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Abstract

Objectives
To update our previous systematic review to synthesise latest data on the prevalence of 

long-term pain in patients who underwent total hip replacement (THR) or total knee 

replacement (TKR). We aim to describe the prevalence estimates and trends in this review.

Methods
Major electronic databases were searched for prospective cohort studies since January 

2011, reporting long-term pain after THR or TKR at 3, 6, 12 and 24 months post-operative. 

Two reviewers independently identified studies as eligible. One reviewer conducted data 

extraction, checked by a second reviewer. Bayesian, random-effects meta-analysis was 

used to synthesise the results. The risk of bias assessment was performed using Hoy's 

checklist.

Results
For TKR, sixty-eight studies with 89 time points, including 598,498 patients, were included. 

Multivariate meta-analysis showed a general decrease in pain proportions over time: 21.9% 

(95% CrI 15.6 to 29.4) at 3 months, 14.1% (10.9 to 17.9) at 6 months, 12.6% (9.9 to 15.9) at 

12 months, and 14.6% (9.5 to 22.4) at 24 months. Considerable heterogeneity, unrelated to 

examined moderators, was indicated by substantial prediction intervals in the univariate 

models. Substantial loss to follow-up and risk of bias led to low confidence in the results. For 

THR, only eleven studies were included, so it was not possible to describe the trend. 

Univariate meta-analysis estimated 13.8% (8.5-20.1) and 13.7% (4.8-31.0) of patients 

experiencing long-term pain 6 and 12 months after THR, respectively, though concerns in 

risk of bias results reduced confidence in these findings.

Conclusions
Our review suggests that approximately 22% of patients report unfavourable pain 3 months 

post-TKR, with 12-15% experiencing long-term pain up to 2 years. At least 14% report 

unfavourable pain 6-12 months after THR. Given the prevalence of chronic post-surgical 

pain, developing preventive and management strategies is crucial for optimal patient 

outcomes.

Study registration
PROSPERO CRD42023475498
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Introduction
The primary reason that people with osteoarthritis undergo joint replacement surgery is 

because of persistent pain that has failed to improve with non-invasive management.1 2 

About 100,000 each of primary total knee and hip replacements were performed in the UK in 

2022,3 4 and in Organisation for Economic Co-operation and Development countries in 2015, 

over 1.5 million primary knee and nearly 1.7 million primary hip replacements were 

performed.5 The number of people with osteoarthritis is projected to increase6 7 and even in 

Germany, a country with a declining population, rates of joint replacement are predicted to 

rise due to the increasing use of knee replacement in younger people and the increasing 

number of older people requiring hip replacement.8

Potential improvements in pain and functionality ability are the primary reasons that patient 

elect to have a hip or knee replacement, and the most important contributing factors to 

patient satisfaction with the outcome of surgery.9 10 However, it is widely recognised that 

some people experience continuing pain in the months and years following surgery. Our 

previous systematic review, with searches up to 2011, brought together longitudinal studies 

in representative populations receiving knee or hip replacement, and found that 10-34% of 

patients reported unfavourable long-term pain outcomes (moderate-to-severe pain or for 

whom surgery had not relieved pain) after total knee replacement (TKR) and 7-23% after 

total hip replacement (THR).11 Together with qualitative research into patients’ 

experiences,12 13 our previous review stimulated research into the prediction, prevention, 

management and treatment of chronic pain after knee and hip replacement. 

Twelve years on from publication of our previous review, our aim is to provide updated 

estimates of the incidence of long-term pain after total knee and hip replacement and 

explore factors that may influence the rates observed. Findings will support patients, 

clinicians and researchers as they face the challenge of preventing and treating chronic pain 

after total knee or hip replacement.
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Methods
We updated our previous systematic review from our team,11 with follow-up intervals 

between 3 and 24 months post-operative. We limited the follow-up to a maximum of 24 

months as pain levels often plateau by this timepoint, and new onset pain beyond this may 

be related to implant failure.14 With the more extensive data available for outcomes after 

TKR in this update, we planned to establish the trend of long-term pain over time up to 24 

months post-operative.

The protocol was registered with PROSPERO (CRD42023475498) and conducted in 

accordance with PRISMA15 (Supplementary material S1) and relevant contents in MOOSE16 

guidelines and the Cochrane handbook.17

Eligibility criteria
We sought prospective cohort studies including patients representative of the general 

population receiving total knee or hip replacement, predominantly from advanced 

osteoarthritis as in our previous review.11  Cohorts were established pre- or peri-operatively 

in hospital orthopaedic departments and joint replacement centres and followed up 

prospectively at any defined time between 3 and 24 months. Studies specifically of 

unicompartmental knee replacement or hip hemiarthroplasty, revision surgery, or exclusively 

bilateral replacements were excluded.

Outcome
The outcome was the proportion of people with unfavourable pain at 3, 6, 12 and 24 months 

post-operative. In each study, unfavourable pain was defined using the study authors’ 

definitions or through a consensus between two reviewers with extensive research 

experience in pain outcome measurement in total knee and hip replacement before 

commencement of data extraction. To calculate the proportions, we extracted the number of 

recruited or followed patients as denominators and the number of patients experiencing 

unfavourable pain as numerators. When a percentage or rate was provided, we rounded the 

numbers to the nearest whole number.

Searches
We conducted new searches of MEDLINE and Embase databases from January 2011 to 

17th February 2024. An example of the search strategy for MEDLINE is included in S2. Web 

of Science was used to track citations of the original review.11 Excepting the search strategy, 

we applied no language restrictions at any stage of the review, with Google Translate used 

to translate sections of relevant non-English articles. Studies reported only as abstracts were 

excluded. 
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Study selection and data collection
Studies identified were imported into EndNote 21 reference management software. After 

removal of duplicate records, one reviewer screened out clearly off-topic studies. Titles and 

abstracts of potentially relevant articles were acquired and assessed independently for 

eligibility by two reviewers. In cases of disagreement, a third reviewer was involved. Eligible 

articles identified in our previous systematic review were also included.

Data from eligible studies were entered into a Microsoft Excel spreadsheet by one reviewer 

with checking by a second reviewer. Extracted data were: country; dates of patient 

recruitment; setting (single or multiple surgeons, single or multiple hospitals, registry, or 

other; inclusion and exclusion criteria; whether routine “fast-track” surgery; patient 

characteristics (age, sex); assessment times; number of patients at baseline, number lost to 

follow up (or died or with revision surgery if reported) and number followed up; and patient 

reported pain outcome measure. 

When more than one pain outcome was reported, we extracted them in order of preference: 

pain dimension data from osteoarthritis or joint specific outcome scores (Western Ontario 

and McMasters Universities Osteoarthritis Index (WOMAC); Knee injury and Osteoarthritis 

Outcome Score (KOOS); Hip injury and Osteoarthritis Outcome Score (HOOS); Oxford Knee 

Score (OKS); Oxford Hip Score (OHS) and Knee Society Scores if patient generated (KSS, 

IKSS); Brief Pain Inventory (BPI); pain assessed in EuroQol instruments (EQ-5D or EQ-3D); 

pain measured on a visual analogue scale (VAS) or Numerical Rating Scale (NRS); and 

other measures including those developed by study authors.

Risk of bias assessment
Two independent reviewers assessed risk of bias using the non-summative checklist 

described by Hoy and colleagues.18 This checklist considers ten aspects of study conduct 

relating to representation and selection, non-response (>25% of lost to follow-up as high 

risk), data collection and instrument used, follow up and methods used in calculation of 

rates. Overall risk of bias was judged to be low, moderate or high depending on whether any 

of the ten aspects gave concern.

