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Abstract

Better post-operative prediction and 
management of chronic pain in adults after total 
knee replacement: the multidisciplinary STAR 
research programme including RCT

Rachael Gooberman-Hill ,1,2,* Vikki Wylde ,1,2 Wendy Bertram ,3  
Andrew J Moore ,1 Rafael Pinedo-Villanueva ,4 Emily Sanderson ,5,6 
Jane Dennis ,1 Shaun Harris ,5,6 Andrew Judge ,1 Sian Noble ,5,6  
Andrew D Beswick ,1 Amanda Burston ,1 Tim J Peters ,5  
Julie Bruce ,7 Christopher Eccleston ,8 Stewart Long,9 David Walsh ,10 
Nicholas Howells ,3 Simon White ,11 Andrew Price ,4 Nigel Arden ,4 
Andrew Toms ,12 Candida McCabe 13 and Ashley W Blom 1,2

 1Translational Health Sciences, Bristol Medical School, University of Bristol, Bristol, UK
 2 UK National Institute for Health and Care Research Bristol Biomedical Research Centre, University 

Hospitals Bristol and Weston NHS Foundation Trust and University of Bristol, Bristol, UK
 3Research and Innovation, North Bristol NHS Trust, Bristol, UK
 4 Trauma and Orthopaedics, Nuffield Department of Orthopaedics, Rheumatology and Musculoskeletal 

Sciences, University of Oxford, UK
 5Population Health Sciences, Bristol Medical School, University of Bristol, Bristol, UK
 6Bristol Trials Centre, Bristol Randomised Trials Collaboration, University of Bristol, UK
 7Warwick Clinical Trials Unit, Warwick Medical School, University of Warwick, Coventry, UK
 8Centre for Pain Research, Department for Health, University of Bath, Bath, UK
 9Versus Arthritis, Chesterfield, UK
10 Pain Centre, Versus Arthritis, Faculty of Medicine & Health Sciences, University of Nottingham, Not-

tingham, UK
11Cardiff and Vale Orthopaedic Centre, Cardiff and Vale University Health Board, Cardiff, UK
12Princess Elizabeth Orthopaedic Centre, Royal Devon and Exeter NHS Trust, Exeter, UK
13Faculty of Health and Applied Sciences, University of the West of England, Bristol, UK

*Corresponding author r.gooberman-hill@bristol.ac.uk

Background: The treatment of osteoarthritis with knee replacement aims to reduce pain and disability. 
However, some people experience chronic pain.

Objectives: To improve outcomes for people with chronic pain after knee replacement by identifying 
post-surgical predictors and effective interventions, characterising patient pathways and resource use, 
developing and evaluating a new care pathway, and exploring non-use of services.

Design: The programme comprised systematic reviews, national database analyses, a cohort study, 
intervention development, a randomised controlled trial, health economic analyses, qualitative studies 
and stakeholder engagement. Extensive and meaningful patient and public involvement underpinned all 
studies.
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Setting: NHS, secondary care, primary care.

Participants: People with, or at risk of, chronic pain after knee replacement and health-care 
professionals involved in the care of people with pain.

Interventions: A care pathway for the management of people with pain at 3 months after knee 
replacement.

Main outcome measures: Patient-reported outcomes and cost-effectiveness over 12 months.

Data sources: Literature databases, the National Joint Registry, Hospital Episode Statistics, patient-
reported outcomes, the Clinical Practice Research Datalink, the Clinical Outcomes in Arthroplasty Study, 
the Support and Treatment After joint Replacement randomised trial, interviews with 90 patients and 14 
health-care professionals, and stakeholder events.

Review methods: Systematic reviews of cohort studies or randomised trials, using meta-analysis or 
narrative synthesis.

Results: In the Clinical Outcomes in Arthroplasty Study cohort, 14% of people experienced chronic pain 1 
year after knee replacement. By 5 years, 65% reported no pain, 31% fluctuated and 4% remained in chronic 
pain. People with chronic pain had a worse quality of life, higher primary care costs, and more frequent 
analgesia prescriptions, particularly for opioids, than those not in chronic pain. People with chronic pain after 
knee replacement who made little or no use of services often felt nothing more could be done, or that further 
treatments may have no benefit or cause harm. People described a feeling of disconnection from their 
replaced knee. Analysis of UK databases identified risk factors for chronic pain after knee replacement. Pre-
operative predictors were mild knee pain, smoking, deprivation, body mass index between 35 and 40 kg/m2 
and knee arthroscopy. Peri- and post-operative predictors were mechanical complications, infection, 
readmission, revision, extended hospital stay, manipulation under anaesthetic and use of opioids or 
antidepressants. In systematic reviews, pre-operative exercise and education showed no benefit in relation 
to chronic pain. Peri-operative interventions that merit further research were identified. Common peri-
operative treatments were not associated with chronic pain. There was no strong evidence favouring specific 
post-operative physiotherapy content. We evaluated the Support and Treatment After joint Replacement 
care pathway in a multicentre randomised controlled trial. We randomised 363 people with pain at 3 months 
after knee replacement from eight NHS Trusts in England and Wales. At 12 months’ follow-up, the 
intervention group had lower mean pain severity (adjusted difference –0.65, 95% confidence interval –1.17 
to -0.13; p = 0.014) and pain interference (adjusted difference –0.68, 95% confidence interval –1.29 to -0.08; 
p = 0.026), as measured on the Brief Pain Inventory subscales (scale 0–10). People receiving the Support and 
Treatment After joint Replacement pathway had lower NHS and Personal Social Services costs (–£724, 95% 
confidence interval –£150 to £51) and higher quality-adjusted life-years (0.03, 95% confidence interval 
–0.008 to 0.06) than those with usual care. The Support and Treatment After joint Replacement pathway 
was cost-effective with an incremental net monetary benefit at the £20,000 per quality-adjusted life-year 
threshold of £1256 (95% confidence interval £164 to £2348), indicating a 98.79% probability that the 
intervention is the cost-effective option. Participants found the Support and Treatment After joint 
Replacement pathway acceptable, with opportunities to receive information and discuss concerns while 
ensuring further treatment and support. In systematic reviews considering treatments for chronic pain after 
surgery we identified some unifactorial interventions that merit further research after knee replacement. 
Health-care professionals delivering and implementing the Support and Treatment After joint Replacement 
pathway valued its focus on neuropathic pain and psychosocial issues, enhanced patient care, formalised 
referrals, and improved pain management. Stakeholders supported pathway implementation.

Limitations: Database analyses were limited to factors recorded in data sets. Pain was only measured 6 
months after surgery. However, analyses including large numbers of centres and patients should be 
generalisable across the NHS. In many studies found in systematic reviews, long-term pain was not a key 
outcome.

Conclusions: The Support and Treatment After joint Replacement pathway is a clinically effective and 
cost-effective, acceptable intervention for the management of chronic pain after knee replacement. 
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Unifactorial interventions merit further study before inclusion in patient care. People with pain should 
be empowered to seek health care, with the support of health-care professionals.

Future work: Future work should include research relating to the implementation of the Support and 
Treatment After joint Replacement pathway into the NHS, an assessment of its long-term clinical 
effectiveness and cost-effectiveness and wider application, and an evaluation of new interventions for 
incorporation in the pathway. It will also be important to design and conduct research to improve 
communication between patients and health-care professionals before surgery; explore whether or not 
education and support can enable earlier recognition of chronic pain; consider research that may identify 
how to support people’s feelings of disconnectedness from their new knee; and design and evaluate a 
pre-surgical intervention based on risk factors.

Study registration: All systematic reviews were registered on PROSPERO (CRD42015015957, 
CRD42016041374 and CRD42017041382). The Support and Treatment After joint Replacement 
randomised trial was registered as ISRCTN92545361.

Funding: This project was funded by the National Institute for Health and Care Research (NIHR) 
Programme Grants for Applied Research programme and will be published in full in Programme Grants for 
Applied Research; Vol. 11, No. 3. See the NIHR Journals Library website for further project information.
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Plain language summary

People with severe knee osteoarthritis may have knee replacement surgery to reduce pain and 
disability. Although highly successful for many people, some people report long-term pain.

our research looked at why some people are more likely to have long-term pain, its personal and 
economic consequences, and how to prevent and treat it. We reviewed previous research; analysed UK 
health-care databases; interviewed and met with patients, surgeons and health-care professionals; and 
developed and evaluated a new care pathway for patients with pain after knee replacement.

We found that about one in seven people experience significant pain 6 months after knee replacement. 
For many, pain fluctuates over time. Some people with long-term pain feel that nothing more can be 
done to help and that further treatments may even cause harm. Changes to aspects of patient health 
and care merit further research as they may prevent the development of long-term pain.

The Support and Treatment After joint Replacement pathway comprises a detailed assessment by a 
trained health-care professional; referral to appropriate services, such as an orthopaedic surgeon, 
physiotherapist, general practitioner for treatment of depression or anxiety, or pain specialist; and 
telephone follow-up. A total of 363 people with pain at 3 months after their knee replacement were 
randomly allocated to receive either the Support and Treatment After joint Replacement pathway or 
their hospital’s usual care. Participants were followed for 1 year to assess their long-term pain. We also 
looked at health-care costs and the acceptability of the Support and Treatment After joint Replacement 
pathway to patients and health-care professionals. This research was supported by a dedicated patient 
advisory group.

For people with pain after knee replacement, the Support and Treatment After joint Replacement 
pathway leads to reduced long-term pain severity and reduced interference with everyday life, and is 
acceptable to patients and health-care professionals. NHS, personal social services and patient costs 
were lower in the group receiving the Support and Treatment After joint Replacement pathway.
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Scientific summary

Background

Chronic pain after total knee replacement places considerable burden on individuals, society and the 
NHS. With nearly 100,000 patients receiving knee replacements in the NHS annually, around 20,000 
patients will have chronic post-surgical pain. Pre-operative prediction of who will have chronic pain after 
knee replacement is of limited value, referral for assessment and care is inconsistent and varies widely, 
and people do not necessarily receive or seek care. This programme aimed to address these issues and 
provide evidence on improvements to patient care and service delivery.

Objectives
The programme aimed to improve outcomes for patients with chronic pain ≥ 3 months after total knee 
replacement. Specific programme objectives were as follows:

1. synthesise evidence on the effectiveness of interventions for preventing chronic pain after knee 
replacement and the treatment of chronic pain after diverse surgeries, and identify post-surgical 
predictors of chronic pain after knee replacement

2. characterise the long-term trajectory of chronic pain, including pain characteristics and resource use 
up to 5 years after total knee replacement

3. finalise an assessment process and a care pathway for patients with chronic pain after total knee 
replacement

4. evaluate the clinical effectiveness and cost-effectiveness of a new care pathway for patients with 
chronic pain after total knee replacement

5. identify reasons for non-use of services
6. make evidence-based suggestions about the best-practice care for patients with chronic pain after 

total knee replacement and evaluate the implementation of these.

Methods
To meet the objectives, we conducted six work packages.

Work package 1: systematic reviews and analysis of national databases
Systematic reviews of the following were carried out: post-surgical predictors of chronic pain after total 
knee replacement; the effectiveness of pre-, peri- and post-operative interventions for chronic pain after 
total knee replacement; and the effectiveness of interventions for chronic pain after diverse surgeries.

In addition, we undertook an analysis of data from the National Joint Registry (NJR) linked to Hospital 
Episode Statistics (HES) and Patient Reported Outcome Measures (PROMs) databases to identify post-
operative predictors of chronic pain.

Work package 2: long-term follow-up and analysis of databases
Using the annual follow-up of the Clinical Outcomes in Arthroplasty Study (COASt) cohort of patients 
with total knee replacement, we were able to collect pain and resource use data for 5 years after 
surgery. We also analysed the Clinical Practice Research Datalink (CPRD), linked to the Hospital Episode 
Statistics (HES) and Patient Reported Outcome Measures (PROMs) database, to characterise the natural 
history of chronic pain after total knee replacement, including resource use.

Work package 3: finalisation of an assessment protocol and care pathway
Consensus questionnaires completed by and meetings with health-care professionals were used to 
refine our previously developed intervention. We also tested intervention delivery and acceptability with 
10 patients and evaluated the views of 10 health-care professional stakeholders on future 
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implementation using a questionnaire based on the Normalisation Measure Development (NoMAD) 
instrument.

Work package 4: randomised controlled trial
The multicentre Support and Treatment After joint Replacement (STAR) randomised controlled trial was 
carried out with 363 participants to evaluate the clinical effectiveness and cost-effectiveness of a new 
care pathway for patients with chronic pain after total knee replacement. The primary follow-up time 
point was 12 months post randomisation and the coprimary outcomes were the Brief Pain Inventory 
(BPI) severity and interference scales (scored 0–10), with the minimal clinically important difference pre-
specified as 1 point on either scale. Two embedded qualitative studies with 56 patients explored trial 
processes and acceptability of the intervention.

Work package 5: qualitative study
We undertook a qualitative interview study with 34 people with chronic pain after total knee 
replacement who made little or no use of formal health-care services and explored reasons for non-use 
of services.

Work package 6: implementation and dissemination
Interviews, based on the NoMAD instrument, were carried out with 14 health-care professionals who 
implemented the intervention within the trial. An online meeting, short animated film and survey were 
all used to communicate findings to key stakeholders and engage health-care professionals in 
maximising the embedding of the intervention in practice. A range of dissemination activities to engage 
health-care professionals, researchers, policy-makers, patients and the public were undertaken.

Patient and public involvement
Patient and public involvement was integral to the programme’s design and remained at its core during 
the programme. We worked with an existing patient forum and developed a complementary group 
focusing exclusively on chronic pain after total knee replacement. Contributions of this group included 
the design of study materials and processes, research management and dissemination strategies.
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Results

Work package 1: systematic reviews
Our systematic review of post-operative risk factors for chronic pain after total knee replacement 
included 14 studies published up to October 2016, with data from 1168 people. Studies focused on 
acute pain, function and psychological factors. Risk factor measures and outcomes were heterogeneous. 
In a narrative synthesis we were unable to draw firm conclusions on potential interventions. The need 
for further prospective studies in representative populations was clear.

Research published up to December 2018 into pre-operative interventions mainly focused on exercise 
and education. In the eight trials, with a total of 960 people randomised, there was no association with 
these interventions and long-term pain outcomes. In the peri-operative setting, we identified 44 trials 
published up to February 2018, with a range of 10 to 280 people randomised. Unifactorial interventions 
including some forms of analgesia, early rehabilitation, electrical muscle stimulation and anabolic 
steroids were associated with improved long-term pain outcomes. However, studies were small and 
merit further evaluation. There was reassurance that some common peri-operative treatments are not 
associated with chronic pain. Post-operative interventions evaluated in 17 trials published up to 
November 2016, with a total of 2485 people randomised, mainly focused on physiotherapy. There was 
no strong evidence favouring one format of therapy over another.

There has been little research into treatments for chronic pain after total knee replacement. Considering 
interventions for general chronic post-surgical pain, we identified 66 randomised trials with a total of 
3149 participants in our systematic review with searches up to March 2016. A more focused updated 
search including treatments for chronic pain after arthroplasty of the large joints was conducted in 
October 2020. Many unifactorial interventions have been evaluated, and specific nerve-focused 
treatments deserve further research.

Work packages 1 and 2: analysis of national databases
We undertook two analyses of linked databases to identify pre-, peri- and post-operative risk factors for 
chronic pain outcome. In the first analysis with NJR and HES data, the pre- and 6-month-post-operative 
Oxford Knee Scores (OKS) was available for 258,386 patients, 43,702 (16.9%) of whom were identified 
as having chronic pain at 6 months post surgery. Post-surgical predictors of chronic pain were 
mechanical complication of prosthesis, surgical site infection, readmission, reoperation, revision and an 
extended hospital stay. However, these post-surgical predictors explained only a limited amount of 
variability in chronic pain outcome.

In the second analysis, we analysed primary care data from CPRD and secondary care data from the 
HES–PROMs database and included 4570 patients. At 6 months after surgery, 10.4% of patients were 
classified as non-responders to surgery regarding their knee pain. Expressing the effects as absolute risk 
differences allowed us to quantify the relative importance of individual risk factors in terms of the 
absolute proportions of patients achieving poor pain outcomes. Pre-operative risk factors were having 
only mild knee pain symptoms, currently smoking, living in the most deprived areas, having a body mass 
index between 35 and 40 kg/m2 and having had previous knee arthroscopy surgery. Post-operative risk 
factors were revision surgery and manipulation under anaesthetic within 3 months after the operation, 
and use of opioids and antidepressants within 3 months after surgery.

Work package 2: long-term follow-up of COASt cohort and analysis of national 
 databases
We characterised the long-term trajectory of chronic pain, including pain characteristics and resource 
use, through the 5-year follow-up of the COASt cohort of 1581 patients with total knee replacement, 
and analysis of the linked CPRD and HES databases.
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We applied cluster analysis to data on 128,145 patients with primary total knee replacement included in 
the English PROMs programme to derive a cut-off point on the pain subscale of the OKS. A high-pain 
group was identified, defined as those with a score of ≤ 14 points on the OKS pain subscale 6 months 
after total knee replacement. About one in eight people experienced chronic pain 1 year after total knee 
replacement. Of these patients with chronic pain after surgery, after imputing significant missing data 
assumed to be missing at random, 65% experienced no-chronic-pain by year 5, 31% fluctuated and 4% 
remained in chronic pain. People with chronic pain in year 1 had worse quality of life to start with; this 
improved, but less rapidly than for those not in chronic pain. People with chronic pain reported slightly 
higher primary care consultation costs than those not in chronic pain but their prescriptions for analgesia 
were much more frequent, more costly to the health-care system and continued to grow even after 
surgery, especially prescriptions for opioids.

Work package 3: finalisation of an assessment protocol and care pathway
We refined and finalised the novel STAR care pathway and associated training materials. The STAR care 
pathway involves a clinic appointment for patients who have troublesome pain at 3 months after 
surgery. A specially trained extended scope practitioner (ESP) conducts a clinic assessment with the 
patient, comprising history, examination, radiography and questionnaire completion. Based on this 
assessment, which focuses on understanding the reasons for and impact of the pain, the patient is 
referred to the appropriate existing services for treatment, such as a surgeon, general practitioner (GP) 
or specialist, or receives ongoing monitoring. The ESP follows up with patients by telephone for up to 12 
months.

Work package 4: randomised controlled trial
In a multicentre pragmatic, open randomised controlled trial, we evaluated the STAR care pathway. We 
screened 5036 people, randomised 363 patients with pain at 3 months after knee replacement from 
eight NHS Trusts in England and Wales and collected 12-month outcomes from 313 (85%) randomised 
participants. The sample had a mean age of 67 years, was 60% female and 94% white. Our analysis of 
clinical effectiveness indicated that at 12 months the intervention arm had lower mean pain severity and 
lower mean pain interference than the usual care arm. For pain interference at 12 months, the adjusted 
difference in means was –0.68 points on the Brief Pain Inventory pain interference scale [95% CI –1.29, 
–0.08; p = 0.026]. For pain severity at 12 months, the adjusted difference in means was –0.65 points on 
the Brief Pain Inventory pain severity scale [95% CI –1.17, –0.13; p = 0.014]. Our analysis of cost-
effectiveness indicated that people receiving the STAR pathway from an NHS and personal social 
services perspective had lower costs (–£724, 95% CI -£1500 to £51) and more quality-adjusted life-
years (QALYs) (0.03, 95% CI –0.008 to 0.06) than those receiving usual care. The STAR pathway was the 
cost-effective option: the incremental net monetary benefit at the £20,000-per-QALY threshold was 
£1256 (95% CI £164 to £2348). This was also the case from a patient perspective. Embedded 
qualitative research found that patients thought that the STAR pathway was acceptable, and patients 
described how it provided an opportunity for them to discuss their concerns and to receive more 
information about their condition while ensuring they received further treatment and ongoing support.

