeks, in terms of their recovery and rehabilitation needs, so that they
understood what their practice was about.

Interviewee 12, district general hospital
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The protocols were often fairly well controlled within the no long-term follow-up group. Those
colleagues who arrange to see patients for no obvious clinical reason could affect colleagues who may
wish to see a patient back in clinic for a specific reason:

So the commissioners certainly do look at our new-to-follow-up ratio. They look at our total number of
appointments per pathway. I think some of my colleagues see people a lot and that makes it harder for
those who don’t, like myself which means that when I do want to see someone I’m, I’m feeling guilty
about it I suppose.

Interviewee 15

Follow-up beyond 1 year
When an interviewee was asked about the number of patients from their follow-up clinics with problems
indicating intervention and potential revision, the response was slightly surprising in that the interviewee
observed that they had seen an increase in the number of patients coming in acutely with a PPF:

Not really. Um, one observation we have made is that we seem to be doing fewer elective revisions, but
we’re certainly doing much, much more periprosthetic revisions now.

Interviewee 5, tertiary centre

A partial explanation for the increase in the number of patients (i.e. one patient per week) needing an
operation was the hospital’s geographical location. Situated on a border between counties, the hospital
received referrals from many smaller periphery hospitals.

Patients were discharged after 1 year’s follow-up if they were aged ≥ 80 years. However, at the time
of the interview, of the patients currently on the ward, there was a patient with a PPF and aged
82 years. The interviewee was concerned about patients like this who are not followed up but can
still present with very serious complications:

[Catchment] borders on a different health-care trust, where we often pick up patients that haven’t been
followed up for many, many years. It’s always at the periphery of, we’ve got hospitals at the periphery of
the county, it’s always at the peripheries that you pick up these individuals with weird and wonderful
implants in that haven’t been followed up for 10, 15 years.

Interviewee 5, tertiary centre

Rationale for the follow-up pathway

British Orthopaedic Association guidelines
Those interviewees who followed the BOA guidelines22,23 and provided long-term follow-up explained
how this worked in practice:

So that’s the standard follow-up process we’ve got. We’ve sort of followed the BOA one from the hips
which was dictated many years ago. Ahh, obviously the odd patient will get brought back and referred
back from the GP ‘cause they’re having a problem, and they’ll get dealt with in between as a new patient
referral in between their usual follow-up referrals. And at the end of that either something happens, or
they get booked back in to the usual follow-up again.

Interviewee 2, NHS foundation trust

. . . the BOA blue book . . . and it’s sort of saying that patients over the age of 75 or low demand on their
joint, could possibly be discharged so everybody at year 1 gets a review . . . after that we are following the
guidelines so if the patient is 85 and everything is fine at year 1, they’ll be discharged if the patient is
younger, if they are 55 then their next review for hip will be at year 7 in nurse-led services or at year 5 if
it’s a knee replacement in nurse-led services.

Interviewee 6, tertiary centre
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It was acknowledged by interviewees that patients with problems were not always picked up by long-
term follow-up. This is probably because of the elapsed time between the 5- and 10-year follow-up
appointments. Some interviewees were moving towards focusing on the PROM scores from patients to
help them understand more possible ways of intervening when problems arise:

So, uh, a long-term follow-up programme is good, or you could say ‘Oh let’s abandon the long-term follow-up
programme, it doesn’t bring up the people whose joints have failed’. But that’s not the purpose of the long-
term follow-up programme. So the purpose of the long-term follow-up programme is to see actually are the
scores maintained, are they OK, yes we will pick up one or two that have failed. So what we’re looking at,
at the moment, . . . all our joint replacements since 2003 to see if any of the scores that were done ahead
of a listing for a failed joint would have picked that one up as failing.

Interviewee 2, NHS foundation trust

Those interviewees who continue to undertake follow-up as per the BOA guidelines22,23 have no
consultant involvement after 1 year. Patients aged ≥ 70 years are usually discharged at 1 year if there
are no issues with the implant. Some interviewees who bring patients back over the 5–10 years (and
beyond) make use of a range of other professionals, including clinic nurses and specialist practitioners
with a background in either nursing or physiotherapy.

The use of virtual clinics in these centres makes seeing large numbers of patients feasible. There is also
an opportunity to make more use of their specialist nurses or specialist physiotherapists who manage
all the long-term follow-up services.

Type of prosthesis and surgical skill
There was often some kind of discussion around the choice of the implant manufacture, and these
discussions led to some interesting points raised by some of the interviewees. Some interviewees
were very satisfied with the performance of the Exeter implants (Stryker; Kalamazoo, MI, USA),
whereas others explained that they saw some very surprising implants of unrecognisable origin
in clinic. Some interviewees referred to a combination of changes in surgical practice and implant
choice that contributed to the success rates:

The rest with aseptic loosening of arthroplasty they are old standard. Any processes done properly by a
proper surgeon should last 15–18 years easily so the loosening rate is 1–1.5% so 1 in a 100 or 2 in
200 you might have some loosening before the 10 years or if the surgery has been done slightly wrong
way or there are some other factors in the patient like they’ve got some significant disease . . . but on the
standard pack, the ones we are revising now is the hips which has been done 12–15 years ago you know
by previous cohort of surgeons which have all retired.

Interviewee 7, district general hospital

I disagree with BOA advice and British Hip Society advice in that regard. I think if you’re using a
well-chosen prosthesis with a very low failure rate then we’re back that QALY [quality-adjusted life-year]
issue where the amount of money that you’d have to spend to bring back that one asymptomatic patient
just isn’t justifiable.

Interviewee 12, district general hospital

There are other big Exeter users around the country who will put an Exeter in and as long as it looks
all right at 3 months will forget about that patient for 10 years. Because they just don’t cause trouble.
The Exeter guys will be really rigorously following them up because of their research interests which
is important.

Interviewee 10, specialist centre
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Some interviewees expressed a different view and were of the opinion that this was not always the case:

I’ve been in practice now for 20 years as a consultant, and I’ve just had my first failed worn out hip
replacement come back. So my argument until 3 weeks ago was ‘I don’t need to follow anyone up because
my hips don’t fail, my NJR data backs it up’. I’ve had . . . not a battle, but I’m critical of Exeter who have
published an item about the success of the Exeter hip, and I just say ‘How on earth can you justify
following every patient every year when you tell us they don’t fail?’.

Interviewee 12, district general hospital

Another interviewee raised some experience with the Exeter implant:

I mean it is true that the Exeter is extremely reliable – that’s what we use, that’s our default implant.
Having said that, we’ve observed a trend of increasing periprosthetic fractures with Exeter and I think
that relates to the design of the thing, especially in the elderly. Um, but um in the peripheries we have
lots of implants that we’ve never seen before and that have never been followed up. And they come in
sometimes loose, sometimes not.

Interviewee 5, tertiary centre

Other interviewees challenged the evidence base for follow-up and were of the opinion that the
evidence base did not justify frequent long-term follow-up:

. . . there isn’t any evidence anywhere to suggest that following yearly that you might detect changes that
would necessitate you to subject individuals to a revision procedure . . .

Interviewee 13, district general hospital

Some interviewees were confident of the evidence from their service and evaluated regularly:

We’ve got pretty good buy-in because it’s a well-established service that L has run well and has been able
to demonstrate the outcomes and the results of . . .

Interviewee 15

How patients get back into the system
There was reliance on patients identifying when they had issues with their implant. Most of the
interviewees understood that patients would make their way back into the system via their GP. Some
interviewees had explained that patients sometimes contacted the consultant via their secretary or
made telephone calls to the ward where they had their original surgery.

However, there was some lingering concern that patients with problems might not seek the
appropriate advice:

I think . . . this is all sort of anecdotal. We are, we are obviously concerned that there are patients with
sort of silently failing hips out in the community that are going to present with, you know, catastrophic
failure and periprosthetic factures that we could have perhaps done something about had it been,
had the loosening been picked up earlier. But anecdotally we haven’t seen people coming through the
system presenting in that way. Generally speaking, if they have any problems then they still present . . .
relatively early.

Interviewee 8, large tertiary

I’ve never seem an asymptomatic failure, and you have to caveat that by saying it starts out
asymptomatic and then becomes symptomatic, so I’ve never seen anyone who’s come along with a loose
hip who didn’t have some symptoms beforehand . . . of those people that come back into the system what
is it that we could have spotted beforehand?

Interviewee 6, district general hospital
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I guess the issue is reminding people in later life about that conversation we had when we discharged
them at 1 year. Which is, if your symptoms come back, take it seriously, have an X-ray [radiography],
get your orthopaedic surgeon to look at it, or your GP to review the report. And I think most people
forget that. And maybe it’s time for a very different approach to this.

Interviewee 12, district general hospital

Other interviewees were confident that patients would find their way back into the system:

Via their GP. We import a lot of patients from upcountry, because we’re a retirement area . . . So if there’s
a problem they’ll come through their GP. So the answer is they nearly always come through their GP.

Interviewee 12, district general hospital

Patient experience and adding value to the consultation
There were many negative expressions about the patient experience of attending an outpatient
appointment for follow-up. Some interviewees were of the opinion that this added little value to the
patient or their outcomes. However, one interviewee, when describing their early care pathway, noted
that some patients with perhaps long-term experience of attending orthopaedic clinics expected to be
seen on several occasions postoperatively, and that these patients put pressure on the registrars to
make repeat appointments:

If they are good at 6 months, again they will be discharged but there are some patients who come back
and back because they in effect bully the registrars erm to be seen again.

Interviewee 16, teaching hospital trust

Some interviewees expressed the opinion that patients, particularly older patients, decide that, even if
a problem with loosening has been detected, they might not necessarily want to proceed to revision
surgery when asymptomatic. This was reflected across a number of interviewees and this comment is
typical of this view:

. . . another thing you need to note is that even if you are following them up and you find that there is
some kind of loosening of the prosthesis and they’re asymptomatic they’re very, very reluctant to come
and have a procedure. So even if you catch them early you’re not guaranteed that they would proceed
with a big operation.

Interviewee 13, teaching hospital trust

A number of interviewees were very interested in moving towards a virtual clinic or other
specialist practitioners, which would alleviate some of the problems that patients experience when
attending clinics:

. . . well a virtual clinic what I would do it would probably be a nurse-led virtual clinic but obviously they
need a review of their X-rays [radiographs] that would be a service that I would definitely quite like to do
I think if you sit in an orthopaedic clinic you see that patients sit around waiting for ages err and most
of the time they are perfectly fine and really they could be assessed by way of a [tele]phone call and an
X-ray [radiography].

Interviewee 16

We have trained nurses who are waiting in the wings, they come and see the patients in the clinic but
what we want to do, from us it goes to them, they do more detailed survey, more detailed looks, do all
the checks, all the measuring scores like we have Oxford Knee Score, Harris score and all scoring but that
would also the functional outcome of the patients which we don’t usually check when – in the follow-up
clinic it’s just whizz and go I mean they come ‘are you fine?’ ‘X-ray [radiograph] is fine no concerns,
OK off you go’

Interviewee 7, district general hospital
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So they do have sort of a semistructured approach to this 6-week review. It’s not just going along and
saying, ‘how are you’. So that was me really tryna stop rubbish outpatient appointments, and to improve
the quality or the consultation . . . our nurses I know, seem to be happier sort of following this protocolised
approach to discussing things with the patients. Whereas registrars tend to do things randomly, in my
opinion . . . It’s very difficult, it’s like herding cats with registrars.

Interviewee 12, district general hospital

Commissioners, funding and future plans
Almost all the interviewees had some form of experience of preparing business plans for managers or
having discussions with commissioners when they have wanted to initiate changes or to be innovative in
their practice. These relationships often had mixed results, with some being supported and others not:

. . . there were some discussions at higher levels with commissioners. What has been decided early on was
that the trust would follow them at 12 months or individual case needed and there is a plan to put in
practice a virtual clinic at the end of 5 years . . .

Interviewee 13, teaching hospital trust

. . . we’ve had discussions with the commissioners because we need to fund the virtual follow-up. Because
obviously if they’re not coming into clinic and getting a clinic tag then the £150 follow-up fee or whatever it
is and then we’re then taking that on our chin by having the surgical care practitioner do it from their office,
then we the hospital are going to be subsidising the commissioners. So discussions have been had.

Interviewee 12, district general hospital

With the primary care commissioners and we had to . . . because the X-ray [radiography] departments
were actually managed by a different trust for the satellite services – so for the community hospitals they
were run by North Devon NHS Trust, so we had to have a, um, we actually had to have an agreement
with them to actually be able to do this service. So it took years, literally, to actually get everything . . .
so from that first conversation in 2009 it probably took 5 years to get the thing properly off the ground.

Interviewee 14, tertiary centre

Evidence for change
The question of evidence to support change has arisen throughout the interview and analysis process.
The interviewees expressed mixed views about the state of the current evidence base for continuing
with long-term follow-up, moving to a virtual system or withdrawing all follow-ups after the immediate
postoperative period:

I mean I did have to point out that when the patients came back at 1 year, I think one particular year
when we [still] saw the patients at their 1 year, you know there was no one that needed reviewing
and everyone was just, every single patient had been fine and discharged. Every single one of those
appointments had just been so the consultant could know how the patient was doing, and not for the
patient’s benefit at all.

Interviewee 3, district general hospital

So certainly we want to standardise it, we need to know what we’re doing is appropriate. It’s quite
expensive what we’re doing, and I think we’re probably . . . there’s lots who don’t follow-up like we do,
but we think it’s important until proven otherwise. But I don’t think we will be proven otherwise.

Interviewee 5, tertiary centre

I think there is a paucity of evidence at the moment. But our concern was that we’d be following up a
huge number of patients at . . . and that very small group where they’d potentially have a violently failing
hip that you know, but we’re not entirely clear that seeing them regularly would have necessarily changed
their . . . final outcome.

Interviewee 8, large tertiary
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. . . have an X-ray [radiography] after 10 years and if you look at the National Joint Registry survival
rates now we are talking about 20–25 years and 95–97% survival. So we are talking about an extreme
minority of patients at 2 or 3% or maybe 5% at the most who will have some sort of problems at
10 years or even earlier.

Interviewee 13, district general hospital

The final consensus meeting
The results of the study were presented at the final consensus meeting to discuss the results with
a group of invited experts. At this time, there was a feeling expressed by attendees that, contrary to
our findings within the qualitative interviews, a significant number of centres were not following up
patients beyond 1 year.

We were asked to look at how participants in the main study (see Chapter 5) had entered the system
for revision (i.e. PR or UR) at each of the sites involved in the qualitative interviews (Table 16). There
were incomplete data on some of the sites participating in the interview study that may not have
recruited any analysable participants into the main study.

TABLE 16 Route to revision (planned or unplanned) for participants in the
prospective study by sites involved in the qualitative interviews

Site ID PR/UR Frequency, n (%)

1 PR 8 (61.5)

UR 5 (38.5)

2 PR 3 (18.8)

UR 13 (81.3)

11 PR 2 (22.2)

UR 7 (77.8)

13 PR 14 (32.6)

UR 29 (67.4)

18a PR 3 (17.6)

UR 14 (82.4)

24 PR 5 (55.6)

UR 4 (44.4)

26a PR 7 (33.3)

UR 14 (66.7)

34a UR 8 (100.0)

35a PR 4 (23.5)

UR 13 (76.5)

39 PR 3 (37.5)

UR 5 (62.5)

43a PR 2 (40.0)

UR 3 (60.0)

44a PR 2 (50.0)

UR 2 (50.0)

ID, identification.
a Centres that indicated during the qualitative interviews that they do not have

a formal long-term follow-up service in place.
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Discussion

The focus of this substudy was to explore what kind of longer-term follow-up, if any, was being offered
in the centres enrolled in the main study. To the best of our knowledge, this is the first study of this
type. There was considerable variation across the centres, with follow-up for a period of longer than
1 year reported by participants in just over half of the centres. We have illustrated that, even within a
given NHS trust, there might be pockets of different practices with different consultants, which was
sometimes tolerated, although this did cause problems for colleagues who wished to make sure that
resources were targeted towards patients considered at greater need.

There were several expressions of distain about the ‘traditional’ outpatient appointment in which very
little was done for the patient, which resulted in colleague frustration. The idea that one would bring in
a patient, often some considerable distance, to be faced with hospital parking and to spend < 5 minutes
in clinic was dismissed by some interviewees as poor management. There was considerable feeling that
if follow-up is performed, then it needs to be structured and purposeful. Many interviewees expressed
the opinion that moving to a model in which the follow-up care is provided by specialist nurses or
physiotherapists added value to the encounter. Some of those interviewees who no longer followed up
patients beyond 1 year expressed a wish that some form of follow-up that would be meaningful both
clinically and to patients could be adopted.

The pressures of the increasing numbers of patients who would have to attend clinics for follow-up
is directly related to the number of primary arthroplasty surgeries carried out in the UK every year.
It is to be noted that even those who continue to follow-up patients ‘routinely’ have upper age limits
of 70–80 years when they would no longer follow up patients beyond the year 1 check in accordance
with BOA ‘blue book’.138

The reliability of newer prosthetics and surgical skill has influenced some of the changes. Research
evidence of the long-term survival of different types of implants can increase the confidence in a
pathway that does not routinely provide long-term follow-up.

Service commissioners have had a role to play in how follow-up care pathways are configured in some
areas. There is scrutiny of the ratio of new to follow-up appointments, which put additional pressure
on clinical staff to see only those who have an identified clinical reason to be seen. The addition to
the mix of private providers undertaking the primary arthroplasty often means that these patients
are not followed up in their local trust, even if the trust offers long-term follow-up. Trusts frequently
have a ‘block payment’ allocated for arthroplasty and some follow-up is expected within that budget.
When the participants wanted to make changes and invest in alternative ways of ways of working,
for example with virtual clinics, the business cases for investment were not always supported.

There was considerable interest in either introducing or expanding an existing virtual clinic. This was
seen by some interviewees as way of providing a service to patients while making use of scarce
resources. There was also a general expression of frustration with some of the NHS information
technology systems that would be needed to support more remote working, with telemedicine being
an example. Even less ambitious plans to collect PROMs data online from patients to assist with
monitoring were not very advanced.

The work in this study was performed in 2018, and it is now important to explore the impact of the
COVID-19 pandemic on the care pathways reported in this study and whether or not the adaptions
made will continue, with remote consultations now being the norm.

The operation of virtual clinics has been evaluated by two recent studies,43,52 which have been able to
demonstrate that they are safe and effective. Some sites had already adopted the virtual clinic model
and others were exploring the potential. Not all clinicians would value the opportunity to increase the
use of technology in their clinical practice.
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Some clinicians felt that something would be lost in the interaction between the patient and their
surgeon. This might also be reflected in the decisions made by one centre to enable newly appointed
consultants to follow up their own patients for longer than the normal protocol to better make the link
between their surgical work and their outcomes.

However, it should be acknowledged that in many of the participating centres the patients were not
always seen by their consultant or a registrar at the 1-year visit. Staff at all of the centres that were
able to offer long-term follow-up did so because they had access to very experienced senior nurse or
senior physiotherapy arthroplasty specialists who organise and run these services.
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Chapter 7 Health economic modelling

Introduction

Although long-term follow-up after joint replacement is recommended, its implementation varies across
the UK, in terms of both the proportion of patients attending the follow-up and the service models
provided (e.g. orthopaedic team, nurse).24,139 A study50 that included 30 patients with knee replacement
indicated that the most common reason for not returning for follow-up was that the patient forgot or
did not know it was recommended. A recent systematic review18 found that the impact of long-term
follow-up on revision remains unknown and, as a result, it is questionable whether or not long-term
follow-up should be recommended for all patients undergoing hip and knee joint replacement.

Overall, UK guidelines140,141 currently recommend long-term follow-up for all patients undergoing
knee or hip replacement, particularly those patients under the age of 65 years at the time of their
primary surgery. However, there is not universal agreement among surgeons on the optimal follow-up
recommendations. In addition, it is expected that not all patients attend follow-up hospital visits and
the benefit for those attending remains unknown, in terms of both health outcomes (i.e. revision rates,
HRQoL) and health-care costs. The aim of this study was to model the health-care costs and quality-
adjusted life-years (QALYs) associated with long-term follow-up and no follow-up of patients ≥ 5 years
after their primary hip or knee replacement.

Methods

Parts of this section have been adapted from Czoski Murray et al.1 This is an open access article
distributed in accordance with the Creative Commons Attribution 4.0 Unported (CC BY 4.0) license,
which permits others to copy, redistribute, remix, transform and build upon this work for any purpose,
provided the original work is properly cited, a link to the licence is given, and indication of whether
changes were made. See: https://creativecommons.org/licenses/by/4.0/.

Economic model

Modelling method
To answer our research question, we planned to develop a health economic decision-analytic model,
representing the natural course of knee and hip replacement. Different options are available for
developing decision-analytic models to perform economic evaluations. Many previous decision-analytic
modelling studies have used cohort Markov models to perform economic evaluations for joint
replacements.142–146 Markov models are appropriate for handling disease progression of chronic
conditions in which the decision problem can be represented in terms of health states and they are
flexible in handling a longer time horizon with multiple health states.147 The specific process to choose
the most appropriate modelling method is described in Appendix 5.

Model structure
The structure of the cohort Markov model used in this study was discussed and agreed between
clinicians and researchers, and it is presented in Figure 11. The cycle length employed in the model was
1 year, which was assumed appropriate to capture the transitions between the health states included
in the model. A lifetime horizon was employed, in which the model runs until all patients are in ‘death’
state or reach 100 years of age. Crucially, the model’s starting point is at 6 years after primary joint
replacement, which was chosen because the analysis was focused on the impact of long-term follow-up,
as discussed above.140,141
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In the model, patients started at the ‘no revision after primary joint replacement’ state and could stay
there or move to ‘revision after primary joint replacement’. Patients could only remain at the ‘revision
after primary joint replacement’ state for a single cycle (i.e. 1 year) and then they move to either ‘no
re-revision after revision’ or to ‘re-revision after revision’. From ‘no re-revision after revision’, patients
could either remain in that state or move to ‘re-revision after revision’. Finally, patients could only
stay at ‘re-revision after revision’ for a single cycle and then they had to move to ‘no further revision’,
where they would stay until the end of the simulated time. Therefore, the model was limited to two
revision surgeries, which was deemed acceptable given that very few patients undergo more than a
primary and two revisions on a knee or a hip. Patients from any state could move to ‘death’, which was
an ‘absorbing’ state (see Figure 11).

Although the structure was the same (as agreed by the consulted expert clinicians), models were
populated and analysed separately for knee and hip replacements.

Data sources
We used routinely collected patient-level data to estimate most of the parameters in the decision model.
Patient-level data were obtained from the CPRD linked to HES and the HES PROMs. These data sets
have been described previously in Chapter 3. HES data used included HES Outpatient, which contains
details for all outpatient appointments, but provides less detailed information than HES Admitted Patient
Care (APC). Data from HES Outpatient were extracted from 2004 (earliest available date) to 2016.