Data synthesis approach
Our primary aim was to describe the proportion of people experiencing unfavourable pain 

outcomes over time. First, we summarised the characteristics of studies and inspected their 

clinical heterogeneity before the synthesis using tables and figures. We then meta-analysed 

proportions with an unfavourable pain outcome, along with accompanying 95% credible 

intervals (CrIs) and median between-study heterogeneity (τ2) at 3, 6, 12, and 24 months’ 

time separately when there were more than three studies. We also used prediction intervals 
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to aid the between-study heterogeneity interpretation.19 We used Bayesian framework with a 

random-effects model due to anticipated heterogeneity. Vague prior distributions (e.g. 

normal with mean 0 and variance 105) on model parameters were used. Posterior outcome 

distributions were based on at least 25,000 simulations after a burn-in of at least 1,000 to 

ensure convergence. 

To account for the multiple time follow-ups reported in certain studies, we adopted a 

Bayesian, hybrid, multivariate meta-analysis of multiple factors20 to describe the proportions 

across time points by borrowing information and accounting for within- and between-study 

correlations. 

All analyses were performed using R version 4.3.1 on RStudio 2023.06.2+561. The runjags 

and metafor packages were used to produce pooled estimates, forest plots, meta-regression 

and subgroup analyses. The metasens package was used to generate Doi plots and the LFK 

index.21 The ggplot2 package was used to produce additional figures to explore the clinical 

heterogeneity in the studies.

Exploration of heterogeneity
For potential sources of heterogeneity, we used meta-regression to explore heterogeneity for 

continuous factors (mean age of the population, percentage of females, and baseline sample 

sizes) where more than ten studies were included in the meta-analysis. For categorical 

factors (geographic region, settings, and pain outcome instruments), we conducted 

subgroup analyses where more than five studies were included in the meta-analysis.

Sensitivity analysis
In sensitivity analysis, we excluded studies with specific inclusion criteria, those focused on 

“fast track” surgery, studies where a proportion of people underwent unicompartmental knee 

replacement, studies with potentially over-inclusive unfavourable pain definitions, and 

studies with more than 20% lost to follow-up, and studies with an overall high risk of bias. 

Additionally, we performed worst-best scenario analyses by estimating the proportion of 

people lost to follow-up who experienced unfavourable pain outcomes, incrementing by 

tenths from 0% to 100%, to estimate their impact on the meta-analysis results.

Reporting bias and certainty assessment
We assessed publication bias using Doi plots and the LFK index (values between -1 and +1 

indicate symmetry; values outside this interval indicate asymmetry) to aid the interpretation 

in cases where more than ten studies were included in the meta-analysis. We cross-checked 

the clinical study register and methods section in the report to evaluate non-reporting bias. 
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The certainty of evidence assessment was not conducted because specific tools for 

systematic reviews of prevalence were unavailable. 

Patient and public involvement
There was no direct patient and public involvement in this systematic review, however, it 

benefitted from being part of the NIHR-funded STAR programme, which aimed to improve 

outcomes for patients with chronic pain after knee replacement. 22Patient and public 

involvement was integral to STAR, and we worked throughout the programme with an 

existing patient forum and developed a complementary group focusing exclusively on 

chronic pain after TKR. 
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Results
Searches of MEDLINE, Embase, citation tracking in Web of Science and inclusion of 

potentially relevant articles identified in our previous review yielded a total of 13,807 records. 

After screening out of clearly irrelevant studies by one reviewer, 979 records were screened 

in duplicate by two reviewers and ultimately 68 studies with 598,498 TKR participants and 11 

studies with 143,101 THR participants were included. Study selection and reasons for 

exclusion at the full-text stage are summarised in Figure 1. Some articles from our previous 

review were excluded as the follow up period was longer than 24 months.

Total knee replacement
Individual study characteristics are summarised in S3. The grouped characteristics in Table 

1. The baseline dates of data collection ranged from 1993 to 2023. Geographically, most 

studies were conducted in Europe (n=37) and North America (n=19). More than half of 

studies (n=39) collected their data at a single hospital, followed by multiple hospitals (n=18). 

Overall, 598,498 patients were included in the 68 studies with a median sample size per 

study of 235 (interquartile range 114 to 581). Patients in 52 studies with data had a mean 

age of 69.6 (SD 9.4) years, and 63% (58 to 69) were women. In terms of primary pain 

outcome reported, 31 studies reported multi-dimensional pain scales (WOMAC, OKS, 

KOOS, BPI, or KSS/IKSS), 29 studies reported VAS or NRS pain scores, and 6 studies used 

researchers’ own measures. 

After harmonising unfavourable pain outcomes at different time points, there were 15, 28, 36 

and 10 studies with data available for 3, 6, 12 and 24 months post-operative. Risk of bias 

assessments are summarised in Figure 2 (for traffic light plots, see S4). Most studies were 

judged as overall moderate risk of bias with few overall high risk of bias due to losses to 

follow up of >25%, or use of scores which are not entirely patient completed or have 

concerns relating to a low pain cut off. 

We synthesised the unfavourable pain outcomes using multivariate meta-analysis (Figure 3), 

demonstrating a general decrease in pain proportions over time: 21.9% (95% CrI 15.6 to 

29.4) at 3 months, 14.1% (10.9 to 17.9) at 6 months, 12.6% (9.9 to 15.9) at 12 months, and 

14.6% (9.5 to 22.4) at 24 months. The results of the univariate models were similar due to 

the limited number of studies with multiple time points (S5), though with slightly wider CrIs 

(S6). The substantial prediction intervals in the univariate models suggested considerable 

heterogeneity.  

We investigated potential heterogeneity using meta-regression and subgroup analyses in the 

univariate meta-analysis models. Meta-regression results showed no evidence of age, 

percentage of women, or sample size contributing to the heterogeneity of the proportion of 
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individuals with unfavourable pain outcomes (S7). In subgroup analyses (S8), rates of 

unfavourable pain tended to be lower in studies involving patients from North America 

compared to other geographic groups. Similarly, studies conducted in single-surgeon series 

settings showed lower rates of unfavourable pain outcomes. However, these findings should 

be interpreted with caution due to the limited number of studies in each subgroup. Although 

we observed small-study effects in the results (S9), potentially attributable to publication 

bias, it is likely that these resulted from the extremely large variations in sample sizes at the 

6-, 12-, and 24-month follow-ups. We did not find evidence of non-reporting bias, as most 

studies reported long-term pain outcomes in accordance with their reported methods.

In sensitivity analyses, we individually excluded studies with specific criteria to evaluate their 

impact on the univariate meta-analysis results (S10). The effects of excluding these studies 

were generally minor, except for studies with a high risk of bias or a high proportion of lost to 

follow-up. To account for the varying degrees of loss to follow-up, we performed separate 

scenario analyses by assuming that the same proportion of participants lost to follow-up 

experienced unfavourable pain outcomes in each study (Table 2). By assuming 10% to 30% 

of participants lost to follow-up might experience unfavourable pain, this approach could 

yield more realistic estimates, given that the limited literature available for further imputation.

Total hip replacement
Eleven studies reported unfavourable pain outcomes in individuals who underwent THR. The 

characteristics of these studies are summarised in S11. Only one study reported 

unfavourable pain outcomes at the 3-month and 24-month time points (Figure 4), so a trend 

cannot be established. Meta-analysis of unfavourable pain outcomes at 6 and 12 months 

provided similar results, with 13.8% (8.5 to 20.1) and 13.7% (4.8 to 31.0), respectively. 