Work package 5: qualitative study
In semistructured interviews with 34 people, we found that people with chronic pain after total knee 
replacement who made little or no use of services did so because they became stuck in a cycle of 
appraisal of the validity of their need for help and concern that treatment may not be of benefit. Some 
were concerned that further treatment may even worsen their pain or cause further harm. When 
describing chronic post-surgical pain, some participants described sensations of discomfort including 
heaviness, numbness, pressure and tightness associated with the prosthesis, and some also reported a 
lack of felt connection with their knee as their movement was no longer natural and required deliberate 
attention, and that they had a lack of confidence in it.

Work package 6: implementation and dissemination
We found that health-care professionals involved in the delivery and implementation of the STAR care 
pathway valued its focus on the identification of neuropathic pain and psychosocial issues, enhanced 
patient care, formalisation and validation of referral practices and an increased knowledge of pain 
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management. Stakeholders supported formal implementation of the STAR pathway. Whether or not this 
would be supported by hospital management was felt to be dependent on whether or not it was shown 
to be cost-effective.

Conclusions: implications for health care
After knee replacement, screening for pain with the OKS pain subscale beginning at 2 months after 
surgery can facilitate the delivery of targeted care from 3 months. Our findings indicate that the STAR 
care pathway can provide improved care and outcomes for people who have pain after knee 
replacement. To our knowledge, the STAR care pathway is the first multifactorial intervention for the 
treatment of post-surgical pain to have been evaluated in a randomised controlled trial. In database 
analyses and systematic reviews, we identified risk factors for and univariable interventions to prevent 
or treat chronic pain. After further research these may provide additional components to the care 
pathway.

our work also indicates that people with pain could be empowered to seek health care and that health-
care professionals can be encouraged provide support. This could include information for people living 
with chronic pain to inform them that health care may provide benefit and that seeking care is not futile. 
Informing patients of the likely outcomes after surgery may be a key part of pre- and post-surgical care.

Recommendations for research
We recommend that further research addresses the following points, numbered in descending order of 
priority:

1. How to implement the STAR care pathway into the NHS.
2. How to improve communication between patients and professionals before surgery.
3. Whether or not patient education and supportive care can enable earlier recognition of chronic 

pain.
4. The STAR care pathway showed benefit to patients for both pain and interference at 6 and 12 

months. Further follow-up would describe the longer-term outcomes of this intervention and the 
health-care resources utilised by participants.

5. How to reshape the STAR pathway for other surgeries.
6. The STAR programme focused on care after surgery. Future research could make use of the recently 

developing evidence base about the time before surgery as an opportunity for intervention. 
Specifically, we now have a greater understanding of risk factors for poor outcome and using this 
understanding to design and evaluate pre-surgical intervention may prove of long-term benefit to 
patients and health-care systems.

7. How to better manage patient’s feelings of disconnectedness from the new knee and sensations of 
otherness to improve incorporation of the prosthesis.

8. Promising interventions, identified in systematic reviews and suggested by our risk factor studies, 
should be evaluated in appropriately powered high-quality randomised controlled trials.

9. New interventions with evidence of effectiveness in the treatment of chronic pain after knee 
replacement should be considered as new components of multifaceted personalised care as deliv-
ered in the STAR intervention.

Study registration
All systematic reviews were registered on PROSPERO (CRD42015015957, CRD42016041374 and 
CRD42017041382). The STAR randomised trial was registered as ISRCTN92545361.

Funding
This project was funded by the National Institute for Health and Care Research (NIHR) Programme 
Grants for Applied Research programme and will be published in full in Programme Grants for Applied 
Research; Vol. 11, No. 3. See the NIHR Journals Library website for further project information.
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Background to the STAR programme

Total knee replacement

Osteoarthritis is the most common joint disease, affecting nearly 10% of adults in the UK1 and 
about 23% of adults in the USA.2 The prevalence of knee osteoarthritis depends on its definition: 
international estimates vary from 8.2% (presence of symptoms) to 9.3% (self reported) to 31.7% 
(radiographic changes).3

The primary reason that people choose to undergo total knee replacement is the expectancy of pain 
relief.4 In 2019, over 100,000 primary total knee replacements were performed by the NHS,5,6 and 
it is estimated that about 11% of women and 8% of men will receive a knee replacement during 
their lifetime.7

For many people with advanced osteoarthritis, total knee replacement is an effective treatment to 
relieve pain and improve function. However, some people experience continuing pain in the months and 
years following surgery.

Chronic post-surgical pain
Chronic post-surgical pain, defined as pain that occurs or increases in intensity at ≥ 3 months after 
surgery,8 is recognised after a range of surgeries.9,10 After total knee replacement, average pain severity 
plateaus by 3 months,11 with overall clinical benefit achieved by 6 months.12 People with bothersome 
pain at ≥ 3 months after surgery are often disappointed with their outcome.4,13 We also know that 
people with chronic pain after total knee replacement may feel abandoned by health care,14 and struggle 
to make sense of ongoing pain.15

In our systematic review bringing together longitudinal studies in representative populations, we found 
that 10–34% of patients reported unfavourable long-term pain outcomes after knee replacement.16 
The two UK studies included in the review showed that about 20% of patients with total knee 
replacement had persistent moderate-to-severe long-term pain in their operated knee.17,18 More recent 
studies suggest that the prevalence of chronic pain has not changed, with estimates of 15–29%.19–22 
Furthermore, even among those eligible for fast-track total knee replacement, over one-third of patients 
may require analgesics 1 year after surgery with about half taking opioids.23

Chronic pain has an impact on many areas of life and is associated with poor general health,24,25 
interference with daily activities, disability24 and depression.26 People with chronic musculoskeletal pain 
report lower satisfaction with life than the general population.27–29 older people with pain may become 
socially isolated, develop other health problems30 and have limited capacity to bring about change or 
seek help for their pain.

Economic impact
Chronic pain management has been estimated to account for 4.6 million general practitioner (GP) 
appointments per year in the UK, which is equivalent to the entire workload of 793 full-time GPs, at a 
cost of around £69 M.31 In England in 2005, in addition to over-the-counter purchases, more than 66 
million prescriptions were written for analgesic drugs, at a cost of about £510 M.32 In Europe, the health-
care and socioeconomic costs of chronic pain conditions represent 3–10% of gross domestic product, 
mainly owing to hospitalisations.33 Although we have some understanding of the economic burden of 
chronic pain,34,35 up-to-date cost data on chronic pain after total knee replacement is needed.
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Aetiology
Chronic pain after total knee replacement may be caused by biological and mechanical factors. Biological 
causes include the sensitising impact of long-term pain from osteoarthritis,36,37 the development of 
complex regional pain syndrome (CRPS),38–40 inflammation, infection and localised nerve injury.41 
Mechanical causes include altered gait, prosthesis loosening and ligament imbalance.42,43 Psychological 
factors may also influence outcomes.44–47

Risk factors
To prevent and manage chronic pain after knee replacement, patients, their treating surgeons and 
health-care professionals need to understand and target the risk factors for and causes of chronic pain 
after total knee replacement.48

The potential value of pre-operatively identifying patients at risk of a poor outcome following total knee 
replacement and using targeted interventions is clear, and much research has focused on pre-operative 
predictors of outcomes.45,46,49–51 Potentially modifiable risk factors include pain intensity,45,46,49,50 
particularly on movement;52 presence of widespread pain;45,46 and anxiety, depression and pain 
catastrophising.44–47,49,53 However, existing multivariable models have low predictive power for pain-
related outcomes.54,55

The operation itself is an important risk factor for chronic pain,56 and factors relating to the operation 
and recovery may be important. Early post-operative pain is associated with chronic pain,57 and new 
peri-operative analgesia regimens attempt to limit this.58–60 In the context of major orthopaedic surgery, 
it is possible that other post-operative patient factors may be associated with the development of 
chronic pain.

Prevention
The targeted management of patients with pain after surgery may reduce the risk of longer-term pain 
and disability.61 Interventions provided in the knee replacement pathway may have an impact on chronic 
pain through the modification of risk factors or provision of targeted care to specific patient groups.

Pre-surgical exercise and education interventions have focused on preparing patients for their knee 
replacement and hospital stay, reducing peri-operative pain, and facilitating early mobilisation and 
recovery.49 However, randomised trials and meta-analyses published up to November 2015, when the 
Support and Treatment After joint Replacement (STAR) programme was developed, had not shown an 
impact on the key outcome of long-term pain.49,62

Any treatment in the peri-operative period (including pain management, blood conservation, deep-vein 
thrombosis and infection prevention, and inpatient rehabilitation) could affect patient recovery and 
chronic pain. Direct mechanisms of treatments may be through prevention of nerve damage,40 post-
thrombotic syndrome,63 reperfusion injury64 and articular bleeding.65 For other treatments, the pathways 
leading to long-term pain may be indirect, possibly mediated through increased risks of adverse events.66

Although early rehabilitation during the hospital stay focuses on regaining range of motion and 
improving mobility, after discharge treatment aims to enhance recovery through supporting a person 
to regain function and quality of life, optimising pain relief, and supporting reintegration into social 
and personal environments.67 Although physiotherapy often focuses on functional health, another 
key outcome is the prevention of long-term pain.68 A recent randomised trial found that a targeted 
outpatient rehabilitation programme after knee replacement does not improve outcomes in patients at 
risk of poor outcomes compared with a home-based exercise programme.69 However, post-operative 
physiotherapy may be combined with other interventions to provide multidisciplinary comprehensive 
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rehabilitation after knee replacement aimed at improving activity and participation, and reducing the 
severity of pain.70

Management
Treatment is difficult once chronic pain is established, and the evaluation of treatments in combination 
or matched to patient characteristics is advocated.71 Management of chronic post-surgical pain may 
focus on the underlying condition leading to surgery or the aetiology of the pain, or be multifactorial in 
recognition of the diverse causes of post-operative pain.

For patients with total knee replacement, surgical or prosthesis-related problems may require 
physiotherapy, bracing, arthroscopy or revision surgery. Nerve injury may respond to gabapentin or 
pregabalin,42 and nociceptive and regional pain may be treated with analgesic and opioid medication. 
Patients may also benefit from broader pain management approaches including psychological therapies, 
although high-quality evidence is lacking.72

In our systematic review of randomised controlled trials published up to October 2014 evaluating 
interventions for the treatment or management of chronic pain after total knee replacement, we 
identified a single trial evaluating an intra-articular injection with antinociceptive and anticholinergic 
activity.48 No trials of multidisciplinary interventions or individualised treatments were identified, and 
none was registered.

Health care
Management of chronic post-surgical pain is provided within primary and secondary care. However, not 
everyone will present at primary or secondary care for treatment of chronic pain. A European survey 
of almost 6000 adults with musculoskeletal pain suggested that over one-quarter had never sought 
medical help for their pain, despite many living with constant or daily pain.73 our research showed that 
75% of adults aged > 35 years experiencing hip or knee pain had not sought help from a GP or allied 
health-care professional in the previous 12 months.74 Half of adults with severely disabling knee pain 
may not consult a GP.75 In this study, over 85% of participants had consulted about other illnesses and 
for each contact about knee pain there were 20 contacts relating to other conditions.

The provision of services for chronic pain may also be suboptimal. The 2012 National Pain Audit76 
reported significant variation in access to specialist services for chronic pain and variation in levels of 
care. For example, 67% of services in England were below the minimum recommended levels of staffing, 
with a notable lack of provision for specialties including psychology and physiotherapy. Under-treatment 
is also apparent in the primary care setting: an interview study of over 500 GPs found that 81% believed 
patients received insufficient pain management.77

Non-use of services is likely to be influenced by individual and social, structural and organisational 
factors. The average age of patients at knee replacement is 70 years,5 and older people may see pain 
as a normal part of ageing and may not present to health care.78,79 Given the high prevalence of chronic 
post-surgical pain, there is potentially a large hidden population with an unexpressed need for care who 
are experiencing significant pain and disability.

The STAR programme
The overall aim of the STAR programme was to generate high-quality evidence about how to improve 
health care and outcomes for people with chronic pain after total knee replacement.

This programme provided the opportunity to conduct a major programme of work addressing multiple 
important themes. The programme comprised six interconnected work packages, which aimed to 
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improve health care and outcomes for patients with chronic pain after total knee replacement. All work 
packages were underpinned by collaborative working with patients and full details of patient and public 
involvement (PPI) are reported in Patient and public involvement.

Specifically, the programme aims were as follows:

• Synthesise evidence on the prevention of chronic pain after knee replacement and the treatment of 
chronic pain after diverse surgeries through systematic reviews of published studies. Identify post-
surgical predictors of chronic pain after knee replacement through a systematic review and analysis 
of data from the National Joint Registry (NJR), linked to the Hospital Episode Statistics (HES) and 
Patient Reported Outcome Measures (PROMs) databases (work package 1).

• Characterise the long-term trajectory of chronic pain, including an examination of pain 
characteristics and resource use, through extended follow-up of an existing cohort of patients with 
total knee replacement up to 5 years after surgery and analysis of the Clinical Practice Research 
Datalink (CPRD), linked to the HES database (work package 2).

• Refine and finalise a novel care pathway for patients with chronic pain after total knee replacement 
through consensus work with health-care professionals. Test intervention delivery and acceptability 
to patients and evaluate views about implementation of the intervention at future trial centres 
using the Normalisation Measure Development (NoMAD) tool (work package 3).

• Evaluate the clinical effectiveness and cost-effectiveness of the new care pathway for patients with 
chronic pain after total knee replacement in a pragmatic, open-label, parallel group, multicentre 
superiority randomised controlled trial with a 2: 1 allocation ratio and embedded economic 
evaluation and qualitative studies (work package 4).

• Identify reasons for the non-use of services and how to improve access through a qualitative study 
with patients living with chronic pain after total knee replacement who make little or no use of 
formal health-care services (work package 5).

• Conduct a process evaluation of the implementation of findings into clinical practice and distribute 
evidence-based information about the identification, assessment and management of chronic pain 
after total knee replacement (work package 6).

A research pathway diagram is provided in Figure 1.

Changes to the programme and additional research
All planned research has been published or submitted to a journal, or is being written up. Some changes 
were made to the proposed research and additional investigations undertaken.

In work package 1, we originally planned an overview of systematic reviews looking at the effects of 
interventions in the knee replacement pathway. The reviews we identified did not focus on the outcome 
of long-term pain and so we undertook three new reviews of interventions in the pre-, peri- and 
post-operative setting.

In work package 2, we originally planned to conduct analyses of CPRD–HES data using an algorithm 
from our National Institute for Health and Care Research (NIHR) Programme Development Grant 
that indirectly identifies patients with chronic pain based on primary care resource use. Ultimately, 
we identified people with chronic pain directly from patient-reported pain outcomes. To do this, we 
requested two amendments to the CPRD protocol: (1) to use the CPRD to answer the programme’s 
specific research questions, and (2) to obtain linked HES–PROMs data that included the patient-
completed Oxford Knee Score (OKS).80 We conducted and published20 a study using publicly available 
HES–PROMs data between 2012 and 2015 and found that a cut-off of 14 points on the 28-point OKS 
pain subscale could be used to identify patients with chronic pain following knee replacement. We 
used this cut-off point in subsequent analyses of CPRD–HES linked patient-level data to evaluate the 
outcomes, resource use and quality of life of patients with and without chronic pain.
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In work package 3 we used the NoMAD survey instrument81 rather than the Normalisation Process 
Theory (NPT) toolkit. The NoMAD tool had not been developed at the time of our original proposal 
and enabled us to collect more detailed information about implementation than the NPT toolkit. The 
questions in NoMAD are based around the four core constructs of NPT that represent different kinds 
of work that people undertake around implementing a new practice. The 23-item NoMAD survey 
instrument was developed by the same authors of the NPT toolkit and is a more flexible instrument for 
measuring implementation potential and implementation processes. To refine the intervention content, 
we conducted consensus questionnaires and facilitated meetings with health-care professionals. We 
proposed in the grant application to evaluate inter- and intra-observer reliability of intervention delivery 
using analysis of variance methods. Instead, we used a more narrative analysis of findings, which more 
closely aligned with our aims of ensuring the intervention was deliverable and allowed us to identify and 
address logistical issues with intervention delivery.

At the end of the STAR trial internal pilot phase described in work package 4, enrolment of participants 
was lower than anticipated. We developed a site feasibility assessment process and recruitment 
projection tool, increased the number of trial sites from four to eight, and extended the recruitment 
period for the trial by 3 months. This resulted in the achievement of the intended recruitment target. 
This change was approved by the Programme Steering Committee, NIHR and the NHS research ethics 
committee. We also made minor changes to the trial outcome measures at the trial design stage to 
minimise redundancy and participant burden, while ensuring that all items of the core outcome set for 
chronic pain after knee replacement were sufficiently represented. We did not include the WOMAC® 
(Western Ontario and McMaster Universities Osteoarthritis Index), as knee pain and function were 
assessed with the OKS. Temporal aspects of pain were measured with a single-item question rather 
than the Measure of Intermittent and Constant Pain, and we did not include single-item questions on 
pain duration, pain on kneeling or improvement in pain. Additional measures included were the Douleur 
Neuropathique-482 and a body pain map to assess widespread pain.

Results of a planned cohort-based Markov model to estimate 5-year costs and the (quality-adjusted) life 
expectancy of patients with chronic pain after total knee replacement under current practice in addition 
to the STAR intervention is not yet completed.

Database
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FIGURE 1 The STAR programme.
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Impact of COVID-19
The COVID-19 pandemic impacted on the randomised trial and stakeholder engagement. Adaptations 
made to the research in relation to this are described in the relevant sections.

In work package 6, we planned to collaborate with local implementation teams in two participating 
centres to identify ways to deliver the programme findings in practice. Owing to COVID-19, this work 
was changed to an online meeting with key national stakeholders to communicate findings, including 
a short, animated video. Participants comprising NHS managers, heads of therapy, physiotherapists, 
surgeons, pain clinicians, representatives from relevant professional organisations, representatives from 
Versus Arthritis (Chesterfield, UK) and patients.
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Patient and public involvement

Background patient and public involvement work leading to the programme
The STAR programme was developed in collaboration with the University of Bristol’s Musculoskeletal 
Research Unit patient involvement group, called the Patient Experience Partnership in Research 
(PEP-R).49 PEP-R comprises people with experience of musculoskeletal conditions, including pain after 
surgery. STAR was also developed with input from a representative of Versus Arthritis, the UK’s largest 
charity dedicated to supporting people with arthritis. Ongoing collaboration with Versus Arthritis shaped 
the research and provided input into the design of the key implications for research and practice. The 
STAR programme was preceded by a 1-year NIHR Programme Development Grant that included PPI 
work. PPI informed the overall design of the programme, with specific input into the study of post-
operative predictors and the trial design, including the acceptability of randomisation, timing of data 
collection, primary outcomes and questionnaire length. The PEP-R group also discussed and approved 
the PPI plans, specifically requesting a model of ‘taking the research to the patient’ rather than ‘taking 
the patient to the research’.