Routine collection of PROMs was introduced for knee and hip replacement surgery in 2009. The PROMs
database contains self-completed questionnaires from patients regarding their knee or hip operations
preoperatively, as well as at approximately 6 months postoperatively. Patients are asked to fill in the
questionnaires for their primary operation as well as for their revision surgery (if they have had one).

Finally, mortality data were also provided by the ONS through CPRD. ONS is an independent national
department that collects and disseminates a range of economic, population and social statistics,
including mortality statistics.

Study population
The knee and hip cohorts were created separately by identifying patients based on procedures
reported in HES APC records corresponding to primary knee or hip replacement. We used the OPCS4

No re-revision after
revision

Re-revision after
revision

6 years
Primary

No revision after
primary joint
replacement

Revision after primary
joint replacement

No further revision

Death

FIGURE 11 Cohort Markov model for the health-care costs and QALYs associated with long-term follow-up and no
follow-up of patients after 6 years following their primary hip or knee replacement. Separate models with the same
structure were developed for knee and hip replacements.
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classification system codes for primary knee and hip replacement, as identified by the NJR for England,
Wales and Northern Ireland.148 As we aimed to examine the impact of long-term follow-up visits after
5 years from primary surgery, we included patients with at least 6 years of available data (i.e. exposure
time) to cover those 5 years plus at least 1 full year to contribute to the model. During this period,
patients were included as long as there was no record of death or another primary joint surgery or revision.
The exposure time of patients was 10 years following primary surgery, as the number of patients
reporting longer follow-up was too small to draw reliable parameters. In addition, we excluded patients
who had both primary knee and hip replacements, as outpatient records lacked the detail to be able
to identify which joint was being monitored in the follow-up visit. As we used HES Outpatient data to
operationalise follow-up visits and this data set was available from only 2004 onwards, we included
patients who had a primary joint replacement in or after 1999 to guarantee that we would be able to
identify follow-up visits after the fifth year following the primary.

Study groups
To answer our research question regarding the impact of long-term follow-up on health-care costs and
QALYs, we populated and compared model results between having follow-up and not having it. To do
this, we created two groups of patients: (1) patients with at least one long-term follow-up visit to the
outpatient trauma and orthopaedics service (i.e. the ‘follow-up group’) and (2) patients without any
follow-up visit (i.e. the ‘no follow-up group’). Only attended visits accounted as follow-up and, therefore,
missed appointments were not considered follow-up.

We set a group of rules to assign patients in the follow-up group. First, the patient must have at least
one HES Outpatient record with the code ‘110 = Trauma and Orthopaedics’, describing the specialised
service within which the patient was treated, at least 5 years after primary surgery.149 Second, when
follow-up visits occurred within the waiting period (i.e. the time between the date of the decision to
have revision surgery and the date of revision surgery), then they did not count as follow-up, as it was
assumed that those visits were a consequence of the decision to have the operation (e.g. prepare for
surgery). Finally, when patients had only a single follow-up visit within 6 months before the date of the
decision to have revision surgery, then the visit did not count as follow-up because it was considered
that a single visit is highly likely to be for the purpose of conducting tests to inform the decision for
revision surgery (e.g. blood tests, magnetic resonance imaging, check-ups for cardiovascular problems)
instead of routine long-term follow-up. If patients were not included in the follow-up group, then they
were assigned to the no follow-up group.

As the follow-up visits in the orthopaedic department can be identified not only through HES Outpatient
but also through the recorded referrals in the CPRD database, we explored the most appropriate choice
of data set for our study. To do this, we applied the criteria, as described in the previous paragraph, to
identify CPRD referrals to hospital outpatient using the corresponding ‘medcodes’ and compared our
findings to the group selection via HES APC. For knee replacements, 21% of the entire knee cohort had
at least one visit identified in HES Outpatient, but no corresponding referrals identified in CPRD. In addition,
23% of the entire knee cohort had at least one visit identified in both HES Outpatient and CPRD. Finally,
only 2% of the entire knee cohort had at least one visit in CPRD and no visits identified in HES Outpatient.
Similarly, 21% of the entire hip cohort had at least one visit identified in HES Outpatient but no such
referrals in CPRD. Twenty-five per cent of the entire hip cohort had at least one visit identified in
both HES Outpatient and CPRD. Finally, again, only 2% of the entire hip cohort had at least one visit in
CPRD and no visits identified in HES Outpatient. Overall, HES Outpatient appeared to capture more
outpatient hospital visits and to report more information about them than referral records in CPRD and,
therefore, we used the former to operationalise the follow-up and no follow-up groups for our study.

Age-related subgroups
As previous studies150 have shown that the outcomes of primary joint replacement, in terms of both
health-care costs and health effects, may depend on the age of patients, we separated the cohort of
patients into two age groups. One age group included patients aged < 70 years at their primary operation

DOI: 10.3310/KODQ0769 Health and Social Care Delivery Research 2022 Vol. 10 No. 16

Copyright © 2022 Kingsbury et al. This work was produced by Kingsbury et al. under the terms of a commissioning contract issued by the Secretary of State for Health and
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/.
For attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

73



and the other age group included patients aged ≥ 70 years at their primary operation. Therefore, our
analyses involved four different patients groups: (1) follow-up group with patients aged < 70 years,
(2) follow-up group with patients aged ≥ 70 years, (3) no follow-up group with patients aged < 70 years
and (4) no follow-up group with patients aged ≥ 70 years. Each patient group was characterised by their
lifetime costs and QALYs.

Other included variables
We describe here additional variables used in different stages of our analyses. To identify the age at
time of surgery, we used the date of a procedure recorded in HES APC combined with the patient’s
year of birth from CPRD. The patients’ sex and ethnicity (i.e. white or other) were recorded in CPRD.
We calculated the CCI score using ICD-10 diagnosis codes in HES APC. CCI score is a measure of
comorbidity that can take the values 0, 1, 2 or 3 +.151

Index date
As patients could have a follow-up visit any time between 5 years after primary operation and the end
of exposure time (i.e. 10 years since primary surgery), a time-dependent covariate approach was taken
when examining the risk of revision. This is the recommended approach to avoid introducing ‘immortal
time bias’, which refers to a cohort exposure period during which death (or other outcomes that
indicate the end of exposure time) cannot occur.152 Using this approach, all patients were included in the
no follow-up group until their first long-term follow-up visit occurred. At that point, their membership
of the no follow-up group ended and that of the follow-up group started. Patients without any follow-up
visit remained, therefore, in the no follow-up group. The index date was 6 years after primary surgery
for the no follow-up group and for the follow-up group it was the date of the first follow-up visit
(which could only be at least 6 years after the primary replacement).

Model inputs for knee replacement

Transition probabilities for knee replacement

Risk of ‘revision after primary knee replacement’
The transition probability from ‘no revision after primary knee replacement’ to ‘revision after primary
knee replacement’ represented the probability of having a revision after index date. To identify
revisions, HES APC data were used and, specifically, the corresponding OPCS4 codes were used to
identify primary and revision joint replacements.148 To extrapolate the risk of revision, parametric
models were independently specified for each subgroup of patients (i.e. follow-up group with patients
aged < 70 years, follow-up group with patients aged ≥ 70 years, no follow-up group with patients
aged < 70 years and no follow-up group with patients aged ≥ 70 years). Different distributions
(i.e. exponential, Weibull, log-normal, log-logistic and spline with one, two and three knots) were fitted
to identify the one with the lowest Akaike information criterion (AIC). The different AIC of the survival
models can be found in Appendix 6, Table 50. Based on this approach, the Weibull distribution was used
for the analyses, as it reported the lowest prediction error.

Cohort Markov models do not track time spent in each health state for each simulated patient.
Nevertheless, we were able to assign time-varying transition probabilities for the risk of revision
because patients could move to ‘revision after primary knee replacement’ only from the initial health
state ‘no revision after primary knee replacement’, and for transitions from the initial health state the
time simulated in the model equalled the cycle sequence.

Risk of ‘re-revision after first revision’
The transition probability from ‘no re-revision after first revision’ or ‘revision after primary knee
replacement’ to ‘re-revision after first revision’ represented the risk of having a second revision for
patients with knee replacement and was estimated using HES APC data.We fitted an exponential parametric
distribution to extrapolate the risk of a second revision for the cohort of patients who had a revision
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after primary knee replacement. Exponential distribution was chosen because it allowed this transition
probability to be stable over time, as it was not possible to add time-varying transition probabilities
from this health state. The risk of having a second revision was derived separately for each subgroup.

Mortality risk
UK lifetables were used to derive the probability of moving to the ‘death’ state in the model. The
probability of dying was conditional on the age of patients and varied over time. The median age of
each age-specific group (i.e. < 70 and ≥ 70 years) plus 6 years, as the minimum number of years after
primary knee surgery representing the index date, was taken as starting age for each cohort. The same
probability of dying was used for the follow-up and no follow-up groups because it was assumed that
having or not having follow-up visits did not have any bearing on mortality rates.

To test this assumption, Cox proportional hazards regression models were used to compare observed
mortality from the index date to the end of exposure time following primary knee replacement between
the follow-up and no follow-up groups. Univariable and multivariable (including age, sex, year of primary
surgery, ethnicity and CCI score as covariates) regression models were estimated, with group included
(i.e. follow-up vs. no follow-up) as an explanatory variable. The incidence of death at 4 years from index
date was lower for patients in the follow-up group (17%) than for patients in the no follow-up group
(21%), but this difference was not statistically significant, as indicated by the adjusted regression model
[hazard ratio (HR) 0.95, 95% CI 0.84 to 1.07]. This, and mortality rates from the regression models
being comparable with mortality rates from UK lifetables, provided the grounds for our assumption
of follow-up visits having no significant effect over mortality.

Costs for knee replacement
Health-care costs for the patients included in the study were derived from three sources: (1) costs for
revision surgery were estimated from HES APC records, (2) costs for outpatient follow-up visits from
HES Outpatient and (3) primary care costs from CPRD.

Revision costs
We used NHS Healthcare Resource Group (HRG) codes to estimate revision costs.153 HRGs were
assigned to spells in which a revision was recorded. Spells are defined as uninterrupted inpatient stays
at one hospital, which may include several finished consultant episodes if a patient is under the care
of different consultants during the same stay. Clinically similar treatments and comparable levels of
resource consumption during a spell are classified into the same HRG groups.153 HRGs have associated
trim points representing the LOS covered under the tariff. For spells with a LOS that goes beyond the
trim point of its corresponding HRG code, extra cost was added for the number of excess bed-days.
On top of the core HRG codes and average costs associated with them, we also considered unbundled
costs. Unbundled costs regard significant elements of costs and activity (e.g. magnetic resonance
imaging) that are not included in the core HRGs.154 The core and unbundled HRG codes were derived
from the HRG4 + reference costs grouper, with 2017/18 NHS reference costs used to estimate the
cost per hospital spell.155

Costs for revisions were assumed the same for ‘revision after primary knee replacement’ and ‘re-revision
after first revision’ states. In the model, the mean revision cost occurred every time a patient moved to a
revision state and the corresponding mean costs were estimated separately for each of the four subgroups.

Costs of follow-up outpatient visits
For patients with identified follow-up outpatient visits, costs were estimated using the HRG codes similar
to inpatient revision costs. As stated earlier, we considered only outpatient visits that were attended by
patients to define the follow-up group. However, we also assigned a cost to missed outpatients because
patients still incurred a cost for the health-care system. We could not obtain a HRG code for missed
outpatient visits because there was no ICD-10 or OPCS4 code available and, therefore, we assigned the
mean unit cost for ‘Trauma and Orthopaedics’ based on the 2017/18 NHS reference schedule (£124 per
visit) to all missed outpatient visits that could be classified as long-term follow-up.155
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We estimated the mean annual cost for outpatient visits separately for the follow-up group with
patients aged < 70 years and the follow-up group with patients aged ≥ 70 years. There was no
outpatient cost for patients in the no follow-up group because, by definition, they did not have any
follow-up visits. The mean annual outpatient costs varied over the 4 years for which we had individual-
level data (i.e. between the index date and the end of exposure time). We used year-specific costs for
the first 4 years in the model and then the mean annual cost of the fourth year after index date was
used as the annual outpatient cost in the rest of model time.

Primary care costs
Having an outpatient follow-up appointment or not might be linked to patterns of primary care use and,
therefore, costs associated with the use of primary care consultations in the community were also included
in the model. As patients were identified based on their HES records and these were originally linked to
those in CPRD, data on primary care consultations were available at patient level for this analysis.

We used the CPRD records of consultations associated with health-care staff (e.g. GP, nurse,
physiotherapist) in a position to offer clinical support and excluded records associated with those in
administrative roles (e.g. receptionist, administrator, computer manager). Each consultation in CPRD
is classified according to what the task performed entailed. We kept tasks that involved direct health-
care-related patient contact (e.g. acute visit, casualty attendance, telephone consultation) and excluded
tasks that were administrative in nature (e.g. results recording, processing letters). The record was
excluded if the staff member or the type of consultation were missing. Once relevant primary care
consultations were identified within corresponding index and end dates for each of the four patient
groups, costs were allocated based on unit costs, as reported in the Unit Costs of Health and Social
Care 2018.156 Finally, costs were summarised by year for each of the four groups and in the absence or
following revision surgery. As the mean annual primary care consultation cost varied over the 4 years
for which we had patient-level data, we used year-specific costs for the first 4 years in the model.
After that, the mean annual cost of the fourth year after index date was used as the annual cost in the
rest of model time for those unrevised. As the number of patients experiencing a revision in the data
set was small, for those patients experiencing a revision we estimated mean costs after the first year
and pooled together the values for years 2 through 4 to populate the model.

Quality-adjusted life-years for knee replacement
Preoperative and postoperative EQ-5D-3L questionnaire responses were available in the HES PROMs
database and the responses were used to estimate health utility scores by applying the UK value set
tariff, which incorporates the preferences of the general population.157 The scores are a preference-based
measure of HRQoL, ranging between ‘–0.59’ (worst state) and ‘1’ (perfect health), with death being
anchored at ‘0’. QALYs were estimated using the area under the curve method.

We linked records in the PROMs database to records for a primary knee replacement for the
corresponding patient in HES APC if the date of preoperative EQ-5D completion was between 1 year
prior and 31 days after the date of the primary surgery. When more than one PROM record was
found to satisfy this condition, we chose the record with a completion date closest to the date of
surgery. Age- and group-specific mean postoperative utility scores were used as estimates of yearly
QALYs for patients in the ‘no revision after primary knee replacement’ state.

The same procedure was followed to estimate health utility scores for patients having a revision. The
mean revision preoperative utility score was used as an estimate for QALYs associated with the single
year patients would spend on the ‘revision after primary knee replacement’ and ‘re-revision after first
revision’ states. As only a few patients had a revision, we were able to estimate age- but not group-
specific health utility scores and, therefore, scores at revision were the same for both the follow-up
and the no follow-up groups. The mean revision postoperative health utility estimate was used as the
yearly QALYs for patients in the ‘no revision after revision’ and ‘no further revision’ states.
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Based on evidence from the literature,158 we assumed that the HRQoL of patients was slightly reduced
over time because of health problems not necessarily related to the health condition under study (i.e. knee
replacement). For this reason, we added an age-specific decrement in QALYs gained over time, which was
estimated separately for the two age groups. For patients in the < 70 years age group, a yearly decrement
of ‘0.003’ per year was used. For patients in the ≥ 70 years age group, a decrement of ‘0.007’ was used.158

Modelling assumptions
As with most decision-analytic models, a number of assumptions were made. First, the structure of the
model represented a simplified version of the health-care pathway of patients with knee replacement.
Based on the chosen structure, patients could have up to two revisions. It is possible that, through their
lifetime, some patients may need more than two revisions and some indeed do. However, we expect that
the proportion of patients with knee replacement that would require more than two revisions is very low
and the need of three or more revisions is unlikely to be influenced by having or not having follow-up visits.

Second, as there was no information in HES Outpatient regarding the content of each visit or whether
or not visits were related to the replaced knee, to increase our confidence that the visits were indeed
a follow-up for the replaced knee we set a number of rules to define follow-up visits (see Study groups).
Therefore, we conducted our analysis assuming that each selected visit was very likely related to the
knee replacement.

Finally, based on the classification of patients in the follow-up and no follow-up groups that we performed,
we assumed that patients in the no follow-up group would not have a follow-up visit after 10 years since
their primary knee surgery. However, it is possible that some patients who do not have any follow-up
for the first 10 years following their primary will have follow-up later on. We did not have enough data
to explore this assumption. Some additional parameter assumptions are discussed in the Appendix 6.

Model inputs for hip replacement
The modelling of health-care costs and QALYs associated with follow-up and no follow-up of patients
with primary hip replacement followed the same methodology as that applied to the modelling of
patients with knee replacement. The specific differences between the data feeding the hip model
compared with the knee model are detailed below.

The different AIC of the fitted survival models can be found in Appendix 6, Table 51. The incidence of
death at 4 years from index date was 14% for patients in the follow-up group and 21% for those in the
no follow-up group, but this difference was not statistically significant based on the adjusted regression
model (HR 0.91, 95% CI 0.81 to 1.02).

Statistical analysis
The clinical and demographic characteristics of patients in the follow-up and no follow-up groups were
explored using descriptive statistics and compared using the standardised mean differences. We used
descriptive statistics and plots to characterise revision rates, costs and utilities for patients in the
two groups. The economic modelling considered costs from the NHS perspective, as recommended by
NICE for health technology appraisals.159 Health-care costs and QALYs were discounted at a rate of
3.5% per year in accordance with NICE guidelines.159

We used a probabilistic sensitivity analysis to assess the impact of parameters’ uncertainty, with input
parameters drawn from probability distributions and 1000 Monte Carlo simulations. Beta distributions
were used for utility scores, gamma distributions for costs and normal distributions for the coefficients
of the parametric models for revision. The results from the probabilistic sensitivity analysis were pooled
to estimate mean costs and QALYs, and their 95% CIs. All the analyses were performed in R software
(The R Foundation for Statistical Computing, Vienna, Austria).
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Model validation
A number of different validation steps were taken to ensure that there were no errors in the developed
models. First, we checked if the proportion of patients moving into the ‘death’ state was the same for
follow-up and no follow-up, as we used the same transition probabilities. Second, we assigned the same
transition probabilities to all groups to examine whether or not all health states have equal number of
patients after running the model. Finally, we used extreme values for some parameters, such as ‘0’ and ‘1’
for transition probabilities and health utilities estimates, and ‘0’ or ‘100,000’ for costs in each health state.

Results

Study population
We identified 9856 patients with primary knee replacement and 10,837 with primary hip replacement
in the CPRD-linked HES APC data set. After identifying attended outpatient appointments, 4349
(44%) patients with knee replacement and 4870 (45%) patients with hip replacement were included
in the follow-up group. A flow chart describing the inclusion of patients in this study is provided in
Appendix 6, Figure 20.

The mean age of patients in the follow-up group was lower than that of patients in the no follow-up
group for both knee (69 vs. 72 years) and hip replacement (67 vs. 71 years) (Table 17). The median
number of visits to the orthopaedic outpatient department for patients in the follow-up group
was three for both the knee [interquartile range (IQR) 1–5 visits] and hip replacement cohorts
(IQR 1–4 visits). The median time from primary surgery to first follow-up visit was 5.9 (IQR 5.3–6.9) years
for both the knee and hip replacement cohorts (see Appendix 6, Figure 21).

TABLE 17 Description of demographic and clinical characteristics of patients

Demographic/
characteristic

Knee replacement (N= 9856) Hip replacement (N= 10,837)

Follow-up No follow-up SMD Follow-up No follow-up SMD

n (%) 4349 (44) 5507 (56) NA 4870 (47) 5967 (53) NA

Sex: female, n (%) 2601 (60) 3090 (56) 0.075 3161 (65) 3528 (59) 0.030

Age (years), median (IQR) 69 (62–75) 72 (65–78) 0.322 67 (60–73) 71 (64–78) 0.401

Ethnicity: white, n (%) 3314 (76) 4110 (75) 0.036 3737 (77) 4372 (73) 0.080

Year of surgery,
median (IQR)

2005 (2003–7) 2006 (2004–8) 0.268 2005 (2003–7) 2006 (2003–8) 0.220

Follow-up visits,
median (IQR)

3 (1–5) NA NA 3 (1–4) NA NA

Years from primary
surgery to first follow-up
visit, median (IQR)

5.9 (5.2–6.9) NA NA 5.9 (5.2–6.9) NA NA

CCI score, n (%)

0 3489 (80) 4436 (81) 0.018 4083 (84) 4967 (83) 0.027

1 737 (17) 924 (17) 685 (14) 853 (14)

2 108 (2.5) 133 (2.4) 91 (1.9) 133 (2.2)

3+ 15 (0.4) 14 (0.3) 11 (0.2) 14 (0.2)

NA, not applicable; SMD, standardised mean difference.
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Knee replacement

Revision rates
To compare the number of revisions between the follow-up and no follow-up groups, the cumulative
incidence was estimated, which provided the probability of experiencing a revision within a given
period and before the occurrence of the competing risk of death. Revision rates were higher for the
follow-up group than for the no follow-up group in both age groups. For patients in the follow-up
group with patients aged < 70 years the revision rate was 5.2%, whereas for patients in the follow-up
group with patients aged ≥ 70 years it was 2.0%. For patients in the no follow-up group with patients
aged < 70 years the revision rate was 1.0%, whereas for patients in the no follow-up group with
patients aged ≥ 70 years the rate was 0.4% (Figure 12).
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FIGURE 12 Cumulative incidence of revision following knee replacement. (a) Patients aged < 70 years; and (b) patients
aged ≥ 70 years, stratified by follow-up and no follow-up groups, accounting for time-varying exposure. The index date
was 6 years from primary surgery for the no follow-up group and the date of first follow-up visit in the orthopaedics
department was at least 6 years after primary surgery for the follow-up group.
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Utility scores
The mean preoperative and postoperative health utility scores for patients with primary knee replacement
are shown in Figure 13. All four cohorts (i.e. by follow-up status and age) reported significant improvements
in health utility from pre to post primary surgery, generally going from between 0.34–0.45 pre operatively
and 0.70–0.77 post operatively. For revision surgery, the mean preoperative and postoperative health
utility scores increased from 0.42 to 0.60 for patients aged < 70 years and from 0.32 to 0.64 for patients
aged ≥ 70 years (see Appendix 6, Figure 22).

Costs
The unit costs of revision surgery for each subgroup varied slightly by group. Being in the follow-up
group was associated with slightly lower revision costs for patients aged < 70 years (follow-up group
£8779 vs. no follow-up group £9568), but slightly higher costs for patients aged ≥ 70 years (follow-up
group £10,279 vs. no follow-up group £9076).