However, concerns regarding the risk of bias assessment (S12) lead to low confidence in 

these results.
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Discussion
Through our systematic review and meta-analysis, we have synthesised the existing 

evidence on the proportion of patients who experience long-term pain after knee and hip 

replacement. By updating our previous review, we have been able to provide estimates of 

incidence rates at 3, 6, 12 and 24 months post-operative. Our analyses suggest that the 

proportion of people with an unfavourable level of pain after TKR decreases between three 

and six months after surgery and then remains stable until at least two years. Our review 

suggests that approximately 22% of patients will report an unfavourable pain outcome at 

three months after TKR, with 12-15% of people experiencing an unfavourable longer-term 

pain outcome up to two years after surgery. For THR, a lack of studies reporting rates of 

unfavourable pain outcomes in unselected patients limited our analysis. However, our 

findings suggest that at least 14% of people may report unfavourable pain at 6-12 months 

after THR.

The strengths and limitations of this review should be considered when interpreting the 

results. Firstly, overall quality of evidence is low due to potential heterogeneity and risk of 

bias in TKR studies, and we were unable to estimate a trend for THR studies due to a low 

number of the included studies. The wide range of rates of unfavourable pain across studies 

suggests that there may be selection that was not apparent in the study methodology. For 

example, a single surgeon series with lower rates of unfavourable pain may relate to patient 

selection which is not evident from the cohort inclusion criteria. Secondly, loss to follow-up 

may have impacted on our estimates of the proportion of patients with chronic pain after 

TKR and THR. The influence that unfavourable pain and other outcomes have on patient 

willingness to participate in research follow-up is unclear. Some studies suggest that people 

with poor outcomes are less likely to participate in follow-up assessments due to 

dissatisfaction with their care or difficulties completing follow-up.23-26 However, others report 

no difference or poorer pain outcomes in those responding to initial invitations or attending 

follow-up visits compared with those not participating in follow-up visits.27-29 Our sensitivity 

analyses in studies of TKR excluding studies with high loss to follow-up rates showed higher 

rates of unfavourable pain and provide some support for the latter suggestion. Given the 

uncertainty regarding the impact of loss to follow-up, we conducted separate scenario 

analyses to provide readers with a range of realistic estimates for their consideration. 

Thirdly, the scope of our review was broad. We included all different patient-reported 

measures of pain together, which present a mixture of single and multidimensional 

measures, and authors’ own definitions of unfavourable pain outcome. While this allowed us 

to take an encompassing approach to the synthesis of existing studies, it was likely an 

important source of heterogeneity in the results. Despite these limitations, this review is the 
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most comprehensive attempt to date to collate the existing evidence and provides useful 

estimates to direct future research and improvements to clinical care.

Chronic pain after total knee or hip replacement has a highly negative impact on people13 30 

to the extent that they may fear pursuing further healthcare and prescribed pain relief.31 For 

people who would potentially benefit from further care, how they are identified, assessed and 

treated varies considerably between centres in the UK.32 Cost implications for health 

services are considerable with numerous consultations, investigations and surgical referrals 

required.33 Chronic pain after joint replacement is an important research priority, as 

highlighted by the James Lind Alliance Priority Setting Partnership.34-36 Acknowledging that 

an estimated 13-22% of people with TKR and a proportion of people with THR may 

experience chronic pain after surgery, implementation of evidence-based interventions 

aimed at the prevention and/or management of chronic pain after joint replacement are 

required. 

Potential pre-operative risk factors for chronic pain after total knee or hip replacement have 

been studied extensively with the aim of developing interventions and targeting care to those 

at risk. In a recent systematic review with 54 studies identified, there was no suggestion in 

meta-analyses that age, sex and body mass index were associated with development of 

chronic pain after TKR.37 For a range of further potential risk factors including pre-operative 

pain, evidence was limited with associations based on small numbers of studies or “vote 

counting” analysis due to lack of data and methodological heterogeneity. For people 

receiving THR, consistent associations have been identified between female sex, high pre-

operative pain, poorer pre-operative function, and anxiety or depression.38 39  Systematic 

reviews have identified that pre-operative pain catastrophizing, psychological distress, and 

symptoms of anxiety and/or depression are risk factors for long-term pain hip and knee 

replacement.40-44 Post-operative risk factors for chronic pain have been studied in TKR and 

largely relate to length of hospital stay, mechanical complications of the prosthesis, surgical 

site infection, hospital readmission, reoperation or revision.45 More generally, acute 

postoperative pain, caused by surgical methods and influenced by anaesthetic protocols, 

analgesia and care during the hospital admission, is also acknowledged as a risk factor for 

chronic postsurgical pain.46 47 

There is a limited but growing body of evidence evaluating interventions that target risk 

factors for chronic pain after joint replacement48-51. Pre-operatively, general prehabilitation 

with exercise and education has not shown clear benefit for reduced long-term pain.48 52 48 53-

55 Another focus of efforts has been in removing delays to surgery to avoid possible decline 

in function and increase in pain while waiting for surgery. However, evidence of associations 

between longer waiting times for knee or hip replacement and chronic pain is equivocal.56-58 
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In randomised trials evaluating interventions targeting psychological risk factors, cognitive 

behavioural therapy and pain coping skills programmes have not shown benefit for improved 

long-term pain.49 59-64 65-67 However, a mindfulness-based stress-management intervention 

provided to patients before total hip or knee replacement surgery was associated with 

reduced long-term pain.68 During the peri-operative period, the multimodal analgesia 

regimen provided may influence long-term pain outcomes and there is some support for 

incorporation of specific treatments, some of which are features of current pain management 

practice.50 69 After hospital discharge, care focuses mainly on physiotherapy-based 

rehabilitation but there is no evidence to support one modality over another in relation to 

prevention of chronic pain.51 Exercise-based rehabilitation provided to people considered at 

risk of a poor outcome after TKR have shown little benefit for primary functional outcomes or 

long-term pain compared with usual care or less intensive interventions.70 71 

Systematic reviews have identified a limited evidence-base to guide the treatment and 

management of chronic pain after joint replacement, and surgery more generally 72 73. To 

address this, a programme of research has been conducted focussing on the development 

and evaluation of an early post-operative intervention to prevent pain chronicity.22 

Recognising the diverse causes of chronic pain, the Support and Treatment After 

Replacement (STAR) care pathway is a personalised and multifaceted intervention to reduce 

chronic pain after TKR.74 The care pathway involves the assessment of people with high 

levels of pain at 2-3 months after surgery to identify the underlying causes of pain with 

subsequent provision of referrals for appropriate treatment or management. Evaluation in a 

randomised controlled trial found the STAR care pathway was cost-effective and associated 

with a clinically important reduction in pain after one year compared with usual care.74 

Furthermore, there is a suggestion of sustained benefit at up to four years.75 

Conclusion
The problem of chronic pain after knee and hip replacement is recognised by people who 

have pain, clinicians and the research community. Our review, bringing together all the 

published literature to date, suggests that approximately 22% of patients will report an 

unfavourable pain outcome at three months after TKR, with 12-15% of people experiencing 

an unfavourable longer-term pain outcome up to two years after surgery. After THR, at least 

14% of people may report an unfavourable pain outcome at 12 months after surgery. 

Throughout the care pathway, there are opportunities for targeted care. There is an urgent 

need for the implementation of evidence-based interventions to optimise management of 

chronic pain after joint replacement and evaluation of new preventive strategies that target 

established risk factors. 
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Key messages

What is already known on this topic 
• Our previous systematic review of longitudinal studies in representative populations 

undergoing knee or hip replacement (up to 2011) found that 10-34% of patients 

reported unfavourable long-term pain outcomes after total knee replacement and 7-

23% after total hip replacement.

What this study adds 
• Our updated review provides estimates of the prevalence of long-term pain at 3, 6, 

12, and 24 months, showing a decrease in the proportion of knee replacement 

patients experiencing unfavourable pain levels from at least 21% at 3 months to 

15% at 24 months.

• At least 14% of people report unfavourable pain at 6-12 months after total hip 

replacement.