The approach to PPI was based on principles of coworking and partnership, in which we aimed to 
empower the individual patient partners by considering them part of the research team. We worked 
together to design PPI that resulted in patients having a considerable input into the relevance and 
quality of our research.83,84 Our reporting of PPI is in keeping with the recommendations of the Guidance 
for Reporting Involvement of Patients and the Public 2 (GRIPP-2) short form.85

Patient and public involvement during the programme
To complement PEP-R’s ongoing engagement, we established a dedicated forum for the programme, 
comprising four patients with experience of chronic pain after knee replacement. Forum members 
were offered support and training by an experienced PPI co-ordinator. They received training built 
into forum sessions, including overviews of qualitative research, systematic reviews, statistics and trial 
management. Patients were also given information about local PPI events.

During the programme, there were a total of 23 meetings of the STAR patient forum and two one-to-
one discussions between the PPI co-ordinator and individual members. STAR was also discussed at six 
meetings of the PEP-R patient group. Patients were provided with reimbursement for their time in the 
form of shopping vouchers, as this was their preference. Travel was either reimbursed or arranged for 
patients to attend meetings. From April 2020 onwards, face-to-face STAR and PEP-R forum meetings 
were cancelled owing to COVID-19 and we continued to work with the PPI groups remotely. A member 
of PEP-R attended Programme Steering Committee meetings with the PPI coordinator. STAR PPI activity 
and its impact in each work package is summarised in Appendix 1 and Box 1.

BOX 1 PPI activity and impact in the STAR programme

Work package 1

Researchers worked with the programme’s PPI group to interpret the results of the systematic reviews and database analyses 
and contributed to summaries of the systematic reviews, which led to improvements in summary clarity and accessibility.

Work package 2

The PPI group commented on the use and interpretation of routine health data to ensure that complex findings were accessible 
to patients. They also gave input into the plain English summary of the analysis of the OKS pain cut-off and its use to identify 
chronic pain.

(Continued)
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Work package 3

The PPI group developed and improved the study materials for the refinement of the care pathway, including patient 
information packs. They also discussed the feedback from 10 patients who attended the STAR clinic and improved the plain 
English summary of findings.

Work package 4

In addition, the PPI group were involved in the development and refinement of trial recruitment and data collection 
materials. For the trial, this included the review and approval of the screening questions, questionnaire booklet, provision of 
contact details for support organisations and charities, development of the patient information booklet, trial questionnaire, 
recruitment and retention methods, and recommendations about the training day sessions for trial staff based at all trial 
sites. Recommendations included sending a postcard to participants to let them know that they would soon receive the 
questionnaire, telephoning patients who did not return the questionnaires rather than sending another questionnaire, and 
including a teabag with the questionnaire. For the economic evaluation work, this included input into revisions of the resource 
diary to ensure that it reflected the needs and experiences of patients. For the embedded qualitative research within the trial, 
this included input into the design of interview topic guides and the interpretation of findings, including discussions about 
the challenge of remembering one clinic among the many appointments a person might have had after a year had passed 
and how uncertainty about the reason for pain led to confusion and anxiety. PPI members also reviewed newsletters sent 
to participants.

Work package 5

The PPI group gave input into the qualitative research study, including assisting in the design of patient information materials 
for recruitment such as plain English summaries to enhance clarity and work to interpret interim findings after nine qualitative 
interviews, in which group members helped to confirm key emerging themes alongside the qualitative researcher.

Work package 6

The PPI group gave input into all dissemination through the review of all plain English summaries of findings sent to 
participants. For example, in work package 4, summaries of screening study findings sent to participants were designed in 
collaboration with the PPI group, who advised on the layout, wording and infographics. To communicate findings from work 
packages 3, 4 and 5, summaries for participants were developed in collaboration with PPI members. In addition, ongoing 
discussions with Versus Arthritis informed work on public dissemination. Finally, at group sessions towards the end of the 
programme in September and October 2020, patients and other stakeholders worked together to discuss the implementation 
of the STAR care pathway in practice and future priorities for research and care for chronic pain after knee replacement. One 
member was interviewed for the STAR film.

Summary of the value of patient and public involvement in the programme
Includes information published in Bertram et al.86 and Bradshaw et al.87

Patient and public involvement was an essential part of the programme. We involved patient partners 
at all stages and this had a significant impact on the study design, such as improvements to patient 
documents, recruitment and retention methods,86 the communication of results and the planning of next 
steps (Box 1). Their involvement ensured that patients’ voices were included in the design and delivery of 
this research and that the outputs were relevant and meaningful to them.

Our patient partners also had an impact on the design of the PPI, as we followed their advice to adopt 
an approach of ‘taking the research to the patient’, rather than having two PPI members simply attending 
less frequent and more formal management or advisory group meetings. This had a positive impact on 
PPI group members as they believed this resulted in improved equality of power and decision-making, an 
atmosphere of strong collaboration and respect, and the opportunity for them to have a real impact on 
research. In addition, the research benefited through allowing a greater number of patients with differing 
experiences to be involved, providing a wider insight into issues of greatest importance to people in 
chronic pain. The design of the PPI was an ongoing discussion between group members and the PPI 
coordinator. The STAR forum group members told us that they felt they were working in partnership 
with the research team and equality was achieved by having the researchers come to them. This 
approach also had an impact on the research team as they all had the opportunity to attend the regular 
PPI group meetings and work in collaboration with patients. For some researchers, this was their first 
opportunity to hear about the experiences of patients with long-term pain and explain their research 
in plain English face to face. We recommend this approach and continue to use it as our preferred 
approach to PPI within the Musculoskeletal Research Unit (Translational Health Sciences, Bristol Medical 
School, University of Bristol, Bristol, UK).
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Chronic pain after total knee replacement: 
risk factors, prevention and management 
(work package 1)

Background

Although pre-operative risk factors for chronic pain after total knee replacement have been explored 
extensively, post-operative risk factors have not.

Treatments in the pathway through total knee replacement may potentially modify risk factors for poor 
patient outcomes and adverse events. These have been reviewed previously, but not with an emphasis 
on chronic pain.

Little research has focused on the treatment of chronic pain after knee replacement.48 Interventions 
for the management of chronic pain after other surgeries may have value in the context of total 
knee replacement.

Risk factors for chronic pain after total knee replacement: systematic review
This section has been published as Wylde et al.88

Aims
This systematic review aimed to identify early post-operative patient-related risk factors for chronic pain 
after total knee replacement.

Methods
A prospectively registered systematic review (PROSPERO CRD42016041374),89 was conducted and 
reported as recommended by PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines.90 We searched MEDLINE, EMBASE and PsycINFO from inception to October 2016 
with no language restrictions (see Appendix 2, Systematic review search strategy as applied in MEDLINE on Ovid).

Eligible studies were longitudinal in design and met the following inclusion criteria:

• patients observed within 3 months of knee replacement
• intervention group – people with a risk factor
• control group – non-exposed people
• outcome – chronic pain at ≥ 6 months after knee replacement

Risk of bias was assessed with a non-summative checklist (Box 2),87 based on components of the 
methodological index for non-randomized studies (MINORS)91 and Newcastle-Ottawa Quality 
Assessment Scale.92 Results were reported as a descriptive narrative analysis.

BOX 2 Four-point system for assessing risk of bias in cohort studies

The following checklist components were rated as adequate, inadequate or not reported:

• inclusion of consecutive patients (consecutive = adequate)
• representativeness (multicentre = adequate)
• per cent follow-up (> 80% = adequate)
• minimisation of potential confounding (multivariate analysis = adequate).
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Results
Searches identified 14 cohort studies (1168 patients) evaluating the association between patient-related 
factors in the first 3 months post operation and pain at ≥ 6 months after primary total knee replacement 
(see Appendix 2, Figure 2).

Post-operative patient-related factors evaluated included acute pain (eight studies), function (five 
studies) and psychosocial factors (four studies). In studies with no risk of bias other than patient 
selection, there was a suggestion that acute post-operative pain during the hospital stay was associated 
with chronic pain.52,93 However, in one of these studies, the association was largely explained by pre-
operative pain.52 For all other post-operative patient factors, there was insufficient evidence to draw 
firm conclusions about an association with chronic pain after total knee replacement.

Risk factors for chronic pain after total knee replacement: database analyses
The NJR/HES analyses are published as Khalid et al.94 and the HES/CPRD/PROMs analyses are 
published as Mohammad et al.95

Aims
These analyses of national databases aimed to identify early risk factors for chronic pain after total 
knee replacement.

Methods: analysis 1
Primary knee replacements recorded in the NJR were linked with the HES and PROMs databases. We 
identified primary elective knee replacements performed between April 2008 and December 2016. 
Predictor variables within 3 months post surgery were surgical complications (i.e. fracture, patella 
tendon avulsion or ligament injury), medical complications (i.e. myocardial infarction, stroke, acute renal 
failure, deep-vein thrombosis or pulmonary embolism, surgical site infection, respiratory infection, 
urinary tract infection, wound disruption, mechanical complication of prosthesis, fracture, neurovascular 
injury, or blood transfusion), length of stay, readmission, reoperation or revision. The outcome was 
chronic pain measured using the OKS at 6 months after surgery. The associations of the predictors with 
the chronic pain outcome were explored using logistic regression modelling.

Methods: analysis 2
We conducted a retrospective observational study using anonymised data from the CPRD GOLD 
database linked to the HES and PROMs databases. Patients were identified using the CPRD GOLD 
database of individual patient data from electronic primary health-care records from practices across the 
UK.96 The CPRD provides a detailed record of both primary and secondary care.97 Primary care records 
from the CPRD were linked to secondary care admission records from HES Admitted Patient Care 
data and the Office for National Statistics mortality data. HES also provides PROMs data before and 
6 months after knee replacements.

We included all patients receiving a primary knee replacement between 2009 and 2016. Inclusion in the 
analysis was limited to patients with HES-linked data (i.e. those in England only) who completed both 
the pre- and 6-month-post-operative OKS pain subscale (OKS-PS).80

The treatment effect [(pre-treatment OKS-PS score – post treatment OKS-PS score)/pre-treatment 
OKS-PS score]98,99 was calculated for each patient. A treatment effect of ≤ 0.2 was used to classify 
patients as non-responders to surgery regarding their knee pain. Relative risk ratios were generated 
by fitting a generalised linear model with a binomial error structure and a log link function (log-logistic 
model) and adjusted risk differences (ARDs) estimated from marginal effects from the regression model.
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Results: analysis 1
Pre- and 6-month-post-operative OKSs were available for 258,386 patients and 43,702 (16.9%) of 
these were identified as having chronic pain at 6 months post surgery. Within 3 months of surgery, 
complications were uncommon: there were surgical complications in 1224 (0.5%) patients, one or more 
medical complications in 6073 (2.4%) patients, readmissions to hospital in 32,930 (12.7%) patients, 
knee-related reoperation in 848 (1.5%) patients and revision knee replacement operation in 835 (0.3%) 
patients. Post-operative predictors of chronic pain were mechanical complication of prosthesis [odds 
ratio (OR) 1.56, 95% confidence interval (CI) 1.35 to 1.80], surgical site infection (OR 1.13, 95% CI 
0.99 to 1.29), readmission (OR 1.47, 95% CI 1.42 to 1.52), reoperation (OR 1.39, 95% CI 1.27 to 1.51), 
revision (OR 1.9, 95% CI 1.64 to 2.25) and length of hospital stay ≥ 6 days (OR 1.48, 95% CI 1.35 to 
1.63). Predictive ability of the model was fair, with an area under the receiver operating characteristic 
(ROC) curve of 0.71, indicating that in respect of discriminatory ability, post-surgical predictors explain a 
limited amount of variability in chronic pain outcome.

Results: analysis 2
Information was available for 4750 patients between 2009 and 2016. Patients had a mean age of 
69 years (standard deviation 9 years) and 56.1% were female. At 6 months after surgery, 10.4% of 
patients were classified as non-responders. The strongest associations with a non-response to surgery 
were seen for pre-operative risk factors; these were having only mild knee pain symptoms at the time 
of surgery (ARD 18.2%, 95% CI 13.6% to 22.8%), smoking (ARD 12.0%, 95% CI 7.3% to 16.6%), living 
in the most deprived areas (ARD 5.6%, 95% CI 2.3% to 9.0%) and obesity class II (i.e. body mass index 
between 35 and 40 kg/m2; ARD 6.3%, 95% CI 3.0% to 9.7%). We also identified a range of other risk 
factors with more moderate effects, including a history of knee arthroscopy surgery (ARD 4.6%, 95% CI 
2.5% to 6.6%) and the use of opioids within 3 months after surgery (ARD 3.4%, 95% CI 1.4% to 5.3%).

Effectiveness of interventions to prevent chronic pain after total knee replacement: 
systematic reviews
These reviews have been published as Wylde et al.,100 Beswick et al.,101 and Dennis et al.102 A 
comprehensive overview has been published as Wylde et al.103

Aim
These systematic reviews aimed to assess the effectiveness of pre-, peri- and post-operative 
interventions in preventing chronic pain in patients receiving total knee replacement.

Workshop
In March 2016, 57 invited experts and colleagues met with the STAR team at a workshop to discuss 
interventions for the prevention of chronic pain after knee replacement. Those attending included 
surgeons, anaesthetists, physiotherapists, nurses and former patients, as well as researchers with 
interests in randomised trials, health economics, qualitative studies, PPI, systematic reviews and 
cohort studies.

The systematic review work package lead explained that the aim of the systematic reviews was to 
identify interventions that may improve long-term pain outcomes after knee replacement. The following 
definition of an intervention was presented:

Any clinical treatment or public health measure designed to reduce the incidence or modify the effects of 
particular diseases.

Yarnell and O’Reilly104

Workshop participants considered that aspects of pre-operative care were potential targets for an 
intervention to prevent long-term pain. Many patients receive pre-operative education at a single class 
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and from information booklets. Changes to content and interventions to improve uptake of classes 
were seen as potentially valuable. Pre-operative interventions might include cognitive behavioural 
therapy, self-management and peer support, weight management, exercise, treatment of comorbidities, 
nutritional guidance, and intra-articular injections. A multimodal approach might include education, 
psychological support, management of comorbidities and other components.

In the peri-operative period, workshop participants considered effective pain management important, 
possibly using gabapentin, nerve blocks and multimodal approaches. Certain anticoagulants are 
associated with micro-bleeds, which may lead to long-term pain. The use of tourniquets may also be 
associated with long-term pain.

An enhanced recovery protocol was considered a possible intervention to limit long-term pain. After 
hospital discharge, workshop participants noted the potential value of mid-term rehabilitation, peer 
support groups, provision of contact points, an introduction to community services and online resources, 
and psychological support including cognitive behavioural and mindfulness therapies. Provision of 
physiotherapy in different formats was also recognised as worth evaluating. Other interventions 
suggested were intra-articular injections, weight management, podiatry and realignment.

Methods
The systematic reviews were registered prospectively as PROSPERO CRD42017041382.105 We 
established a database of all randomised controlled trials and systematic reviews in total knee 
replacement. These were identified through searches of The Cochrane Library, MEDLINE, Embase, 
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database searching
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Records af ter duplicates removed
(n = 16,430)

Records screened
(n = 16,430)

Records excluded
(n = 15,573)

Full-text art icles assessed
for eligibility

(n = 857)

Studies included in narrative
synthesis

(n = 14)

Addit ional records ident if ied
through other sources

(n = 973)

Full-text art icles excluded,
with reasons

(n = 843)

• Pat ient-related risk factor not assessed,
    n = 485
• Follow-up < 6 months, n = 196
• Analysis did not include risk factors, n = 91
• Pain not assessed, n = 43
• Conference abstract, n = 9
• Disaggregated data on TKR pat ients not
     available, n = 7
• Not cohort study, n = 5
• Not TKR, n = 4
• Duplicate, n = 3

FIGURE 2 Risk factors for chronic pain after total knee replacement: systematic review flow diagram. TKR, total knee 
replacement.



DOI: 10.3310/WATM4500 Programme Grants for Applied Research 2023 Vol. 11 No. 3

Copyright © 2023 Gooberman-Hill et al. This work was produced by Gooberman-Hill 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

CINAHL (Cumulative Index to Nursing and Allied Health Literature) and PsycINFO® (American 
Psychological Association, Washington, DC, USA) in November 2016 (updated February 2018 for peri-
operative interventions and December 2018 for pre-operative interventions) (see Appendix 3, Systematic 
review search strategy as applied in MEDLINE on Ovid).

Eligible studies were randomised controlled trials that met the following inclusion criteria:

• patients with osteoarthritis awaiting or who have received total knee replacement
• intervention – treatment in the pre-, peri- or post-operative setting
• control – usual care or alternative treatment
• outcomes – chronic pain at ≥ 6 months after knee replacement (≥ 12 months for post-operative 

interventions), adverse events.

The database was screened, and interventions divided into pre-, peri- and post-operative contexts, and 
into intervention groups. Risk of bias was assessed using the Cochrane tool.106

Results: pre-operative interventions
Eight randomised controlled trials with nine comparisons (960 patients) were eligible (see Appendix 3, 
Figure 3). There was moderate-quality evidence of no effect of exercise programmes on chronic pain 
after total knee replacement, based on a meta-analysis of six interventions with 229 participants 
(standardised mean difference 0.20, 95% CI –0.06 to 0.47; I2 = 0%). A sensitivity analysis restricted 
to studies at low risk of bias confirmed these findings. Studies evaluating a combined exercise and 
education intervention (one study) and education alone (one study) suggested similar findings.

Results: peri-operative interventions
Forty-four randomised controlled trials at low risk of bias evaluated interventions in the peri-operative 
setting with a pain outcome or score with a pain component at ≥ 6 months’ follow-up (see Appendix 3, 
Figure 4). Intervention heterogeneity precluded meta-analysis. There was weak evidence for small 
reductions in chronic pain after total knee replacement in people who received peri-operative local 
infiltration analgesia (three studies), ketamine infusion (one study) or pregabalin (one study). Supported 
early discharge (one study) showed weak evidence of a small reduction in chronic pain. More clinically 
important benefits were seen for electric muscle stimulation (two studies), gait training (one study) and a 
course of anabolic steroids (one small pilot study).

For a range of peri-operative treatments there was no evidence linking them with unfavourable pain 
outcomes. For example, blood conservation with tranexamic acid during knee replacement was not 
associated with chronic pain. However, otherwise extensively researched interventions including venous 
thromboembolism prevention and tourniquet use have not been evaluated in relation to chronic pain.

Results: post-operative interventions
Randomised controlled trials of post-discharge interventions commencing in the first 3 months after 
total knee replacement were included (see Appendix 3, Figure 5). Seventeen trials with 2485 participants 
were included. All studies were at risk of bias because participants were not blinded to arm allocation, 
and five because of incomplete outcome data. Twelve trials evaluated physiotherapy interventions. 
Other interventions were nurse-led telephone follow-up, neuromuscular electrical stimulation and a 
multidisciplinary intervention. One study showed benefit for home-based exercises aimed at managing 
kinesophobia in reducing pain severity compared with no intervention. Otherwise, narrative synthesis 
found no evidence that one type of physiotherapy intervention is more effective than another. A 10-day 
multidisciplinary outpatient rehabilitation programme provided between 2 and 4 months after surgery 
showed no long-term benefit for pain or function.107 For other interventions, there was insufficient 
evidence to draw conclusions about effectiveness.

Effectiveness of interventions to manage chronic pain after surgery: systematic review
This review has been published as Wylde et al. 2017.108
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• RCTs with no pain
     outcome, n = 4

FIGURE 3 Effectiveness of pre-operative interventions: systematic review flow diagram. RCT, randomised controlled trial.