For the follow-up group, mean outpatient costs over 4 years since index date are shown in Figure 13
for the two age groups. Regardless of age, outpatient costs were significantly higher (£332–75 per
year) in the first year of the follow-up period of interest (i.e. year 6 after the primary surgery) than in
the 3 years that followed, during which they remained largely stable (between £61 and £98 in the
fourth year). Costs were slightly, but consistently, higher for the patient group under 70 years of age
(Figure 14).
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FIGURE 14 Age-specific mean outpatient costs for patients with knee replacement in the follow-up group for 4 years
after index date.
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FIGURE 13 Mean preoperative and postoperative utility score of patients with primary knee replacement separately for
each subgroup.
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The mean primary care consultation costs over 4 years since index date and for unrevised patients are
shown in Figure 15. Costs slowly, but consistently, decreased over the 4 years for all groups. Being in
the older age group and having follow-up, however, increased consultations costs. However, for the no
follow-up group, mean costs for patients aged < 70 years decreased from £275 to £243. Likewise,
mean costs for patients aged ≥ 70 years decreased from £452 to £345.

The mean costs after revision followed a similar pattern and were slightly higher than for those
unrevised. For years 2 through 4, mean consultation costs were £295 for the no follow-up group with
patients aged < 70 years and £360 for the follow-up group with patients aged ≥ 70 years.

Economic modelling
The age- and group-specific lifetime costs and QALYs from the deterministic analysis are reported in Table 18.
Follow-up was associated with both higher lifetime costs and lower lifetime QALYs than no follow-up for
both age groups, with the differences being larger for the younger age group. The mean lifetime costs
and QALYs derived from the probabilistic sensitivity analysis for the four groups are reported in Table 18,
along with corresponding CIs, and these were very similar to the results of the deterministic analysis.

We explored the sources of cost differences between the groups (see Appendix 6, Figure 23). For the
age group < 70 years, 42% of the cost differences between the follow-up and no follow-up groups
were due to outpatient visits, 35% were due to revision surgery costs and 23% were due to primary
care consultations. For the age group ≥ 70 years, 40% of the cost differences were due to outpatient
visits, 22% were due to revision surgery and 38% were due to primary care consultations.

TABLE 18 Mean costs and QALYs from the deterministic and probabilistic analyses: knee replacement

Analysis

Follow-up, mean (95% CI) No follow-up, mean (95% CI)

Lifetime costs (£) Lifetime QALYs Lifetime costs (£) Lifetime QALYs

Deterministic

Age group: < 70 years 10,083.99 12.57 5318.41 13.19

Age group: ≥ 70 years 5090.11 6.69 2885.24 7.06

Probabilistic

Age group: < 70 years 9957
(9606 to 10,307)

12.61
(12.55 to 12.66)

5345
(5038 to 5652)

13.19
(13.15 to 13.23)

Age group: ≥ 70 years 5181
(5017 to 5345)

6.70
(6.66 to 6.73)

2920
(2774 to 3065)

7.04
(7.02 to 7.06)

No follow-up Follow-up No follow-up Follow-up
Age < 70 years Age ≥�70 years
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FIGURE 15 Age- and group-specific mean costs for primary care consultations for patients without revisions following
knee replacement for 4 years after index date.
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Hip replacement

Revision rates
Revision rates were higher for the follow-up group than for the no follow-up group for both age groups.
As shown in Figure 16, the revision rate was 4.2% for patients aged < 70 years in the follow-up group and
1.9% for those aged ≥ 70 years in the follow-up group. For patients in the no follow-up group, rates were
1.8% for the younger age group and 1.1% for those aged ≥ 70 years (see also Appendix 6, Figure 24).
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FIGURE 16 Cumulative incidence of revision following hip replacement. (a) Patients aged ≤ 70 years; and (b) patients
aged ≥ 70 years, stratified by follow-up and no follow-up groups, accounting for time-varying exposure. The index date
was 6 years from primary surgery for the no follow-up group and the date of first follow-up visit in the orthopaedics
department was at least 6 years after primary surgery for the follow-up group.
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Utility scores
The mean preoperative and postoperative health utility scores for patients with primary hip replacement
but no revision are shown in Figure 17. As with the knee replacements, all groups reported a significant
improvement, with the range of scores increasing from 0.31–0.42 pre operatively to 0.79–0.86 post
operatively. The mean scores for patients with revision are reported in Appendix 6, Figure 25, with
improvement in mean scores also observed for all groups, although not in the same magnitude as
with primaries.

Costs
As with knee replacement, mean unit costs for revision surgery following hip replacement varied only
slightly by each subgroup. Costs were lower for patients in the follow-up group than for patients in the
no follow-up group regardless of age (patients aged < 70 years: follow-up group £9162 vs. no follow-up
group £10,685; patients aged ≥ 70 years: follow-up group £9890 vs. no follow-up group £10,301).

The mean outpatient costs for hip replacement patients over 4 years since index date are shown in
Figure 18. These costs apply only to the follow-up group because the no follow-up group did not have
any follow-up visits. As with knee replacement patients, there was a significant drop in outpatient costs
during the first year of the long-term follow-up period, compared with the years that follow, reducing
from approximately £300 in the first year to approximately £100 thereafter. The mean costs were also
slightly, but consistently, higher for patients aged < 70 years than for patients aged ≥ 70 years.
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FIGURE 17 Mean preoperative and postoperative utility score of patients with primary hip replacement separately for
each subgroup.
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FIGURE 18 Age-specific mean outpatient costs for patients with hip replacement in the follow-up group for 4 years after
index date.
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Primary care consultation costs for those unrevised after a primary hip replacement followed the
same pattern as knee replacement patients. The mean costs decreased over time, but were higher for
the older age group and for those patients having follow-up. Details are shown in Figure 19. The drop
after the first year was also reported by revised patients, although age and follow-up status did not
appear to be the main drivers, as yearly costs for the second and subsequent years after revision were
lowest for the follow-up group with patients aged ≥ 70 years (£177) and highest for the no follow-up
group with patients aged ≥ 70 years (£307).

Economic modelling
The lifetime age- and group-specific costs and QALYs from the deterministic analysis are reported in
Table 19. As with knee replacements, follow-up was associated with both higher lifetime costs and
lower lifetime QALYs than no follow-up for both age groups, with the differences being larger for those
aged < 70 years. The mean lifetime costs and QALYs derived from the probabilistic sensitivity analysis
for the four groups are reported in Table 19, along with corresponding CIs.

Sources of costs differences between the groups were also similar to those reported by knee
replacement patients (i.e. costs differences were mostly due to the cost of outpatient visits; see
Appendix 6, Figure 26). Costs for revision were also important contributors to the total cost differences,
and this can be explained by the higher revision rates for the follow-up group, which are reflected in
the annual incidence of revision plotted in Appendix 6, Figure 27.
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FIGURE 19 Age- and group-specific mean costs for primary care consultations for patients without revisions following
hip replacement for 4 years after the index date.

TABLE 19 Mean costs and QALYs from the deterministic and probabilistic analyses: hip replacement

Analysis

Follow-up, mean (95% CI) No follow-up, mean (95% CI)

Lifetime costs (£) Lifetime QALYs Lifetime costs (£) Lifetime QALYs

Deterministic

Age group: < 70 years 9292.91 15.87 5481.40 15.93

Age group: ≥ 70 years 4756.70 7.21 3302.11 7.46

Probabilistic

Age group: < 70 years 9167
(8888 to 9446)

15.83
(15.79 to 15.87)

5575
(5336 to 5814)

15.90
(15.87 to 15.93)

Age group: ≥ 70 years 4715
(4549 to 4881)

7.19
(7.17 to 7.23)

3403
(3240 to 3565)

7.47
(7.46 to 7.49)
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Model validation
Considering the predefined validation steps for the cohort Markov model, we conducted a number of
tests separately for the knee and hip replacement models. First, the proportion of patients in the same
age groups moving to the ‘death’ state was the same in the follow-up and no follow-up groups. Second,
after assigning the same transition probabilities to all groups, all health states had equal proportions of
patients. Finally, when using extreme values for different parameters, the results changed accordingly
and the model ran as expected.

Discussion

Main findings
This study modelled the health-care costs and QALYs associated with long-term follow-up and no follow-up
of patients, starting at 5 years after their primary knee or hip replacement. Follow-up was associated
with both higher costs and lower QALYs than no follow-up for both knee and hip replacements, with the
differences being larger for the younger age group (i.e. patients aged < 70 years) than the older age group.

Revision
We found that revision rates were higher among patients in the follow-up group than among those in
the no follow-up group for both knee and hip replacements. The higher rates of revision for patients
in the follow-up group may indicate that orthopaedic follow-up is an effective surveillance tool that
helps identify patients in need of revision. Timely identification of deteriorating implants may prevent
substantial bone loss and increased revision costs.24,160 We found that mean unit costs of revision
were higher for patients in the no follow-up group in both age groups for hip replacement and in the
younger age group for knee replacement, although differences were small and the proportion of
patients having revisions was low.

It is possible that patients in the no follow-up group did not attend follow-up visits because they were
less likely to require a revision or they might have not had any complaints, such as pain or discomfort,
about the replaced joint. A previous study161 indicated that when primary and secondary reasons for not
attending follow-up visits were combined, the most common reason given by patients was that they did not
have any problems with the replaced joint. Therefore, it is possible that patients who had follow-up visits
were different from patients having no follow-up visits in terms of health-care needs and clinical conditions.

However, we found that a few patients in the no follow-up group did have a revision, even though
those events were rare. Patient-reported outcomes, such as pain, function and general satisfaction,
are useful indicators of problems related to the replaced joint. Nonetheless, radiography, radiographic
reviews and image interpretation by the orthopaedic team during a follow-up visit are essential for the
assessment of the joint replacement because they can identify degenerative changes that cannot be
determined by PROMs alone.162,163

Finally, previous studies have raised the question of overtreating patients with joint replacements.164–166

In the context of this study, overtreatment could influence the increased revision rates for the follow-up
group that we observed. However, evidence of overtreatment, or undertreatment, of patients with knee
or hip replacements in the existing literature164–166 is inconclusive. Future studies should examine the
possibility of overtreatment of patients during long-term follow-up, how this could influence the patients’
well-being and the costs incurred for the health-care systems.

Follow-up outpatient visits
We found that less than half of the patients had a long-term follow-up visit, despite clinical guidelines140,141

recommending that follow-up to be offered to all patients with joint replacement. Approximately half
of the patients who had follow-up had their first visit between 5 and 6 years since the primary surgery,
with a median of three visits between 5 and 10 years since primary surgery. Although clinical guidelines’
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recommendations are not always followed, these findings are not surprising when considering the
variation in providing follow-up in clinical practice. It has been reported that only 43% of hospital units
performing hip replacements offer follow-up after 5 years since primary surgery in the UK.47 Overall,
it remains unclear how the different hospital units decide on their strategy regarding the duration of
follow-up, and the number and type of follow-up appointments, that they offer to patients. It is possible
that some patients might have been followed up privately; however, we had no insight into this, as HES
data include only NHS-funded admissions, which is consistent with the perspective of our analysis.

As expected, follow-up outpatient visits are related to a substantial cost for the health-care system.
The cost of outpatient visits was the largest contributor of the cost differences between the follow-up
and no follow-up groups in our analysis, although an assumption was made that the cost of outpatient
follow-up visits would continue over time at the same level as that of the last year for which we had
data. The mean outpatient cost per patient decreased over time in our analysis; however, considering
the actual number of patients who are eligible for follow-up after joint replacement, the implications at
a population level are significant.

Primary care costs
Primary care costs were higher for patients who were followed up than for patients who were not.
Similar to costs from outpatient visits, the mean yearly primary care costs per patient decreased over
time, but they remained substantial. Moreover, primary care costs following a revision were higher
than the respective costs for patients without revision, and this may be a signal of patients’ worse
physical state around the time during which they had a revision. Primary care costs were higher for
the older age group (i.e. patients aged ≥ 70 years) for both knee and hip replacement. A recent study167

carried out in the UK has shown that, over the study’s 5-year follow-up window, primary care
consultations and GP visits increased for older individuals aged between 85 and 90 years. In addition,
older individuals were more likely to consult their GP than other health-care team members. Therefore,
in our study, the differences we found in primary care costs between the two age groups may reflect the
complex health-care needs of older patients in general.

Quality-adjusted life-years
The follow-up group accumulated fewer lifetime QALYs than the no follow-up group. This is mainly
explained by the higher revision rates experienced by the former, as revisions are associated with
lower health utility scores remaining unrevised. It is worth noting that both primary joint replacement
and revision surgery had a very positive impact on HRQoL for all patient groups, as has been reported
in previous studies.12,13

Strengths and limitations
This study is not without limitations. First, we cannot establish a causal association between follow-up
visits and the costs and health outcomes. It is possible that patients in the follow-up group were
different from patients in the no follow-up group in terms of physical state and health-care needs, and
this is something we could not control for in our analysis. A randomised controlled trial could provide
information on causal associations; however, given the period of interest regarding follow-up visits
(i.e. > 5 years after primary surgery) this may not be feasible. Observational data can be used to establish
causal associations after applying appropriate methods to minimise confounding by indication, such as
propensity score matching.168

Second, we used a specific definition of follow-up visits, that is we considered outpatient visits to the
orthopaedic department between 5 and 10 years after primary joint replacement, as recorded in HES
Outpatient. However, we cannot be certain about the actual purpose of those visits and whether or
not they effectively provided any monitoring of the replaced joint. Furthermore, we could not be
certain that patients in the no follow-up group did not have follow-up visits after 10 years, which was
the end of our study’s exposure time. Finally, long-term revisions (i.e. > 5 years) are rare outcomes and,
therefore, the numbers identified were small.
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Despite the limitations, this study has a number of important strengths. First, we used real-world
individual-level data from linked routinely collected health-care data sets capturing activity in general
practices and hospitals that are the most complete and representative in the UK to populate the
economic models. Second, we included primary and secondary health-care costs, with the latter
grouped in HRGs that are used for reimbursement and, therefore, highly reliable. Third, we employed a
unique approach to identify long-term follow-up outpatient visits to the orthopaedics department using
data from HES Outpatient and we validated this approach by considering referral records from CPRD.
Finally, we used HRQoL data derived from patient-completed EQ-5D-3L questionnaires obtained via
the national HES–PROMs programme, which allowed us to derive QALYs in a manner consistent with
NICE recommendations for technology appraisals.159

Conclusion

We found that follow-up was associated with higher lifetime health-care costs and lower QALYs than
no follow-up for both primary knee and hip replacement. Fewer than half of patients who underwent a
primary joint replacement had a follow-up after 5 years, and only a small proportion of those patients
actually had a revision. Revisions were rare, but they were more common for patients in the follow-up
group than for patients in the no follow-up group.
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Chapter 8 Evidence-based follow-up
recommendations following primary hip
and knee replacement (final consensus
meeting, Liverpool, UK, 2019)

Background

In 2019, over 100,000 hip replacements plus a further 100,000 knee replacements were carried
out. The orthopaedic professional bodies traditionally recommend follow-up of these patients at
prescribed intervals,140,141 and this places a huge pressure on NHS orthopaedic services. If the existing
recommendations on follow-up by the BOA, the BHS and the British Association for Surgery of the
Knee (BASK)140,141 were carried out using traditional outpatient follow-up appointments, then NHS
orthopaedic services would be unable to see any new patients, as the outpatient systems would be
full with joint replacement follow-up patients. Various attempts have been made to cope with this
problem in the UK. Some health authorities have moved to virtual clinic follow-up, whereas others
have abandoned follow-up altogether. The UK SAFE programme addresses the question of whether or
not it is safe to disinvest in mid- to late-term follow-up of hip and knee replacement.

Robert et al.169 demonstrated that decommissioning is often about more than the ‘evidence’ and that
withdrawal of previously available services is often seen as being driven by the wrong kind of evidence
(i.e. based on cost data and political priorities and not on what patients and service users value).
It is a complex issue, perhaps as contentious as NICE decisions can appear when treatment is not
recommended because a monetary threshold is exceeded. However, NICE investment decisions are
made with the explicit understanding that, with no increase in the budget, there must be some
displacement of other health-care technologies.159

Following the work in Chapters 2–7, the final consensus meeting for the UK SAFE programme was
held in the Arena and Conference Centre, Liverpool, UK, on 12 September 2019 to coincide with
the annual BOA meeting at the same venue. The purpose of this face-to-face meeting was to review
the data gathered in all workstreams and obtain agreement for future care pathways, supported by the
evidence of their clinical effectiveness and cost-effectiveness, to be recommended and adopted across
the NHS.

Methods

Parts of this section have been adapted from Czoski Murray et al.1 This is an open access article
distributed in accordance with the Creative Commons Attribution 4.0 Unported (CC BY 4.0) license,
which permits others to copy, redistribute, remix, transform and build upon this work for any purpose,
provided the original work is properly cited, a link to the licence is given, and indication of whether
changes were made. See: https://creativecommons.org/licenses/by/4.0/.

We made use of the recommendations for engagement and the use of evidence outlined by Robert et al.169

to ensure that the results of this work were understood and considered as a genuine attempt to
use the best available evidence so that the NHS gets value for money and that patients remain safe.
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We used methods employed by NICE in both the Technology Assessment Committees and Guideline
Development Groups. The expert stakeholders invited to attend had a special interest in patient follow-up
after hip or knee replacement surgery and included GPs (n= 2), patients (n= 5), representatives from major
orthopaedic bodies [i.e. BHS (n= 4), BOA (n= 3), BASK (n= 2), the Scottish Committee for Orthopaedics
and Trauma (Edinburgh, UK) (n = 1), the Arthroplasty Care Practitioner’s Association (n = 2), NJR
(n = 1), ODEP (n = 3), the NICE 2020 Joint Replacement Guideline Committee (n = 1), the Independent
Healthcare Provider Network (London, UK) (n = 1), CCGs (n = 1), NHS England Musculoskeletal (n = 1)],
implant manufacturers (n = 5) and 13 members of the UK SAFE project team.

Following the NICE consensus model,170 all participants received summaries of the main research
findings in advance of the meeting, at which detailed presentations were given by the workstream
leaders to outline the evidence for consideration. Following the presentations, consensus discussions
took place until agreement was reached on the final recommendation statements. It was agreed that
these final recommendation statements should be grouped under overarching statements to place the
recommendations in context. These statements are now presented together with summaries of the
relevant discussion. Preliminary research areas were also agreed at the consensus meeting, although
it was felt that data from all workstreams should be reviewed before a final group of research
recommendations was established (see Chapter 9).

Results

Overarching statements

These recommendations apply to post primary hip and knee replacement follow-up
There was some general discussion about whether or not recommendations should be separated for
hip and knee, or whether or not a single set of recommendations should be agreed to cover both hip
and knee replacement follow-up together. The consensus was that the evidence supported a single
set of recommendations to cover both hip and knee replacement. It was also highlighted that it must
be emphasised that these recommendations were for follow-up after primary surgery and that these
recommendations did not apply to follow-up after revision surgery.

There was agreement that any recommendations should provide scope for better ways of providing
follow-up to be developed and tested, that face-to-face follow-up provision was not always necessary and
that innovations, such as virtual clinics and remote monitoring, could be incorporated into follow-up services.

The importance of educating patients to reduce the risk of the introduction of a rapid access service
leading to additional/unnecessary costs through inappropriate self-referral was highlighted. Education
of both primary and secondary care clinicians was also emphasised.

There was some general discussion about how disinvestment in follow-up may affect disadvantaged groups
(e.g. those hard to reach and those of low socioeconomic status). It was also highlighted that the current
evidence base misses those patients who are symptomatic but do not have appropriate follow-up and,
therefore, do not receive revision surgery despite needing it. It was agreed that further work was needed
to understand how to reach such groups, and to explore the needs and outcomes in this population.

The 10-year time point in these recommendations is based on a lack of robust
evidence beyond 10 years
There was agreement that the lack of available data beyond 10 years of follow-up within the UK
databases utilised to inform the evidence base should be noted, and that a recommendation to
disinvest in follow-up beyond 10 years could not be supported.
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In these recommendations, the term complex cases refers to individual patient and
surgical factors that may increase the risk for replacement failure
In addition to discussion around prosthesis rating (see Recommendations) there was agreement that
additional factors must be considered when determining whether or not a patient required additional
follow-up provision. Age should be relevant in review, with younger patients more likely to have a
failing implant and older patients more likely to outlive their prosthesis. Surgical experience may be
important. For junior surgeons, follow-up may provide some additional benefit with respect to their
own training and development. Additional surgical factors and patient demographics may also increase
the risk for replacement failure, and these factors should be considered prior to disinvestment in
follow-up for an individual patient.

Recommendations

For ODEP-10A* minimum implants, it is safe to disinvest in routine follow-up from
1 to 10 years post non-complex hip and knee replacement provided that there is
rapid access to orthopaedic review
Based on the evidence from UK SAFE and from clinical experience, there was general agreement
among surgeons that they would be happy to discharge a routine patient with an ODEP-10A*
prosthesis after the 6-week postoperative check and not see the patient again until 10 years. It was
agreed that we could not currently state that follow-up ‘is not needed’, but that there was sufficient
evidence to state that it was ‘safe to disinvest’. However, there was much emphasis on the need for
a rapid access service to orthopaedics to ensure that patients could access support if the need arose.
Surgeons also highlighted the importance of ensuring that these recommendations did not enable
NHS trusts to completely disinvest from all follow-ups, with no safety net for patients. Abandoning all
follow-up facilities for these patients should not be part of the recommendation from this study. Rather
than complete disinvestment in all follow-ups up to 10 years, the UK SAFE guidelines should require
the provision of different follow-up facilities for these patients. It is likely that the new facilities will
be cheaper to provide than the current ones. No changes in follow-up arrangements should be made
unless a pathway is available for urgent review, ideally straight into secondary care, for patients with
hip or knee replacements who develop new symptoms in their joint. Patients agreed that the key to
ensuring that disinvesting in follow-up was safe was to ensure that all patients had access to a robust,
simple and safe mechanism for reaccessing orthopaedic support. GPs highlighted that referral into a
rapid access system could be initiated by a GP, but that patient-initiated self-referral could also be
considered. Further discussion of this can be found in Chapter 9.

The difficulty of setting up an efficient and cost-effective rapid access clinic was highlighted, as this can
be difficult to plan to ensure rapid availability to appointments without the risk of leaving empty clinic
slots. This work does not support disinvestment in the follow-up service without such a rapid access
service available for, and direct access by, the patients. The need for further work to understand how
these clinics would work was emphasised.

For ODEP-10A* minimum implants in complex cases, or non-ODEP-10A* minimum
implants, periodic follow-up post hip and knee replacement may be required from
1 to 10 years
Surgeons and GPs highlighted that any recommendations must qualify that ‘safe disinvestment of
follow-up’ applies to only those prostheses that are endorsed by the existing recommendations, such as
those from ODEP, NJR and MHRA. Any implants that do not meet these standards may require additional
follow-up and this must be stipulated and considered on a prosthesis-specific basis. One industry
representative highlighted some concern that this was more complex for knee than for hip because of
ODEP ratings being based on multiple construct factors, which could lead to difficult in classifying patients
for follow-up/no follow-up. The use of current NJR data would be essential when identifying combinations
of prostheses that require additional follow-up. We recommend that the lowest ODEP rating of all the
components of the joint should determine the overall ODEP rating of that joint.
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In addition, it was emphasised that, in some cases, it is the need of the patient that should drive
follow-up and not just the prosthesis. Likewise, for complex cases or patients with complex needs,
more regular follow-up must also be considered.