How this study might affect research, practice or policy 
• As at least more than one-in-ten people with total knee replacement or total hip 

replacement may experience long-term pain after surgery. As new approaches to the 

management of pain after knee replacement show promise, there is now a need to 

develop and implement evidence-based interventions to prevent long-term pain after 

knee and hip replacement and to develop approaches to manage pain after hip 

replacement.

Strengths and limitations of this study
• We updated the review using the latest review methodology, including Bayesian, 

multivariate meta-analysis and new risk of bias tool, to summarise the prevalence 

rates reported across studies. 

• We included a wide range of patient-reported measures of pain across studies. 

Despite the heterogeneity identified in the review, this review is the most 

comprehensive attempt to date to collate the existing evidence in chronic post-

surgical pain in populations undergoing knee or hip replacement. 

• These prevalence rates are underestimated due to loss of follow-up and the high risk 

of bias in the included studies. Future research should focus on understanding the 

reasons for loss to follow-up and their outcomes.
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Table 1. Summary of TKR study characteristics 
Overall 3 months 6 months 12 months 24 months

Number of study 
cohorts

68 15 28 36 10

Total sample 
sizes

598,498 2503 550,928 36,157 13,953

Median sample 
size (IQR)

235 
(113.5-
580.75)

116 
(95-184)

197 
(111.25-297)

254.5 
(115.5-
593.75)

396.5 
(251.75-
692.75)

Baseline time 
period range

1993-2023 1998-2023 1993-2023 1993-2020 1993-2019

Mean age (SD) 69.6 (9.4)
(n = 52*)

68.8 (9.2)
(n = 13*)

69.6 (9.4)
(n = 24*)

68.1 (9.1)
(n = 26*)

70 (9.3)
(n = 6*)

Age range 18-98
(n = 24)

18-90
(n = 7)

18-94
(n = 9)

25-98
(n = 14)

28-90
(n = 4)

Median % 
women (IQR)

63 
(58-69.45)

66.1 
(62.35-
77.55)

65.55 
(57.65-
72.475)

61.2 
(56.95-
65.85)

63 
(61.03-64.75)

Primary pain outcome reported
VAS/NRS pain 29 9 16 13 2
WOMAC pain 13 1 4 7 3
OKS pain 7 1 2 5 1
KOOS pain 6 1 1 4 1
BPI 3 1 2 2 0
KSS/IKSS pain 2 0 0 2 1
EQ-5D 5L 
pain/discomfort 1 0 1 0 0

Pain disturbing 
sleep 1 1 0 1 0

Author own 
question 6 1 2 2 2

Setting
Single hospital 39 8 16 20 9
Multiple 
hospitals 18 0 6 12 1

Multiple 
surgeons 4 3 1 1 0

Single surgeon 3 3 2 2 0
National registry 2 0 1 1 0
Health region 1 0 1 0 0
Rehabilitation 
service 1 1 1 0 0

Country
Australia 2 0 1 1 1
USA 17 2 8 5 4
UK 9 2 3 7 2
Spain 5 2 3 2 0
Denmark 5 1 0 5 0
France 4 1 3 2 0
Sweden 3 0 0 2 1
China 3 1 1 0 1
Belgium 2 2 1 1 0
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Canada 2 0 1 1 0
Finland 2 1 0 0 1
Japan 2 1 2 1 0
Singapore 2 0 2 1 0
South Korea 2 2 0 1 0
The Netherlands 2 0 1 2 0
Hungary 1 0 0 1 0
Italy 1 0 0 1 0
New Zealand 1 0 1 1 0
Norway 1 0 0 1 0
Poland 1 0 1 0 0
Russia 1 0 0 1 0

*only studies reported both mean and SD
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Table 2. Worst-best case scenario analyses in TKR studies
Proportion* (%) Median (95% CrI) τ² (95% CrI)

3 month
0% 21.89 (15.72 - 29.35) 0.5 (0.19 - 1.1)

10% 23.8 (17.38 - 30.4) 0.4 (0.14 - 0.88)
20% 25.61 (19.46 - 32.34) 0.36 (0.12 - 0.78)
30% 27.22 (21 - 33.69) 0.31 (0.11 - 0.69)
40% 28.82 (22.45 - 35.25) 0.3 (0.1 - 0.66)
50% 30.68 (24.49 - 37.25) 0.27 (0.09 - 0.6)
60% 32.07 (25.66 - 38.42) 0.27 (0.09 - 0.6)
70% 33.55 (26.73 - 40.21) 0.28 (0.09 - 0.63)
80% 35.04 (28.15 - 41.98) 0.28 (0.1 - 0.63)
90% 36.71 (29.5 - 43.83) 0.3 (0.11 - 0.68)

100% 38.16 (30.6 - 45.68) 0.31 (0.11 - 0.69)
6 month

0% 14.06 (10.79 - 17.79) 0.51 (0.26 - 0.88)
10% 16.37 (13.08 - 19.88) 0.37 (0.18 - 0.65)
20% 18.54 (15.24 - 22.09) 0.32 (0.16 - 0.56)
30% 20.5 (17.05 - 24.25) 0.3 (0.15 - 0.53)
40% 22.33 (18.66 - 26.38) 0.3 (0.15 - 0.52)
50% 24.22 (19.94 - 28.43) 0.32 (0.16 - 0.56)
60% 26.03 (21.65 - 30.67) 0.35 (0.18 - 0.6)
70% 27.91 (22.96 - 33.03) 0.39 (0.21 - 0.67)
80% 29.61 (24.15 - 35.12) 0.44 (0.23 - 0.75)
90% 31.39 (25.38 - 37.35) 0.51 (0.27 - 0.87)

100% 33.36 (26.84 - 40.12) 0.58 (0.31 - 1)
12 month

0% 12.61 (9.88 - 15.84) 0.61 (0.34 - 0.97)
10% 15.22 (12.29 - 18.23) 0.44 (0.25 - 0.72)
20% 17.44 (14.5 - 20.66) 0.37 (0.2 - 0.6)
30% 19.6 (16.46 - 22.97) 0.36 (0.19 - 0.58)
40% 21.6 (18.09 - 25.17) 0.36 (0.2 - 0.58)
50% 23.6 (19.86 - 27.46) 0.37 (0.2 - 0.6)
60% 25.64 (21.74 - 29.89) 0.4 (0.23 - 0.64)
70% 27.57 (23.28 - 32.21) 0.44 (0.25 - 0.7)
80% 29.57 (24.55 - 34.51) 0.49 (0.28 - 0.78)
90% 31.53 (26.01 - 36.95) 0.55 (0.3 - 0.87)

100% 33.62 (27.69 - 39.61) 0.62 (0.37 - 0.99)
24 month

0% 14.63 (8.83 - 21.5) 0.52 (0.15 - 1.32)
10% 16.67 (10.85 - 23.36) 0.41 (0.13 - 1.07)
20% 18.45 (12.81 - 25.31) 0.35 (0.11 - 0.91)
30% 20.23 (14.19 - 27.13) 0.34 (0.11 - 0.88)
40% 21.89 (15.29 - 29.1) 0.34 (0.11 - 0.88)
50% 23.64 (16.62 - 31.45) 0.35 (0.11 - 0.91)
60% 25.28 (17.78 - 33.83) 0.38 (0.12 - 0.97)
70% 26.89 (18.57 - 35.67) 0.4 (0.12 - 1.02)
80% 28.58 (19.92 - 38.38) 0.43 (0.14 - 1.11)
90% 30.04 (20.59 - 40.22) 0.48 (0.15 - 1.22)

100% 31.76 (21.49 - 42.8) 0.52 (0.15 - 1.32)
*Proportion: The proportion of lost to follow-up patients imputed to experience unfavourable pain outcomes.
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Figure 1. Study selection

Figure 1. Study selection flowchart.
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Figure 2. Summary of risk of bias assessments in TKR studies

Figure 2. Summary of risk of bias assessments in TKR studies. Each block represents one study.