Aims
This systematic review aimed to assess the efficacy of interventions to treat chronic pain after 
non-cancer surgeries.

Methods
The systematic review was registered prospectively as PROSPERO CRD42015015957.109 We searched 
MEDLINE, Embase, PsycINFO, CINAHL and The Cochrane Library from inception to March 2016 (see 
Appendix 4, Systematic review search strategy as applied in MEDLINE on Ovid). An update in October 2020 
was timed to contextualise the STAR intervention.

Eligible studies were randomised controlled trials that met the following inclusion criteria:

• patients with chronic pain after non-cancer surgery
• an intervention for pain received by patients at a minimum of 3 months after surgery
• a comparator of no treatment, placebo, usual care or alternative treatment
• an outcome relating to pain.

Risk of bias was assessed using the Cochrane tool.106

Results
As shown in Appendix 4, Figure 6, 66 trials with data from 3149 participants were included. Most trials 
included patients with chronic pain after spinal surgery (n = 25) or amputation (n = 21). Interventions 
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were antiepileptics, capsaicin, epidural steroid injections, local anaesthetic, neurotoxins, opioids, 
acupuncture, exercise, spinal cord stimulation, further surgery, laser therapy, magnetic stimulation, 
mindfulness-based stress reduction, mirror therapy and sensory discrimination training. Opportunities 
for meta-analysis were limited by heterogeneity. For all interventions, there was insufficient evidence to 
draw conclusions on effectiveness but the review provided clear suggestions for future research.

Review update
To examine the STAR trial in a contemporary context, we updated searches with terms relating to 
arthroplasty of the large joints, post-surgical pain, and randomised controlled trials (see Appendix 5, 

Intervent ion
n

In low
risk of

bias

No pain/
score

outcome

High/
unclear risk

of bias

No
long-term
follow-up

Abstract
only

Addit ional
publicat ion

Protocol Review Retracted

Adenosine triphosphate 2 0 0 0 1 0 0 0 1 0
Alternat ive medicine 4 0 0 0 4 0 0 0 0 0
Anabolic steroids 2 1 0 0 0 0 0 0 1 0
Ant ibiot ic prophylaxis 43 0 16 0 13 0 0 1 13 0
Assist ive devices 2 0 0 0 2 0 0 0 0 0
Bisphosphonates 17 0 6 0 0 0 2 0 9 0
Blood management 355 7 10 1 209 0 0 4 124 0
Brain st imulation 3 0 0 0 3 0 0 0 0 0
Calcium supplement 1 0 0 0 1 0 0 0 0 0
Cardiovascular drugs 4 0 0 0 2 0 0 0 2 0
Chinese medicine 2 0 0 0 2 0 0 0 0 0
Cold therapy 30 0 0 1 24 0 0 0 5 0
Colloids and crystalloids 1 0 0 0 1 0 0 0 0 0
Comorbidity management 1 0 0 0 1 0 0 0 0 0
Compression 8 1 0 0 6 0 0 1 0 0
Const ipation treatment 2 0 0 0 2 0 0 0 0 0
Cont inuous passive mot ion 56 2 8 7 23 1 0 1 14 0
Creat ine monohydrate 1 0 0 0 1 0 0 0 0 0
Delirium prevention 4 0 0 0 3 0 0 0 1 0
Denusomab 1 1 0 0 0 0 0 0 0 0
Dexmedetomidine 1 0 0 0 1 0 0 0 0 0
Deep vein thrombosis prophylaxis 474 0 5 0 143 0 4 8 314 0
Electrical st imulat ion 37 2 0 3 20 0 2 0 10 0
Glucocort icoid 2 0 0 0 0 0 0 0 2 0
Glucose infusion 1 0 0 0 1 0 0 0 0 0
Guided imagery 5 0 0 1 4 0 0 0 0 0
Iron 7 0 0 0 6 0 0 0 1 0
Laser therapy 1 0 0 0 1 0 0 0 0 0
Methylprednisolone 3 0 0 0 3 0 0 0 0 0
Music therapy 9 0 0 0 9 0 0 0 0 0
Nausea prevent ion 11 0 0 0 9 0 2 0 0 0
Nutrit ional supplements 4 0 0 0 4 0 0 0 0 0
Pain management 987 20 5 12 711 1 20 9 207 2
Physiological 26 0 0 0 23 0 0 1 2 0
Platelet rich plasma 12 0 0 1 6 0 0 0 5 0
Rehabilitat ion 67 4 0 2 43 0 0 1 17 0
Remote ischaemic pre-condit ioning 5 0 0 0 5 0 0 0 0 0
Sleep treatment 3 0 0 0 2 0 1 0 0 0
Teriparat ide 1 0 1 0 0 0 0 0 0 0
Therapy dogs 1 0 0 0 1 0 0 0 0 0
Tourniquet use 100 5 3 3 67 0 2 1 19 0
Trigger point needling 1 0 0 1 0 0 0 0 0 0
Warming 19 0 0 0 16 0 0 0 3 0
Wound management 17 1 0 0 12 0 0 1 3 0
Total 2333 44 54 32 1385 2 33 28 753 2

Art icles screened
(n = 9697)

Potent ially relevant
(n = 2333)

No relevance
(n = 7364)

Art icles ident if ied in searches of The Cochrane Library, MEDLINE, Embase,
PsycINFO and CINAHL from incept ion to February 2018 

(n = 9697)

Eligibility

Screening

Ident i f icat i on

FIGURE 4 Effectiveness of peri-operative interventions: systematic review flow diagram.
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Systematic review search strategy as applied in MEDLINE on Ovid). Systematic reviews and trial registries 
were checked for studies.

Eligible studies were randomised controlled trials that met the following inclusion criteria:

• patients with chronic pain after arthroplasty of the large joints
• intervention – treatment for chronic pain
• control – no treatment, usual care or alternative treatment
• outcome – pain.

Of 3901 articles identified and screened by one reviewer, 69 were potentially relevant (see Appendix 5, 
Figure 7). After detailed evaluation by two reviewers, four published randomised evaluations of 
treatments for chronic pain after knee replacement were identified in the original review and update 
(see Appendix 5, Table 1). No study was judged to be at high risk of bias. For people with general chronic 
pain, there were encouraging findings warranting further research into intra-articular botulinum toxin110 
and denervation therapy.111 Radiofrequency genicular nerve treatment showed similar outcomes to 
treatment with anaesthetic and corticosteroid.112 No studies were found that evaluated a multifaceted 
intervention, but one study focusing specifically on treatment of neuropathic pain with topical lidocaine 
suggested that further research is merited for this personalised treatment.113

In addition to the STAR trial, six studies were ongoing or not published (see Appendix 5, Table 1). These 
focus on exercise and education,114 cannabinoids,115 phenol neurolysis of genicular nerves,116 genicular 
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FIGURE 5 Effectiveness of post-operative interventions: systematic review flow diagram. RCT, randomised controlled trial; 
TKR, total knee replacement.
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nerve blocks117,118 and pulsed electromagnetic field therapy,119 all in people with general chronic pain 
after knee replacement.

Strengths and limitations
Our systematic reviews benefited from comprehensive literature searches and broad inclusion criteria 
to allow for evaluation of diverse interventions. Reviews were conducted according to appropriate 
guidelines and issues that may have introduced bias were considered. Meta-analysis was conducted, 
but only when appropriate. A narrative descriptive approach was used in circumstances of high 
heterogeneity of risk factors, interventions, outcomes and follow-up. Authors were contacted for 
clarification and missing information at all stages of the reviews. In the review of post-operative risk 
factors, a limited range of risk factors had been studied. In intervention reviews, our focus was on 
chronic pain as an outcome, which, although important, may not have been the specific outcome 
targeted by an intervention.

A strength of our database analyses was the large numbers of patients with linked data. Analyses 
included multiple centres and results should be generalisable throughout the NHS. Our analyses were 
limited by the content of data sets. Factors not recorded included implant positioning and surgical 
technique, pain management and medication use, and psychological, genetic, and environmental factors. 
Analyses were also limited by the single post-operative knee pain measure, which may not reflect 
established chronic pain.
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FIGURE 6 Effectiveness of interventions to manage chronic pain after surgery: systematic review flow diagram. RCT, 
randomised controlled trial.
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Conclusions and inter-relationship with other parts of the programme
Before our comprehensive database analyses, knowledge of post-operative risk factors was limited to 
the observation that people with acute pain after knee replacement were more likely to report chronic 
pain. Risk factors identified in database analyses that may have potential for modification or use in the 
targeting of care included some patient and surgical factors, previous knee arthroscopy, use of opioids 
and surgical complications.

Randomised trials to assess long-term outcomes after pre-, peri- and post-operative interventions 
are feasible and necessary to ensure that patients receive care with reduced or no risk of chronic 
pain. Unifactorial interventions identified in systematic reviews and suggested by stakeholders merit 
further study.

Although some management strategies for chronic pain after diverse surgeries identified in our 
systematic review may have limited applicability outside the specific condition for which they were 
intended, others may be transferable regardless of the surgical procedure. Their value in the personalised 
prevention of chronic pain requires further research on their individual effectiveness and ultimately their 
potential as a component in a multifactorial care pathway.
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FIGURE 7 Interventions to manage chronic post-surgical pain update: systematic review flow diagram. RCT, randomised 
controlled trial.
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Characterising chronic pain after total knee 
replacement (work package 2)

Background

Although chronic pain places considerable burden on health-care systems and individuals, little research 
has characterised chronic pain after total knee replacement and its impact on health-care resource use.

Aims

We aimed to characterise the natural history and course of chronic pain after total knee replacement, 
including health-care resource use, through additional follow-up of the Clinical Outcomes in 
Arthroplasty Study (COASt) cohort and analysis of the linked CPRD and HES databases.

Identification of patients with chronic pain after total knee replacement using the 
Oxford Knee Score
This work has been published as Pinedo-Villanueva et al.20

We applied cluster analysis to data on 128,145 patients with primary total knee replacement included 
in the English PROMs programme to derive a cut-off point on the pain subscale of the OKS. A high-pain 
group was identified, defined by a score of ≤ 14 points on the OKS pain subscale 6 months after total 
knee replacement. This group comprised 15% of the patient sample and was characterised by severe 
and frequent problems in all pain dimensions.

Natural history of chronic pain after total knee replacement: extended cohort follow-up
This work has been published as Cole et al.121

The CoASt cohort (n = 1025) contains data from total knee replacement patients with comprehensive 
pre- and post-operative pain assessments.122 Recruitment started in 2010 in Oxford and 2011 in 
Southampton. Patients were recruited pre-operatively and followed up post-operatively at 6 weeks and 
then annually. In the STAR programme, follow-up was extended to 5 years. This allowed the collection 
of detailed information on the course, qualities and variability of post-surgical pain. It also enabled the 
identification of pain patterns, such as late-onset or transient post-surgical pain.

Follow-up questionnaires were received from 580 patients 1 year following their primary total knee 
replacement and then from 500, 457, 390 and 336 patients for the 2- through 5-year questionnaires, 
respectively. The data were cleaned and analysed, and summary statistics generated for PROMs 
[EuroQol-5 Dimensions, three-level version (EQ-5D-3L) and OKS], chronic pain progression, resource 
use and (community and hospital) costs by chronic pain groups measured using the OKS-PS threshold 
applied to year 1 values.20

There were 70 out of 580 participants with chronic pain at 1 year post surgery (12% of the full cohort). 
Their reported health utility index at 1 year post surgery was 0.39 compared with 0.79 for the non-
chronic pain cohort, both reporting an important improvement over their baseline scores (0.27 and 0.48, 
respectively). Missing data (questionnaires not returned or questions not completed) increased with 
time to significant levels: 25% of the chronic pain cohort had missing OKS data at 5 years. A predicted 
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means model approach was followed to impute answers to the pain subscale of the OKS and the 
EQ-5D-3L for all missing values to generate a complete picture of progression into and out of chronic 
pain over time and associated quality of life. Mean health utility was estimated to slowly improve for the 
chronic pain cohort, reaching 0.65 by year 5. The increase in the mean score was a reflection of many 
patients improving their OKS and EQ-5D-3L scores, although not all did. Although 65% of participants 
with chronic pain at 1 year were estimated to improve their OKS pain subscale beyond 14, never to 
drop below 14 again, 31% moved back and forth between chronic pain and non-chronic pain, and 4% 
remained in chronic pain over the 5 years.

In terms of health-care resources, having chronic pain was associated with greater use and costs than 
not having chronic pain. A larger proportion of participants in the chronic pain cohort than the non-
chronic pain cohort reported seeing a GP (63 vs. 34%, respectively), physiotherapist, hospital doctor, 
nurse or alternative practitioner owing to their knee problem during the first year after surgery. This 
greater use of health-care services was maintained over the 5-year period. Costs reflected the difference 
between groups, with the chronic pain cohort reporting mean health-care costs of £1800 during the 
first year owing to their knee problem, compared with £500 for the non-chronic pain cohort; the gap 
was still present although significantly reduced at 5 years post surgery (£80 for the chronic pain cohort 
vs. £25 for the non-chronic pain cohort).

Health-care resource use: analysis of national data sets
This work has been published as Cole et al.121

Analysis of the CPRD linked to the HES database was undertaken to characterise the natural history 
of chronic pain after total knee replacement, including resource use. Data from HES–CPRD data set 
were used to estimate the hospital and primary care costs associated with chronic pain after total 
knee replacement.

The analysis included patients in the CPRD–HES data set who reported post-operative (6-month) 
PROMs including the OKS so that they could be classified into chronic pain groups. The sample 
consisted of 5055 patients, 721 (14%) of whom reported OKS pain scores ≤ 14 and identified as in 
chronic pain. Hospital costs were estimated based on patient-level data about inpatient hospital stays 
for their total knee replacement as well as related complications, including revision surgery. Healthcare 
Resource Groups were generated based mainly on procedure and diagnostic codes reported for each 
spell. Primary care costs were estimated for reported consultations with GPs and other community 
health-care professionals as well as the prescription of analgesia.

Mean hospital costs for the primary total knee replacement were very similar for both groups (£6195 
for the chronic pain group and £6055 for those not in chronic pain). Revision surgery also cost nearly 
the same to the NHS for both groups (£9188 for those in chronic pain and £9261 for those not in 
chronic pain), but its cumulative incidence at 7 years was significantly higher for those in chronic pain 
(nearly 10%) than the non-chronic pain group (just over 2%). Complications (i.e. myocardial infarction, 
venous thromboembolism and joint infection) were rare for both groups with less than 1.5% of 
patients reporting them, although venous thromboembolism and joint infection were more common 
in the chronic pain group than the non-chronic pain group (1.2 vs. 0.6% for venous thromboembolism, 
respectively, and 1.1 vs. 0.1% for joint infection, respectively).

In primary care, costs were consistently higher for those in chronic pain. Mean costs (adjusted for 
exposure) for all reported consultations with any health-care professional in the community and 
prescriptions of analgesia were estimated up to 10 years before primary total knee replacement and 
8 years following surgery. Mean yearly consultation costs per patient for the chronic pain and non-
chronic pain groups were, respectively, £244 and £182 at 10 years prior to surgery, £408 and £342 
during the 12 months before surgery, £461 and £366 during the 12 months after surgery, and £426 and 
£325 8 years after primary total knee replacement. GP consultations accounted for 70–80% of the costs 
for those in chronic pain and generally slightly less for those not in chronic pain.
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Prescriptions of antidepressants for pain management, paracetamol, non-steroidal anti-inflammatory 
drugs and opioids were more common (and hence leading to greater costs) for those in chronic pain 
throughout the 18-year period of analysis. Of particular interest is that those not in chronic pain 
reported only a small drop in the average yearly cost of analgesia per patient after surgery, only for it to 
slowly grow again afterwards, reaching levels similar to those immediately before the replacement by the 
eighth year. Remarkably, those in chronic pain reported a continuous increase of analgesia prescriptions 
costs from 10 years prior to 7 years after surgery, with an increasing cost of opioid prescriptions after 
surgery which accounted for 17% of all analgesia prescriptions costs 10 years before the replacement, 
50% the year before, and 74% 7 years after.

Economic model
A cohort-based Markov model described in Appendix 6 was developed to estimate the 5-year costs 
and (quality-adjusted) life expectancy of patients with chronic pain after total knee replacement under 
current practice as well as the STAR intervention in order to assess the impact of the latter. The model 
was populated with evidence from the trial and the findings of analysis of both the COASt and CPRD 
cohorts described above, with scenarios including and excluding the impact on inpatient admissions 
identified during the trial.

Strengths and limitations
The cut-off point we identified on the OKS pain subscale was derived from patients who completed 
the post-operative PROMs questionnaires sent out by the NHS. Differences in rates of completion of 
PROMs questionnaires is known to lead to underrepresentation of some socioeconomic groups and 
potentially those who feel particularly unsatisfied about their surgery. Using data from over 120,000 
patients reported over 4 years reduced this potential bias. Our findings, moreover, were consistent with 
those of other studies identifying patients with chronic pain.

Findings from the analysis of the COASt cohort were limited by missing data and the potential lack of 
representativeness from recruiting in just two centres. However, we applied an imputation method that 
clustered observations by patient and considered completed questionnaires by similar patients. The 
proportion of chronic pain patients in the cohort (12%) was similar to that found in the England-wide 
study used to derive the cut-off point (14%).

Although the CPRD population is known to be representative of that of the UK, it lacks long-term data 
on outcomes beyond the 6-month linked HES–PROMs. To better understand the long-term trajectories 
of patients in chronic pain following total knee replacement, we combined the representative picture of 
the CPRD–HES population with the long-term follow-up provided by the COASt cohort.96

Conclusions and inter-relationship with other parts of the programme
We derived a cut-off on the OKS pain subscale that can be used for patient selection in research 
settings to design and assess interventions that support patients in their management of chronic post-
surgical pain. Patients in chronic pain as identified by this method appear noticeably different from those 
who are not: their average quality of life (which also captures disability as it includes impact on mobility 
and the ability to self-care and carry out regular activities) is poorer prior to surgery and it improves 
after, but not as much as for those not in chronic pain. Most seem to leave the chronic pain category 
over the subsequent 5 years, but their average quality of life does not reach the level reported by those 
not in chronic pain just 12 months after their total knee replacement. Patients in chronic pain consume 
more health-care resources at hospital because they are much more likely to have revision surgery 
within 7 years, and the costs of their health care in the community are also greater than for those 
not in chronic pain. Although the average costs of GP consultations per patient plateau after surgery, 
the costs of opioid prescriptions continue to significantly grow for patients in chronic pain for up to 
7 years after surgery. The analysis did not suggest any time points at which poor post-surgical outcome 
could predict long-term problems; there are, however, signs that long-term problems are associated 
with pre-operative pain and quality-of-life outcomes as well as health-care resource use, in particular 
prescriptions for strong analgesia.
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Development of a complex intervention 
for patients with chronic pain after knee 
replacement: the STAR care pathway (work 
package 3)

This work has been published as Wylde et al.123

Background

As part of our Programme Development Grant, we conducted preliminary studies to design an 
intervention to improve the management of chronic pain after total knee replacement. Studies included 
a systematic review, a survey of NHS practice, qualitative work with health-care professionals, an expert 
group meeting and PPI activities.48,124–126 We found a lack of clear pathways and referral processes for 
patients with chronic pain after total knee replacement,124,125 hindering patients’ access to targeted and 
individualised care and highlighting the need for improved access to appropriate pain management 
interventions for this population.