At 10 years post hip and knee replacement, clinical and radiographic evaluation
is recommended
Following on from discussion regarding the lack of current data to support disinvestment beyond
10 years, stakeholders agreed that all patients should be given the opportunity to re-present for
review of their joint replacement. There was emphasis from the majority of surgeons that this review
must include both clinical and radiological review, as issues such as silent osteolysis, which become
more common after 10 years, may be missed by clinical-/patient-reported review alone. There was
support for the potential use of virtual clinics for such review, provided that clinical and radiological
review were incorporated.

After 10 years post hip and knee replacement, frequency of further follow-up
should be based on the 10-year assessment (and ongoing rapid access to
orthopaedic review is still required)
There was general agreement that follow-up beyond 10 years should be based on the clinical and
radiological review at the 10-year time point, but that continued rapid access to orthopaedic review
if necessary should be re-emphasised.

Areas for further research in hip and knee replacement follow-up

l Establish the most clinically effective and cost-effective model of delivering a rapid access service.
l Explore the needs of, and outcomes in, patients who are symptomatic but do not have appropriate

follow-up.
l Improve and evaluate the evidence base to enable recommendations for follow-up after 10 years.

EVIDENCE-BASED FOLLOW-UP RECOMMENDATIONS
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Chapter 9 Implications and future directions

Summary

The UK SAFE study has demonstrated that for ODEP-10A* prostheses it is safe to disinvest in routine
follow-up in the 1- to 10-year period after non-complex THR, TKR or UKR. At 10 years after index
surgery, clinical and radiographic review is recommended. Complex cases, implants not meeting the
10A* criteria, metal-on-metal implants and follow-up after revision surgery are not covered by this
recommendation. Lack of recommendation for disinvestment of follow-up beyond 10 years is based
on the absence of robust data to either support or refute the same advice beyond the initial 10-year
follow-up period. Determining the optimal way to conduct long-term models of follow-up was beyond
the scope of UK SAFE (see below).

Immediate implications for follow-up of hip and knee patients with
ODEP-10A* or better implants

The UK SAFE study recommendations are set to have a major impact on how, where and when
patients with hip and knee replacements are followed up. Once the patient has completed the routine
joint replacement follow-up at, for example, 3 months, no further follow-up or radiography is required
at 1 year, 7 years or before 10 years, when a follow-up with radiography is required. All patients who
currently have follow-up appointments arranged for between 1 and 10 years should have all follow-up
appointments before 10 years cancelled. They should attend for a 10-year follow-up appointment as per
the current model of follow-up in their area. The impact will be to reduce the burden on both patients and
the NHS in terms of outpatient visits and clinical tests that do not add benefit, while enabling resources to
be focused on optimising the detection of potential problems.

Implications of this work and how this will affect patients, surgeons and clinical staff
looking after follow-up of patients
The UK SAFE project has not studied how or where the future follow-up service will be run. However,
before abandoning current follow-up services and moving patients to a new service, a number of
requirements should be considered.

Suggestions as to how such a new follow-up service might work

l Patients should be empowered to share or take control of their own follow-up after hip or
knee replacement.

l Patients should be provided with written details of their implant and its ODEP rating. Only ratings
of 10A* and above are suitable for the new model of follow-up.

l Patients should be asked if they are willing to provide consent to their data being collected centrally
on a national database.

l Patients should be provided with written instructions as to the timing of their next review with
radiography. A login and personal password could be provided to a local or national online follow-up
joint replacement pathway website.

l GPs should be provided with details of the model of follow-up, when the next radiography or
follow-up is due to take place and how to access the rapid access system if required.

l When possible, the patient should have self-referral access to a local virtual clinic, accepting that
this may or may not be the secondary care centre where the primary surgery was carried out. Strict
screening and triage criteria will need to be in place for this.

l This self-referral may be through an online portal or directly with their local provider.
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l Secondary care should develop an approved and accredited radiography follow-up service, which may
be virtual, for GP referral or patient self-referral should a patient develop pain in, or problems with,
one of their replaced joints. The approved radiography service should have a special interest in joint
replacement review with a lead radiologist who has a special interest in joint replacement follow-up.

l If a patient finds themselves in an area without a UK SAFE pathway in place when they develop
pain or other problems with their joint replacement, then urgent referral to a secondary hip or
knee replacement service should be made. Urgent radiography of the joint should be arranged if
an appropriate follow-up appointment is not available or delayed, or if there is concern regarding
impending fracture around the implant. The radiograph should be urgently reviewed by the local
pathway. If there are impending urgent problems on the radiograph then a local urgent review
should be carried out. Depending on the local service, this patient may then be treated locally or
referred to the tertiary hub for revision surgery in that region. Patients with systemic symptoms
should be referred urgently, without starting any antibiotics.

If the above points are in place, then it is safe to disinvest in routine follow-up before 10 years after
hip and knee replacement surgery.

With the planned setting up of UK regional joint replacement revision services (hub and spokes model),
the UK SAFE pathway will become an essential part of this new revision service.

Follow-up of hip and knee replacement patients may be virtual, involving patient-reported and
radiological reviews. Virtual clinic models have previously been developed and evaluated for hip and
knee replacement follow-up, and are already established in some centres.52,171

Each major regional centre should identify a radiography facility with the appropriate expertise to offer
this service. This may be run by the radiology department, the orthopaedic department or a combined
multidisciplinary team. The expertise in interpreting joint replacement radiographs is more important
than who runs this service. The specialist societies may consider validating/approving these centres.
Evidence-based standardised radiology reporting (e.g. reporting methods previously developed by
members of the UK SAFE team171) should be considered.

A local (paper or online) information leaflet that is available in multiple languages should detail the
service provision for these patients. Further details of how to access the system and red flags for
the patients should also be listed.

Integration with recent National Institute for Health and Care Excellence guidance
Recent NICE guidelines on hip, knee and shoulder arthroplasty (NG157)32 stated that the committee
were unable to make recommendations on follow-up because of a lack of evidence in this area.
The results of the UK SAFE study provide some of the missing evidence, although there is a need for
further research, as detailed in the NICE guidelines.

Dissemination
The consensus agreement statements have been presented nationally at a meeting of the BHS in
March 2019 (Newport, UK) and at a meeting of the BOA in September 2020. The executive committees of
the specialist societies supported the development of these recommendations. Endorsement and adoption
by the specialist societies is key to the national roll out of these recommendations.

Patient and clinician education
Both patients and clinicians whose follow-up arrangements are changed by these recommendations
will require explanation, education and training. The exact methods used may differ from region to
region, depending on local facilities available. Education and ownership by patients are the key to
success in roll out of these new services. Local patient and public involvement (PPI) groups, interested
GPs and secondary care teams should be involved in the planning of these services.

IMPLICATIONS AND FUTURE DIRECTIONS
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Patient and public involvement and engagement

Our PPI team member and our two PPI Independent Advisory Group members commented on findings
as the programme progressed. The views of these PPI members were embedded in the programme and
the report. During the development of the programme the PPI members were involved in finalising the
research plans and helping with the development of patient-facing literature. In addition, we worked
with the NIHR Leeds Biomedical Research Centre and Bristol PPI groups to support the development
of the questionnaires for the prospective study (see Chapter 5). Towards the end of the programme,
the groups offered guidance on dissemination so that findings could have an impact

Future work

l Further work is recommended to review the data on care of patients with joint replacement beyond
10-year follow-up. At the present time, robust recommendations cannot be made because of the
lack of robust data beyond 10 years of follow-up. Further study of the revisions beyond 10 years is
suggested to see if the time period to asymptomatic review can be extended.

l A study of the different local models of follow-up based on these UK SAFE recommendations will
provide information on the success and cost of these models once adopted.

l A comparison of areas with no follow-up and the UK SAFE follow-up model will give insights as to
the benefit of regular (> 10-year) follow-up for these patients. A cost–benefit study of these models
would advise on the next model of follow-up. Data from no follow-up from the UK SAFE study
could be used in a future comparison study.

l Further work is needed to establish the most clinically effective and cost-effective model of delivering
a rapid access service.

l Extrapolation and evaluations of this pathway for other joints may prove cost-effective and
beneficial for patients and their surgeons. Approach and involvement of the appropriate specialist
societies would be required to extrapolate and develop these recommendations further into other
joint replacements.

l Disinvestment in follow-up may have an impact on disadvantaged groups (e.g. hard-to-reach and low
socioeconomic status groups). In addition, the current evidence base misses those patients who are
symptomatic but do not have appropriate follow-up and, therefore, do not receive revision surgery
despite needing it. It was agreed that further work was needed to understand how to reach such
groups, and to explore the needs and outcomes in this population.

l Virtual clinic models have previously been evaluated for hip and knee replacement follow-up,52,171

and are already established in some centres. The COVID-19 pandemic has led to a proliferation of
virtual clinics and further work is needed to evaluate different virtual models and to understand
how patient self-referral may be integrated into a virtual clinic service. The virtual clinic would then
evolve into a long-term UK SAFE follow-up pathway for the patient.

l Further work is needed to examine how patient-specific outcome scores can help in predicting
long-term risk of prosthetic failure in the context of quality of life.

l Further exploration should be made of the factors identified as increasing risk of revision and that
may contribute to case ‘complexity’, for example preoperative pain medication and implant factors.
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Patient data

This work uses data provided by patients and collected by the NHS as part of their care and support.
Using patient data is vital to improve health and care for everyone. There is huge potential to make
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new treatments, monitor safety, and plan NHS services. Patient data should be kept safe and secure, to
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You can find out more about the background to this citation here: https://understandingpatientdata.org.uk/
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Appendix 1 Cost-effectiveness of
recovery pathways following primary hip
and knee arthroplasty: a systematic review
(see Chapter 2)

Search methods

In May–June 2017 we searched for hip and knee arthroplasty follow-up care pathways studies.
We updated and reran the searches in June 2019. Table 20 lists the databases that were searched.

TABLE 20 Databases and dates searched

Database Date searched

BIOSIS Previews: 1969–present (Clarivate Analytics) 28 April 2020

Canadian and International Health Technology Assessment Database: all available dates 17 June 2019

CINAHL (EBSCOhost): 1981–present 28 April 2020

ClinicalTrials.gov (US NIH) 28 April 2020

Cochrane Central Register of Controlled Trials (Wiley): issue 4 of 12, April 2020 28 April 2020

Cochrane Database of Systematic Reviews (Wiley): issue 4 of 12, April 2020 28 April 2020

Database of Abstracts of Reviews of Effect (Wiley): issue 2 of 4, April 2015 2 June 2017

EconPapers (RePEc): all available dates 28 April 2020

EMBASE Classic plus EMBASE (Ovid): 1947 to 27 April 2020 28 April 2020

HMIC (Ovid): 1983–present 28 April 2020

International Clinical Trials Registry Platform (WHO) 19 June 2019

Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations and Daily:
1946 to 18 June 2019

28 April 2020

NHS Economic Evaluation Database (Wiley): issue 2 of 4, April 2015 2 June 2017

ProQuest Dissertations & Theses A&I database: 1743–present 28 April 2020

PsycINFO (Ovid): 1806 to week 2 June 2019 28 April 2020

PubMed (NLM): 1946–present 28 April 2020

Web of Science core collection indexes (Clarivate Analytics):

l Science Citation Index Expanded: 1900–present
l Social Sciences Citation Index: 1900–present
l Arts and Humanities Citation Index: 1975–present
l Conference Proceedings Citation Index – Science: 1990–present
l Conference Proceedings Citation Index – Social Science & Humanities: 1990–present
l Emerging Sources Citation Index: 2015–present

28 April 2020

CINAHL, Cumulative Index to Nursing and Allied Health Literature; NIH, National Institutes of Health; NLM, National
Library of Medicine; RePEc, Research Papers in Economics; WHO, World Health Organization.
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Two databases became unavailable for us to search via the same platform in 2017 and 2019. BIOSIS
Previews (1969–2019) was searched via Ovid in 2017 and via Web of Science in 2019. The Health
Technology Assessment databases were searched via Wiley in 2017 and via the University of York
Centre for Reviews and Dissemination in 2019.

Searches were developed for the following concepts: hip or knee arthroplasty, follow-up care pathways
or risks of complications (e.g. arthroplasty failures or reoperations).

Subject headings and free-text words were identified for use in the search concepts by text analysis
tools, including PubReMiner and MeSH. Further terms were identified and tested from known relevant
papers. The search was peer-reviewed by an information specialist.

In the 2019 update searches, two additional heading terms were added to the HMIC search
(exp Repeated treatment/or exp Remedial treatment/). An error was found and corrected in the
HMIC search replacing ‘arthroplasty’ with the heading Arthroplasty/.

The results of the database searches were stored and de-duplicated in an EndNote (Clarivate Analytics,
Philadelphia, PA, USA) library.

Search strategies

Search strategies are detailed in Tables 21–35.

TABLE 21 Bioscience Information Service Previews (via Clarivate Analytics) searched from 1969 to present
(date searched 28 April 2020)

Number Results Term

Number27 293 number26 AND number14 AND number9

Number26 1,033,700 number25 OR number21 OR number18 OR number14

Number25 991,904 number24 OR number23 OR number22

Number24 991,867 TS = (Care pathway* or clinical pathway* or critical pathway*)

Number23 152 TS= ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”)
near/3 pathway*)

Number22 85 TS = ((“After care” or aftercare or “after surgery” or “after arthroplas*”)
near/3 pathway*)

number 21 7913 number20 OR number19

Number20 7397 TS = ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”)
near/3 risk)

Number19 581 ts = ((“After care” or aftercare or “after surgery” or “after arthroplas*”)
near/3 risk*)

Number18 4273 number17 OR number16 OR number15

Number17 587 ts = ((pathway* or care or treatment* or appointment* or consultation* or
follow-up or time or risk*) near/8 (Revis* near/2 surgery))

Number16 3291 ts = ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”)
near/3 (failure* or reoperat* or re-operat* or readmission or readmit* or
revision or revisions))

Number15 462 ts = ((“After care” or aftercare or “after surgery” or “after arthroplas*”)
near/3 (failur* or reoperat* or re-operat* or readmission or readmit* or
revision or revisions))
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TABLE 22 Canadian and International Health Technology Assessment Database (via University of York Centre for
Reviews and Dissemination) searched all available dates (date searched 17 June 2019)

Number Results Term

Number1 47 MeSH DESCRIPTOR Arthroplasty, Replacement, Knee IN HTA

Number2 21 MeSH DESCRIPTOR Knee Prosthesis IN HTA

Number3 29 (TKA or TKR or UKR) IN HTA

Number4 89 MeSH DESCRIPTOR Arthroplasty, Replacement, Hip IN HTA

Number5 27 MeSH DESCRIPTOR Hip Prosthesis IN HTA

Number6 142 number1 OR number2 OR number3 OR number4 OR number5 OR number6

Number7 98 (“After care” or aftercare or “after surgery” or “after arthroplas*”) IN HTA

Number8 346 (Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) IN HTA

Number9 9318 (pathway* or care or treatment* or appointment* or consultation*) IN HTA

Number10 924 (follow-up) IN HTA

Number11 9653 number7 OR number8 OR number9 OR number10

Number12 68 number6 AND number11

TABLE 21 Bioscience Information Service Previews (via Clarivate Analytics) searched from 1969 to present
(date searched 28 April 2020) (continued )

Number Results Term

Number14 32,404 number13 OR number12 OR number11 OR number10

Number13 2292 ts = ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”)
near/3 (surveillance* or monitor*))

Number12 21,613 ts = ((pathway* or care or treatment* or appointment* or consultation*)
near/3 follow-up)

Number11 7171 ts= ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”)
near/3 follow-up)

Number10 1810 ts = ((“After care” or aftercare or “after surgery” or “after arthroplas*”)
near/3 follow-up)

Number9 35,863 number8 AND number5

Number8 1,851,442 number7 OR number6

Number7 1,146,310 ts = (Surf* or resurf*)

Number6 751,963 ts = (Arthroplast* or replace* or implant* or prosthes* or unicompartment*)

Number5 139,542 number4 OR number3 OR number2 OR number1

Number4 72,320 ts = (Knee or knees)

Number3 1939 ts = “Total joint”

Number2 13,815 ts = (“Femur head*” or “femoral head*” or acetabul*)

Number1 70,958 TS = (Hip OR hips)
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TABLE 23 Cumulative Index to Nursing and Allied Health Literature (via EBSCOhost) searched from 1981 to present
(date searched 28 April 2020)

S58 S22 AND S57

3847

S57 S38 OR S40 OR S45 OR S49 OR S52 OR S56

S56 S53 OR S54 OR S55

S55 TX (Care pathway* or clinical pathway* or critical pathway*)

S54 TX ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) n3 pathway*)

S53 TX ((“After care” or aftercare or “after surgery” or “after arthroplas*”) n3 pathway*)

S52 S50 OR S51

S51 TX ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) n3 risk)

S50 TX ((“After care” or aftercare or “after surgery” or “after arthroplas*”) n3 risk*)

S49 S46 OR S47 OR S48

S48 TX ((pathway* or care or treatment* or appointment* or consultation* or follow-up or time or risk*) n8 (revis* n2
surgery))

S47 TX ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) n3 (failure* or reoperat* or re-operat*
or readmission or readmit* or revision or revisions))

S46 TX ((“After care” or aftercare or “after surgery” or “after arthroplas*”) n3 (failur* or reoperat* or re-operat* or
readmission or readmit* or revision or revisions))

S45 S41 OR S42 OR S43 OR S44

S44 TX ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) n3 (surveillance* or monitor*))

S43 TX ((Pathway* or care or treatment* or appointment* or consultation*) n3 (follow-up or longitudinal or
long-term or “long term”))

S42 TX ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) n3 ((Postoperati* or post-operati* or
“post surger*” or “post arthroplast*”) n3 (follow-up or longitudinal or long-term or “long term”))

S41 TX ((“After care” or aftercare or “after surgery” or “after arthroplas*”) n3 (follow-up or longitudinal or long-term
or “long term”))

S40 S38 OR S39

S39 (MH “Critical Path”)

S38 S32 AND S37

S37 S33 OR S34 OR S35 OR S36

S36 (MH “After Care”)

S35 (MH “Postoperative Period”)

S34 (MH “Postoperative Care/MT”)

S33 (MM “Postoperative Care”)

S32 S25 OR S30 OR S31

S31 (MH “Risk Factors”)

S30 S26 OR S27 OR S28 OR S29

S29 (MH “Postoperative Complications+”)

S28 (MH “Treatment Failure”) OR (MH “Prosthesis Failure”)

S27 (MH “Repeat Procedures”)

S26 (MH “Reoperation”)

S25 S23 OR S24
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TABLE 23 Cumulative Index to Nursing and Allied Health Literature (via EBSCOhost) searched from 1981 to present
(date searched 28 April 2020) (continued )

S24 (MH “Time”) OR (MH “Time Factors”)

S23 (MH “Prospective Studies”)

S22 S4 OR S21

S21 (S16 OR S17 OR S18 OR S19) AND (S15 AND S20)

S20 S16 OR S17 OR S18 OR S19

S19 TX (Arthroplast* or replace* or implant* or prosthes* or unicompartment or surf* or resurf*)

S18 (MH “Prostheses and Implants”)

S17 (MH “Arthroplasty, Replacement”)

S16 (MH “Joint Prosthesis”)

S15 S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14

S14 TX (Hip or hips or “femur head*” or “femoral head*” or acetabul* or knee or knees)

S13 (MH “Osteoarthritis, Knee”)

S12 (MH “Knee Joint”)

S11 (MH “Knee”)

S10 (MH “Acetabulum”)

S9 (MH “Femur Head”)

S8 TX (Hip or hips)

S7 (MH “Hip Joint”)

S6 (MH “Osteoarthritis, Hip”)

S5 (MH “Hip”)

S4 S1 OR S2 OR S3

S3 TX (TKA or TKR or UKR or TKA or TKR or UKR)

S2 (MH “Arthroplasty, Replacement, Hip”)

S1 (MH “Arthroplasty, Replacement, Knee+”)

TABLE 24 ClinicalTrials.gov (via US National Institutes of Health) searched all available dates
(date searched 28 April 2020)

Term Results

“knee arthroplasty” AND “Follow up” 251

“hip arthroplasty” AND “Follow up” 161

“hip arthroplasty” AND “pathway” 28

“hip arthroplasty” AND “pathway” 18

“postoperative care” AND “knee arthroplasty” 19

“postoperative care” AND “hip arthroplasty” 15

Total minus duplicates= 470
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TABLE 25 Cochrane Central Register of Controlled Trials (via Wiley): issue 4 of 12, April 2020 (date searched 28 April 2020)

Number Term

Number1 MeSH descriptor: [Arthroplasty, Replacement, Knee] this term only

Number2 MeSH descriptor: [Knee Prosthesis] this term only

Number3 (TKA or TKR or UKR):ti,ab,kw

Number4 MeSH descriptor: [Arthroplasty, Replacement, Hip] this term only

Number5 MeSH descriptor: [Hip Prosthesis] this term only

Number6 (THA or THR):ti,ab,kw

Number7 (or number1-number6)

Number8 MeSH descriptor: [Hip] this term only

Number9 MeSH descriptor: [Osteoarthritis, Hip] this term only

Number10 MeSH descriptor: [Hip Joint] this term only

Number11 (Hip or hips):ti,ab,kw

Number12 MeSH descriptor: [Femur Head] this term only

Number13 MeSH descriptor: [Acetabulum] this term only

Number14 (“Femur head*” or “femoral head*” or acetabul*):ti,ab,kw

Number15 “Total joint”:ti,ab,kw

Number16 MeSH descriptor: [Knee] this term only

Number17 MeSH descriptor: [Knee Joint] this term only

Number18 MeSH descriptor: [Osteoarthritis, Knee] this term only

Number19 (Knee or knees):ti,ab,kw

Number20 (or number8-number19)

Number21 MeSH descriptor: [Joint Prosthesis] this term only

Number22 MeSH descriptor: [Prostheses and Implants] this term only

Number23 (Arthroplast* or replace* or implant* or prosthes* or unicompartment*):ti,ab,kw

Number24 (Surf* or resurf*):ti,ab,kw

Number25 (or number21-number24)

Number26 number20 and number25

Number27 number7 or number26

Number28 MeSH descriptor: [Longitudinal Studies] this term only

Number29 MeSH descriptor: [Prospective Studies] this term only

Number30 MeSH descriptor: [Time] this term only

Number31 MeSH descriptor: [Time Factors] this term only

Number32 MeSH descriptor: [Follow-Up Studies] this term only

Number33 MeSH descriptor: [Epidemiological Monitoring] this term only

Number34 (or number28-number33)