Page 20 of 69

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

20

Figure 3. Multivariate meta-analysis in TKR studies

Figure 3. Multivariate meta-analysis of proportions over time in TKR studies plot. Grey dots and lines represent 
reported proportions across studies and time, while dark dots and lines show the multivariate meta-analysis 
results. The size of grey dots is proportional to the log of inverse variance.
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Figure 4. Forest plot of THR studies

Figure 4. Forest plot of proportions over time in THR studies. Squares and bars represent mean proportion of 
individual studies. Diamonds represent the point estimate and credible intervals of the meta-analysis results. The 
bars show the corresponding prediction intervals. Red circles and minus signs represent overall high risk of bias. 
Yellow circles and question marks represent overall moderate risk of bias. Abbreviations: RoB: Risk of Bias; RE: 
Random-effects; CrI: Credible intervals.

Page 22 of 69

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

22

References
1. Nilsdotter AK, Toksvig-Larsen S, Roos EM. Knee arthroplasty: are patients' expectations 

fulfilled? A prospective study of pain and function in 102 patients with 5-year follow-

up. Acta Orthop 2009;80(1):55-61. doi: 10.1080/17453670902805007

2. NICE. Joint replacement (primary): hip, knee and shoulder (2020) NICE guideline NG157. 

2020.

3. National Joint Registry. 20th annual report. Hemel Hempstead: NJR Service Centre 2023.

4. Scottish Arthroplasty Project National report 2023. Edinburgh: Public Health Scotland 

2023.

5. Gunsche JL, Pilz V, Hanstein T, et al. The variation of arthroplasty procedures in the 

OECD Countries: analysis of possible influencing factors by linear regression. Orthop 

Rev (Pavia) 2020;12(3):8526. doi: 10.4081/or.2020.8526 [published Online First: 

20201124]

6. Turkiewicz A, Petersson IF, Bjork J, et al. Current and future impact of osteoarthritis on 

health care: a population-based study with projections to year 2032. Osteoarthritis 

Cartilage 2014;22(11):1826-32. doi: 10.1016/j.joca.2014.07.015 [published Online 

First: 20140730]

7. Hootman JM, Helmick CG, Barbour KE, et al. Updated Projected Prevalence of Self-

Reported Doctor-Diagnosed Arthritis and Arthritis-Attributable Activity Limitation 

Among US Adults, 2015-2040. Arthritis rheumatol 2016;68(7):1582-7. doi: 

10.1002/art.39692

8. Rupp M, Lau E, Kurtz SM, et al. Projections of primary TKA and THA in Germany fom 

2016 through 2040. Clin Orthop Relat Res 2020;478(7):1622-33. doi: 

10.1097/CORR.0000000000001214

9. Hamilton DF, Lane JV, Gaston P, et al. What determines patient satisfaction with surgery? 

A prospective cohort study of 4709 patients following total joint replacement. BMJ 

Open 2013;3(4):e002525. doi: 10.1136/bmjopen-2012-002525 [published Online 

First: 20130409]

Page 23 of 69

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

23

10. Baker PN, van der Meulen JH, Lewsey J, et al. The role of pain and function in 

determining patient satisfaction after total knee replacement. Data from the National 

Joint Registry for England and Wales. J Bone Joint Surg Br 2007;89(7):893-900. doi: 

10.1302/0301-620X.89B7.19091

11. Beswick AD, Wylde V, Gooberman-Hill R, et al. What proportion of patients report long-

term pain after total hip or knee replacement for osteoarthritis? A systematic review 

of prospective studies in unselected patients. BMJ Open 2012;2(1):e000435. doi: 

10.1136/bmjopen-2011-000435 [published Online First: 20120222]

12. Woolhead GM, Donovan JL, Dieppe PA. Outcomes of total knee replacement: a 

qualitative study. Rheumatology (Oxford) 2005;44(8):1032-7. doi: 

10.1093/rheumatology/keh674 [published Online First: 20050503]

13. Jeffery AE, Wylde V, Blom AW, et al. "It's there and I'm stuck with it": patients' 

experiences of chronic pain following total knee replacement surgery. Arthritis Care 

Res (Hoboken) 2011;63(2):286-92. doi: 10.1002/acr.20360 [published Online First: 

2010/10/05]

14. Lenguerrand E, Wylde V, Gooberman-Hill R, et al. Trajectories of pain and function after 

primary hip and knee arthroplasty: The ADAPT Cohort Study. PLoS ONE 

2016;11(2):e0149306. doi: 10.1371/journal.pone.0149306 [published Online First: 

20160212]

15. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated 

guideline for reporting systematic reviews. Bmj 2021;372:n71. doi: 10.1136/bmj.n71 

[published Online First: 20210329]

16. Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational studies in 

epidemiology: a proposal for reporting. Meta-analysis Of Observational Studies in 

Epidemiology (MOOSE) group. Jama 2000;283(15):2008-12. doi: 

10.1001/jama.283.15.2008 [published Online First: 2000/05/02]

17. Cochrane Handbook for Systematic Reviews of Interventions version 6.4 (updated 

August 2023). In: Higgins JPT, Thomas J, Chandler J, et al., eds.: Cochrane, 2023.

Page 24 of 69

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

24

18. Hoy D, Brooks P, Woolf A, et al. Assessing risk of bias in prevalence studies: 

modification of an existing tool and evidence of interrater agreement. J Clin 

Epidemiol 2012;65(9):934-9. doi: 10.1016/j.jclinepi.2011.11.014 [published Online 

First: 20120627]

19. Migliavaca CB, Stein C, Colpani V, et al. Meta-analysis of prevalence: I(2) statistic and 

how to deal with heterogeneity. Res Synth Methods 2022;13(3):363-67. doi: 

10.1002/jrsm.1547 [published Online First: 2022/01/29]

20. Lin L, Chu H. Bayesian multivariate meta-analysis of multiple factors. Res Synth 

Methods 2018;9(2):261-72. doi: 10.1002/jrsm.1293 [published Online First: 

20180324]

21. Furuya-Kanamori L, Barendregt JJ, Doi SAR. A new improved graphical and quantitative 

method for detecting bias in meta-analysis. Int J Evid Based Healthc 2018;16(4):195-

203. doi: 10.1097/xeb.0000000000000141 [published Online First: 2018/04/06]

22. Gooberman-Hill R, Wylde V, Bertram W, et al. Programme Grants for Applied Research. 

Better post-operative prediction and management of chronic pain in adults after total 

knee replacement: the multidisciplinary STAR research programme including RCT. 

Southampton (UK): National Institute for Health and Care Research

Copyright © 2023 Gooberman-Hill et al. 2023.

23. Konig A, Schreiber B, Rader C, et al. [Comparison of knee and functional outcomes of 

patients lost to follow-up with patients remaining in a prospective total knee 

arthroplasty study]. Z Orthop Ihre Grenzgeb 1999;137(1):57-60. doi: 10.1055/s-2008-

1037037

24. Kim J, Lonner JH, Nelson CL, et al. Response bias: effect on outcomes evaluation by 

mail surveys after total knee arthroplasty. J Bone Joint Surg Am 2004;86(1):15-21.