Aim

The aim of this work package was to refine and finalise a new care pathway for patients with chronic 
pain after total knee replacement. Specific objectives comprised the following:

• the refinement of intervention content
• the testing of intervention delivery and acceptability
• the evaluation of views about intervention implementation within a trial.

Methods
In line with Medical Research Council recommendations for the development of complex 
interventions,127 we undertook four phases of work:

1. a consensus questionnaire with 22 health-care professionals on the appropriateness of intervention 
components to refine content

2. four facilitated meetings with 18 health-care professionals to refine intervention content
3. delivery of the assessment clinic to 10 patients to evaluate intervention delivery and acceptability
4. a questionnaire based on the NoMAD tool with 10 health-care professionals at trial centres to 

assess views about intervention implementation.

Key findings
Consensus questionnaires and meetings with health-care professionals ensured that the intervention 
components were appropriate and informed substantive changes. Testing of intervention delivery 
identified that the intervention was acceptable to patients after small changes to assessment clinic 
processes. Engagement with stakeholders indicated that the intervention could be successfully 
implemented for evaluation within a trial setting. Based on this work, our novel intervention was refined 
and prepared for evaluation. Findings also informed the design and development of a comprehensive 
intervention training manual and training event.
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An overview of the intervention is shown in Figure 8. The intervention involves patients reporting 
moderate-to-severe pain at 3 months after total knee replacement attending an assessment clinic with a 
trained Extended Scope Practitioner (ESP). The clinic uses a standardised procedure involving (1) clinical 
history; (2) a review of patient-reported outcome measures including measures of pain, depression and 
neuropathic pain; (3) a knee examination to evaluate knee tenderness, surgical wound healing, range of 
motion, alignment, stability, patellofemoral joint function, infection and signs of CRPS; (4) an evaluation 
of radiographs for evidence of fracture or concerns with alignment, fixation, sizing or implant position; 
and (5) a blood test for markers of infection. Based on the findings of the assessment clinic, patients are 
referred to the appropriate existing services for further treatment. This may include one or more of the 
following: an orthopaedic surgeon for surgical review, a physiotherapist for muscle strengthening and 
exercise, a GP for treatment of depression or anxiety, and pain specialists for treatment of neuropathic 
pain or CRPS (via GPs). The care pathway is individualised and flexible, and the number of referrals 
reflects the needs of the patient. Monitoring is also available if appropriate. As part of the intervention, 
patients receive telephone follow-up from the ESP up to six times over 12 months to ensure any 
referrals are being undertaken and discuss any further referrals based on clinical need. The intervention 
aims to enable appropriate onwards referral to existing services to ensure that underlying reasons for 
chronic pain are considered and that treatment is targeted at these to improve pain management and to 
reduce the impact of pain.

Strengths and limitations
We took a comprehensive approach to the development and refinement of a complex intervention, with 
a focus on ensuring that the intervention was deliverable, implementable and acceptable. Additional 
methods that could have been used in the development of this complex intervention include economic 
modelling, observation of intervention delivery and factorial screening experiments. Testing of 
intervention delivery was conducted in a single centre, thereby limiting generalisability.

Conclusion and inter-relationship with other parts of the programme
This work informed the development and refinement of a care pathway for people with chronic pain 
after total knee replacement, ready for robust evaluation in a multicentre randomised controlled trial.

GP

Pat ients with moderate or severe pain at 2 months after
total knee replacement (identif ied through the OKS

 pain scale)

Depression
or anxiety

GP to
init iate

medicat ion

Severe or interfering pain
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No
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FIGURE 8 The STAR care pathway. PFJ, patellofemoral joint. CRPS, chronic regional pain syndrome.



DOI: 10.3310/WATM4500 Programme Grants for Applied Research 2023 Vol. 11 No. 3

Copyright © 2023 Gooberman-Hill et al. This work was produced by Gooberman-Hill 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.

27

Evaluation of the clinical effectiveness and 
cost-effectiveness of the STAR care pathway 
intervention (work package 4)

This work has been published as Wylde et al.,82,128–129 Bertram et al.86 and Moore et al.130

Background

After developing the STAR care pathway, evidence was required on its effectiveness, cost-effectiveness 
and acceptability.

Aim

This work package aimed to evaluate the clinical effectiveness and cost-effectiveness of the STAR care 
pathway compared with usual care for chronic pain after total knee replacement.

Methods
Study design
A pragmatic, open-label, parallel group, superiority, multicentre randomised controlled trial with a 2: 
1 intervention-to-control allocation ratio was designed, with an economic evaluation and qualitative 
studies embedded.128

Participants
Adults who received primary total knee replacement for osteoarthritis at a participating hospital were 
screened to identify patients who had pain in their operated knee at 2–3 months post surgery using 
the OKS pain component threshold score of ≤ 14, as validated in work package 2. Exclusion criteria 
comprised a lack of capacity to provide informed consent, previous participation in the STAR trial for the 
contralateral knee and participation in another study that would interfere with the STAR trial. Patients 
were recruited from eight NHS hospitals in Bristol, Cardiff, Exeter, Mansfield, Oswestry, Wrightington, 
Leicester and Birmingham.

Treatment allocation
After patients provided written informed consent and completed a baseline questionnaire, they were 
randomly allocated to the STAR pathway plus usual care or usual care alone. Randomisation, minimised 
by knee pain and stratified by hospital, was conducted remotely on a 2: 1 intervention-to-control basis 
by the Bristol Randomised Trials Collaboration. Masking of participants was not possible owing to 
the nature of the intervention. Trial personnel were not masked except for those collecting outcome 
measures over the telephone from participants who did not return a questionnaire.

Intervention: STAR care pathway
The STAR care pathway comprises assessment by a trained ESP, referral to appropriate existing services 
and telephone follow-up. Further details are provided in Development of a complex intervention for 
patients with chronic pain after knee replacement: the STAR care pathway (work package 3).

Control: usual care
Usual care at participating hospitals included a routine 6-week post-operative follow-up and some 
clinicians provided an additional 3-month appointment. All sites provided additional follow-up if 
requested but this did not include routine follow-up by pain specialists.
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Outcome assessment
Assessments were conducted prior to randomisation (3 months post surgery) and then at 6 and 
12 months after randomisation. The selection of outcomes was guided by our core outcome set for 
chronic pain after total knee replacement.131 The coprimary outcomes were pain severity and pain 
interference, assessed using the Brief Pain Inventory (BPI) severity and interference scales,132 at 
12 months after randomisation.

Secondary outcomes included the BPI at 6 months and the following measures at 12 months: the OKS,80 
painDETECT,133 the Douleur Neuropathique 4,82 the Hospital Anxiety and Depression Scale,134 the 
Pain Catastrophizing Scale,135 the Possible Solutions to Pain Questionnaire,136 the Patient Satisfaction 
Scale,137 single-item questions on comparison of pain to pre-operative pain and pain frequency, 
ICEpop CAPability measure for Adults (ICECAP-A),138 the EQ-5D-5L,139 the Short Form-12,140 chronic 
widespread pain,141 serious adverse events related to the intervention and resource use. The 12-month 
questionnaire included free-text questions asking participants about what had and had not helped their 
knee pain.

Internal pilot phase
A 6-month internal pilot phase with embedded qualitative research was conducted at four hospitals 
to refine trial procedures.86 On completion of the pilot, it was clear the planned sample size of 380 
could not be reached with four recruiting sites. A projection equation was used to estimate potential 
recruitment for prospective sites, which included high volume centres from the NJR. A feasibility 
assessment was developed to ensure delivery was achievable by a site prior to addition. Nineteen sites 
were assessed for feasibility and five new sites ultimately joined the trial. Combined with refinements 
from the pilot qualitative work, this strategy successfully produced enough recruitment to provide a 
sufficiently powered sample.

Qualitative research in the pilot phase included audio-recording and thematic analysis of 31 recruitment 
consultations and 29 participant interviews. The analysis provided information that was used to refine 
trial recruitment processes (e.g. explanation of trial processes to patients), make improvements to 
patient information and make changes to standard operating procedures.

12-month qualitative study
After the 12-month follow-up, a purposive sample of 27 participants from the intervention group were 
interviewed about the STAR care pathway. The sample included 10 men and 17 women from six study 
sites, with sampling designed to include those with a range of outcomes based on BPI severity and 
interference. Interviews were audio-recorded and transcripts analysed thematically.142

Statistical analysis
Full details of the sample size calculation and statistical analyses are provided in the published 
protocol128 and statistical analysis plan.143 A sample size of 285 patients provided power of 80–90% 
to detect standardised differences of between 0.35 to 0.40 standard deviations (0.7–0.8 scale points) 
in the BPI between groups at 12 months after randomisation using a two-sided 5% significance level. 
Accounting for loss to follow-up of 25%, 381 participants were required.

Data analysis was conducted in accordance with CONSORT (Consolidated Standards of Reporting 
Trials) guidelines. The primary comparative analysis, performed on an ‘as randomised’ basis included 
all available primary outcome data at 12 months. Control and intervention groups were compared 
using linear regression models adjusted for the minimisation/stratification variables and the baseline 
values of the respective outcome, presented with both 95% CIs and p-values. Sensitivity analyses used 
multiple imputation with chained equation techniques to impute missing primary outcome data. The 
secondary outcomes were also analysed using regression. Subgroup analyses investigated variation in 
the treatment effect between orthopaedic centres and by pain severity, using interaction terms added to 
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the relevant regression models. Per-protocol analysis was used to estimate the treatment effect in those 
patients who adhered to the protocol.

Cost-effectiveness analysis
Full details of the cost-effectiveness analyses are provided in the Health Economics Analysis Plan.144 
The primary cost-effectiveness analysis took an NHS and Personal Social Services (PSS) perspective. 
A secondary analysis took a broader perspective to include patients’ costs. Resources used in relation 
to the treatment of chronic pain were measured from randomisation to 12 months’ follow-up, the time 
horizon of the analysis. All resources were valued using routine data sources. All comparative analyses 
were conducted on an ‘as randomised’ basis and there was no discounting of costs or effects given the 
short duration of the study. The primary outcome for the economic evaluation was the quality-adjusted 
life-year (QALY), which was calculated from EQ-5D-5L responses and using the mapping function to the 
3-level valuation set.145 The difference in costs and QALYs between the arms was assessed on a multiply 
imputed data set using the net benefit framework, which uses seemingly unrelated regression models 
adjusted for the baseline values of the minimisation/stratification variables. Uncertainty was addressed 
using cost-effectiveness acceptability curves and sensitivity analyses.

Key findings
Between September 2016 and May 2019, 363 patients with pain 3 months after knee replacement were 
randomly assigned to receive either the intervention plus usual care (n = 242) or usual care alone (n = 
121). Participants had a median age of 67 years (range 40–88 years) and 60% were female. Of those 
randomised to the STAR care pathway, 233 (96%) attended the clinic appointment and participants had 
a median of two (interquartile range 1–2) onward treatment referrals.

Cross-sectional analyses of baseline data found that more severe pain at 3 months post surgery was 
associated with poorer general health, poorer physical health, more pain worry and lower satisfaction 
with surgery outcome. More severe functional limitation was associated with higher levels of depression, 
more pain worry, lower satisfaction with surgery outcome and higher pain acceptance.129

Analysis of the primary outcome at 12 months after randomisation included 313 participants: 213/242 
(88%) in the intervention group and 100/121 (83%) in the usual care group. The primary analysis yielded 
a difference in means in the BPI severity score between groups at 12 months after randomisation that 
favoured the STAR care pathway (–0.65 points, 95% CI –1.17 to –0.13; p = 0.014). The difference 
in means between groups from the primary analysis of the BPI interference score at 12 months also 
favoured the STAR care pathway over usual care (–0.68 points, –1.29to –0.08; p = 0.026).

At 6 months after randomisation, the mean BPI severity score also favoured the intervention group over 
the usual care group, with a difference in means of –0.55 points (95% CI –1.05 to –0.06; p = 0.028). 
There were similar results at 6 months for the BPI interference score, with a difference in means of 
–0.71 points (95% CI –1.28 to –0.15; p = 0.014). Repeated measures analysis showed no evidence of 
a difference in treatment effect at 6 months compared with 12 months, which was consistent with an 
effect at 6 months that was maintained at 12 months post randomisation for both the BPI pain and 
interference subscales. There was no evidence of a treatment effect on any of the secondary outcome 
measures at 12 months, with the exception of a better OKS in the intervention group, with a difference 
in means of 2.68 (95% CI 0.58 to 4.78; p = 0.013).

The analysis of costs from the NHS and PSS perspective showed that the intervention group dominated 
the usual care group, in that costs in the intervention group were £724 (95% CI –£1500 to £51) less 
and there were an additional 0.03 (95% CI –0.008 to 0.06) QALYs than the usual care group. This meant 
that the incremental net monetary benefit (iNMB) at a £20,000-per-QALY threshold was £1256 (95% 
CI £164 to £2348), indicating a 98.79% probability that the intervention is the cost-effective option. 
Similarly, from a patient perspective, and all perspectives combined, the intervention group remained 
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dominant. The greater number of hospital admissions (for the NHS/PSS perspective), and the greater 
number of hours of unpaid leave (patient perspective) in the usual care group were the cost drivers of 
these results.

Free-text questions asked participants what they felt had and had not helped their knee pain during 
the 12 months of trial participation. Most responses for what had helped included physiotherapy and 
exercise activities such as walking, swimming and keeping moving (51%). Responses for what was 
not helpful included physical limitations such as not being able to bend the knee, stairs, stiffness and 
swelling (34%). Painkillers were included in both sections as helpful (16%) and unhelpful (14%).

Findings from the qualitative research in the pilot phase indicated that participants found the trial 
and randomisation acceptable. The pilot work also led to refinements in study materials, including 
improvements to the explanations of randomisation and usual care in the patient information leaflet, 
clarification that all participants would be able to access health care as usual regardless of group 
allocation, and clarification that patients would only attend one clinic appointment. We updated the 
standard operating procedures for recruiters to ensure that they made a clear distinction between 
completion of the questionnaire and the randomisation procedure, and modified the online version of 
the questionnaire to ensure that participants could select options more easily.

Findings from analysis of the qualitative interviews with participants who received the intervention 
indicated that they found it acceptable and that it provided patients with a sense of support and 
confidence in their ongoing recovery. Patients were reassured that referral was appropriate, and even 
when treatments did not fully resolve their pain, they valued the opportunity to discuss their knee 
problems with a health-care professional.

Strengths and limitations
Strengths of this trial included the pragmatic design, inclusion of multiple hospitals, use of a core 
outcome set, high adherence to the intervention, full cost-effectiveness analysis, and embedded 
qualitative work to optimise processes and explore patient experiences of the intervention. The 
demographics of the trial sample in terms of ethnicity (94% white), mean age (67 years) and gender (60% 
female) broadly reflects the population of individuals undergoing knee replacement in the UK at the 
time of the study (95% white, mean age 69 years and 57% female).5,146 A limitation was that the postal 
screening process may have missed people with pain because nearly half of patients did not return the 
screening questionnaire. Another potential weakness was that it was not possible to mask participants 
to treatment allocation owing to the nature of the intervention, which could have contributed to 
an overestimation of the treatment effect. Missing questionnaire data were the main issue in the 
cost-effectiveness analysis, which meant it was not appropriate to conduct a complete-case analysis. 
However, the main cost driver related to hospital admissions, the data for which were obtained from the 
informatics departments of the treating hospitals. Other limitations include potential underreporting of 
participant-reported use of mental health services if participants had not considered these services as 
attributable to their pain, and not adjusting for patient-reported baseline costs, which potentially could 
have influenced the identified cost differences. However, given there were no substantial imbalances 
between trial arms, it is possible that the extra missing data that would have arisen from the inclusion 
of these baseline costs could have had more influence on the identified cost differences. Finally, 
although the difference in mean BPI scores between the groups was slightly lower than the published 
minimal clinically important difference of 1 point, the 95% CIs covered a clinically meaningful difference 
(95% CI –1.17 to –0.13 for BPI pain severity and –1.29 to –0.08 for BPI pain interference). It is widely 
acknowledged that chronic pain after knee replacement is a complex condition that is difficult to treat 
and in this context an improvement in both the BPI severity and interference scores of the observed 
magnitude, with the 95% CIs including the minimally clinically important difference, were interpreted as 
clinically important. The STAR intervention provides a model of care delivery that includes referrals to 
evidence-based treatments and we would anticipate that improvements in treatments and management 
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strategies for chronic pain after knee replacement would lead to better outcomes for patients who 
receive the intervention.

Conclusion and inter-relationship with other parts of the programme
The trial was designed in collaboration with patients through PPI activities and was informed by our 
systematic reviews and intervention development work. The trial found that the STAR care pathway is a 
clinically effective and cost-effective intervention for reducing pain severity and interference for patients 
with troublesome pain at 3 months after knee replacement. Work to explore how to implement these 
findings is described in Implementation and dissemination of patient and health-care professional resources 
(work package 6).
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Understanding non-use of services by people 
with chronic pain after total knee replacement 
(work package 5)

This work has been published as Moore et al.147,148

Background

As with other chronic pain problems,75 people with chronic pain after total knee replacement may 
make limited or no use of formal services, and may believe that pain is inevitable and that little can be 
done.78,149

Aim
We aimed to explore non-use of services by people with chronic pain after total knee replacement.

Methods
Participants were recruited from two high-volume NHS hospitals in central and south-west England. 
Individuals who had a total knee replacement ≥ 12 months ago were sent a screening questionnaire 
which included the OKS,80 elements of the Level of Expressed Need Scale150 and questions about 
health resource use. Potential participants were eligible for study inclusion if they answered ‘yes’ to 
the question ‘Are you currently troubled by pain in your replaced knee, either all the time or on and off, 
which has lasted for more than three months?’, scored ≤ 14 on the OKS pain component and described 
seeing GPs or other health-care professionals in relation to their pain as ‘rare’ or ‘never’ in the previous 
12 months. A purposive sample of up to 40 people was planned as an approximation expected to 
achieve data saturation.142 People who were eligible and interested in participating were contacted by a 
member of the research team to arrange a face-to-face interview.

All interviews took place in participants’ homes and were conducted by an experienced qualitative 
methodologist who was not known to any of the participants before the study. Participants provided 
written informed consent before the interview commenced. A semistructured topic guide was used 
to ensure that relevant issues were addressed, while also providing flexibility for the researcher and 
participant to explore and reflect on different areas. Topics included participants’ experiences of chronic 
pain after total knee replacement, characteristics of pain, comorbidities and their impact on chronic pain, 
participants’ management of their pain and the use of formal and informal health services. All interviews 
were audio-recorded with consent.

Interview recordings were transcribed, anonymised and uploaded to NVivo11 (QSR International, 
Warrington, UK) data management software. Inductive thematic analysis was undertaken. Line-by-
line, focused, axial and theoretical coding took place, with independent double-coding to maximise 
interpretative depth. Analysis took place alongside data collection to inform subsequent interviews. 
After development of a descriptive account, a theoretical account and model was developed to highlight 
reasons for non-use of health care.