Number35 MeSH descriptor: [Retreatment] this term only

Number36 MeSH descriptor: [Reoperation] this term only

Number37 MeSH descriptor: [Treatment Failure] this term only

Number38 MeSH descriptor: [Postoperative Complications] explode all trees
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TABLE 25 Cochrane Central Register of Controlled Trials (via Wiley): issue 4 of 12, April 2020 (date searched 28 April 2020)
(continued )

Number Term

Number39 MeSH descriptor: [Prosthesis Failure] explode all trees

Number40 (or number35-number39)

Number41 MeSH descriptor: [Risk Factors] this term only

Number42 number34 or number40 or number41

Number43 MeSH descriptor: [Postoperative Care] this term only

Number44 MeSH descriptor: [Postoperative Period] this term only

Number45 MeSH descriptor: [Aftercare] this term only

Number46 (or number43-number45)

Number47 number42 and number46

Number48 MeSH descriptor: [Critical Pathways] this term only

Number49 number47 or number48

Number50 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) near/3 follow-up):ti,ab,kw

Number51 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) near/3 follow-up):ti,ab,kw

Number52 ((Pathway* or care or treatment* or appointment* or consultation*) near/3 follow-up):ti,ab,kw

Number53 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) near/3 (surveillance* or monitor*)):
ti,ab,kw

Number54 (or number50-number53)

Number55 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) near/3 (failur* or reoperat* or
re-operat* or readmission or readmit* or revision or revisions)):ti,ab,kw

Number56 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) near/3 (failure* or reoperat* or
re-operat* or readmission or readmit* or revision or revisions)):ti,ab,kw

Number57 ((pathway* or care or treatment* or appointment* or consultation* or follow-up or time or risk*) near/8
(Revis* near/2 surgery)):ti,ab,kw

Number58 (or number55-number57)

Number59 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) near/3 risk*):ti,ab,kw

Number60 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) near/3 risk):ti,ab,kw

Number61 (or number59-number60)

Number62 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) near/3 pathway*):ti,ab,kw

Number63 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) near/3 pathway*):ti,ab,kw

Number64 (Care pathway* or clinical pathway* or critical pathway*):ti,ab,kw

Number65 (or number62-number64)

Number66 number54 or number58

Number67 number49 or number66

Number68 number27 and number67

788 results
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TABLE 27 EMBASE Classic plus EMBASE (via Ovid) searched from 1947 to 27 April 2020 (date searched 28 April 2020)

# Term (results)

1 knee replacement/or total knee arthroplasty/ (13,005)

2 knee prosthesis/ (8537)

3 (TKA or TKR or UKR).tw. (15,789)

4 hip replacement/or total hip replacement/ (5974)

5 hip prosthesis/or exp total hip prosthesis/ (42,365)

6 (THA or THR).tw. (44,579)

7 or/1-6 [Hip or knee prosthesis Emtree] (104,143)

8 hip/ (61,998)

9 hip osteoarthritis/ (12,420)

10 Hip?.tw. (195,845)

11 femoral head/ (3359)

12 acetabulum/ (13,457)

13 (“Femur head*” or “femoral head*” or acetabul*).tw. (41,788)

14 “Total joint”.tw. (7139)

15 knee/ (76,505)

16 knee arthritis/ (3919)

17 knee osteoarthritis/ (32,612)

18 Knee?.tw. (199,172)

19 or/8-18 [Knee or Hip joints] (401,973)

20 joint prosthesis/ (11,726)

21 “prostheses and orthoses”/ (15,550)

22 (Arthroplast* or replace* or implant* or prosthes* or unicompartment*).tw. (1,143,059)

23 (Surf* or resurf*).tw. (1,354,076)

24 or/20-23 (2,428,709)

25 and/19,24 (125,001)

26 7 or 25 [Hip or Knee Arthoplasty] (167,418)

27 longitudinal study/ (139,534)

28 prospective study/ (599,307)

TABLE 26 Mixed searches

Database Term Results

Cochrane Database of Systematic Reviews
(Wiley): issue 4 of 12, April 2020
(date searched 28 April 2020)

*same search strategy as Cochrane Central
Register of Controlled Trials (Wiley): issue
4 of 12, April 2020

5

Database of Abstracts of Reviews of
Effect (Wiley): issue 2 of 4, April 2015
(date searched 2 June 2017)

*same search strategy as Cochrane Central
Register of Controlled Trials (Wiley): issue
4 of 12, April 2020

11

EconPapers (RePEc) (URL: https://
econpapers.repec.org/): all available dates
(date searched 28 April 2020)

“hip arthroplasty” OR “knee arthroplasty”,
“hip arthroplasty” OR “knee arthroplasty”
in titles and keywords

94

RePEc, Research Papers in Economics.
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TABLE 27 EMBASE Classic plus EMBASE (via Ovid) searched from 1947 to 27 April 2020 (date searched 28 April 2020)
(continued )

# Term (results)

29 time factor/or time/ (430,432)

30 follow up/ (1,572,672)

31 epidemiological monitoring/ (1996)

32 or/27-31 [Follow-up Studies Emtree] (2,523,073)

33 retreatment/ (12,111)

34 reoperation/ (83,626)

35 treatment failure/ (122,421)

36 exp postoperative complication/ (696,946)

37 exp prosthesis complication/ (28,914)

38 or/33-37 [Complications Emtree] (862,631)

39 risk factor/ (1,023,043)

40 32 or 38 or 39 [Long term complications or risks Emtree] (3,956,087)

41 *postoperative care/ (13,359)

42 *postoperative period/ (9797)

43 aftercare/ (8045)

44 or/41-43 [Post Operative Care Emtree] (31,034)

45 40 and 44 [Post op follow up Emtree] (10,442)

46 clinical pathway/ (8396)

47 45 or 45 [Post op follow up or pathways Emtree] (10,442)

48 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) adj3 follow-up).tw. (4370)

49 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 follow-up).tw. (23,978)

50 ((pathway* or care or treatment* or appointment* or consultation*) adj3 follow-up).tw. (60,683)

51 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 (surveillance* or monitor*)).tw. (7002)

52 or/48-51 [Follow-up studies Textword] (94,612)

53 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) adj3 (failur* or reoperat* or re-operat* or
readmission or readmit* or revision or revisions)).tw. (1287)

54 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 (failure* or reoperat* or re-operat* or
readmission or readmit* or revision or revisions)).tw. (10,590)

55 ((pathway* or care or treatment* or appointment* or consultation* or follow-up or time or risk*) adj8 (Revis* adj2
surgery)).tw. (2983)

56 or/53-55 [Post op complications Textword] (14,686)

57 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) adj3 risk*).tw. (1273)

58 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 risk).tw. (23,772)

59 or/57-58 [Post op risks Textword] (24,916)

60 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) adj3 pathway*).tw. (398)

61 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 pathway*).tw. (440)

62 (Care pathway* or clinical pathway* or critical pathway*).tw. (15,281)

63 or/60-62 [Post op pathways Textword] (15,887)

64 52 or 56 or 59 or 63 (147,452)

65 47 or 64 [Post Op Follow Up] (156,646)

66 26 and 65 [TJA Post op follow up] (4320)
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TABLE 28 Health Management Information Consortium (via Ovid) searched from 1983 to present (date searched 28 April 2020)

# Term (results)

1 knee joint replacement/ (70)

2 (TKA or TKR or UKR).tw. (22)

3 Hip joint replacement/ (196)

4 (THA or THR).tw. (45)

5 hip surgery/ (131)

6 or/1-5 (336)

7 Hip bones/ (91)

8 Hip joints/ (160)

9 Hip?.tw. (1004)

10 (“Femur head*” or “femoral head*” or acetabul*).tw. (9)

11 “Total joint”.tw. (30)

12 Knees/ (43)

13 Knee joints/ (21)

14 Knee?.tw. (358)

15 or/7-14 [Knee or Hip joints] (1217)

16 Joint prosthesis/ (23)

17 prosthesis/ (144)

18 Arthroplasty/ (33)

19 Joint replacement surgery/ (71)

20 (Arthroplast* or replace* or implant* or prosthes* or unicompartment*).tw. (3747)

21 (Surf* or resurf*).tw. (650)

22 or/16-21 [Arthroplasty] (4472)

23 15 and 22 (511)

24 6 or 23 [Hip or Knee Arthoplasty] (618)

25 Longitudinal studies/ (543)

26 Prospective studies/ (199)

27 Time/ (132)

28 Follow up studies/ (191)

29 or/25-28 [Follow-up Studies Indexing] (1058)

30 Treatment failure/or exp Repeated treatment/or exp Remedial treatment/ (240)

31 Pathological complications/ (67)

32 Post operative pain/ (71)

33 “side effects of medical treatment”/ (142)

34 Adverse events/ (753)

35 or/30-34 [Complications Indexing] (1270)

36 Risk factors/ (4430)

37 post operative care/ (220)

38 After care/ (271)
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TABLE 28 Health Management Information Consortium (via Ovid) searched from 1983 to present (date searched 28 April 2020)
(continued)

# Term (results)

39 or/37-38 [Post Operative Care Indexing] (490)

40 Patient management/ (1270)

41 Care pathways/ (1238)

42 or/40-41 [Post op follow up or pathways Indexing] (2495)

43 29 or 35 or 36 or 39 or 42 [Post op follow up indexing] (9514)

44 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) adj3 follow-up).tw. (13)

45 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 follow-up).tw. (8)

46 ((pathway* or care or treatment* or appointment* or consultation*) adj3 follow-up).tw. (574)

47 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 (surveillance* or monitor*)).tw. (14)

48 or/44-47 [Follow-up studies Textword] (603)

49 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) adj3 (failur* or reoperat* or re-operat* or
readmission or readmit* or revision or revisions)).tw. (3)

50 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 (failure* or reoperat* or re-operat* or
readmission or readmit* or revision or revisions)).tw. (11)

51 ((pathway* or care or treatment* or appointment* or consultation* or follow-up or time or risk*) adj8 (Revis* adj2
surgery)).tw. (2)

52 or/49-51 [Post op complications Textword] (15)

53 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) adj3 risk*).tw. (5)

54 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 risk).tw. (23)

55 or/53-54 [Post op risks Textword] (28)

56 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) adj3 pathway*).tw. (0)

57 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 pathway*).tw. (0)

58 (Care pathway* or clinical pathway* or critical pathway*).tw. (1020)

59 or/56-58 [Post op pathways Textword] (1020)

60 48 or 52 or 55 or 59 [Post op follow up Textword] (1655)

61 43 or 60 [Post Op Follow Up] (10,521)

62 24 and 61 [TJA Post op follow up] (59)

TABLE 29 International Clinical Trials Registry Platform (via World Health Organization) (date searched 19 June 2019)

Term Results

“knee arthroplasty” AND “Follow up” 61

“hip arthroplasty” AND “Follow up” 115

“knee arthroplasty” AND “pathway” 11

“hip arthroplasty” AND “pathway” 16

“postoperative care” AND “knee arthroplasty” 389

“postoperative care” AND “hip arthroplasty” 249

Total minus duplicates = 841
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TABLE 30 Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations and Daily searched
from 1946 to 18 June 2019 (date searched 28 April 2020)

# Term (results)

1 Arthroplasty, Replacement, Knee/ (23,359)

2 Knee Prosthesis/ (11,536)

3 (TKA or TKR or UKR).tw. (12,737)

4 Arthroplasty, Replacement, Hip/ (26,658)

5 Hip Prosthesis/ (22,888)

6 (THA or THR).tw. (34,849)

7 or/1-6 (91,462)

8 Hip/ (11,816)

9 Osteoarthritis, Hip/ (8511)

10 Hip Joint/ (27,168)

11 Hip?.tw. (141,487)

12 Femur Head/ (9371)

13 Acetabulum/ (11,158)

14 (“Femur head*” or “femoral head*” or acetabul*).tw. (31,955)

15 “Total joint”.tw. (5772)

16 Knee/ (14,115)

17 Knee Joint/ (53,971)

18 Osteoarthritis, Knee/ (19,560)

19 Knee?.tw. (144,422)

20 or/8-19 [Knee or Hip joints] (300,153)

21 Joint Prosthesis/ (10,204)

22 “Prostheses and Implants”/ (45,716)

23 (Arthroplast* or replace* or implant* or prosthes* or unicompartment*).tw. (831,292)

24 (Surf* or resurf*).tw. (1,168,127)

25 or/21-24 [Arthroplasty] (1,955,793)

26 and/20,25 (97,586)

27 7 or 26 [Hip or Knee Arthoplasty] (131,251)

28 Longitudinal studies/ (133,252)

29 Prospective studies/ (535,810)

30 Time/or time factors/ (1,191,470)

31 Follow-up studies/ (638,721)

32 Epidemiological Monitoring/ (7108)

33 or/28-32 [Follow-up Studies MeSH] (2,239,648)

34 Retreatment/ (8849)

35 Reoperation/ (85,652)

36 Treatment failure/ (34,662)

37 exp Postoperative Complications/ (540,567)
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TABLE 30 Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations and Daily searched
from 1946 to 18 June 2019 (date searched 28 April 2020) (continued )

# Term (results)

38 exp Prosthesis failure/ (28,754)

39 or/34-38 [Complications MESH] (621,318)

40 Risk factors/ (813,058)

41 33 or 39 or 40 [Long term complications or risks MESH] (3,272,438)

42 *Postoperative Care/ (15,985)

43 Postoperative care/mt (11,391)

44 Postoperative Period/ (50,054)

45 Aftercare/ (8995)

46 or/42-45 [Post Operative Care MeSH] (80,121)

47 41 and 46 [Post op follow up MeSH] (35,364)

48 Critical Pathways/ (6650)

49 47 or 48 [Post op follow up or pathways MeSH] (41,931)

50 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) adj3 follow-up).tw. (2978)

51 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 follow-up).tw. (16,629)

52 ((pathway* or care or treatment* or appointment* or consultation*) adj3 follow-up).tw. (35,917)

53 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 (surveillance* or monitor*)).tw. (4849)

54 or/50-53 [Follow-up studies Textword] (59,481)

55 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) adj3 (failur* or reoperat* or re-operat* or
readmission or readmit* or revision or revisions)).tw. (844)

56 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 (failure* or reoperat* or re-operat* or
readmission or readmit* or revision or revisions)).tw. (6895)

57 ((pathway* or care or treatment* or appointment* or consultation* or follow-up or time or risk*) adj8 (Revis* adj2
surgery)).tw. (2138)

58 or/55-57 [Post op complications Textword] (9771)

59 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) adj3 risk*).tw. (850)

60 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 risk).tw. (16,170)

61 or/59-60 [Post op risks Textword] (16,940)

62 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) adj3 pathway*).tw. (241)

63 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 pathway*).tw. (262)

64 (Care pathway* or clinical pathway* or critical pathway*).tw. (9118)

65 or/62-64 [Post op pathways Textword] (9483)

66 54 or 58 or 61 or 65 [Post op follow up Textword] (94,076)

67 49 or 66 [Post Op Follow Up] (130,464)

68 27 and 67 [TJA Post op follow up] (5063)

TABLE 31 NHS Economic Evaluation Database (via Wiley): issue 2 of 4, April 2015 (date searched 2 June 2017)

Term Results

*same search strategy as Cochrane Central Register of Controlled Trials (Wiley): Issue 4 of 12, April 2020 27
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TABLE 32 ProQuest Dissertations and Theses A&I database searched from 1743 to present (date searched 28 April 2020)

Term Results

((ti,ab(Hip OR hips OR femur OR femoral OR knee OR knees OR “total joint” OR “total joints”) NEAR/3
ti,ab(Arthroplasty OR replace OR replaced OR implant OR implants OR implanted OR prostheses OR
prosthesis OR unicompartment* OR surface OR surfacing OR surfaced OR resurface OR resurfacing OR
resurfaced)) OR ti,ab(TKA OR TKR OR UKR OR THA OR THR))

65

AND

((ti,ab(“After care” OR aftercare OR “after surgery”OR “after arthroplasty”OR postoperative OR postoperation
OR postoperations OR post-operative OR post-operation OR post-operations) NEAR/3 ti,ab(follow-up)) OR
(ti,ab(“post surgery”OR “post surgical” OR “post arthroplasty”) NEAR/3 ti,ab(follow-up)) OR ti,ab((pathway
OR pathways OR care OR treatment OR treatments OR appointment OR appointments OR consultation OR
consultations) NEAR/3 follow-up) OR (ti,ab(postoperative OR postoperation OR postoperations OR post-
operative OR post-operation OR post-operations OR “post surgery” OR “post surgical” OR “post arthroplasty”)
AND ti,ab(surveillance OR monitor OR monitors OR monitored OR monitoring)) OR (ti,ab(“After care” OR
aftercare OR “after surgery” OR “after arthroplasty”) Near/3 ti,ab(failure OR failures OR reoperate OR
reoperates OR reoperated OR reoperation OR reoperations OR re-operate OR re-operates OR re-operated
OR re-operation OR re-operations OR readmission OR readmissions OR readmit OR readmitted OR revision
OR revisions)) OR (ti,ab(postoperative OR postoperation OR postoperations OR post-operative OR post-
operation OR post-operations OR “post surgery” OR “post surgical”OR “post arthroplasty”) NEAR/3 ti,ab(failure
OR failures OR reoperate OR reoperates OR reoperated OR reoperation OR reoperations OR re-operate OR
re-operates OR re-operated OR re-operation OR re-operations OR readmission OR readmissions OR readmit
OR readmitted OR revision OR revisions)) OR ti,ab((pathway OR pathways OR care OR treatment OR
treatments OR appointment OR appointments OR consultation OR consultations OR follow-up OR time OR
risk OR risks) NEAR/8 (revision NEAR/2 surgery)) OR ti,ab((“After care” OR aftercare OR “after surgery”
OR “after arthroplasty” OR postoperative OR postoperation OR postoperations OR post-operative OR post-
operation OR post-operations OR “post surgery” OR “post surgical”OR “post arthroplasty”) NEAR/3 (risk OR
risks)) OR ti,ab((“After care” OR aftercare OR “after surgery” OR “after arthroplasty” or postoperative OR
postoperation OR postoperations OR post-operative OR post-operation OR post-operations OR “post surgery”
OR “post surgical” OR “post arthroplasty”) NEAR/3 (pathway OR pathways)) OR ti,ab(“Care pathway” or “care
pathways” or “clinical pathway” or “clinical pathways” or “critical pathway” or “critical pathways”))

TABLE 33 PsycINFO (via Ovid) search from 1806 to week 2, June 2019 (date searched 28 April 2020)

# Term (results)

1 (TKA or TKR or UKR).tw. (185)

2 (THA or THR).tw. (732)

3 or/1-2 (883)

4 Hip?.tw. (6355)

5 (“Femur head*” or “femoral head*” or acetabul*).tw. (52)

6 hips/ (1268)

7 “Total joint”.tw. (89)

8 Knee?.tw. (4456)

9 knee/ (1163)

10 or/4-9 (9836)

11 prostheses/ (889)

12 (Arthroplast* or replace* or implant* or prosthes* or unicompartment*).tw. (46,958)

13 (Surf* or resurf*).tw. (35,166)

14 or/11-13 (81,592)

15 10 and 14 (1274)

16 3 or 15 [Hip or Knee Arthoplasty] (1924)

17 Longitudinal Studies/ (15,759)

18 Prospective Studies/ (662)
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TABLE 33 PsycINFO (via Ovid) search from 1806 to week 2, June 2019 (date searched 28 April 2020) (continued )

# Term (results)

19 TIME/ (13,594)

20 MONITORING/ (8288)

21 Followup studies/ (12,372)

22 or/17-21 [Follow-up Studies indexing] (50,410)

23 Treatment Outcomes/ (33,450)

24 postsurgical complications/ (917)

25 or/23-24 [Complications indexing] (34,292)

26 Risk Factors/ (78,810)

27 22 or 25 or 26 [Long term complications or risks Indexing] (161,250)

28 posttreatment followup/ (1257)

29 AFTERCARE/ (1082)

30 or/28-29 [Post Operative Care Indexing] (2291)

31 27 or 30 [Post op follow up Indexing] (163,258)

32 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) adj3 follow-up).tw. (127)

33 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 follow-up).tw. (207)

34 ((pathway* or care or treatment* or appointment* or consultation*) adj3 follow-up).tw. (6378)

35 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 (surveillance* or monitor*)).tw. (45)

36 or/32-35 [Follow-up studies Textword] (6728)

37 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) adj3 (failur* or reoperat* or re-operat* or
readmission or readmit* or revision or revisions)).tw. (37)

38 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 (failure* or reoperat* or re-operat* or
readmission or readmit* or revision or revisions)).tw. (43)

39 ((pathway* or care or treatment* or appointment* or consultation* or follow-up or time or risk*) adj8 (Revis* adj2
surgery)).tw. (10)

40 or/37-39 [Post op complications Textword] (89)

41 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) adj3 risk*).tw. (37)

42 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 risk).tw. (299)

43 or/41-42 [Post op risks Textword] (334)

44 ((“After care” or aftercare or “after surgery” or “after arthroplas*”) adj3 pathway*).tw. (3)

45 ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) adj3 pathway*).tw. (13)

46 (Care pathway* or clinical pathway* or critical pathway*).tw. (1208)

47 or/44-46 [Post op pathways Textword] (1222)

48 36 or 40 or 43 or 47 [Follow-up studies Textword] (8324)

49 31 or 48 [Post Op Follow Up] (169,973)

50 16 and 49 [TJA Post op follow up] (173)

TABLE 34 PubMed (via National Library of Medicine) searched from 1946 to present (date searched 28 April 2020)

Term Results

(((“Hip arthroplast*” OR “hip replace*” OR “hip implant*” OR “hip prosthes*” OR “hip unicompartment*”))
AND (“After care” OR aftercare OR “after surgery” OR “after arthroplas*” OR “follow up” OR postoperati*
OR post-operati* OR “post surger*” OR “post arthroplast*” OR pathway* OR care OR treatment* OR
appointment* OR consultation* OR postoperati* OR post-operati* OR “post surger*” OR “post arthroplast*”))
AND ((pubstatusaheadofprint OR publisher[sb] OR pubmednotmedline[sb]))

3706
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Results of included studies

The results of the included studies are detailed in Table 36.