25. Kwon SK, Kang YG, Chang CB, et al. Interpretations of the clinical outcomes of the 

nonresponders to mail surveys in patients after total knee arthroplasty. J Arthroplasty 

2010;25(1):133-7. doi: 10.1016/j.arth.2008.11.004 [published Online First: 20081223]

26. Murray DW, Britton AR, Bulstrode CJ. Loss to follow-up matters. J Bone Joint Surg Br 

1997;79(2):254-7. doi: 10.1302/0301-620x.79b2.6975

Page 25 of 69

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

25

27. Joshi AB, Gill GS, Smith PL. Outcome in patients lost to follow-up. J Arthroplasty 

2003;18(2):149-53. doi: 10.1054/arth.2003.50061

28. Choi JK, Geller JA, Patrick DA, Jr., et al. How are those "lost to follow-up" patients really 

doing? A compliance comparison in arthroplasty patients. World J Orthop 

2015;6(1):150-5. doi: 10.5312/wjo.v6.i1.150 [published Online First: 20150118]

29. Ross LA, O'Rourke SC, Toland G, et al. Loss to patient-reported outcome measure 

follow-up after hip arthroplasty and knee arthroplasty : patient satisfaction, 

associations with non-response, and maximizing returns. Bone Jt Open 

2022;3(4):275-83. doi: 10.1302/2633-1462.34.BJO-2022-0013.R1

30. Moore A, Eccleston C, Gooberman-Hill R. "It's Not My Knee": Understanding Ongoing 

Pain and Discomfort After Total Knee Replacement Through Re-Embodiment. 

Arthritis Care and Research 2022;74(6):975-81. doi: 

https://dx.doi.org/10.1002/acr.24534

31. Moore AJ, Gooberman-Hill R. Why don't patients seek help for chronic post-surgical pain 

after knee replacement? A qualitative investigation. Health Expect 2020;23(5):1202-

12. doi: 10.1111/hex.13098 [published Online First: 20200709]

32. Wylde V, MacKichan F, Dixon SJ, et al. Service provision for patients with chronic post-

surgical pain after total knee replacement: An evaluation of current practice. J Pain 

Management 2014;7:147-54.

33. Kassam A, Dieppe P, Toms AD. An analysis of time and money spent on investigating 

painful total knee replacements. Br J Med Pract 2015;5(3)

34. Hip & Knee Replacement for Osteoarthritis Top 10 Priorities. 6 What are the best 

techniques to control longer term chronic pain and improve long term function 

following hip and knee replacement? . Hip and Knee Replacement for Osteoarthritis. 

Southampton: James Lind Alliance Priority Setting Partnership, 2014.

35. Revision Knee Replacement Top 10 Priorities. 1 What are the causes of persistent pain 

following a knee replacement? How can the pain be prevented or minimised? James 

Lind Alliance Priority Setting Partnerships. Southampton: James Lind Alliance, 2020.

Page 26 of 69

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

https://dx.doi.org/10.1002/acr.24534
http://bmjopen.bmj.com/


For peer review only

26

36. James Lind Alliance. Problematic Hip Replacement Top 10 priorities  [Available from: 

https://www.jla.nihr.ac.uk/priority-setting-partnerships/problematic-hip-

replacement/top-10-priorities.htm accessed 29 April 2024.

37. Ghoshal A, Bhanvadia S, Singh S, et al. Factors associated with persistent postsurgical 

pain after total knee or hip joint replacement: a systematic review and meta-analysis. 

Pain rep 2023;8(1):e1052. doi: 10.1097/PR9.0000000000001052 [published Online 

First: 20230110]

38. Zhang B, Rao S, Mekkawy KL, et al. Risk factors for pain after total hip arthroplasty: a 

systematic review. Arthroplasty 2023;5(1):19. doi: 10.1186/s42836-023-00172-9 

[published Online First: 2023/04/04]

39. Blom AW, Artz N, Beswick AD, et al. Improving patients' experience and outcome of total 

joint replacement: The RESTORE programme. Programme Grants Appl Res 

2016;4(12) doi: doi: 10.3310/pgfar04120

40. Sorel JC, Veltman ES, Honig A, et al. The influence of preoperative psychological 

distress on pain and function after total knee arthroplasty: a systematic review and 

meta-analysis. Bone Joint J 2019;101-B(1):7-14. doi: 10.1302/0301-

620X.101B1.BJJ-2018-0672.R1

41. Vissers MM, Bussmann JB, Verhaar JA, et al. Psychological factors affecting the 

outcome of total hip and knee arthroplasty: a systematic review. Semin Arthritis 

Rheum 2012;41(4):576-88. doi: 10.1016/j.semarthrit.2011.07.003 [published Online 

First: 20111028]

42. Lewis GN, Rice DA, McNair PJ, et al. Predictors of persistent pain after total knee 

arthroplasty: a systematic review and meta-analysis. Br J Anaesth 2015;114(4):551-

61. doi: 10.1093/bja/aeu441 [published Online First: 20141226]

43. Burns LC, Ritvo SE, Ferguson MK, et al. Pain catastrophizing as a risk factor for chronic 

pain after total knee arthroplasty: a systematic review. J Pain Res 2015;8:21-32. doi: 

10.2147/JPR.S64730 [published Online First: 20150105]

44. Olsen U, Lindberg MF, Rose C, et al. Factors correlated with pain after total knee 

arthroplasty: A systematic review and meta-analysis. PLoS ONE 

Page 27 of 69

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

https://www.jla.nihr.ac.uk/priority-setting-partnerships/problematic-hip-replacement/top-10-priorities.htm
https://www.jla.nihr.ac.uk/priority-setting-partnerships/problematic-hip-replacement/top-10-priorities.htm
http://bmjopen.bmj.com/


For peer review only

27

2023;18(3):e0283446. doi: 10.1371/journal.pone.0283446 [published Online First: 

20230324]

45. Khalid S, Mohammad HR, Gooberman-Hill R, et al. Post-operative determinants of 

chronic pain after primary knee replacement surgery: Analysis of data on 258,386 

patients from the National Joint Registry for England, Wales, Northern Ireland and 

the Isle of Man (NJR). Osteoarthr Cartil Open 2021;3(1):100139. doi: 

10.1016/j.ocarto.2021.100139 [published Online First: 20210206]

46. Kehlet H, Jensen TS, Woolf CJ. Persistent postsurgical pain: risk factors and prevention. 

Lancet 2006;367(9522):1618-25. doi: 10.1016/S0140-6736(06)68700-X

47. Buvanendran A, Della Valle CJ, Kroin JS, et al. Acute postoperative pain is an 

independent predictor of chronic postsurgical pain following total knee arthroplasty at 

6 months: a prospective cohort study. Reg Anesth Pain Med 2019;44(3):287-96. doi: 

10.1136/rapm-2018-100036 [published Online First: 20190215]

48. Dennis J, Wylde V, Gooberman-Hill R, et al. Effects of presurgical interventions on 

chronic pain after total knee replacement: a systematic review and meta-analysis of 

randomised controlled trials. BMJ Open 2020;10(1):e033248. doi: 10.1136/bmjopen-

2019-033248 [published Online First: 20200120]

49. Whale K, Wylde V, Beswick A, et al. Effectiveness and reporting standards of 

psychological interventions for improving short-term and long-term pain outcomes 

after total knee replacement: a systematic review. BMJ Open 2019;9(12):e029742. 

doi: 10.1136/bmjopen-2019-029742 [published Online First: 20191204]

50. Beswick AD, Dennis J, Gooberman-Hill R, et al. Are perioperative interventions effective 

in preventing chronic pain after primary total knee replacement? A systematic review. 