Key findings
Thirty-four interviews were completed, with 16 men and 18 women (mean age 74 years, range 
55–93 years). Findings suggested a strong core theme that ‘nothing can be done’. Several subthemes are 
related to this core category.
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The overarching theme that ‘nothing can be done’ reflected a common experience among participants. 
The subthemes explain why people came to this conclusion. Based on their initial experience of seeking 
support for chronic pain, many had stopped seeking help. This was due to a combination of inter-related 
factors, beginning with the response of health-care professionals, which was often discordant with their 
own experience. If no technical or mechanical reason for ongoing pain was evident, then surgeons’ 
assertions that the operation was a success left the patient uncertain about their pain and whether 
or not they could seek further care. Most patients seemed to want to avoid further medicine either 
because of unwanted side effects or a perception that medicines were ineffective. Patients expected to 
be told that nothing further could be done, having already had their knee joint replaced. Seeking further 
access to care was also thought to be risky: further surgery may worsen the pain or the likely outcome 
was not perceived to be worth the effort. For some people, other health conditions took priority. Added 
to this was a strong moral sense that seeking further care for chronic pain after total knee replacement 
could overburden an already overstretched health-care system or delay care for others in more need 
of care.

We applied Scott’s model of pathways to treatment151 and found it has limitations among individuals 
who have already sought treatment through knee replacement that left them with poor outcomes. 
People with pain are caught in a cycle of appraisal of symptoms which we have termed a ‘futility loop’, 
without moving on to health seeking.

Further analysis of the interviews found that some participants struggled with issues of embodiment, 
that is how one experiences and acts upon the world through the body. Some described feelings of 
discomfort rather than pain, and described their knee in terms of heaviness, numbness and tightness to 
the point of feeling uncomfortable and restricted. Pain and discomfort appear to be linked to a sense 
that the prosthesis was ‘alien’ or ‘foreign’, which is a sense of disembodiment. Participants described a 
disconnection from their knee that made it difficult to move, requiring deliberate conscious effort rather 
than natural subconscious flow. Some participants saw their replaced knee as unpredictable because 
of a lack of ‘conscious connection’ with it, which could sometimes lead to falling over without warning. 
Our findings suggest that rather than being a neurological issue, these separation experiences originate 
from a lost sense of ownership and agency over the limb. Thus, rehabilitation should focus not only 
on strengthening the joint and promoting full functional recovery, but also on modifying a person’s 
relationship with their new joint to achieve full embodiment or connectedness.

Strengths and limitations
The achievement of data saturation provides us with confidence that the findings are transferable to 
other people within the same population in the UK. Our study did not include the accounts of clinicians 
as we were interested in understanding the reasons why people with pain did not use health care. 
However, previous research by our team indicated that clinicians also feel that there is a lack of clarity 
about routes through care for people with chronic pain after knee replacement.125

Conclusion and inter-relationship with other parts of the programme
Our findings explain why some people with chronic post-surgical pain after knee replacement do not 
seek health care. Our findings show that health-care professionals’ responses to reports of pain in 
initial follow-up appointments can powerfully affect patients’ beliefs about whether or not they have a 
legitimate reason to reconsult if that pain does not improve.

The findings from our study of embodiment suggest that post-operative rehabilitation may consider 
inclusion of rehabilitation strategies that focus on reincorporating the altered limb into the body.



DOI: 10.3310/WATM4500 Programme Grants for Applied Research 2023 Vol. 11 No. 3

Copyright © 2023 Gooberman-Hill et al. This work was produced by Gooberman-Hill 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.

35

Implementation and dissemination of patient 
and health-care professional resources (work 
package 6)

Background

Implementation science provides models to help ensure maximal uptake of new interventions and 
processes by health-care professionals and organisations.152–154 NPT is an approach from implementation 
science that we used to assist optimal implementation of the care pathway in the trial and to 
understand how the pathway could be best put into practice if clinically effective and cost-effective. 
We also conducted dissemination activities, including conference presentations, journal articles, and 
communication for professionals, patients and the public.

Aims
This work package aimed to assess the implementation of the intervention into clinical practice in the 
trial and to distribute evidence-based information about identification, assessment and management of 
chronic pain after total knee replacement.

Evaluation of implementation
This work is described in detail in Appendix 7.

Qualitative study
Interviews were conducted with 14 participants involved in the implementation and delivery of the 
STAR care pathway. Participants comprised five consultant orthopaedic surgeons, one consultant 
rheumatologist and eight ESPs. Interviews were conducted after delivery of the intervention was 
complete. The interview topic guide used items from the NoMAD survey questionnaire81 to elicit 
stakeholders’ opinions about the implementation of the STAR care pathway delivered in the trial. 
The 23 items were designed to enable participants to provide information about their experiences of 
intervention delivery and their expectations of the implementation process. Items reflect the four core 
constructs of NPT (coherence, cognitive participation, collective action and reflexive monitoring), which 
represent the different kinds of work that people do when implementing a new practice. Data were 
audio-recorded, transcribed, anonymised and analysed using the NoMAD items as a coding frame for 
content analysis.155

Participants quickly became familiar with the STAR care pathway. Many aspects of the pathway, 
including regular telephone follow-up calls and elements of the assessment, were additions to 
normal practice.

In terms of how participants made sense of the intervention (coherence), although the 60-minute clinic 
was longer than standard appointments (15–20 minutes), participants felt that patients benefited 
from the opportunity to talk about their surgery and recovery. Clinicians valued the protected time 
and training to address psychosocial factors and neuropathic pain. ESPs valued how the pathway had 
formalised a range of strategies for the management of ongoing pain, which enabled them to refer 
patients on for pain medicines, anxiety or depression, or to a GP, physiotherapist or surgeon. It was 
noted that life events impacted on some patients’ recovery and that this was not captured in the current 
protocol and may have been better dealt with by referral to a counsellor.
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To build a community of practice around the STAR intervention (cognitive participation), key individuals 
were essential to enable intervention delivery. Research nurses and administrators were essential 
for the coordination and organisation of clinic appointments, senior managers and consultants for 
the motivation of multidisciplinary teams, and ESPs for clinic delivery. All participants supported the 
pathway and were open to working in new ways to implement the pathway should it be clinically 
effective and cost-effective.

Participants experienced some challenges in delivering the STAR clinics and follow-up calls (collective 
action). The intervention required more time and resources than normal assessment and follow-up 
practice. Participants felt that sensitivity was required when handling referrals back to the surgeons, so 
that the surgeons were fully aware that patients they had originally treated had been assessed in a STAR 
clinic and may be referred back to them. Participants also suggested that having information on patients’ 
pre-operative pain or depression scores may be useful in the future roll-out of the intervention as a way 
to provide a baseline reference by which to guide post-operative pain management.

Training and support for the delivery of the intervention was felt to be excellent, and ESPs reported 
feeling confident that they were supported. Future implementation of the STAR pathway into clinical 
practice and support by hospital management was felt to depend on whether the pathway was shown to 
be cost-effective.

Participants’ appraisal of how the intervention affected them (reflexive monitoring) suggested that 
they valued many elements of the STAR pathway. These included the focus on neuropathic pain and 
psychosocial issues, enhanced patient care, formalisation and validation of referral practices, and 
increased knowledge of pain management.

Stakeholder meeting
In September 2020, we conducted an online stakeholder meeting with NHS managers, heads of therapy, 
commissioners, surgeons, pain clinicians, representatives from relevant professional organisations, 
representatives from Versus Arthritis and patients. We shared programme findings to provide the basis 
for a discussion of the results, and shared specific findings from qualitative interviews to facilitate 
discussion about optimisation of implementation. For visual abstracts presented at the meeting, see 
Report Supplementary Material 1.

The event was attended by 55 stakeholders. Three breakout groups discussed the next steps 
for research, focusing on pain journeys and prediction, support for patients to seek care and for 
professionals to enable this, and how to move the care pathway from research into practice.

Based on this discussion, stakeholders identified two areas as future research priorities:

1. The pre-operative identification of patients who are most likely to have poor outcomes afterwards. 
This includes a tool to predict poor outcomes after surgery and pre-operative preventative 
interventions.

2. The development of evidence-based information for patients to inform, empower and manage 
expectations – including in the pre-operative phase of care – and to enable people with chronic 
pain after knee replacement to seek health care, provide information about forms of management 
that are available in the NHS, and encourage professionals to provide access and encouragement.

Dissemination
Journal publications and conference presentations
We disseminated the results of our research in journals and at national and international conferences, 
engaging audiences interested in pain and orthopaedics. We have published 14 articles from the 
programme and made 28 conference presentations.
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Engagement with members of the public and patients
We worked in partnership with patients and Versus Arthritis to develop accessible, evidence-based 
information. These resources were disseminated through online information, web-based resources, 
written information and other appropriate outlets including an ‘NIHR Alert’. Engagement with members 
of the public and patients also took place through web material and Twitter (Twitter, Inc., San Francisco, 
CA, USA)) hosted at the University of Bristol. We have also made two short films about PPI and trial 
findings. All participants in work packages 2–6 received feedback on study findings, developed in 
partnership with patients.

Strengths and limitations
Using the NoMAD instrument to structure the topic guide allowed us to frame data collection and 
analysis around the four NPT constructs and to collect a rich data set that included multiple aspects of 
implementation. Fourteen out of a potential 20 ESPs and principal investigators (PIs) at trial sites took 
part and we achieved a good representation of stakeholders. Data collection and analysis only took 
place at centres involved in the trial because we wanted to collect data about the real experience of 
intervention delivery. Although this could be seen as limiting the transferability of these findings beyond 
the context of the trial, results suggest that the STAR pathway has good potential for implementation, 
and potential facilitators of and barriers to implementation have been identified. The stakeholder 
meeting also enabled us to address and discuss solutions to barriers, such as improved communication 
about the pathway between stakeholders and improving information for patients considering 
knee replacement.

Conclusion
Findings from the process evaluation showed that stakeholders supported delivery of the STAR care 
pathway and were willing to work in new ways to implement it if shown to be cost-effective. We 
recommend that sufficient time and resources are allocated to the implementation of the STAR care 
pathway and that information about the pathway and referral processes should be promoted widely and 
sensitively among those involved in its implementation. The stakeholder meeting identified priorities for 
future research.
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Conclusions from the whole programme

The main reason that people undergo total knee replacement is to alleviate pain. However, a sizeable 
proportion of patients who have total knee replacement experience chronic pain after surgery. The 
programme addressed seven thematic areas.

Theme 1: how and when people with pain after total knee replacement should be 
identified
Our work recommends early post-operative screening, beginning at 2 months after surgery, to identify 
patients with troublesome pain after knee replacement. This can then facilitate targeted care delivery 
at 3–4 months post surgery when acute pain is transitioning to chronic pain, with the aim of preventing 
longer-term chronicity. To identify patients with troublesome pain after total knee replacement who 
would likely benefit from intervention, we have, to the best of our knowledge, developed and applied 
the first robust and standardised approach using a derived cut-off score on the OKS pain subscale.

Theme 2: predicting who will develop chronic pain after total knee replacement
Our database analyses confirmed the importance of pre-operative pain as a predictor of chronic pain 
after knee replacement. Those with the mildest pre-operative knee pain were more likely to move to 
a worse post-operative pain state. Patients taking opioids and antidepressant medications were more 
likely to have worse pain outcomes. Other risk factors, including smoking, obesity and comorbidities are 
potentially modifiable before surgery or may identify groups requiring additional care and monitoring.

Theme 3: prevention of chronic pain after total knee replacement
Randomised trials to assess long-term outcomes after pre-, peri- and post-operative interventions are 
feasible and necessary to ensure that patients receive care with reduced or no risk of chronic pain. Some 
unifactorial interventions merit further study and may have a role in the knee replacement pathway.

Theme 4: trajectory of chronic pain after total knee replacement
Although two-thirds of people with chronic pain 1 year after surgery appear to improve and no longer 
experience pain as the years pass, our estimates (after imputing significant missing data assumed to be 
missing at random) indicate that one in three still experience chronic pain 5 years after their operation 
or fluctuate in and out of pain. When describing chronic post-surgical pain, some people describe 
sensations of discomfort including heaviness, numbness, pressure and tightness associated with the 
prosthesis. Some people report a lack of felt connection with their knee and a lack of confidence in it.

Theme 5: how people manage chronic pain after total knee replacement
Chronic pain after total knee replacement is linked with slightly more visits to the GP, more 
physiotherapy and a greater consumption of stronger analgesia even years after the operation. People 
with chronic pain after knee replacement who make little or no use of services often feel nothing more 
can be done, or that further treatments may not be of benefit or cause further harm.

Theme 6: economic impact of chronic pain after total knee replacement
We found that chronic pain after total knee replacement is associated with an additional average 
expenditure of about £100 per patient in primary care consultations during the first year after 
surgery. This extra cost is sustained over time, for at least up to 8 years after the operation. Analgesia 
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prescription is also more costly for patients with chronic pain and the associated extra cost increases 
after surgery primarily owing to the increased prescription of opioids. During the 8 years following 
knee replacement, pain analgesia prescription costs the NHS on average an additional £35 per patient 
per year for those in chronic pain. Additional costs associated with chronic pain, including primary and 
hospital care as well as private physiotherapy (but excluding prescription medication), can be as high 
as £1300 in the first year after surgery. This decreases over time, reaching £55 by the fourth year. 
Furthermore, chronic pain can be expected to be associated with increased formal and informal care as 
well as productivity losses, which would significantly increase its socioeconomic impact.

Theme 7: how to optimise the management of chronic pain after total knee 
replacement
Our trial showed that the STAR care pathway is a clinically effective and cost-effective intervention 
for reducing pain severity and pain interference over 1 year for patients with troublesome pain at 
3 months after knee replacement. The novel STAR care pathway was designed to provide personalised 
care through a multifaceted treatment approach. The intervention addresses the need for clear 
pathways and referral processes to facilitate access to targeted care matched to individual patients’ 
pain characteristics.

The STAR care pathway provides patients with reassurance and confidence in their recovery and 
ensures that they receive the treatments they require. Patients valued the opportunities to discuss their 
concerns with a health-care professional and derived a sense of reassurance and encouragement from 
the STAR clinic and follow-up calls.

To the best of our knowledge, our trial is the first robust evaluation of a multifaceted and personalised 
intervention for patients with pain at three months after knee replacement.

For people with general chronic pain after knee replacement, there were encouraging findings from 
our systematic reviews that warrant further research into unifactorial interventions. However, there 
is currently insufficient evidence to support their use in clinical practice. This was also apparent in the 
more general literature reporting evaluations of interventions for chronic pain after diverse surgeries. 
The design of the STAR pathway will permit the incorporation of new evidence-based interventions into 
patient care.

Challenges in the programme as a whole
A strength of the STAR programme was the inclusion of work packages that delivered findings to build 
a broader picture of chronic pain after total knee replacement. The programme comprised inter-related 
studies and it was important that these were connected to one another.

The main challenges to the programme related to the implementation of strategies to improve trial 
recruitment and ensure the success of the trial. Differences between anticipated and actual recruitment 
related to the availability of patients at trial sites, including during periods when fewer patients 
had surgery such as elective surgery closures during winter bed pressures. Feasibility assessments 
and recruitment projections accounting for patient availability were developed to ensure realistic 
recruitment targets at each site. These methods of optimising recruitment were successful in producing 
a powered sample for analysis.

An opportunity presented by the programme was the multidisciplinary nature of the team and the 
research delivered. Over 5 years, the programme team worked together closely and shared progress, 
details of research methodologies and their clinical experience. As such, the programme served to 
develop UK health research capacity in knee replacement and pain research. The learning from one 
another’s approaches is intangible and difficult to define but is likely to deliver long-term benefit to team 
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members’ individual capacity, future research leadership and potential to support high-impact research 
in the future.

Recommendations for future research
Based on the programme, we recommend the following areas for future research. These 
recommendations focus on moving from work on risk factors to future interventions, improvements to 
the STAR care pathway and enabling fuller engagement between people living with or at risk of pain 
after knee replacement and health care:

• Research that identifies new interventions with evidence of effectiveness may need to be 
considered in future refinements of the STAR intervention to ensure that it remains current, 
evidence-based and able to deliver a personalised approach to the management of chronic pain 
after knee replacement.

• Research to pre-operatively identify those patients who are most likely to have poor outcomes and 
to develop a tool for the prediction of poor outcomes after surgery.

• Development of evidence-based information for patients to inform, empower and manage 
expectations – including in the pre-operative phase of care – and to enable people with 
chronic pain after knee replacement to seek health care, to provide information about forms of 
management that are available in the NHS and to encourage professionals to provide access 
and encouragement.

• Research to explore and develop an intervention to identify how to support people to manage any 
feelings of disconnectedness from their replaced knee.

• Longer-term follow-up of patients who received the STAR care pathway to describe 
longer-term outcomes.

• Given the complexity of pain that extends or emerges after surgery, individualised multimodal 
interventions matched to pain characteristics after other surgeries – as evaluated in the STAR trial – 
merit development and evaluation.

• The STAR programme focused on care after surgery. Future research could focus on the time before 
surgery as an opportunity for intervention. We have a greater understanding of risk factors for poor 
outcome and using this understanding to design and evaluate pre-surgical interventions may prove 
of long-term benefit to patients and health-care systems. For example, research could develop 
and evaluate an intervention to address opioid medication prescribing. There may be need for 
research into clearer expectation setting and communication between patients and professionals 
before surgery.

Reflections on work packages
Working with our PPI group has been valuable across all work packages. The group gave support to the 
STAR randomised controlled trial that helped with the inclusion, recruitment, retention and engagement 
of patients.

Trial recruitment originally aimed to recruit equal numbers of participants from four sites with a variety 
of patient characteristics. In an ‘internal pilot phase’, we increased the number of study sites from four to 
eight to ensure that we met the recruitment target.

Without a clear mechanism linking pre-operative and long-term post-operative pain, it proved hard 
to justify to peer reviewers that systematic reviews of trials of a broad range of pre-, peri- and post-
operative interventions should include a focus on long-term pain as an outcome. However, pain should 
be included with other adverse events in long-term follow-up when changes are made to patient care 
in the knee replacement patient pathway. Direct effects may be clear through nerve damage and other 
biological mechanisms. However, associations with long-term pain may be indirect, mediated through 
other adverse events and, as we have shown, extended hospital stay and readmissions.
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Challenges and successes
Successes for the programme included high-quality and robust results relating to patient care and 
outcomes after knee replacement. Although the research focused on the time after surgery, the 
programme provides findings are programmatic in nature and relate to the whole patient journey 
through knee replacement. These results are directly relevant to patients, health-care professionals and 
providers. We now have new important knowledge on impact, risk factors and management that will 
inform care.

Challenges included the need to improve recruitment and retention methods in the trial. Extending trial 
recruitment to additional sites proved a successful strategy. In addition, collaboration with the PPI group 
assisted in the improvement of recruitment and retention methods. This collaboration and the input 
provided by the PPI group was crucial to the success of the trial and the programme.

The COVID-19 pandemic fell during the follow-up phase of the main trial. Although this did not affect 
our follow-up response rate, concerns were raised over how responses may be affected by the national 
lockdown and limited availability of health-care services. Sensitivity analyses were implemented to 
assess this and did not find any significant effects.

Service developments
During the programme we developed, delivered and evaluated a new care pathway for people with 
chronic pain after knee replacement. This represents a service development that is acceptable, clinically 
effective and cost-effective and ready for implementation in health care.

Implications for practice and lessons learned
This programme was designed to inform and evaluate improvements to services and patient well-being. 
We discussed these with stakeholders towards the end of the programme, who expressed a desire to 
see the delivery of the STAR care pathway in the NHS.

The following key implications from the work relate to a pressing need to provide support and care for 
people experiencing chronic pain after knee replacement:

• Access to an evidence-based care pathway, such as the STAR care pathway, can improve outcomes 
and is cost-effective. Delivery of the pathway should provide benefit.

• People with chronic pain after knee replacement may benefit from clearer information about 
the likelihood that their pain may change over time, including that it might improve, and that 
engagement with health-care professionals provides an opportunity to address concerns about 
their replacement.