TABLE 35 Web of Science Core Collection (via Clarivate Analytics) Indexes (date searched 28 April 2020)

Number Results Term

Number31 4849 number30 AND number13

Number30 314,933 number29 OR number25 OR number22 OR number18

Number29 223,476 number28 OR number27 OR number26

Number28 223,280 TS = (Care pathway* or clinical pathway* or critical pathway*)

Number27 326 TS= ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) near/3 pathway*)

Number26 278 TS = ((“After care” or aftercare or “after surgery” or “after arthroplas*”) near/3 pathway*)

Number25 18,734 number24 OR number23

Number24 17,611 TS = ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) near/3 risk)

Number23 1264 ts= ((“After care” or aftercare or “after surgery” or “after arthroplas*”) near/3 risk*)

Number22 10,466 number21 OR number20 OR number19

number 21 2265 ts= ((pathway* or care or treatment* or appointment* or consultation* or follow-up or time
or risk*) near/8 (Revis* near/2 surgery))

Number20 7418 ts= ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) near/3 (failure*
or reoperat* or re-operat* or readmission or readmit* or revision or revisions))

Number19 976 ts= ((“After care” or aftercare or “after surgery” or “after arthroplas*”) near/3 (failur* or
reoperat* or re-operat* or readmission or readmit* or revision or revisions))

Number18 65,071 number17 OR number16 OR number15 OR number14

Number17 4723 ts= ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) near/3
(surveillance* or monitor*))

Number16 41,467 ts= ((pathway* or care or treatment* or appointment* or consultation*) near/3 follow-up)

Number15 16,232 ts= ((Postoperati* or post-operati* or “post surger*” or “post arthroplast*”) near/3 follow-up)

Number14 3721 ts= ((“After care” or aftercare or “after surgery” or “after arthroplas*”) near/3 follow-up)

Number13 143,018 number12 OR number3

Number12 110,203 number11 AND number8

Number11 4,925,419 number10 OR number9

Number10 3,863,990 ts= (Surf* or resurf*)

Number9 1,187,366 ts= (Arthroplast* or replace* or implant* or prosthes* or unicompartment*)

Number8 320,118 number7 OR number6 OR number5 OR number4

Number7 171,349 ts= (Knee or knees)

Number6 7550 ts= “Total joint”

Number5 31,168 ts= (“Femur head*” or “femoral head*” or acetabul*)

Number4 175,550 TS = (Hip OR hips)

Number3 51,853 number2 OR number1

Number2 41,841 TS = (THA or THR)

Number1 11,610 TS = (TKA or TKR or UKR)

APPENDIX 1

NIHR Journals Library www.journalslibrary.nihr.ac.uk

128



TABLE 36 Included studies

Study
n (participants/
joints) Sex

Age (years)
(mean) Joint materials Fixation type

Type(s) of follow-
up investigated

Mean
follow-up
length Main findings

Authors’
conclusions

Bitsaki et al.56 423/423 NA NA NA NA Cost-effectiveness
of a mobile-based
health-care
system

10 years The estimation of
health-care costs
shows significant
cost savings (i.e. a
reduction of 63.67%
for re-admission rate
of 5%) in both the
University Clinic for
Orthopedics in
Werden (Essen,
Germany) and the
state of North
Rhine-Westphalia
when the mobile-
based health-care
system is applied

l Patients are
empowered to
self-manage
their disease

l The approach
to personalised
care will
increase
the level of
education
of patients
and caregivers

l There is an
expectation
of reduction in
the long-term
overall health
costs and
insurance
premiums

l There is an
improved
management
of follow-up
controls by
reducing the
number of
severe episodes,
hospital
emergency
visits and
complications
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TABLE 36 Included studies (continued )

Study
n (participants/
joints) Sex

Age (years)
(mean) Joint materials Fixation type

Type(s) of follow-
up investigated

Mean
follow-up
length Main findings

Authors’
conclusions

Chalmers et al.54 48/48 NA NA NA Cementless
implants and
components
with stems
were excluded

KSRES vs. a novel
percentage-based
system for
determining
aseptic loosening
in tibial
components

Unknown, but
radiographs
were pre
revision

KSRES results: mean
sensitivity for
determining tibial
component
impending failure
was 7.3% (range
0–17.6%); mean
specificity for
determining tibial
component stability
was 95.9% (range
93.5–100%);
interobserver
reliability ‘poor’
[mean kappa
coefficient of 0.26
(range 0.13–0.39)]

Percentage-based
system results:
mean sensitivity
of 91.1% (range
88.2–100%)
(p < 0.001);
mean specificity
87.9% (range
77.4–96.7%) (p= 0.2);
interobserver
reliability ‘excellent’
[mean kappa
coefficient 0.75 (range
0.64–0.81) (p< 0.001)]

The KSRES
significantly
underestimates
aseptic loosening
by implant
debonding. The
novel percentage-
based system was
highly sensitive
and specific in
determining
implant stability
in clinically
symptomatic
patients
undergoing
revision TKA.
A radiolucent line
of ≥ 25% of the
interface was
highly predictive
of tibial
component
loosening
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Study
n (participants/
joints) Sex

Age (years)
(mean) Joint materials Fixation type

Type(s) of follow-
up investigated

Mean
follow-up
length Main findings

Authors’
conclusions

de Pablo et al.45 622 Men, n = 236;
women, n = 386

72 NA NA Follow-up
questionnaire

3 or 6 years Follow-up: 94 (15%)
patients had no
radiographs; 269
(43%) patients had
early follow-up only;
and 259 (42%)
patients had
consistent follow-up
radiographs over
6 years. Of those
patients with
consistent follow-up
over 6 years, 90% had
radiographs

Multivariate analysis:
older patients
were less likely to
have radiographic
follow-up than
younger patients
(OR 0.76, 95% CI
0.65 to 0.89);
patients lacking
college education
were less likely to
have radiographic
follow-up than
patients with more
education (OR 0.58,
95% CI 0.41 to 0.83);
and patients with
lower income were
less likely to have
radiographic follow-
up than patients with
a higher income
(OR 0.50, 95% CI
0.27 to 0.92)

Only 42% of
THR recipients
reported
consistent
radiographic
follow-up. Older
patients, patients
with lower income
and those with a
lower education
level were less
likely to have
consistent
radiographic
follow-up over
6 years after THR

continued
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TABLE 36 Included studies (continued )

Study
n (participants/
joints) Sex

Age (years)
(mean) Joint materials Fixation type

Type(s) of follow-
up investigated

Mean
follow-up
length Main findings

Authors’
conclusions

Elmallah et al.49 844/844 Men, n = 357;
women, n = 487

65 NA Cruciate-
retaining or
posterior-
stabilising total
knee
prostheses

To determine
whether or not
SF-6D changes
were clinically
relevant, and
to compare
these with
postoperative
functional changes

5 years The Knee Society
Score and the
Lower Extremity
Activity Scale both
significantly
correlated with
SF-6D changes

SF6D allows
clinicians to
ascribe a value
to patients’
subjective
perception of
their health . . .
We anticipate
that widely
incorporating
the SF6D into
post-operative
assessments will
allow for easier
future outcome
and cost analysis
comparisons
among different
patient
populations

Elmallah et al.48 130/130 Men, n = 61;
women, n = 127

69 Tapered,
proximally
coated titanium

Cementless To determine
whether or not
SF-6D changes
were clinically
relevant, and
to compare
these with
postoperative
functional changes

5 years The HHSs significantly
correlated (p< 0.01)
with the SF-6D.
The mean Lower
Extremity Activity
Scale significantly
correlated (p < 0.01)
with the SF-6D

In conclusion, the
SF6D provides
clinicians with a
method of
quantifying
patient
satisfaction and
perception of
their own health.
This quality-
of-life measure
is particularly
convenient in
total joint
arthroplasty,
as it can be
deduced from
the SF36 . . .
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Study
n (participants/
joints) Sex

Age (years)
(mean) Joint materials Fixation type

Type(s) of follow-
up investigated

Mean
follow-up
length Main findings

Authors’
conclusions

Hacking et al.41 104/110 Men, n = 61;
women, n = 49

70.4 (9.8) NA NA Not reported,
‘prospective
analysis of a
database’, each
individual surgeon
decided a protocol
of the timing of
patient reviews.
Monitored
clinically and
radiographically.
The patients
reviewed at the
Department of
Orthopaedic
Surgery, Royal
Brisbane and
Women's Hospital,
Queensland,
Australia,
all received
radiography at
each appointment

11.8 years l Four (3.6%)
revision
THAs were
asymptomatic

l Pain was the
most common
(75%) symptom
reported in first
symptomatic
follow-up visit

l The mean number
of follow-up
appointments
required before
revision in
symptomatic
patients was 5.3
(SD 5.2; median 4;
range 1–36)

l The mean number
of follow-up
appointments
required before
revision in
asymptomatic
patients was 1.9
(SD 5.3; median
0.5; range 1–15)

l Average time
from the primary
THA to revision
THA in the
sample was 141.6
(SD 86.76) months
[asymptomatic
group: 161.3 (SD
16.92) months;
symptomatic
group 140.4 (SD
88.04) months]

In conclusion, the
authors encourage
the exploration of
less resource-
intensive and more
cost-effective
review methods
for the routine
follow-up of
primary THAs

continued
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TABLE 36 Included studies (continued )

Study
n (participants/
joints) Sex

Age (years)
(mean) Joint materials Fixation type

Type(s) of follow-
up investigated

Mean
follow-up
length Main findings

Authors’
conclusions

Keeney et al.53 501 (410 primary) Men, n = 237;
women, n = 264

56.7 (14) NA NA Effectiveness
of mid-term
follow-up

5 years Of 468 asymptomatic
patients who
had scheduled
appointments, 90.2%
had no treatment,
5.2% had physical
therapy for surgical
hip, 4.4% had
contralateral hip.
Three appointments
(0.6%) were
associated with a
recommendation for
revision of the
surgical hip

For symptomatic
appointments, 69%
were associated
with at least one
recommendation for
treatment, 55.6%
had physical therapy
and 13.3% had
surgery for a
symptomatic
contralateral joint

Revision of the index
surgical procedure
was recommended
during 28 visits (6.1%)

Our data suggest
treatment
interventions
are rarely
recommended
for asymptomatic
patients during
mid-term follow-
ups after primary
and revision
THAs . . .
Asymptomatic
low-risk patients
(older and less
active) may
require less
frequent
surveillance while
higher risk
(young and
active) patients
may require
more rigorous
followup
protocols
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Study
n (participants/
joints) Sex

Age (years)
(mean) Joint materials Fixation type

Type(s) of follow-
up investigated

Mean
follow-up
length Main findings

Authors’
conclusions

King et al.50 161 (lost to
follow-up, n= 30;
returned,
n = 131)/200
(lost to follow-up,
n = 35; returned,
n = 165)

Men: lost to
follow-up, n = 9;
returned, n= 45

Women: lost to
follow-up, n = 21;
returned, n= 86

71.3 in lost
to follow-up
group, 68.1
in returned
group

NA NA Those who did not
return for follow-
up vs. those who
did

Minimum
5 years

No difference was
observed between
patients who had
and patients who
had not attended
follow-up
appointments in this
consecutive series of
TKRs evaluated at a
minimum of 5 years
postoperatively.
Knee Society pain
and function scores
were similar, and no
patient who had not
attended follow-up
appointments had
required revision
surgery

We believe that
patients who do
not attend
follow-up
appointments in
studies of total
joint arthroplasty
should not be
assumed to have
a worse outcome
than those who
do attend such
appointments

Kingsbury et al.52 401 hip, 198 knee NA Hip:
70.5 (11)

Knee:
73.3 (7.3)

NA NA Questionnaire and
radiograph vs.
traditional regular
outpatient follow-
up clinic

. . . substantial
agreement between
the ACP and
surgeon for both
hip (kappa= 0.69,
95% CI 0.62–0.76)
and knee
(kappa= 0.81,
95% CI 0.74–0.88).
Positive agreement
was very high for
discharge and
routine follow-up;
however the ACP
was more likely to
select annual
monitoring and
the surgeon
urgent review

This audit
suggests that a
paper/radiograph
clinic may be a
viable alternative
to traditional
outpatient TJA
follow-up,
reducing the
follow-up burden
by approximately
90% while still
ensuring that
cases requiring
intervention are
identified
appropriately

continued

D
O
I:
1
0
.3
3
1
0
/K

O
D
Q
0
7
6
9

H
ealth

an
d
So

cial
C
are

D
elivery

R
esearch

2
0
2
2

V
o
l.1

0
N
o
.1

6

C
o
pyrigh

t
©

2
0
2
2
K
in
gsb

u
ry

et
al.T

h
is
w
o
rk

w
as

pro
d
u
ced

b
y
K
in
gsb

u
ry

et
al.u

n
d
er

th
e
term

s
o
f
a
co

m
m
issio

n
in
g
co

n
tract

issu
ed

b
y
th
e
Secretary

o
f
State

fo
r
H
ealth

an
d

So
cial

C
are.

T
h
is

is
an

O
pen

A
ccess

pu
b
licatio

n
d
istrib

u
ted

u
n
d
er

th
e
term

s
o
f
th
e
C
reative

C
o
m
m
o
n
s
A
ttrib

u
tio

n
C
C

B
Y

4
.0

licen
ce,

w
h
ich

perm
its

u
n
restricted

u
se,

d
istrib

u
tio

n
,
repro

d
u
ctio

n
an

d
ad

aptio
n

in
an

y
m
ed

iu
m

an
d

fo
r
an

y
pu

rpo
se

pro
vid

ed
th
at

it
is

pro
perly

attrib
u
ted

.
See:

h
ttps://creativeco

m
m
o
n
s.o

rg/licen
ses/b

y/4
.0
/.

Fo
r
attrib

u
tio

n
th
e
title,o

rigin
al

au
th
o
r(s),th

e
pu

b
licatio

n
so
u
rce

–
N
IH

R
Jo
u
rn
als

Lib
rary,an

d
th
e
D
O
I
o
f
th
e
pu

b
licatio

n
m
u
st

b
e
cited

.

1
3
5



TABLE 36 Included studies (continued )

Study
n (participants/
joints) Sex

Age (years)
(mean) Joint materials Fixation type

Type(s) of follow-
up investigated

Mean
follow-up
length Main findings

Authors’
conclusions

Lonner et al.55 82/102 Men, n = 44;
women, n = 38

67 NA NA Annual
questionnaire and
weight-bearing or
plain radiograph

84 months Eight per cent of
patients presenting
for revision were
asymptomatic.
Intraoperative
findings revealed
polyethylene wear
in 72% of knees,
compared with 43%
on the preoperative
radiograph. Fifteen
patients who had
follow-up intervals
extending to 24
months required
significant revision
arthroplasty with
treatment of
extensive osteolysis

This mechanism
of surveillance
may be an
effective means
of ‘holding on’
to our patients
after TKA
arthroplasty,
integrated into
our practices to
optimize patient
outcomes. Each
failure in this
series would
have been
identified by
this method
of surveillance

Malak et al.44 3209 NA NA NA Cemented/
uncemented

RSA; EBRA 10 years RSA predicted wear
and movement

EBRA measuring
stem migration is
less accurate

Many studies
identify risk
factors that are
not surrogate
markers

A
P
P
E
N
D
IX

1

N
IH

R
Jo
u
rn
als

Lib
rary

w
w
w
.jo

u
rn
alslib

rary.n
ih
r.ac.u

k

1
3
6



Study
n (participants/
joints) Sex

Age (years)
(mean) Joint materials Fixation type

Type(s) of follow-
up investigated

Mean
follow-up
length Main findings

Authors’
conclusions

Parkes et al.43 Approached,
n = 115;
participated,
n = 35

Men, n = 18;
women, n = 17

Mode 60–
70 years

NA NA PROMs and
radiographs

NA The response rate
to the questionnaire
was 40%. 44%
indicated they
would prefer a
virtual appointment
over a face-to-face
consultation
in future

Main patient themes:
understanding
and expectations,
confidence,
voice, managing
deterioration of
condition, benefit,
satisfaction and
navigation

Main staff themes:
adapting patient
pathway and project
management

The virtual
clinic process
appears to be
well accepted
by both patients
and clinicians.
However,
appropriate
patient selection
and clear
pathways of
communication
to address
patient concerns
are pivotal
to success

continued
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TABLE 36 Included studies (continued )

Study
n (participants/
joints) Sex

Age (years)
(mean) Joint materials Fixation type

Type(s) of follow-
up investigated

Mean
follow-up
length Main findings

Authors’
conclusions

Singh et al.42 669/825 Men, n = 317;
women, n = 352

64 (13) NA NA Thresholds for
clinically
important
improvements
in HHS

5 years Minimal clinically
important
improvement
threshold for HHS
ranged from 15.9 to
18 points and
moderate
improvement
threshold was
39.6–40.1 points

HHS is a valid
measure of THA
outcomes and is
responsive to
change. Both
absolute HHS
postoperative
scores and HHS
scores changed
postoperatively
and were
predictive of
revision risk post
primary THA.
We defined MCID
and moderate
improvement
thresholds for
HHS in this study
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Study
n (participants/
joints) Sex

Age (years)
(mean) Joint materials Fixation type

Type(s) of follow-
up investigated

Mean
follow-up
length Main findings

Authors’
conclusions

Smith et al.47 147/154 Men, n = 59;
women, n = 88

74.5 Cemented =
high density
polyethylene,
uncemented =
equatorially
expanded,
spray coated
pure titanium
cup with screw
options, a
polished inside
and a press-fit
liner of
ultrahigh
molecular
weight
polyethylene

. . . all
cemented
prosthesis
was used for
an older
patient
(cemented
THA) and an
uncemented
metal cup
with
polyethylene
liner and a
cemented
femoral stem
(hybrid THA)
was used in
younger
patients

Radiograph vs.
OHS, EQ-5D
score, age and
comorbidities

7.5 years Hierarchical
multiple regression
analysis showed
that the number
of radiographic
changes could not be
predicted by any of
the other variables

This study
provides
strong evidence
to support the
inclusion of a
radiograph in
addition to
PROMs in
such a service

continued
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TABLE 36 Included studies (continued )

Study
n (participants/
joints) Sex

Age (years)
(mean) Joint materials Fixation type

Type(s) of follow-
up investigated

Mean
follow-up
length Main findings

Authors’
conclusions

Stilling et al.51 12/12 Men, n = 4;
women, n = 8

53 The femoral
component
was a solid
Ti6A14Valloy
collarless,
straight-stem
bi-metric design
(Biomet Inc.,
Warsaw, IN) with
circumferential
plasma-sprayed
titanium
and porous
hydroxyapatite
coating of the
proximal one-
quarter. The
acetabular
component was a
plasma-sprayed
titanium and
hydroxyapatite-
coated mallory
head, solid-finned
ringloc metal
shell (Biomet)

Cementless Plain radiograph
vs. RSA for the
measurement of
polyethylene wear

6.1 years 2D intramethod
repeatability was
similar for final plain
radiograph and RSA
with limits of
agreement (in mm)
of ± 0.22, and
± 0.23. For 2D linear
wear measurements,
the final plain
radiograph method
had a clinical
repeatability similar
to that of RSA

A final plain
radiographic
follow-up is
sufficient for
retrospective
determination of
2D wear from
medium-term wear
measurements
above 0.5 mm. It
alleviates the need
for baseline plain
radiographs, has a
clinical precision
similar to that of
RSA and is easy
and inexpensive
to use
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Study
n (participants/
joints) Sex

Age (years)
(mean) Joint materials Fixation type

Type(s) of follow-
up investigated

Mean
follow-up
length Main findings

Authors’
conclusions

Teeny et al.57 447 active
American
Association of
Hip and Knee
Surgeons
members

NA NA NA NA The survey sample
was asked to
identify what type
of follow-up
care (i.e. clinical
examination,
with or without
radiograph
and outcome
questionnaires)
and provider
(i.e. orthopaedist,
non-orthopaedic
physician) they
recommend

NA l 95.9% of
respondents
recommended
orthopaedic
review with
radiographs

l For the 6- to
10-year period,
the frequency
recommended
was annual by
31.9% and
biennial by 50.1%

l After 10 years,
37.3%
recommended
annual and
42.9% biennial

l Recommendations
for TKA follow-up
care are very
similar to those
for THA

l Expert opinion
expressed by
respondents
was that even
asymptomatic
patients should
have follow-up
care at least
biennially

Primary care
physicians and
other non-
orthopaedic health-
care providers
may not be aware
of arthroplasty
patients’ need
for long-term
follow-up by an
orthopaedist even
if asymptomatic.
Dissemination of
information about
the long-term
orthopaedic
follow-up care
needs of the
THA and TKA
population
can facilitate
co-ordination of
care for these
patients

Wejkner and
Wiege46

296/325 Men, n = 113;
women, n = 183

64.4 Charnley ‘flat-
back’ femoral
component
and an ultra
high-density
polyethylene
acetabular cup

Cemented Clinical and
radiographic
examinations

139 months l 150 arthroplasties
graded as clinically
successful at the
5-year follow-up,
despite radiologic
loosening of the
femoral

There is reason
to expect a
lower incidence
of femoral
component
loosening and
fewer cases with
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TABLE 36 Included studies (continued )

Study
n (participants/
joints) Sex

Age (years)
(mean) Joint materials Fixation type

Type(s) of follow-
up investigated

Mean
follow-up
length Main findings

Authors’
conclusions

component (41%)
and acetabular
component (7%)

l Incidence of clinical
failure between
follow-ups was 7%
(10 hips)

l 2% (3/125) of
THRs with intact
components or a
loose stem with
migration not
exceeding 4 mm
became failures

l 28% (7/25) of
THRs with more
extensive
loosening of the
stem or with a
loose socket
became failures

l At 2 years, 47% of
femoral and 13%
of acetabular
components were
loose. Progression
of loosening of
femoral stem
occurred in 63% of
femoral and 73%
of socket between
follow-ups

deterioration of
the clinical
result in hips
operated
upon today

2D, two dimensional; EBRA, Einzel-Bild-Roentgen-Analyse; KSRES, Knee Society Total Knee Arthroplasty Roentgenographic Evaluation and Scoring System; NA, not applicable;
THA, total hip arthroplasty; TJA, total joint arthroplasty; TKA, total knee arthroplasty.
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Appendix 2 Analysis of routine NHS data 1:
CPRD-HES, NJR-HES-PROMs (see Chapter 3)

TABLE 37 Descriptive statistics for the CPRD–HES-linked data sets

Category Hip replacement Knee replacement

Year of primary, n (%)

1995–9 1386 (8.1) 995 (5.7)

2000–4 4990 (29.3) 4486 (25.8)

2005–9 7554 (44.3) 8415 (48.4)

2010–11 3117 (18.3) 3482 (20.0)

Age (years) at primary surgery, mean (SD) 68.4 (10.5) 69.4 (9.2)

Sex: female, n (%) 10530 (61.8) 9963 (57.3)

BMI, n (%)

Underweight 145 (1.2) 48 (0.4%)

Normal 3455 (28.0) 2204 (16.2)

Overweight 4979 (40.4) 5239 (38.6)

Obese class I (moderately obese) 2633 (21.4) 3777 (27.8)

Obese class II and higher 1112 (9.0) 2306 (17.0)

IMD quintiles, n (%)

Least deprived 4259 (25.0) 3890 (22.4)

2 4223 (24.8) 4145 (23.9)

3 3742 (22.0) 3918 (22.6)

4 2858 (16.8) 3078 (17.7)

Most deprived 1954 (11.5) 2328 (13.4)

Region, n (%)

East Midlands 678 (4.0) 706 (4.1)

East of England 1986 (11.7) 2003 (11.5)

London 1253 (7.4) 1464 (8.4)

North East 408 (2.4) 434 (2.5)

North West 2348 (13.8) 2551 (14.7)

South Central 2608 (15.3) 2605 (15.0)