BMJ Open 2019;9(9):e028093. doi: 10.1136/bmjopen-2018-028093 [published 

Online First: 20190906]

51. Wylde V, Dennis J, Gooberman-Hill R, et al. Effectiveness of postdischarge interventions 

for reducing the severity of chronic pain after total knee replacement: systematic 

review of randomised controlled trials. BMJ Open 2018;8(2):e020368. doi: 

10.1136/bmjopen-2017-020368 [published Online First: 20180228]

Page 28 of 69

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

28

52. Lawrence C. Preoperative Education and Prehabilitation in Total Hip Arthroplasty 

Patients: A Commentary. Hss J 2023;19(4):507-10. doi: 

10.1177/15563316231193394

53. McDonald S, Page MJ, Beringer K, et al. Preoperative education for hip or knee 

replacement. Cochrane Database Syst Rev 2014;2014(5):CD003526. doi: 

10.1002/14651858.CD003526.pub3 [published Online First: 20140513]

54. Nguyen C, Boutron I, Roren A, et al. Effect of prehabilitation before total knee 

replacement for knee osteoarthritis on functional outcomes: A randomized clinical 

trial. JAMA Netw Open 2022;5(3):e221462. doi: 

10.1001/jamanetworkopen.2022.1462 [published Online First: 20220301]

55. Wang L, Lee M, Zhang Z, et al. Does preoperative rehabilitation for patients planning to 

undergo joint replacement surgery improve outcomes? A systematic review and 

meta-analysis of randomised controlled trials. BMJ Open 2016;6(2):e009857. doi: 

10.1136/bmjopen-2015-009857 [published Online First: 20160202]

56. Cooper GM, Bayram JM, Clement ND. The functional and psychological impact of 

delayed hip and knee arthroplasty: a systematic review and meta-analysis of 89,996 

patients. Sci Rep 2024;14(1):8032. doi: 10.1038/s41598-024-58050-6 [published 

Online First: 20240405]

57. Hirvonen J, Blom M, Tuominen U, et al. Evaluating waiting time effect on health 

outcomes at admission: a prospective randomized study on patients with 

osteoarthritis of the knee joint. J Eval Clin Pract 2007;13(5):728-33. doi: 

10.1111/j.1365-2753.2006.00745.x

58. Tuominen U, Sintonen H, Hirvonen J, et al. The effect of waiting time on health and 

quality of life outcomes and costs of medication in hip replacement patients: a 

randomized clinical trial. Osteoarthritis and Cartilage 2009;17(9):1144-50. doi: 

https://dx.doi.org/10.1016/j.joca.2009.03.014

59. Pester BD, Wilson JM, Yoon J, et al. Brief mindfulness-based cognitive behavioral 

therapy is associated with faster recovery in patients undergoing total knee 

arthroplasty: A pilot clinical trial. Pain Med 2023;24(6):576-85. doi: 

10.1093/pm/pnac183

Page 29 of 69

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

https://dx.doi.org/10.1016/j.joca.2009.03.014
http://bmjopen.bmj.com/


For peer review only

29

60. Chen W, Sun JN, Hu ZH, et al. Cognitive behavioral therapy cannot relieve postoperative 

pain and improve joint function after total knee arthroplasty in patients aged 70 years 

and older. Aging Clin Exp Res 2021;33(12):3293-302. doi: 10.1007/s40520-021-

01870-7 [published Online First: 20210515]

61. Buvanendran A, Sremac AC, Merriman PA, et al. Preoperative cognitive-behavioral 

therapy for reducing pain catastrophizing and improving pain outcomes after total 

knee replacement: a randomized clinical trial. Reg Anesth Pain Med 2021;46(4):313-

21. doi: 10.1136/rapm-2020-102258 [published Online First: 20210115]

62. Phang SK, Betzler BK, Dan YR, et al. Current evidence does not support the routine use 

of cognitive behavioural therapy in total knee arthroplasty: A systematic review. J 

2023;42:102204. doi: 10.1016/j.jcot.2023.102204 [published Online First: 20230625]

63. Bay S, Kuster L, McLean N, et al. A systematic review of psychological interventions in 

total hip and knee arthroplasty. BMC Musculoskelet Disord 2018;19(1):201. doi: 

10.1186/s12891-018-2121-8 [published Online First: 20180621]

64. Sun JN, Chen W, Zhang Y, et al. Does cognitive behavioral education reduce pain and 

improve joint function in patients after total knee arthroplasty? A randomized 

controlled trial. Int Orthop 2020;44(10):2027-35. doi: 10.1007/s00264-020-04767-8 

[published Online First: 20200808]

65. Birch S, Stilling M, Mechlenburg I, et al. No effect of cognitive behavioral patient 

education for patients with pain catastrophizing before total knee arthroplasty: a 

randomized controlled trial. Acta Orthop 2020;91(1):98-103. doi: 

10.1080/17453674.2019.1694312 [published Online First: 20191125]

66. Geng X, Wang X, Zhou G, et al. A Randomized Controlled Trial of Psychological 

Intervention to Improve Satisfaction for Patients with Depression Undergoing TKA: A 

2-Year Follow-up. J Bone Joint Surg Am 2021;103(7):567-74. doi: 

10.2106/JBJS.20.00169

67. Riddle DL, Keefe FJ, Ang DC, et al. Pain coping skills training for patients who 

catastrophize about pain prior to knee arthroplasty: A multisite randomized clinical 

trial. J Bone Joint Surg Am 2019;101(3):218-27. doi: 10.2106/JBJS.18.00621 

[published Online First: 2019/02/08]

Page 30 of 69

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

30

68. Dowsey M, Castle D, Knowles S, et al. The effect of mindfulness training prior to total 

joint arthroplasty on post-operative pain and physical function: A randomised 

controlled trial. Complement Ther Med 2019;46:195-201. doi: 

10.1016/j.ctim.2019.08.010 [published Online First: 20190812]

69. Wylde V, Lenguerrand E, Gooberman-Hill R, et al. Effect of local anaesthetic infiltration 

on chronic postsurgical pain after total hip and knee replacement: the APEX 

randomised controlled trials. Pain 2015;156(6):1161-70. doi: 

https://dx.doi.org/10.1097/j.pain.0000000000000114

70. Barker KL, Room J, Knight R, et al. Home-based rehabilitation programme compared 

with traditional physiotherapy for patients at risk of poor outcome after knee 

arthroplasty: the CORKA randomised controlled trial. BMJ Open 

2021;11(8):e052598. doi: 10.1136/bmjopen-2021-052598 [published Online First: 

20210827]

71. Hamilton DF, Beard DJ, Barker KL, et al. Targeting rehabilitation to improve outcomes 

after total knee arthroplasty in patients at risk of poor outcomes: randomised 

controlled trial. Bmj 2020;371(m3576):m3576. doi: 10.1136/bmj.m3576 [published 

Online First: 20201013]

72. Wylde V, Dennis J, Beswick AD, et al. Systematic review of management of chronic pain 

after surgery. Br J Surg 2017;104(10):1293-306. doi: 10.1002/bjs.10601 [published 

Online First: 20170706]

73. Beswick AD, Wylde V, Gooberman-Hill R. Interventions for the prediction and 

management of chronic postsurgical pain after total knee replacement: systematic 

review of randomised controlled trials. BMJ Open 2015;5(5):e007387. doi: 

10.1136/bmjopen-2014-007387 [published Online First: 20150512]

74. Wylde V, Bertram W, Sanderson E, et al. The STAR care pathway for patients with pain 

at 3 months after total knee replacement: a multicentre, pragmatic, randomised, 

controlled trial. Lancet Rheumatol 2022;4(3):e188-e97. doi: 10.1016/S2665-

9913(21)00371-4 [published Online First: 20220128]

75. Bertram W, Wylde V, Howells N, et al. The STAR care pathway for patients with chronic 

pain after total knee replacement: four-year follow-up of a randomised controlled trial. 