• For people who do not make use of health care but who have chronic pain after knee replacement, 
providing them with information about the potential benefit of health care and encouraging 
professionals to enable them to seek care may have benefit by enabling these people to access 
evidence-based forms of management for their pain.

Taken together, the programme has provided evidence about what provides benefit and what is not 
known, and has identified directions of future research need. The programme has generated a large 
body of evidence about pain after total knee replacement and serves to raise awareness of the problem, 
pushing the issue higher up the agenda of research, practice and policy. The impact of the programme 
as a whole is beyond the sum of its parts: we have generated evidence and awareness of this important 
issue, and there is more work to be done.
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Appendix 1 Summary of STAR patient 
and public involvement activity during the 
programme

Date 
of PPI 
activity 

Meeting 
type WP PPI activity and actions 

10 
February 
2015

PEP-R 
Forum

WP3 Discussed whole programme. Refined the approach letter, patient informa-
tion leaflet and screening questionnaire. Advised on logistics of the clinic. 
Discussed PPI plans

15 
September 
2015

PEP-R 
Forum

WP3
WP4

Discussed the trial and plans to interview patients who do not seek further 
treatment

28 
September 
2015

STAR 
Forum

WP4
WP5

Discussed whole programme. Approved screening questions, interview 
guides and plain English summary

8 
December 
2015

STAR 
Forum

WP4 Reviewed questionnaire booklet and addressed how to provide contact 
details of organisations and charities

March/
April 2016

one-to-
one

WP4 Edited patient information booklet, resource diary and questionnaire

22 March 
2016

PEP-R 
Forum

WP4 Edited patient information booklet and interview topic guides. Discussed 
how to telephone patients

28 June 
2016

STAR 
Forum

WP3
WP4

Discussed the feedback from the 10 patients who attended the STAR 
Planning clinics And CarE (PACE) clinic and improved plain English summary 
of findings. Made recommendations about trial data collection

27 
September 
2016

STAR 
Forum

WP4 Reviewed patient information booklet and made recommendations about 
trial operating procedures

5 
December 
2016

STAR 
Forum

WP4 Discussed sample size, randomisation, standard operating procedures and 
trial progress

28 
February 
2017

STAR 
Forum

WP1
WP4

Contributed to summaries of systematic reviews
Refined and amended trial information and resource diaries

6 June 
2017

STAR 
Forum

WP1
WP4

Reviewed summary of systematic review
Made recommendations about patient involvement in the researcher 
training and recruitment standard operating procedures

19 
September 
2017

STAR 
Forum

WP4
WP6

Discussed trial recruitment, new sites and training day
Discussed new grant application idea and STAR website
Note: Stewart Long from Versus Arthritis attended

28 
November 
2017

STAR 
Forum

WP1
WP4

Reviewed systematic review plain English summary
Reviewed the newsletter for STAR participants
Made recommendations about STAR trial thank you letters

27 March 
2018

STAR 
Forum

WP2
WP4

Discussed the plain English summary of the Oxford Knee Score pain cut off, 
and use and interpretation of routine health data
Made recommendations for improving 12-month follow-up questionnaire

8 May 
2018

STAR 
Forum

WP4 Reviewed the feedback leaflet for screening project participants. Made 
recommendations about the newsletter for STAR participants and agreed 
to be featured in the next issue
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Date 
of PPI 
activity 

Meeting 
type WP PPI activity and actions 

19 June 
2018

STAR 
Forum

WP4
WP6

Reviewed the newsletter for STAR participants
Interviewed and photographed for ‘Take Part Be Involved in Research’ 
magazine. Discussed dissemination ideas

23 
october 
2018

STAR 
Forum

WP4
WP6

Discussed randomisation to usual care letter
Approved the newsletter for STAR participants and the ‘Take Part Be 
Involved in Research’ article and leaflet. Discussed publicity of the article
Discussed STAR website and films about PPI.
Discussed James Lind Alliance’s (NIHR, School of Healthcare Enterprise and 
Innovation, University of Southampton, Southampton, UK) priority setting 
partnership on problematic knee replacements and made recommendations

4 
December 
2018

STAR 
Forum

WP4
WP5

Made recommendations for the letters to participants about their randomi-
sation to usual care or STAR clinic.
Discussed the results of the interviews carried out so far

5 February 
2019

STAR 
Forum

WP4 Welcomed new member to the group
Discussed 3-month extension to trial and PPI plans

9 April 
2019

STAR 
Forum

WP4 Discussed how to measure mental health in pain trials
Completed the James Lind Alliance Priority Setting Partnership on problem-
atic knee replacement ranking survey

16 June 
2019

STAR 
Forum

WP4 
WP6

Approved newsletter for participants
Discussed public dissemination

1 october 
2019

STAR 
Forum

PPI
WP4 
WP6

Discussed PPI impact on STAR to date
Reviewed the summary of findings for the screening project participants
Discussed public dissemination and the use of infographics

28 January 
2020

PEP-R 
Forum

WP4
WP6

Discussed the STAR trial
Discussed the final report and infographics of STAR work packages

8 February 
2020

STAR 
Forum

WP1
WP4
WP6

Discussed the systematic reviews
Updated on the STAR trial update. Approved the summary of findings for 
the screening project participants
Discussed the final report and infographics of STAR work packages

1 July 
2020

STAR 
Forum

WP4
WP6

Discussed the STAR trial
Discussed the final report

2 october 
2020

PEP-R 
Forum

WP4
WP6

Discussed the results of the STAR trial
Discussed the final report and infographics of STAR work packages/public 
dissemination

6 october 
2020

STAR 
Forum

WP4
WP5

Discussed the results of the interviews with patients

20 
october 
2020

STAR 
Forum

WP4
WP5
WP6

Reviewed the summary of finding for trial participants
Discussed the preliminary results of the costs to patients and community 
care
Reviewed the summary of findings for interview participants
Discussed implementation and public dissemination

9 
November 
2020

STAR 
Forum

WP6 Interviewed for the film

4 February 
2021

one to 
one

WP6 Approved the film

4 May 
2021

PEP-R 
Forum

WP4 Discussed the final results of the costs to patients and community care

WP, work package.
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Appendix 2 Post-operative patient-related 
risk factors for chronic pain after total knee 
replacement

Systematic review search strategy as applied in MEDLINE on Ovid

1. Epidemiologic Studies/
2. exp Case-Control Studies/
3. exp Cohort Studies/
4. Cross-Sectional Studies/
5. (epidemiologic adj (study or studies)).ab,ti.
6. case control.ab,ti.
7. (cohort adj (study or studies)).ab,ti.
8. cross sectional.ab,ti.
9. cohort analy$.ab,ti.
10. (follow up adj (study or studies)).ab,ti.
11. longitudinal.ab,ti.
12. retrospective$.ab,ti.
13. prospective$.ab,ti.
14. (observ$ adj3 (study or studies)).ab,ti.
15. exp clinical study/
16. randomized controlled trial/
17. 15 not 16
18. adverse effect?.ab,ti.
19. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 17 or 18
20. Arthroplasty, Replacement, Knee/
21. Knee Prosthesis/
22. (arthoplast$ adj3 knee$).mp. [mp = title, abstract, original title, name of substance word, subject 

heading word, keyword heading word, protocol supplementary concept word, rare disease supple-
mentary concept word, unique identifier]

23. (knee$ adj3 replac$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, keyword heading word, protocol supplementary concept word, rare disease supple-
mentary concept word, unique identifier]

24. (knee adj3 implant$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, keyword heading word, protocol supplementary concept word, rare disease supple-
mentary concept word, unique identifier]

25. 20 or 21 or 22 or 23 or 24
26. 19 and 25
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Appendix 3 The effectiveness of interventions 
applied in the pre-, peri- and post-operative 
setting in preventing chronic pain after total 
knee replacement

Systematic review search strategy as applied in MEDLINE on Ovid

1. randomized controlled trial/or randomized controlled trial.pt.
2. controlled clinical trial.pt.
3. randomized.ab.
4. placebo.ab.
5. randomly.ab
6. trial.ab
7. randomised.tw
8. 1 or 2 or 3 or 4 or 5 or 6 or 7
9. review/
10. ‘systematic review$’.mp
11. 9 or 10
12. 8 or 11
13. Arthroplasty, Replacement, Knee/
14. Knee Prosthesis/
15. (arthoplast$ adj3 knee$).mp. [mp = title, abstract, original title, name of substance word,
16. subject heading word, keyword heading word, protocol supplementary concept word, rare disease
17. supplementary concept word, unique identifier]
18. (knee$ adj3 replac$).mp. [mp = title, abstract, original title, name of substance word, subject
19. heading word, keyword heading word, protocol supplementary concept word, rare disease
20. supplementary concept word, unique identifier]
21. (knee adj3 implant$).mp. [mp = title, abstract, original title, name of substance word, subject
22. heading word, keyword heading word, protocol supplementary concept word, rare disease
23. supplementary concept word, unique identifier]
24. 13 or 14 or 15 or 16 or 17
25. 12 and 18
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Appendix 4 Interventions to manage chronic 
post-operative pain

Systematic review search strategy as applied in MEDLINE on Ovid

1. randomized controlled trial/or randomized controlled trial.pt.
2. controlled clinical trial.pt.
3. randomized.ab.
4. placebo.ab.
5. randomly.ab.
6. trial.ab.
7. randomised.tw.
8. 1 or 2 or 3 or 4 or 5 or 6 or 7
9. Pain, Postoperative/
10. ((postoperative adj6 pain*) or (post-operative adj6 pain*) or postoperative- pain*).mp.
11. ((post-operative adj6 analg*) or (postoperative adj6 analg*)).mp.
12. ((post-surgical adj6 pain*) or (post surgical adj6 pain*) or (postsurgery adj6 pain*) or (post adj surg* 

adj pain*)).mp.
13. ((post* adj pain*) or pain relief after or pain following surg*).mp.
14. ((posttreatment adj6 pain*) or (pain control after adj6 surg*) or ((post-extraction or postextraction or 

post-surg*) and (pain* or discomfort))).mp.
15. ((analg* adj6 postoperat*) or (analg* adj6 post-operat*) or (pain* adj6 after surg*) or (pain* adj6 after 

operat*) or (analgesi* adj6 after operat*)).mp.
16. ((pain* or analg*) adj6 (“follow* operat*” or “follow* surg*”)).mp.
17. 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16
18. exp Neuralgia/
19. (neuralgia* or neurodynia).tw.
20. ((neuropathic or nerve*) adj3 pain*).tw.
21. Amputation/
22. Phantom Limb/
23. Failed Back Surgery Syndrome/
24. 18 or 19 or 20 or 21 or 22 or 23
25. (chronic* or constant* or continu* or persist* or longterm or long-term or longstanding or long-

standing or long lasting or longlasting or phantom).mp.
26. exp Pain, Intractable/or exp Chronic Pain/
27. exp pain/and (chronic* adj5 pain*).mp.
28. 25 or 26 or 27
29. 17 or 24
30. 24 or 28
31. 8 and 29 and 30
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Appendix 5 Interventions to manage chronic 
post-operative pain update

Systematic review search strategy as applied in MEDLINE on Ovid

1. controlled clinical trial.pt.
2. randomized controlled trial.pt.
3. clinical trials as topic/
4. (randomi#ed or randomi#ation or randomi#ing).ti,ab,kf.
5. (RCT or “at random” or (random* adj3 (administ* or allocat* or assign* or class* or cluster or cross-

over or cross-over or control* or determine* or divide* or division or distribut* or expose* or fashion 
or number* or place* or pragmatic or quasi or recruit* or split or subsitut* or treat*))).ti,ab,kf.

6. placebo.ab,ti,kf.
7. trial.ti.
8. (control* adj3 group*).ab.
9. (control* and (trial or study or group*) and (waitlist* or wait* list* or ((treatment or care) adj2 usual))).

ti,ab,kf.
10. ((single or double or triple or treble) adj2 (blind* or mask* or dummy)).ti,ab,kf.
11. double-blind method/or random allocation/or single-blind method/
12. or/1-11
13. (systematic or structured or evidence or trials or studies).ti. and ((review or overview or look or 

examination or update* or summary).ti. or review.pt.)
14. (0266-4623 or 1469-493x or 1366-5278 or 1530-440x or 2046-4053).is.
15. meta-analysis.pt. or (meta-analys* or meta analys* or metaanalys* or meta synth* or meta-synth* or 

metasynth*).ti,ab,kf,hw.
16. ((systematic or meta) adj2 (analys* or review)).ti,kf. or ((systematic* or quantitativ* or methodologic*) 

adj5 (review* or overview*)).ti,ab,kf,sh. or (quantitativ$ adj5 synthesis$).ti,ab,kf,hw.
17. (integrative research review* or research integration).tw. or scoping review?.ti,kf. or (review.ti,kf,pt. 

and (trials as topic or studies as topic).hw.) or (evidence adj3 review*).ti,ab,kf.
18. review.pt. and ((medline or medlars or embase or pubmed or scisearch or psychinfo or psycinfo 

or psychlit or psyclit or cinahl or electronic database* or bibliographic database* or computeri#ed 
database* or online database* or pooling or pooled or mantel haenszel or peto or dersimonian or 
der simonian or fixed effect or ((hand adj2 search*) or (manual* adj2 search*))).tw,hw. or (retraction 
of publication or retracted publication).pt.)

19. or/13-18
20. Arthroplasty, Replacement, Knee/
21. Knee Prosthesis/
22. (arthoplast$ adj3 knee$).mp. [mp = title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

23. (knee$ adj3 replac$).mp. [mp = title, abstract, original title, name of substance word, subject head-
ing word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

24. (knee$ adj3 implant$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]
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25. (knee$ adj3 prosthe$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

26. (knee$ adj3 endoprosthe$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

27. Arthroplasty, Replacement, Hip/
28. Hip Prosthesis/
29. (arthoplast$ adj3 hip$).mp. [mp = title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

30. (hip$ adj3 replac$).mp. [mp = title, abstract, original title, name of substance word, subject heading 
word, floating sub-heading word, keyword heading word, organism supplementary concept word, 
protocol supplementary concept word, rare disease supplementary concept word, unique identifier, 
synonyms]

31. (hip$ adj3 implant$).mp. [mp = title, abstract, original title, name of substance word, subject heading 
word, floating sub-heading word, keyword heading word, organism supplementary concept word, 
protocol supplementary concept word, rare disease supplementary concept word, unique identifier, 
synonyms]

32. (hip$ adj3 prosthe$).mp. [mp = title, abstract, original title, name of substance word, subject heading 
word, floating sub-heading word, keyword heading word, organism supplementary concept word, 
protocol supplementary concept word, rare disease supplementary concept word, unique identifier, 
synonyms]

33. (hip$ adj3 endoprosthe$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

34. Arthroplasty, Replacement, Shoulder/
35. Shoulder Prosthesis/
36. (arthoplast$ adj3 shoulder$).mp. [mp = title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

37. (shoulder$ adj3 replac$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

38. (shoulder$ adj3 implant$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

39. (shoulder$ adj3 prosthe$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

40. (shoulder$ adj3 endoprosthe$).mp. [mp = title, abstract, original title, name of substance word, 
subject heading word, floating sub-heading word, keyword heading word, organism supplementary 
concept word, protocol supplementary concept word, rare disease supplementary concept word, 
unique identifier, synonyms]

41. Arthroplasty, Replacement, elbow/
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42. Elbow Prosthesis/
43. (arthoplast$ adj3 elbow$).mp. [mp = title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

44. (elbow$ adj3 replac$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

45. (elbow$ adj3 implant$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

46. (elbow$ adj3 prosthe$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

47. (elbow$ adj3 endoprosthe$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

48. Arthroplasty, Replacement/
49. Wrist/or Wrist Joint/
50. 48 and 49
51. (arthoplast$ adj3 wrist$).mp. [mp = title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

52. (wrist$ adj3 replac$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

53. (wrist$ adj3 implant$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

54. (wrist$ adj3 prosthe$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

55. (wrist$ adj3 endoprosthe$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

56. Arthroplasty, Replacement, Ankle/
57. (arthoplast$ adj3 ankle$).mp. [mp = title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

58. (ankle$ adj3 replac$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]
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59. (ankle$ adj3 implant$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

60. (ankle$ adj3 prosthe$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

61. (ankle$ adj3 endoprosthe$).mp. [mp = title, abstract, original title, name of substance word, subject 
heading word, floating sub-heading word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier, synonyms]

62. or/20-47
63. or/50-61
64. Pain, Postoperative/
65. chronic pain/
66. Pain, intractable/
67. (chronic* or constant* or continu* or persist* or longterm or long-term or longstanding or long-

standing or long lasting or longlasting).mp. adj3 pain/[mp = title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword heading word, organism 
supplementary concept word, protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier, synonyms]

68. ((postoperative adj6 pain*) or (post-operative adj6 pain*) or postoperative- pain*).mp.
69. ((post-operative adj6 analg*) or (postoperative adj6 analg*)).mp.
70. ((post-surgical adj6 pain*) or (post surgical adj6 pain*) or (postsurgery adj6 pain*) or (post adj surg* 

adj pain*)).mp.
71. ((post* adj pain*) or pain relief after or pain following surg*).mp.
72. ((posttreatment adj6 pain*) or (pain control after adj6 surg*) or ((post-extraction or postextraction or 

post-surg*) and (pain* or discomfort))).mp.
73. ((analg* adj6 postoperat*) or (analg* adj6 post-operat*) or (pain* adj6 after surg*) or (pain* adj6 after 

operat*) or (analgesi* adj6 after operat*)).mp.
74. ((pain* or analg*) adj6 (“follow* operat*” or “follow* surg*”)).mp.
75. exp Neuralgia/
76. (neuralgia* or neurodynia).tw.
77. ((neuropathic or nerve*) adj3 pain*).tw.
78. or/64-77
79. 12 or 19
80. 62 or 63
81. 78 and 79 and 80
82. limit 81 to humans
83. limit 82 to yr = “2016 -Current”
This search strategy includes terms from Marques et al.156 and Blom et al.157
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Appendix 6 Cost-effectiveness of the STAR 
intervention: an economic model

The aim of this analysis was to examine the expected cost-effectiveness of the STAR intervention 
compared with current practice over 5 years.

Model conceptualisation and structure
The target population was individuals classified as having chronic pain 3 months after a total knee 
replacement surgery. The model was designed as a cohort Markov model with time-dependent annual 
transition probabilities and a time horizon of 5 years. The cycle length was 1year. The setting of the 
economic evaluation was patients treated by NHS hospitals in England and the study perspective that of 
the NHS.

Simulated individuals in the model received either the pain management intervention (STAR) during 
the first year only or usual care. After the first year, simulated patients can either remain in chronic pain 
(CP) or move to a non-chronic pain (NCP) health state (Figure 9). Patients move between CP and NCP 
states at any point. Mortality was not included in the model given its short time horizon and because the 
intervention is assumed not to have any impact on the risk of death.

We discounted health utility and costs after the first year at 3.5% per year following National Institute 
for Health and Care Excellence guidelines.158

Data sources
Model inputs were parameterised based on evidence from the STAR trial120 for the intervention 
comparator and real-world data from both a population-based cohort study (COASt)121 and the CPRD 
for the usual care comparator (Table 2).