South East Coast 2043 (12.0) 2144 (12.3)

South West 2643 (15.5) 2386 (13.7)

West Midlands 2329 (13.7) 2320 (13.4)

Yorkshire and the Humber 751 (4.4) 765 (4.4)

Smoker, n (%)

Ex-smoker 4455 (32.3) 5122 (34.6)

Non-smoker 7591 (55.1) 8310 (56.2)

Current 1737 (12.6) 1368 (9.2)
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TABLE 37 Descriptive statistics for the CPRD–HES-linked data sets (continued )

Category Hip replacement Knee replacement

Alcohol, n (%)

Ex-smoker 280 (2.5) 322 (2.7)

No 1806 (16.4) 2242 (18.8)

Yes 8935 (81.1) 9371 (78.5)

Recorded diagnosis of hip osteoarthritis, n (%) 6345 (37.2) 6841 (39.4)

Hip fracture prior to primary surgery, n (%) 375 (2.2) 119 (0.7)

Fracture in pelvis, proximal/humerus, wrist/forearm, spine or rib, n (%) 557 (3.3) 537 (3.1)

Comorbidity, n (%)

Asthma 1427 (8.4) 1713 (9.9)

Malabsorption 44 (0.3) 42 (0.2)

Inflammatory bowel disease 117 (0.7) 128 (0.7)

Hypertension 5142 (30.2) 6106 (35.1)

Hyperlipidaemia 1808 (10.6) 2223 (12.8)

Ischaemic heart disease 1348 (7.9) 1685 (9.7)

Myocardial infarction 336 (2.0) 345 (2.0)

Stroke/cerebrovascular disease 512 (3.0) 585 (3.4)

Chronic pulmonary disease 501 (2.9) 498 (2.9)

Chronic kidney failure 1053 (6.2) 1277 (7.4)

Cancer 1385 (8.1) 1446 (8.3)

Diabetes 1192 (7.0) 1774 (10.2)

Drugs that can affect fracture risk prior primary surge, n (%)

Calcium and vitamin D supplements 1374 (8.1) 1377 (7.9)

Bisphosphonates 1281 (7.5) 1161 (6.7)

Selective oestrogen receptor modulators 41 (0.2) 33 (0.2)

Oral glucocorticosteroid therapy 2995 (17.6) 3521 (20.3)

Drugs prior to primary surgery, n (%)

Proton pump inhibitors 6140 (36.0) 7586 (43.7)

Antiarrhythmics 1550 (9.1) 1700 (9.8)

Anticonvulsants 711 (4.2) 865 (5.0)

Antidepressants 5327 (31.3) 5875 (33.8)

Anti-Parkinson drugs 183 (1.1) 305 (1.8)

Statins 4527 (26.6) 5697 (32.8)

Thiazide diuretics 7259 (42.6) 8498 (48.9)

Anxiolytics 3031 (17.8) 3406 (19.6)

Painkillers/anti-inflammatory drugs, n (%)

NSAID 14,398 (84.5) 15,406 (88.7)

NSAID COX 2332 (13.7) 3155 (18.2)

Paracetamol 13,737 (80.6) 14,438 (83.1)

Partial opiates 12,552 (73.6) 13,334 (76.7)

Total opiates 6419 (37.7) 6459 (37.2)

Injected steroids 2875 (16.9) 5401 (31.1)
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TABLE 37 Descriptive statistics for the CPRD–HES-linked data sets (continued )

Category Hip replacement Knee replacement

DDDs 1 year prior surgery

Calcium and vitamin D supplements DDD, n (%)

No dose 15,673 (91.9) 16,001 (92.1)

< 120 329 (1.9) 281 (1.6)

≥ 120–340 527 (3.1) 503 (2.9)

> 340 218 (1.3) 222 (1.3)

Dose missing 300 (1.8) 371 (2.1)

Bisphosphonates DDD, n (%)

No dose 15,766 (92.5) 16,217 (93.3)

< 140 290 (1.7) 229 (1.3)

≥ 140–340 455 (2.7) 374 (2.2)

> 340 271 (1.6) 260 (1.5)

Dose missing 265 (1.6) 298 (1.7)

Selective oestrogen receptor modulators DDD, n (%)

No dose 17,006 (99.8) 17,345 (99.8)

< 280 8 (0.1) 8 (0.1)

≥ 280–390 12 (0.1) 8 (0.1)

> 390 9 (0.1) 0 (0)

Dose missing 12 (0.1) 17 (0.1)

Oral glucocorticosteroid therapy DDD, n (%)

No dose 14,052 (82.4) 13,857 (79.7)

< 30 344 (2.0) 493 (2.8)

≥ 30–280 456 (2.7) 458 (2.6)

> 280 325 (1.9) 316 (1.8)

Dose missing 1870 (11.0) 2254 (13.0)

Proton pump inhibitors DDD, n (%)

No dose 10,907 (64.0) 9792 (56.4)

< 85 1262 (7.4) 1376 (7.9)

≥85–365 2296 (13.5) 2847 (16.4)

> 365 727 (4.3) 995 (5.7)

Dose missing 1855 (10.9) 2368 (13.6)

Antiarrhythmics DDD, n (%)

No dose 15,497 (90.9) 15,678 (90.2)

< 170 155 (0.9) 159 (0.9)

≥ 170–365 245 (1.4) 241 (1.4)

> 365 130 (0.8) 158 (0.9)

Dose missing 1020 (6.0) 1142 (6.6)
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TABLE 37 Descriptive statistics for the CPRD–HES-linked data sets (continued )

Category Hip replacement Knee replacement

Anticonvulsants DDD, n (%)

No dose 16,336 (95.8) 16,513 (95.0)

< 85 141 (0.8) 132 (0.8)

≥ 85–365 166 (1.0) 212 (1.2)

> 365 96 (0.6) 111 (0.6)

Dose missing 308 (1.8) 410 (2.4)

Antidepressants DDD, n (%)

No dose 11,720 (68.8) 11,503 (66.2)

< 85 858 (5.0) 786 (4.5)

≥ 85–365 1343 (7.9) 1418 (8.2)

> 365 496 (2.9) 565 (3.3)

Dose missing 2630 (15.4) 3106 (17.9)

Anti-Parkinson drugs, n (%)

No dose 16,864 (98.9) 17,073 (98.2)

< 200 29 (0.2) 36 (0.2)

≥ 200–600 50 (0.3) 90 (0.5)

> 600 17 (0.1) 41 (0.2)

Dose missing 87 (0.5) 138 (0.8)

Statins DDD, n (%)

No dose 12,520 (73.4) 11,681 (67.2)

< 280 1107 (6.5) 1248 (7.2)

≥ 280–370 1832 (10.8) 2522 (14.5)

> 370 1028 (6.0) 1383 (8.0)

Dose missing 560 (3.3) 544 (3.1)

Thiazide diuretics DDD, n (%)

No dose 9788 (57.4) 8880 (51.1)

< 225 1576 (9.3) 1678 (9.7)

≥ 225–390 2276 (13.4) 2826 (16.3)

> 390 1401 (8.2) 1565 (9.0)

Dose missing 2006 (11.8) 2429 (14.0)

Anxiolytics DDD, n (%)

No dose 14,016 (82.2) 13,972 (80.4)

< 30 358 (2.1) 367 (2.1)

≥ 30–350 559 (3.3) 531 (3.1)

> 350 263 (1.5) 344 (2.0)

Dose missing 1851 (10.9) 2164 (12.5)
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TABLE 37 Descriptive statistics for the CPRD–HES-linked data sets (continued )

Category Hip replacement Knee replacement

NSAIDs DDD, n (%)

No dose 2649 (15.5) 1972 (11.4)

< 60 2130 (12.5) 2428 (14.0)

≥ 60–300 4758 (27.9) 4602 (26.5)

> 300 2538 (14.9) 2352 (13.5)

Dose missing 4972 (29.2) 6024 (34.7)

NSAID COX DDD, n (%)

No dose 14,715 (86.3) 14,223 (81.8)

< 60 346 (2.0) 355 (2.0)

≥ 60–280 569 (3.3) 553 (3.2)

> 280 260 (1.5) 267 (1.5)

Dose missing 1157 (6.8) 1980 (11.4)

Paracetamol DDD, n (%)

No dose 3310 (19.4) 2940 (16.9)

< 40 2683 (15.7) 2796 (16.1)

≥ 40–200 5502 (32.3) 5521 (31.8)

> 200 2738 (16.1) 2425 (14.0)

Dose missing 2814 (16.5) 3696 (21.3)

Opioids mix DDD, n (%)

No dose 4495 (26.4) 4044 (23.3)

< 30 2036 (11.9) 2074 (11.9)

≥ 30–180 4300 (25.2) 4002 (23.0)

> 180 2252 (13.2) 1976 (11.4)

Dose missing 3964 (23.3) 5282 (30.4)

Opioids total DDD, n (%)

No dose 10,628 (62.4) 10,919 (62.8)

< 200 1085 (6.4) 995 (5.7)

≥ 200 to 600 2617 (15.4) 1916 (11.0)

> 600 1018 (6.0) 871 (5.0)

Dose missing 1699 (10.0) 2677 (15.4)

Injected steroids DDD, n (%)

No dose 14,172 (83.1) 11,977 (68.9)

< 55 511 (3.0) 1292 (7.4)

≥ 55 187 (1.1) 597 (3.4)

Dose missing 2177 (12.8) 3512 (20.2)

COX, cyclooxygenase; NSAID, non-steroidal anti-inflammatory drug.
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TABLE 38 Descriptive statistics for the NJR–HES–PROMs-linked data set

Category Hip replacement Knee replacement

Year of primary surgery, n (%)

2008 23,226 (16.3) 33,504 (17.8)

2009 32,930 (39.5) 45,928 (42.1)

2010 40,913 (68.2) 52,460 (70.0)

2011 45,206 (100.0) 56,617 (100.0)

Age (years) at primary surgery, mean (SD) 70.0 (10.1) 69.9 (9.3)

Sex, n (%)

Female 88,019 (61.9) 10,6812 (56.7)

Male 54,256 (38.1) 81,697 (43.3)

BMI (kg/m2), mean (SD) 28.7 (5.2) 30.9 (5.5)

IMD quintiles, n (%)

Least deprived 33,555 (23.9) 40,247 (21.6)

2 34,791 (24.7) 42,721 (22.9)

3 25,620 (18.2) 35,839 (19.2)

4 23,745 (16.9) 34,691 (18.6)

Most deprived 22,970 (16.3) 33,119 (17.8)

Rurality at primary surgery, n (%)

Urban (population ≥ 10,000) 100,818 (71.0) 140,202 (74.5)

Town and fringe 18,532 (13.0) 22,366 (11.9)

Village/isolated 22,720 (16.0) 25,618 (13.6)

Ethnicity, n (%)

White 125,991 (96.4) 161,079 (92.9)

Non-white 4676 (3.6) 12237 (7.1)

Number of comorbidities at primary, n (%)

None 111,172 (78.1) 141,570 (75.1)

Mild 24,930 (17.5) 38,083 (20.2)

Moderate 4540 (3.2) 6875 (3.7)

Severe 1633 (1.2) 1981 (1.1)

ASA grade, n (%)

P1: fit and healthy 18,755 (13.2) 20,087 (10.7)

P2: mild disease not incapacitating 102,121 (71.8) 138,997 (73.7)

P3–P5 21,399 (15.0) 29,425 (15.6)

Minimally invasive (no), n (%)

No 136,683 (96.1) 176,683 (93.7)

Yes 5592 (3.9) 11,826 (6.3)

Surgical volume per consultant, n (%)

≤ 10 operations 4910 (3.5) 5312 (2.8)

11–50 operations 43,017 (30.2) 58,102 (30.8)
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TABLE 38 Descriptive statistics for the NJR–HES–PROMs-linked data set (continued )

Category Hip replacement Knee replacement

51–75 operations 27,348 (19.2) 42,101 (22.3)

76–100 operations 20,264 (14.2) 33,558 (17.8)

101–150 operations 24,336 (17.1) 32,381 (17.2)

> 150 operations 22,400 (15.7) 17,055 (9.1)

Surgeon experience, n (%)

< 8 years’ training years 31,082 (21.9) 44,650 (23.7)

Consultant (≥ 8 years’ training) 111,193 (78.2) 143,859 (76.3)

Surgical approach, n (%)

Other 65,239 (45.9)

Posterior 77,036 (54.2)

Lateral parapatellar 1756 (0.9)

Medial parapatellar 175,112 (92.9)

Mid-vastus 5710 (3.0)

Subvastus 2300 (1.2)

Other 3631 (1.9)

Primary graft femur, n (%)

No 141,496 (99.5) 186,951 (99.2)

Yes 779 (0.6) 1558 (0.8)

Primary cup fixation, n (%)

Cementless 82,556 (59.2)

Cemented 56,886 (40.8)

Primary stem fixation, n (%)

Uncemented 62,760 (45.7)

Cemented THR stem 74,645 (54.3)

Implant fixation, n (%)

Cementless 9429 (5.0)

Cemented 177,031 (94.0)

Hybrid 1947 (1.0)

Primary graft cup, n (%)

No 137,051 (96.3)

Yes 5224 (3.7)

Primary graft tibia, n (%)

No 187,679 (99.6)

Yes 830 (0.4)

Bearing surface, n (%)

MoP 88,311 (66.1)

CoC 27,092 (20.3)

continued

DOI: 10.3310/KODQ0769 Health and Social Care Delivery Research 2022 Vol. 10 No. 16

Copyright © 2022 Kingsbury et al. This work was produced by Kingsbury et al. under the terms of a commissioning contract issued by the Secretary of State for Health and
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/.
For attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

149



TABLE 38 Descriptive statistics for the NJR–HES–PROMs-linked data set (continued )

Category Hip replacement Knee replacement

CoP 17,036 (12.8)

CoM-MoC 1203 (0.9)

Type of primary implant, n (%)

UKR 13,266 (7.0)

TKR 175,243 (93.0)

≤ 28 73,306 (54.0)

32 32,098 (23.7)

36–42 29,662 (21.9)

≥ 44 612 (0.5)

Type of mechanical thromboprophylaxis, n (%)

None 13,531 (9.5)

Any 128,744 (90.5)

Type of mechanical thromboprophylaxis, n (%)

None 16,746 (8.9)

Any 171,763 (91.1)

Type of chemical thromboprophylaxis, n (%)

None 7966 (5.6)

Aspirin only 11,280 (7.9)

LMWH (+ other) 98,076 (68.9)

Other (no LMWH) 24,953 (17.5)

Type of chemical thromboprophylaxis, n (%)

None 13,239 (7.0)

Aspirin only 16,356 (8.7)

LMWH (+ other) 134,648 (71.4)

Other (no LMWH) 24,266 (12.9)

Unit type, n (%)

Public hospital 115,425 (81.1) 153,780 (81.6)

Independent sector: hospital 19,311 (13.6) 24,716 (13.1)

Independent sector: treatment centre 7539 (5.3) 10,013 (5.3)

OHS baseline score, mean (SD) 17.3 (8.2)

OKS baseline score, mean (SD) 18.0 (7.8)

EQ-5D anxiety/depression, n (%)

I am not anxious or depressed 49,186 (58.4) 65,123 (62.4)

I am moderately anxious or depressed 29,203 (34.7) 32,676 (31.3)

I am extremely anxious or depressed 3568 (4.2) 3710 (3.6)

CoM-MoC, ceramic-on-metal; LMWH, low molecular weight heparin.
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Appendix 3 Analysis of routine NHS
data 2: ResearchOne (see Chapter 4)

Approval documents

Sponsor: University of Leeds
Table 39 shows the documents that were provided to the sponsor (University of Leeds) to underpin
approval by research governance.

Table 40 shows the documents that were provided by the sponsor (University of Leeds) as a result of
the approval process.

TABLE 39 Documents provided to the sponsor

Document reference Description

D1 Data protection registration details for University of Leeds

D2 Information governance toolkit assessment report for Leeds Institute of Clinical Trials Research

D3 Information protection policy for University of Leeds

D4 Curriculum vitae for the principal investigator

D5 Integrated Research Application System form for work package 2a (ResearchOne–HES)

D6 Data flow diagram for the proposed linkage methodology

D7 Software validation policy (PO08) for Leeds Institute of Clinical Trials Research

D8 Standard operating procedure for data transfer (T23) for Leeds Institute of Clinical
Trials Research

D9 Risk management policy (PO01) for Leeds Institute of Clinical Trials Research

D10 Data management and protection policy (PO03) for Leeds Institute of Clinical Trials Research

D11 Research protocol for work package 2a (ResearchOne–HES), including appendices for:

l data specification
l data linkage methodology
l PIA
l data processing/privacy notice

D12 Funding letter for the UK SAFE project from NIHR

D13 Research contract for the UK SAFE project from NIHR

TABLE 40 Documents provided by the sponsor

Document reference Description

D14 Letter of support from the sponsor’s representative (University of Leeds)

D15 Insurance indemnity letter from University of Leeds

D16 Letter of support from the information guardian/person responsible for corporate-level
security policy at the University of Leeds
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Health Research Authority

Table 41 shows the documents that were provided to the HRA to underpin approval by a NHS REC,
in addition to the information provided within the Integrated Research Application System88 form.

Table 42 shows the documents that were provided by HRA as a result of the approval process.

TABLE 41 Documents provided to the HRA for NHS REC approval

Document reference Description

D1 Data protection registration details for University of Leeds

D2 Information governance toolkit assessment report for Leeds Institute of Clinical Trials Research

D3 Information protection policy for University of Leeds

D4 Curriculum vitae for the principal investigator

D5 Integrated Research Application System form for work package 2a (ResearchOne–HES)

D6 Data flow diagram for the proposed linkage methodology

D7 Software validation policy (PO08) for Leeds Institute of Clinical Trials Research

D8 Standard operating procedure for data transfer (T23) for Leeds Institute of Clinical
Trials Research

D9 Risk management policy (PO01) for Leeds Institute of Clinical Trials Research

D10 Data management and protection policy (PO03) for Leeds Institute of Clinical Trials Research

D11 Research protocol for work package 2a (ResearchOne–HES), including appendices for:

l data specification data
l linkage methodology
l PIA
l data processing/privacy notice

D12 Funding letter for the UK SAFE project from NIHR

D13 Research contract for the UK SAFE project from NIHR

D14 Letter of support from the sponsor’s representative (University of Leeds)

D15 Insurance indemnity letter from University of Leeds

D16 Letter of support from the information guardian/person responsible for corporate-level
security policy at the University of Leeds

D17 Covering letter for UK SAFE work package 2a (ResearchOne–HES)

D18 Integrated Research Application System – CAG form for work package 2a (ResearchOne–HES)

D19 Integrated Research Application System form checklist for work package 2a (ResearchOne–HES)

D20 Integrated Research Application System – CAG form checklist for work package 2a
(ResearchOne–HES)

D21 Integrated Research Application System form for work package 2a (ResearchOne–HES) –
XML export

XML, extensible markup language.

TABLE 42 Documents provided by the HRA

Document reference Description

D22 Letter providing favourable opinion from NHS REC (Leeds East)
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Table 43 shows the documents that were provided to the HRA to underpin approval by the CAG in
addition to the information provided within the Integrated Research Application System form.

Table 44 shows the documents that were generated by the HRA, University of Leeds, NHS Digital and
TPP as a result of the approval process.

TABLE 43 Documents provided to the HRA for CAG approval

Document reference Description

D1 Data protection registration details for University of Leeds

D2 Information governance toolkit assessment report for Leeds Institute of Clinical Trials Research

D3 Information protection policy for University of Leeds

D4 Curriculum vitae for the principal investigator

D5 Integrated Research Application System form for work package 2a (ResearchOne–HES)

D6 Data flow diagram for the proposed linkage methodology

D7 Software validation policy (PO08) for Leeds Institute of Clinical Trials Research

D8 Standard operating procedure for data transfer (T23) for Leeds Institute of Clinical Trials Research

D9 Risk management policy (PO01) for Leeds Institute of Clinical Trials Research

D10 Data management and protection policy (PO03) for Leeds Institute of Clinical Trials Research

D11 Research protocol for work package 2a (ResearchOne–HES), including appendices for:

l data specification
l data linkage methodology
l PIA
l data processing/privacy notice

D12 Funding letter for the UK SAFE project from NIHR

D13 Research contract for the UK SAFE project from NIHR

D14 Letter of support from the sponsor’s representative (University of Leeds)

D15 Insurance indemnity letter from University of Leeds

D16 Letter of support from the information guardian/person responsible for corporate-level
security policy at the University of Leeds

D17 Covering letter for UK SAFE work package 2a (ResearchOne–HES)

D18 Integrated Research Application System – CAG form for work package 2a (ResearchOne–HES)

D20 Integrated Research Application System – CAG form checklist for work package 2a
(ResearchOne–HES)

D21 Integrated Research Application System form for work package 2a (ResearchOne–HES) –
XML export

XML, extensible markup language.

TABLE 44 Documents generated by the HRA, University of Leeds, NHS Digital and TPP

Document reference Description

D23 E-mail correspondence between the HRA and University of Leeds in relation to requirement
for Section 25180 support and ultimately confirming withdrawal of application to CAG
following confirmation from NHS Digital and TPP regarding Section 25180 support

D24 E-mail from NHS Digital confirming that Section 25180 support is not required

D25 E-mail from TPP confirming that Section 25180 support is not required
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NHS Digital

Table 45 shows the documents that were provided to NHS Digital to underpin approval by the IGARD
and the information asset owner for HES, in addition to the information provided within the DARS
online application form.

The Phoenix Partnership

Table 46 shows the documents that were provided to TPP to underpin approval by the ResearchOne
Project Committee.

Approvals timeline

Table 47 summarises the key points in the approvals timeline for work package 2a (ResearchOne–HES).