Pain
management

Chronic pain

Non-chronic
pain

Non-chronic
pain

Chronic pain

Usual care

Three months
af ter TKR with

chronic pain

FIGURE 9 Model structure. TKR, total knee replacement.
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Transition probabilities
Using evidence from the STAR trial, we estimated the probabilities of transitioning from baseline CP 
to CP or NCP in year 1 (the cycle during which the treatment, i.e. pain management, was given). Based 
upon the evidence from the STAR trial, these transition probabilities differed between the two arms, 
(i.e. usual care and pain management). Subsequent transition probability estimates (years 2–5) were 
calculated using data from COASt and were the same for both comparators.

Costs
The estimation of costs included medication prescriptions, primary care consultations, hospital 
admissions, and the cost of the STAR intervention. Costs were taken from the intervention and usual 
care trial arms for year 1. For years 2–5, we extracted the annual per cent changes observed in (1) CPRD 
for prescriptions and consultations, and (2) COASt for hospital admissions for both the CP and NCP 
groups. We then applied per cent changes to the respective year 1 parameter estimates for each of the 
pain groups. Costs from the trial and COASt cohort considered only those associated with the pain of 
the intervention and treatment of the knee, whereas CPRD costs considered all reported primary care 
consultations and the cost of prescriptions for pain. Medication prescriptions, consultations and hospital 
admission costs differed between arms (i.e. usual care and pain management) as identified in the trial; 
however, the difference in hospital costs identified in the trial was only applied to year 1 and assumed to 
be different for the CP and NCP health states only thereafter. The cost of pain management was applied 
during the first cycle only and to the pain management arm only. We estimated costs separately for each 
health state (i.e. CP and NCP).

Health utility estimates
For the first cycle, health utility was estimated using reported EQ-5D-5L (mapped to the three-level 
valuation set)145 from the STAR trial. We used the baseline, 6-month and 1-year health utility estimates 
from the trial to calculate the mean QALYs for the health states (i.e. CP and NCP) for each of the 
comparators using the area under the curve method. We then adjusted these QALY estimates by 
controlling for baseline health utility using multiple regression.159 Estimates of QALYs for years 2–5 were 
generated by applying the per cent of potential change160 (PoPC) observed over time in those with CP/
NCP in COASt (identified at the 12-month point) to the QALY estimates for year 1 from the trial (also 
identified at 12 months). Under the base-case analysis, QALYs differed between comparators (usual care 
and pain management) and between health states CP and NCP.

Scenario analysis
For the base-case analysis, patients were classified as being in CP at baseline (i.e. 3 months post 
surgery). QALY estimates for both health states (CP and NCP) are different between usual care and pain 
management; in both cases CP QALY estimates are lower than NCP. Some the assumptions made about 
findings in the trial and especially for the years beyond the trial were varied and their impact on results 
examined via scenario analysis.

Scenario 1
First, we removed the differences between the QALY estimates for CP (and NCP) across comparators 
so that CP would have a single QALY estimate for both usual care and pain management (and so would 
NCP). This was applied to the first cycle, and since parameters for the following years were based on 
PoPC, they were also the same across comparators for years 2–5. As transition probabilities still differed, 
each comparator would still accumulate different levels of QALYs based on the transition of simulated 
patients between CP and NCP. We examined how this change would impact results obtained in the 
base case.
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Scenario 2
Secondly, we tested classifying the initial CP status of simulated patients at 10 weeks post surgery. This 
means that at baseline (12 weeks post surgery) some individuals would have left CP and begin the model 
in NCP. Results were then compared with the base case.

Scenario 3
Thirdly, considering that hospital inpatient admissions for those in the usual care arm of the trial were 
unexpectedly higher than for those in the STAR intervention arm, we recalculated the hospital admission 
costs for the CP and NCP groups in the trial without any differences based on trial arm and used those 
in the model for year 1. For the following years, we applied the same method used for the base case.

Probabilistic sensitivity analysis
To assess the impact of model parameter uncertainty on model results, we applied appropriate 
distributions to the transition probabilities, costs and health utilities. We ran 10,000 independent 
simulations of all input values. We used the results from the simulations to report the impact of 
parameter uncertainty on model results through a cost-effectiveness acceptability curve.

Results
Deterministic results indicate that the STAR pain management intervention would dominate usual care by 
leading to an expected 0.086 more QALYs over the 5 years (3.177 QALYs under the STAR pain management 
intervention compared with 3.091 for usual care) and £375 lower costs (£3189 and £3563, respectively). 
Assuming a cost-effectiveness threshold of £20,000 per QALY gained, this result would equate to an 
iNMB in favour of the STAR intervention of £2086 (95% confidence interval –£14,234 to £19,644]). The 
probabilistic sensitivity analysis suggests that, again at a cost-effectiveness threshold of £20,000 per QALY 
gained, the STAR intervention would have a 0.62 probability of being cost-effective (Figure 10).
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FIGURE 10 Base-case cost-effectiveness plane. PSA, probabilistic sensitivity analysis; WTP, willingness to pay.
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If QALY estimates for health states were the same regardless of comparator, the STAR pain management 
intervention would still be dominant under the deterministic analysis, with an iNMB of £782 and 
0.64 probability of being cost-effective. If the CP status of modelled patients was classified earlier at 
10 weeks (instead of 12) post surgery, the deterministic dominance of the STAR intervention would 
still prevail with an iNMB of £1,925 and a 0.61 probability of being cost-effective. Finally, if the STAR 
pain management intervention was assumed not to have any impact on hospital admissions, then it 
would still lead to higher QALY estimates (3.18 vs. 3.09 QALYs) but would cost £243 more than usual 
care over the 5 years, leading to a deterministic incremental cost-effectiveness ratio of £2839 per QALY 
gained, an iNMB of £1469 and a 0.59 probability of being cost-effective according to the probabilistic 
sensitivity analysis.

Discussion
The model results suggest that the STAR intervention is likely to be both cost-saving and more effective 
than usual care during the first 5 years of implementation. Expected gains in quality of life are small 
however (0.086 QALYs), well under the reported minimally clinically important difference for patients 
having a knee replacement (0.182, based on PROMs data from the English NHS PROMS).161 The 
probabilistic analysis shows that it is most likely that the STAR intervention would be cost-effective, 
but also that there is an important level of uncertainty around these results. The 95% CI ellipse in the 
cost-effectiveness reaches all four quadrants, meaning that it is possible that both extra costs and QALY 
gains could favour either comparator.

The expected dominance of the STAR intervention appeared robust to different assumptions about 
quality of life and the starting point of the intervention. Identifying the CP status of individuals at 
10 weeks furthermore suggests that the time of classification is an influencing factor in the cost-
effectiveness of the STAR intervention. Though the difference was small, our scenario results suggest 
that it may be beneficial to wait until at least 3 months post surgery to classify the CP status of 
individuals to improve both the expected iNMB and the probability of the cost-effectiveness of the 
intervention. Expected dominance was however sensitive to hospital admissions being less costly under 
the STAR intervention than for usual care, as we found hospital costs to be a key driver of the STAR 
intervention being cost-saving. However, eliminating any effect on hospital admissions still showed the 
STAR intervention likely to be cost-effective.

Limitations of the economic model included sourcing the model input data from three different sources 
as well as differences in the time points at which chronic pain categorisation occurred in each. The trial 
showed that those who receive the STAR intervention move out of chronic pain at a faster rate and 
sooner than those in usual care; however, this was not incorporated into the model as it used a cycle 
length of 1 year and so changes in CP status could not be considered earlier. Model results are hence 
likely to underestimate the benefits of the STAR intervention.

In conclusion, modelling the 5-year costs and quality of life of the STAR pain management intervention 
compared with NHS usual care based on trial findings and long-term observational data suggests that 
the intervention is likely to be cost-effective and possibly dominant. Gains in both costs and quality of 
life are, however, both small and largely uncertain. Long-term follow-up of the participants involved in 
the trial would help refine assumptions and potentially reduce the uncertainty around these results.
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TABLE 2 Model input parameters

Input parameters Year 1 Year 2 Year 3 Year 4 Year 5 Source 

Base case

Transition probabilities

Usual care CP to CP 0.494 0.368 0.388 0.400 0.406 STAR trial (year 1), 
COASt (years 2–5)

Usual care CP to NCP 0.506 0.632 0.612 0.600 0.594

Usual care NCP to CP 0.000 0.050 0.042 0.031 0.037

Usual care NCP to NCP 0.000 0.950 0.958 0.969 0.963

Pain management CP 
to CP

0.355 0.368 0.388 0.400 0.406

Pain management CP 
to NCP

0.645 0.632 0.612 0.600 0.594

Pain management NCP 
to CP

0.000 0.050 0.042 0.031 0.037

Pain management NCP 
to NCP

0.000 0.950 0.958 0.969 0.963

QALYs

Usual care CP 0.465 0.556 0.607 0.642 0.698 STAR trial (year 1), 
COASt (years 2-5)

Usual care NCP 0.539 0.730 0.727 0.716 0.702

Pain management CP 0.484 0.572 0.621 0.654 0.708

Pain management NCP 0.560 0.742 0.739 0.728 0.714

Cost (£)

Pain management 191 0 0 0 0 STAR trial

Prescriptions CP 100 88 91 91 91 STAR trial (year 1), 
CPRD (years 2-5)

Prescriptions NCP 22 18 17 17 18

Medical consultations 
CP

166 143 137 137 125 STAR trial (year 1), 
CPRD (years 2-5)

Medical consultations 
NCP

62 51 48 46 48

Usual care hospital 
admissions CP

2972 898 464 65 24 STAR trial (year 1), 
COASt (years 2-5)

Usual care hospital 
admissions NCP

1057 386 331 82 249

Pain management 
hospital admissions CP

1265 898 464 65 24 STAR trial (year 1), 
COASt (years 2-5)

Pain management 
hospital admissions NCP

1302 386 331 82 249

Sensitivity analysis: scenario analysis

continued
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Input parameters Year 1 Year 2 Year 3 Year 4 Year 5 Source 

Transition probabilities

Usual care CP to CP 0.500 0.368 0.388 0.400 0.406 STAR trial (year 1), 
COASt (years 2–5)

Usual care CP to NCP 0.500 0.632 0.612 0.600 0.594

Usual care NCP to CP 0.000 0.050 0.042 0.031 0.037

Usual care NCP to NCP 1.000 0.950 0.958 0.969 0.963

Pain management CP 
to CP

0.357 0.368 0.388 0.400 0.406

Pain management CP 
to NCP

0.643 0.632 0.612 0.600 0.594

Pain management NCP 
to CP

0.222 0.050 0.042 0.031 0.037

Pain management NCP 
to NCP

0.778 0.950 0.958 0.969 0.963

QALYs

CP 0.477 0.566 0.616 0.650 0.704 STAR trial (year 1), 
COASt (years 2-5)

NCP 0.555 0.739 0.736 0.725 0.711

Cost (£)

Hospital admissions CP 1935 898 464 65 24 STAR trial (year 1), 
COASt (years 2-5)

Hospital admissions 
NCP

1237 386 331 82 249

TABLE 2 Model input parameters (continued)
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Appendix 7 Assessing the implementation of 
the STAR care pathway for people with chronic 
pain after total knee replacement

Background

The STAR care pathway for people with pain at 3 months after total knee replacement comprised an 
assessment appointment with an ESP and up to six telephone follow-up calls over 12 months.120 The 
pathway aims to identify the potential underlying causes for chronic pain and enable onward referral 
to appropriate treatment. The clinical effectiveness and cost-effectiveness of the STAR care pathway 
was evaluated in a multicentre randomised controlled trial. Here, we report on an evaluation of the 
experiences of the health-care professionals who mobilised the new pathway at different trial sites.

Normalisation Process Theory (NPT)162 can be used as a framework to explore the work involved in 
implementing the new pathway. Understanding implementation processes can provide an understanding 
of how and why some new interventions might become normalised and embedded within routine 
practice, while others do not.162 NPT provides four key constructs to understand the different kinds of 
work that people do when implementing a new intervention:162,163

• coherence – how people individually and collectively make sense of a new intervention
• cognitive participation – how people build a community of practice around a new intervention
• collective action – the operational work that people do to enact a new intervention
• reflexive monitoring – the appraisal work that people do to understand how a new intervention 

affects them.

It is possible to assess the potential of a new intervention to become normalised as part of routine 
practice by identifying and assessing factors that are known to affect implementation processes.164 
These factors can be identified using the NoMAD instrument, which is a 23-item measure of 
normalisation based on the four core constructs of NPT. NoMAD can be used to identify and 
understand implementation processes from the viewpoints of those directly involved in implementing 
interventions in health care.81 The aim of this study is to understand how the STAR care pathway was 
implemented within a multicentre randomised controlled trial.

Methods
Extended scope practitioners (ESPs) and PIs from each of the eight trial sites, who were involved in 
delivering the STAR care pathway during the trial, were invited to participate in a telephone interview. 
Before taking part, all participants provided consent to audio-recording and the publication of 
anonymous quotations.

We used the NoMAD questionnaire items as a framework to guide qualitative data collection and 
content analysis.155 The interview topic guide used the NoMAD items to elicit stakeholders’ experiences 
of delivering the STAR care pathway. Interviews were conducted by the lead author (AJM; male, PhD) 
who has a background in health sociology and significant qualitative research experience.

Extracts from the interview transcripts were coded and assigned to themes according to the four core 
constructs of NPT and the linked NoMAD items. The content of these themes was explored with a 
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focus on participants’ experiences of implementing the care pathway and any barriers to and facilitators 
of implementation.

We took a pragmatic approach to sample size and aimed to achieve representation across the eight trial 
sites. Twelve ESPs and eight PIs had experience of implementing the STAR care pathway. All were sent a 
study information pack.

Results
Eight ESPs and six PIs from seven trial sites participated (Table 3). We present the findings according 
to the three general items from the NoMAD questionnaire, which aim to elicit a general sense of 
familiarisation, and then the four core constructs from NPT.

Familiarity with the intervention
Extended scope practitioners reported that they felt familiar with many aspects of the new care pathway 
in the trial, which had some aspects that were in addition to normal practice, including elements of the 
assessment process and follow-up telephone calls. ESPs felt the pathway could become part of normal 
practice if the trial found it to be clinically effective and cost-effective compared with usual care.

Coherence
Stakeholders identified some aspects of the new care pathway that were different from their usual 
practice. Regular telephone calls were felt to be a better use of time and resources for follow-up 
discussions than face-to-face clinics. The clinic was also much longer at 60 minutes than the standard 
15–20-minute follow-up appointments and ESPs felt that patients benefited from having more time 
to talk about their surgery and recovery. Clinicians valued the protected time and training to address 
psychosocial factors and neuropathic pain. ESPs valued the way in which the pathway had formalised 
a range of strategies for the management of ongoing pain, which enabled them to refer patients on 
for pain medicines, anxiety or depression, or to a GP, physiotherapist or surgeon. It was noted that life 
events impacted on some patients’ recovery and that this was not captured in the current care pathway 
protocol. It was suggested that this may have been better dealt with by a referral to a counsellor.

Participants reported that the care pathway and training received as part of the trial changed some 
aspects of their work in ways that were of value to them. They noted the benefit of having protected 
time to address psychosocial factors and neuropathic pain, which could not be considered in the scope 
of usual care but that they thought played a part in post-operative knee pain. Participants reported 
feeling more confident and enabled to make decisions about referring patients to further treatment.

Cognitive participation
Participants noted the importance of key individuals to delivery of the intervention in the trial. These 
included staff to organise clinics, ESPs to deliver the intervention, consultants with overall responsibility 
and hospital managers with responsibility for funding.

Participants felt that the care pathway was a legitimate part of their role. They were open to working in 
new ways and suggested that they would continue to support it if it was shown to be clinically and cost 
effective. Some suggested that extra training may be needed to give ESPs the confidence to recommend 
prescribing for neuropathic pain, anxiety and depression.

Collective action
Participants experienced some challenges in delivering the STAR clinics and follow-up calls. The 
intervention required more time and resources than normal assessment and follow-up practice. 
Participants felt that sensitivity was required when handling referrals back to the surgeons so that the 
surgeons were fully aware that patients they had originally treated had been assessed in a STAR clinic 
and may be referred back to them. Participants also suggested that having information on patients’ 
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pre-operative pain or depression scores may be useful in future roll-out of the intervention as a way 
to provide a baseline reference by which to guide post-operative pain management. In addition, one 
surgeon noted that involvement in the trial had contributed to the creation of a team of clinicians who 
were highly specialised in knee replacement and follow-up, and that this benefited patients. Training and 
support for the delivery of the STAR pathway was felt to be excellent.

Reflexive monitoring
Participants described how the intervention impacted on them. They valued many elements of the 
care pathway, including a focus on neuropathic pain, psychosocial issues, an increased knowledge 
of pain management, and the formalisation and validation of referral practices. Some ESPs noted 
that involvement in the trial and delivery of the care pathway had improved their own practice and 
management of patients and had increased their awareness of long-term pain.

Discussion
Our aim was to evaluate the implementation of the STAR care pathway, based on the views of 
professionals involved in its delivery within a randomised controlled trial. Allen et al.165 have emphasised 
the importance of incorporating implementation into trials to enhance the translation of findings. 
We used the NoMAD instrument to frame our data collection and descriptive content analysis, with 
stakeholder responses mapped onto the four NPT core constructs.

Fourteen out of a potential 20 ESPs and PIs took part, and we were able to collect a rich data set 
including multiple aspects of implementation. We achieved good representation of stakeholders, 
including five consultant orthopaedic surgeons, one consultant rheumatologist, and eight ESPs.

Our findings indicate that participants quickly became familiar with the STAR care pathway, which 
differed from normal practice. Stakeholders valued the patient-centredness of the pathway and its 
ability to facilitate identification and management of neuropathic pain. The care pathway also formalised 
referral processes, enabling professionals to refer patients to appropriate services. Previous research has 
shown that clinicians often struggle to help patients with chronic post-operative pain because of a need 
for clear guidance and referral pathways.125 Stakeholders were open to working in new ways and would 
continue to support the care pathway.

Potential challenges to implementation included the resources needed for intervention delivery. These 
were provided in the trial and would be needed to enable delivery in the NHS. A need for collective 
understanding and sensitivity in how referrals were handled was also identified, particularly when 
referring patients back to surgical teams. Support from hospital management in future implementation 
of the care pathway was felt to depend on whether or not the trial findings indicated that the STAR care 
pathway was clinically effective and cost-effective.

Conclusion
Our findings add to the wider evidence on identifying and managing chronic pain after knee 
replacement. We recommend that if the STAR care pathway is implemented, sufficient time and 
resources are allocated to enable delivery. Furthermore, understanding of the pathway and sensitivity 
in how referral processes are communicated should be promoted widely among colleagues involved in 
the pathway.
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TABLE 3 Participant characteristics

Participant study code Occupation of participant and study site 

EQ-5D-3L EuroQol-3 Dimensions, three-level version 1

COS1/S1 Consultant orthopaedic surgeon, site 1

ESP1/S1 ESP/physiotherapist, site 1

ESP2/S1 ESP, site 1

ESP1/S2 ESP/physiotherapist, site 2

COS1/S2 Consultant orthopaedic surgeon, site 2

ESP2/S2 ESP/physiotherapist, site 2

COS2/S2 Consultant orthopaedic surgeon, site 2

ESP1/S3 ESP/physiotherapist, site 3

ESP1/S4 ESP/physiotherapist, site 4

ESP1/S5 ESP/physiotherapist, site 5

COS1/S5 Consultant orthopaedic surgeon, site 5

CR1/S6 Consultant clinical rheumatologist and academic, site 6

ESP1/S6 ESP/physiotherapist, site 6

COS1/S7 Consultant orthopaedic surgeon, site 7
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