TABLE 45 Documents provided to NHS Digital

Document reference Description

D6 Data flow diagram for the proposed linkage methodology

D11 Research protocol for work package 2a (ResearchOne–HES), including appendices for:

l data specification
l data linkage methodology
l PIA
l data processing/privacy notice

D12 Funding letter for the UK SAFE project from NIHR

D22 Letter providing favourable opinion from NHS REC (Leeds East)

D23 E-mail correspondence between the HRA and University of Leeds in relation to requirement
for Section 25180 support and ultimately confirming withdrawal of application to CAG
following confirmation from NHS Digital and TPP regarding Section 25180 support

D24 E-mail from NHS Digital confirming that Section 25180 support is not required

D25 E-mail from TPP confirming that Section 25180 support is not required

D28 Data processing agreement for work package 2a (ResearchOne–HES) between TPP and the
University of Leeds – signed

D29 Pseudonym generation process description for the proposed linkage methodology

D30 Funding extension letter for the UK SAFE project from NIHR

D31 Updated privacy notice for work package 2a (ResearchOne–HES)

D31a ISO certificate relating to security assurances for TPP

D32a ISO and BSI certificates relating to security assurances for University of Leeds
backup location

D33a Agreement between University of Leeds and backup location

BSI, British Standards Institution; ISO, International Organization for Standardization.
a Documents supplied in relation to a number of active applications/existing agreements between the University of

Leeds and NHS Digital, including the application for work package 2a (ResearchOne–HES).
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TABLE 46 Documents provided to TPP

Document reference Description

D6 Data flow diagram for the proposed linkage methodology

D11 Research protocol for work package 2a (ResearchOne–HES), including appendices for:

l data specification
l data linkage methodology
l PIA
l data processing/privacy notice

D22 Letter providing favourable opinion from the NHS REC (Leeds East)

D23 E-mail correspondence between the HRA and University of Leeds in relation to requirement
for Section 25180 support and ultimately confirming withdrawal of application to CAG
following confirmation from NHS Digital and TPP regarding Section 25180 support

D24 E-mail from NHS Digital confirming that Section 25180 support is not required

D25 E-mail from TPP confirming that Section 25180 support is not required

D26 ResearchOne data request form for work package 2a (ResearchOne–HES)

D27 Clinical codes used within the ResearchOne data request

D28 Data processing agreement for work package 2a (ResearchOne–HES) between TPP and the
University of Leeds – for signature

TABLE 47 Approvals timeline

Date Description

2017

24 April Research team submitted work package 2a (ResearchOne–HES) to research governance at
the sponsor (University of Leeds)

25 May Work package 2a (ResearchOne–HES) received approval from research governance at the
sponsor (University of Leeds)

22 June Research team submitted work package 2a (ResearchOne–HES) to the HRA (reference
220520) for review by:

l a NHS REC (reference 17/YH/0250)
l the CAG (reference 17/CAG/0122)

1 August Work package 2a (ResearchOne–HES) was reviewed by the NHS REC (Leeds East)

8 August Letter of favourable opinion received from the NHS REC (Leeds East), subject to the
following condition: 'Management permission must be obtained from each host organisation
prior to the start of the study at the site concerned’

9 August HRA contacted the research team to:

l highlight that the CAG ‘cannot make the determination as to whether identifiable patient
data will be disclosed outside the direct care team without consent; this is the
responsibility of the data controller and must be determined locally’

l request clarification on specific data items to be supplied by the data sources, including
date of birth, date of death and postcode, to 'identify where the breach of patient
confidence necessitating Section 251 will occur’

10 August Research team provided a response to the HRA in relation to:

l the basis for requesting review by CAG (i.e. the processing activities associated with the
proposed linkage methodology)

l the data items highlighted by the HRA (i.e. the items were to be supplied by the data
sources at a specific granularity, e.g. date of birth to include month and year only)
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TABLE 47 Approvals timeline (continued )

Date Description

16 August The HRA stated that on review of the information provided by the research team:

l they were ‘still unable to determine the activity for which CAG support is required as this
has not been specified’

l the application to CAG will be withdrawn
l the research team were advised to contact the data controllers (NHS Digital and TPP) to

confirm that they did not require Section 25180 support

17 August The research team contacted NHS Digital and TPP for confirmation regarding their
requirement for Section 25180 support

19 August NHS Digital provided confirmation to the research team that they believed that Section 25180

support was not required (reference NIC-135977a)

9 September Management permission specified by the NHS REC (Leeds East) in their letter of favourable
opinion (dated 8 August 2017) was provided to the research team by the Leeds Institute of
Rheumatic and Musculoskeletal Medicine (University of Leeds)

29 September TPP provided confirmation to the research team that they believed that Section 25180

support was not required

4 October The research team informed the HRA of the responses from NHS Digital and TPP relating to
Section 25180 support and the application to CAG was withdrawn

5 October The HRA provided confirmation to the research team of withdrawal of the application
to CAG

13 November The research team submitted the data request for work package 2a (ResearchOne–HES) to:

l TPP (reference R1_2020_E_02_UK_SAFE_Extended)
l NHS Digital (reference NIC-147997)

In addition, the research team requested the following from TPP:

l signing of a supplied data-processing agreement for processing activities relating to work
package 2a (ResearchOne–HES)

l confirmation of the renewal of the ethics approval for ResearchOne, which was initially
granted for a period of 5 years from October 2012

2018

26 January NHS Digital contacted the research team of another project (LP-MAESTRO91,92) at the
University of Leeds in relation to the application for that project (reference NIC-77953)
and also referenced the application for work package 2a (ResearchOne–HES). NHS Digital
advised that the applications for both projects would be considered in an internal meeting
on 31 January 2018 to prepare for review by the IGARD as soon as possible. Following
subsequent correspondence in relation to the LP-MAESTRO project,91,92 NHS Digital advised
that they expected to take the application for LP-MAESTRO91,92 to the IGARD for advice on
22 February 2018

22 February NHS Digital informed the research team that neither the application for work package 2a
(ResearchOne–HES) nor LP-MAESTRO91,92 would be heard at the IGARD that day.
An alternative date of 8 March 2018 was proposed by NHS Digital

9 March NHS Digital informed the research team that the application for the LP-MAESTRO project91,92

would be reviewed by the IGARD on 15 March 2018. In addition, NHS Digital clarified that
the application for work package 2a (ResearchOne–HES) would not be considered in this
meeting and that the applications would be considered separately with the application for
work package 2a (ResearchOne–HES) following successful approval of LP-MAESTRO91,92

21 March Application for the LP-MAESTRO project91,92 was reviewed by the IGARD at NHS Digital
and not approved. Further information and clarifications were requested by the IGARD,
which were subsequently provided by the research team for the LP-MAESTRO project91,92

26 April Application for the LP-MAESTRO project91,92 was reviewed by the IGARD at NHS Digital
and approved
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TABLE 47 Approvals timeline (continued )

Date Description

21 May NHS Digital advised the research team to update the application for work package 2a
(ResearchOne–HES) to reflect the format of information provided within the approved
LP-MAESTRO91,92 application

28 August The research team received the signed data-processing agreement for work package 2a
(ResearchOne–HES) from TPP

13 September TPP provided confirmation that renewal of the ethics approval was under way, and that the
previous approval remained in place during the period of renewal

12 December The principal investigator of the UK SAFE project signed the data-processing agreement with
TPP on behalf of the University of Leeds

19 December The research team supplied the signed data-processing agreement to TPP

2019

23 January The research team submitted an updated application to NHS Digital

6 February NHS Digital advised that the application would need to be updated to reflect a new
standards checklist for applications

28 February The research team submitted an updated application to NHS Digital

5 March NHS Digital confirmed that the updated application was currently being reviewed

6 March NHS Digital raised queries regarding the privacy notice for work package 2a
(ResearchOne–HES)

13 March The research team provided NHS Digital with an updated privacy notice for review

15 March NHS Digital confirmed that the supplied privacy notice met NHS Digital criteria

27 March NHS Digital raised queries relating to backup locations used by the University of Leeds
following review in a ‘pre-IGARD’ meeting

22 May The University of Leeds IT team provided a response to NHS Digital queries regarding backup
locations

21 June NHS Digital contacted the research team to request confirmation of the length of
data-sharing agreement that was required

3 July The research team provided confirmation of the length of the required data-sharing
agreement to NHS Digital

8 July NHS Digital raised queries that reflected assessment against a new standards checklist,
including queries regarding upholding of patient objections, statistical techniques used,
data processor and controller responsibilities of research partners

18 July The research team provided NHS Digital with responses to queries

30 July NHS Digital raised additional queries relating to statistical techniques and the role of the
Study Management Group

14 August The research team provided NHS Digital with responses to queries. Additional responses
were requested by NHS Digital in a telephone call on the same day

21 August The research team provided NHS Digital with responses to further queries

4 September NHS Digital reviewed the application in a ‘pre-IGARD’ meeting and queries were raised
regarding the linkage methodology and the data controller for ResearchOne. The research
team provided NHS Digital with responses to these queries on the same day

5 September NHS Digital raised queries regarding the data controller responsibility for ResearchOne and
also 'what SystmOne were doing about meeting their obligations as a data controller under
GDPR about transparency’. The research team provided a response to the query regarding
data controller responsibility for ResearchOne and forwarded the query regarding SystmOne
to TPP for resolution
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TABLE 47 Approvals timeline (continued )

Date Description

11 September TPP provided a response to the query from NHS Digital in which they queried the specific
information required and highlighted that they are a data processor rather than data controller
for SystmOne. NHS Digital were informed of the response from TPP by the research team on
the same day

13 September NHS Digital confirmed receipt of responses to previous queries

No further correspondence was received from NHS Digital

6 November Application for work package 2a (ResearchOne–HES) was withdrawn from NHS Digital

2020

27 April The research team contacted NHS Digital to reinstate the application

29 April NHS Digital contacted the research team to request:

l confirmation that responses to previous queries remained applicable
l resubmission of the application

20 May The research team provided confirmation regarding the applicability of previous responses to
queries and the application was resubmitted

31 May NHS Digital confirmed acceptance of the application and allocated the application to ‘Tier 3’
and an associated timescale of 60 working days

GDPR, General Data Protection Regulation; IT, information technology.
a Note this reference is different from the reference for the application made to NHS Digital for work package 2a

(ResearchOne–HES) (reference NIC-147997).
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Appendix 4 Prospective cohort study
(see Chapter 5)

TABLE 48 Work package 2b: protocol amendments

Date
Version
number Amendment Rationale for amendment

26 April 2017 V1.0 Original REC/HRA approved
version

18 April 2018 V2.0 Inclusion of up to 40 sites To increase our recruitment rate, which had
been slowed by the winter bed crisis, we
increased the number of recruitment sites from
25 to 35. This resulted in a reduction of the
clustering effect on the sample. A recalculation
of the sample size, based on the reduced
clustering effect, reduced the required sample
size from 675 to 455

In addition to the above, we also increased the
window post surgery by which patients could
be included into the study

Update to sample size reduction
from 675 to 455

Patients can be contacted by sites
up to 4 weeks post surgery for
inclusion in the study

Removal of references to the
screening CRF

This was a protocol correction. Owing to the
simplicity of the eligibility criteria, we did not
utilise a screening CRF

HRA GDPR wording added to the
protocol confidentially section

To reflect updated guidance

Update to patient information
sheet to include the HRA GDPR
wording

To reflect updated guidance

7 November 2018 V3.0 Recruitment target increased
to 600

There were a larger number of withdrawals,
missing data and ineligible patients (e.g. second-
stage revision) recruited into the study than
initially anticipated. Therefore, we increased the
recruitment target to meet the sample size
required for analysis

The study end date extended to
31 May 2019

To enable time for the qualitative substudy to
be completed

CRF, case report form; GDPR, General Data Protection Regulation.
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Appendix 5 Qualitative exploration with
health professionals of the care pathways
in place of hip and knee follow-up
(see Chapter 6)
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TABLE 49 Follow-up details from participants

Participant
number Joint

Follow-up
Length of time
care pathway
in place Plans for changes

6–8
weeks

3–6 or
9 months 1 year 5 years Up to 10 years 10+ years

1 Hips Yes NA Yes (discharge
aged ≥ 70 years)

Only if aged
< 70 years at time
of surgery

Only if aged
< 70 years at time of
surgery

Only if aged
< 70 years at time
of surgery

Unspecified/
unknown but
more than a
few years

Plans to move to a virtual
clinic model for all patients
post 1 year

Knees Yes Yes

2 Hips Yes Yes NA Yes (specialist
physiotherapy)

Yes (specialist
physiotherapy)

Yes (specialist
physiotherapy)

Unspecified/
unknown but
more than a
few yearsKnees Yes Not always Yes Yes Yes

3 Hips Yes No, unless
problems

NA NA NA NA 3–4 years No

Knees Yes

4 Hips Yes NA Yes (discharge
aged ≥ 75 years)

Yes (clinic nurse) Yes (clinic nurse) Yes (clinic nurse) 6–7 years Reversal previous pathway –

no one seen after 1 year

No immediate plans to changeKnees Yes Yes Yes Yes Yes

5 Hips Yes NA Yes (discharge
aged ≥ 80 years)

Yes (specialist nurse) Yes (specialist nurse) Yes (specialist nurse) ≥ 7 years Want clear clinical guidelines
for follow-up

Knees Yes Yes Yes Yes Yes

6 Hips Yes 3 months
(alternative to
6–8 weeks)

Yes (discharge
aged ≥ 75 years)

NA Yes 7 years
(specialist nurse)

Yes (specialist nurse) ≥ 7 years Already have a virtual clinic

Enhanced use of other
technologyKnees Yes Yes Yes 7 years Yes

7 Hips Yes NA Yes NA NA NA ≥ 5 years No. Aspirations only

Knees Yes Yes

8 Hips Yes NA NA NA NA NA 3–4 years Unsure. Possibly due to virtual
clinic and increased use of
technologyKnees Yes

9 Hips Yes NA Yes NA NA NA Unspecified/
unknown but
more than a
few years

Large research centre involved
in a number of evaluations

Knees Yes Yes
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Participant
number Joint

Follow-up
Length of time
care pathway
in place Plans for changes

6–8
weeks

3–6 or
9 months 1 year 5 years Up to 10 years 10+ years

10 Hips Yes Yes Yes NA NA NA ≥ 7 years

Knees Yes Yes Yes

11 Hips Yes Yesa Yes (specialist
physiotherapy)

NA NA NA Unspecified/
unknown but
more than a
few yearsKnees Yes Yesa Yes

12 Hips Yes Yesb Yes (specialist
practitioner)

NA NA NA Unspecified/
unknown but
more than a
few years

Partially adopted virtual clinic
for 1-year follow-up

Knees Yes Yesb Yes

13 Hips Yes NA Yes NAc NA 3–4 years Plans to establish follow-up at
5 years via virtual clinic

Knees Yes Yes

14 Hips Yes NA Yes (specialist
practitioner)

Yes (specialist
practitioner)

Yes (specialist
practitioner)

Yes (specialist
practitioner)

Unspecified/
unknown but
more than a
few years

Specialist
practitioners
8–9 years

Knees Yes Yes Yes Yes Yes

15 Hips Yes Yes 6 months NA NA 7–8 years recalled
by specialist
physiotherapist

≥ 6 years Explore new technology and
virtual clinics

Knees Yes

16 Hips Yes NA NA NA NA NA 5–6 years Virtual clinic staffed by
specialist arthroplasty nurse/
practitionerKnees Yes Yes 3 months

NA, not applicable.
a Seen by specialist physiotherapist at 3 and 6 months.
b Depending on the care pathway. If a patient is seen at home for a postoperative check at up to 6 weeks, then the patient is automatically on a pathway to review at 3 months with

radiography at local hospital and then seen in clinic by a consultant.
c This is practice by most consultants. A few may bring patients back at 5 years.

D
O
I:
1
0
.3
3
1
0
/K

O
D
Q
0
7
6
9

H
ealth

an
d
So

cial
C
are

D
elivery

R
esearch

2
0
2
2

V
o
l.1

0
N
o
.1

6

C
o
pyrigh

t
©

2
0
2
2
K
in
gsb

u
ry

et
al.T

h
is
w
o
rk

w
as

pro
d
u
ced

b
y
K
in
gsb

u
ry

et
al.u

n
d
er

th
e
term

s
o
f
a
co

m
m
issio

n
in
g
co

n
tract

issu
ed

b
y
th
e
Secretary

o
f
State

fo
r
H
ealth

an
d

So
cial

C
are.

T
h
is

is
an

O
pen

A
ccess

pu
b
licatio

n
d
istrib

u
ted

u
n
d
er

th
e
term

s
o
f
th
e
C
reative

C
o
m
m
o
n
s
A
ttrib

u
tio

n
C
C

B
Y

4
.0

licen
ce,

w
h
ich

perm
its

u
n
restricted

u
se,

d
istrib

u
tio

n
,
repro

d
u
ctio

n
an

d
ad

aptio
n

in
an

y
m
ed

iu
m

an
d

fo
r
an

y
pu

rpo
se

pro
vid

ed
th
at

it
is

pro
perly

attrib
u
ted

.
See:

h
ttps://creativeco

m
m
o
n
s.o

rg/licen
ses/b

y/4
.0
/.

Fo
r
attrib

u
tio

n
th
e
title,o

rigin
al

au
th
o
r(s),th

e
pu

b
licatio

n
so
u
rce

–
N
IH

R
Jo
u
rn
als

Lib
rary,an

d
th
e
D
O
I
o
f
th
e
pu

b
licatio

n
m
u
st

b
e
cited

.

1
6
3





Appendix 6 Health economic modelling
(see Chapter 7)

Supplementary methods

Modelling method
Different options are available for developing decision-analytic models to perform economic evaluations.
Markov models are appropriate for handling disease progression of chronic conditions when the decision
problem can be represented in terms of health states, and they are flexible in handling a longer time
horizon with multiple health states.147 Microsimulation models (i.e. patient-level simulations such as
discrete event simulation models) provide greater flexibility in simulating time and patient heterogeneity.172

However, these models are more complex in terms of developing and running time, and they have
increased data requirements compared with cohort Markov models. Overall, there is no clear indication
that either modelling method is superior to the other for every decision problem, but, instead, the
choice of the method should be considered separately for each unique decision problem.173

We followed the recommendations by Davis et al.174 to determine which modelling method was more
appropriate for our project. We based our decision on three criteria:

1. Are there many patients’ characteristics related to outcomes?
2. Do future events depend on the time since a previous event?
3. Do future events depend on past events?

If these three criteria are met for the decision problem under study and cannot be accounted for in a
cohort Markov model, then a microsimulation method is likely to be more appropriate. Considering
that outcomes and, in particular, revision arthroplasty is extremely difficult to predict based on patient
characteristics, and that having a revision is not dependent on a previous event, we decided to use
a cohort Markov model for our analysis. We complemented this with subgroup analyses for patient
characteristics that are found to be important for patients’ prognosis and for which adequate data
were available, such as age at the time of primary surgery. In addition, we decided to use time-varying
transition probabilities in our cohort Markov model to account for the risk of revision changing over
time. Costs and QALYs were modelled to vary over time. The most appropriate modelling method for
our study was, therefore, a cohort Markov model with time-varying transition probabilities, costs and
QALYs, applicable to both knee and hip replacements.

Parameter assumptions
When estimating yearly mean costs for primary care and outpatient visits, first we assumed that
the mean cost for the fourth year remained stable over time. Second, we assumed that the cost for
primary care and outpatient follow-up visits was applicable for as long as the patients were alive in the
model. Third, we had only preoperative and postoperative (approximately 6 months after operation)
EQ-5D-3L data and, therefore, we worked under the assumption that these data represented the key
anchors for health utility for patients undergoing knee replacements. To reduce any potential bias
due to this, we added an age-related utility decrement derived from the literature. Finally, we applied
all-cause mortality rates from UK lifetables to both groups, which we tested and found that there was,
indeed, no significant difference.

Supplementary results

Supplementary results are provided in Tables 50 and 51 and Figures 20–27.

DOI: 10.3310/KODQ0769 Health and Social Care Delivery Research 2022 Vol. 10 No. 16

Copyright © 2022 Kingsbury et al. This work was produced by Kingsbury et al. under the terms of a commissioning contract issued by the Secretary of State for Health and
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/.
For attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

165



TABLE 50 Akaike information criterion for different parametric models for risk of revision following knee replacement

Model

No follow-up AIC Follow-up AIC

Age < 70 years Age ≥ 70 years Age < 70 years Age ≥ 70 years

Exponential 240.5986 144.2184 686.3509 286.2372

Weibull 246.6042 142.1929 681.5350 284.5898

Log-normal 241.3859 143.6555 691.6782 284.6591

Log-logistic 241.7451 143.5374 688.2167 285.9999

Spline: one knot 243.4199 145.4460 689.7343 285.4748

Spline: two knots 244.3738 146.2848 690.0729 287.3751

Spline: three knots 246.5185 147.8194 692.0272 287.9265

TABLE 51 Akaike information criterion for different parametric models for risk of revision following hip replacement

Model

No follow-up AIC Follow-up AIC

Age < 70 years Age ≥ 70 years Age < 70 years Age ≥ 70 years

Exponential 500.0819 394.7714 793.7216 275.4503

Weibull 502.8683 396.6287 792.9380 274.9541

Log-normal 500.8172 401.0442 790.2634 274.7962

Log-logistic 501.6839 396.7566 795.2750 277.0139

Spline: one knot 502.4404 394.8029 785.2868 268.4693

Spline: two knots 504.4536 395.4546 787.2681 269.1108

Spline: three knots 505.6521 396.9344 788.6992 270.6821
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Follow-up group
knee cohort

(n = 4349)

Follow-up group
hip cohort
(n = 4870)

HES/CPRD link
knee cohort

(n = 9856)

HES/CPRD link
hip cohort

(n = 10,837)

HES/CPRD link
hip cohort

(n = 34,109)

HES/CPRD link
knee cohort
(n = 35,364)

No follow-up group
knee cohort

(n = 5507)

No follow-up group
hip cohort
(n = 5967)

Both knee and hip
replacement: n = 4501

Primary surgery before
1999: n = 703

No ≥ 6 years exposure
period without an event:

n = 20,304

Both knee and hip
replacement: n = 4501

Primary surgery before
1999: n = 883

No ≥ 6 years exposure
period without an event:

n = 17,888

FIGURE 20 Flow chart describing the inclusion of patients.
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FIGURE 21 Cumulative incidence of patients’ first long-term follow-up visit to the orthopaedic department in years since
primary surgery. (a) Knee replacement; and (b) hip replacement.
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FIGURE 22 Mean preoperative and postoperative utility score of patients with knee revision separately for each age group.
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Outpatients costs
Primary care costs
Revision costs

35%

23%

(a)

42%

Outpatients costs
Primary care costs
Revision costs

22%

38%

(b)

40%

FIGURE 23 Pie charts showing the sources of cost differences between patients with knee replacement in the follow-up
and no follow-up groups for the age groups (a) < 70 years; and (b) ≥ 70 years. Note that, when compared with the no
follow-up group, the follow-up group was associated with higher costs (age group < 70 years £4765.57 vs. age group
≥ 70 years £2204.86).
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FIGURE 24 Yearly incidence of revision for patients with knee replacements in the four groups following index date.
Note that the time horizon for the age group < 70 years was 31 years and for the age group ≥ 70 years it was 18 years.
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FIGURE 25 Mean preoperative and postoperative utility score of patients with hip revision separately for each age group

Outpatients costs
Primary care costs
Revision costs

41%

25%

34%

(a)

Outpatients costs
Primary care costs
Revision costs

48%

25%

27%

(b)

FIGURE 26 Pie charts showing the sources of cost differences between patients with hip replacement in the follow-up
and no follow-up groups for the age groups (a) < 70 years; and (b) ≥ 70 years. Note that, when compared with the no
follow-up group, the follow-up group was associated with higher costs (age group < 70 years £3828.86 vs. age group
≥ 70 years £1470.81).
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FIGURE 27 Yearly incidence of revision for patients with hip replacement in the four groups following index date.
Note that the time horizon for the age group < 70 years was 32 years and for the age group ≥ 70 years it was 18 years.
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