Page 31 of 69

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

https://dx.doi.org/10.1097/j.pain.0000000000000114
http://bmjopen.bmj.com/


For peer review only

31

BMC Musculoskelet Disord 2023;24(1):972. doi: 10.1186/s12891-023-07099-x 

[published Online First: 20231216]

Page 32 of 69

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

32

Supplementary materials
S1. PRISMA checklist
S2. Search strategy as applied in MEDLINE
S3. Characteristics of TKR studies
S4. Traffic light plot of the risk of bias assessment in TKR studies
S5. Forest plots of univariate meta-analyses in TKR studies
S6. Table of multivariate and univariate meta-analysis results in TKR studies
S7. Meta-regression analyses in TKR studies
S8. Subgroup analyses in TKR studies
S9. Doi plots and the LFK indexes in TKR studies
S10. Sensitivity analyses in TKR studies
S11. Characteristics of THR studies
S12. Traffic light plot of the risk of bias assessment in THR studies

Page 33 of 69

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

Prevalence of chronic pain after total hip or knee replacement 

 

   

 

Supplementary materials 
S1. PRISMA checklist ........................................................................................................... 3 

S2. Search Strategy as applied in MEDLINE ........................................................................ 6 

S2.1 Total knee replacement ............................................................................................. 6 

S2.2 Total hip replacement ................................................................................................ 6 

S3. Characteristics of TKR studies ........................................................................................ 7 

References ...................................................................................................................... 13 

S3.1 Mean age and range ............................................................................................... 18 

S3.2 Proportion of females .............................................................................................. 18 

S3.3 Data collection timeframe ........................................................................................ 19 

S3.4 Proportions of lost to follow-ups and revisions ......................................................... 20 

S4. Traffic light plot of the risk of bias assessments in TKR studies .................................... 21 

S4.1 TKR studies (3 months) ........................................................................................... 21 

S4.2 TKR studies (6 months) ........................................................................................... 22 

S4.3 TKR studies (12 months) ......................................................................................... 23 

S4.4 TKR studies (24 months) ......................................................................................... 24 

S5. Forest plots of univariate meta-analyses in TKR studies ............................................... 25 

S5.1 TKR studies (3 months) ........................................................................................... 25 

S5.2 TKR studies (6 months) ........................................................................................... 25 

S5.3 TKR studies (12 months) ......................................................................................... 26 

S5.4 TKR studies (24 months) ......................................................................................... 26 

S6. Table of multivariate and univariate meta-analysis results in TKR studies ..................... 27 

S7. Meta-regression analyses in TKR studies ..................................................................... 28 

S7.1 Mean age ................................................................................................................ 28 

S7.2 Proportion of females .............................................................................................. 28 

S7.3 Sample sizes ........................................................................................................... 28 

S8. Subgroup analyses in TKR studies ............................................................................... 29 

S8.1 Geographical regions .............................................................................................. 29 

S8.2 Setting ..................................................................................................................... 29 

S8.3 Pain outcome instruments ....................................................................................... 30 

S9. Doi plots and the LFK indexes in TKR studies .............................................................. 31 

S9.1 TKR studies (3 months) ........................................................................................... 31 

S9.2 TKR studies (6 months) ........................................................................................... 31 

S9.3 TKR studies (12 months) ......................................................................................... 32 

S9.4 TKR studies (24 months) ......................................................................................... 32 

S10. Sensitivity analyses .................................................................................................... 33 

Page 34 of 69

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

Prevalence of chronic pain after total hip or knee replacement 

 

   

 

S11. Characteristics of THR studies .................................................................................... 34 

References ...................................................................................................................... 35 

S11.1 Proportions of lost to follow-ups and revisions ....................................................... 36 

S12. Traffic light plot of the risk of bias assessments in THR studies .................................. 37 

 

 

Page 35 of 69

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

Prevalence of chronic pain after total hip or knee replacement 

 

   

 

S1. PRISMA checklist 

Section and 
Topic  

Item 
# 

Checklist item  
Location 
where item 
is reported  

TITLE   

Title  1 Identify the report as a systematic review. Page 1 

ABSTRACT   

Abstract  2 See the PRISMA 2020 for Abstracts checklist. Page 2 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of existing knowledge. Page 3 

Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. Page 3 

METHODS   

Eligibility criteria  5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Page 4 

Information 
sources  

6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the 
date when each source was last searched or consulted. 

Page 4 

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. Page 4 

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record 
and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process. 

Page 5 

Data collection 
process  

9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked 
independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the 
process. 

Page 5 

Data items  10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each 
study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect. 

Page 5 

10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any 
assumptions made about any missing or unclear information. 

Page 5 

Study risk of bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each 
study and whether they worked independently, and if applicable, details of automation tools used in the process. 

Page 5 

Effect measures  12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. Page 5 

Synthesis 
methods 

13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and 
comparing against the planned groups for each synthesis (item #5)). 

Page 5 

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data 
conversions. 

Page 5 

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. Page 5, 6 
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Section and 
Topic  

Item 
# 

Checklist item  
Location 
where item 
is reported  

13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the 
model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used. 

Page 5, 6 

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). Page 6 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. Page 6 

Reporting bias 
assessment 

14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). Page 6 

Certainty 
assessment 

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. Page 6 

RESULTS   

Study selection  16a Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in 
the review, ideally using a flow diagram. 

Figure 1, 
Page 7 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. Page 7 

Study 
characteristics  

17 Cite each included study and present its characteristics. S3, S11 

Risk of bias in 
studies  

18 Present assessments of risk of bias for each included study. Figure 2, S4 
and S12 

Results of 
individual studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision 
(e.g. confidence/credible interval), ideally using structured tables or plots. 

Figure 3, S5 

Results of 
syntheses 

20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. Page 7 and 
8 

20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. 
confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect. 

Figure 3, S5 

20c Present results of all investigations of possible causes of heterogeneity among study results. Page 7-8, 
S7 and S8 

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. Page 8, 
S10, Table 
2 

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. Not 
applicable 

Certainty of 
evidence  

22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. Not 
applicable 

DISCUSSION   
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Section and 
Topic  

Item 
# 

Checklist item  
Location 
where item 
is reported  

Discussion  23a Provide a general interpretation of the results in the context of other evidence. Page 10 

23b Discuss any limitations of the evidence included in the review. Page 10 

23c Discuss any limitations of the review processes used. Page 10 

23d Discuss implications of the results for practice, policy, and future research. Page11, 12 

OTHER INFORMATION  

Registration and 
protocol 

24a Provide registration information for the review, including register name and registration number, or state that the review was not registered. Page 2 and 
4 

24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. Page 2 and 
4 

24c Describe and explain any amendments to information provided at registration or in the protocol. Page 4 

Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. Page 14 

Competing 
interests 

26 Declare any competing interests of review authors. Page 14 

Availability of 
data, code and 
other materials 

27 Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included 
studies; data used for all analyses; analytic code; any other materials used in the review. 

Page 14 

 
From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. 
doi: 10.1136/bmj.n71 
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S2. Search Strategy as applied in MEDLINE 

S2.1 Total knee replacement 

1. survey.mp. or exp Data Collection/ 
2. prospective study.mp. or exp Prospective Studies/ 
3. observational study.mp. 
4. exp EPIDEMIOLOGY/ or epidemiology.mp. 
5. longitudinal study.mp. or exp Longitudinal Studies/ 
6. follow up study.mp. or exp Follow-Up Studies/ 
7. exp Arthroplasty, Replacement, Knee/ or exp Knee Prosthesis/ or knee replacement.mp. 
8. knee prosthesis.mp. or exp Knee Prosthesis/ 
9. total knee.tw. 
10. (knee adj10 (replace$ or arthroplast$ or prosthe$ or implant$)).ti, ab. 
11. 7 or 8 or 9 or 10 
12. pain.tw. 
13. 1 or 2 or 3 or 4 or 5 or 6 
14. 10 and 12 and 13 

S2.2 Total hip replacement 

1. survey.mp. or exp Data Collection/ 
2. prospective study.mp. or exp Prospective Studies/ 
3. observational study.mp. 
4. exp EPIDEMIOLOGY/ or epidemiology.mp. 
5. longitudinal study.mp. or exp Longitudinal Studies/ 
6. follow up study.mp. or exp Follow-Up Studies/ 
7. exp Arthroplasty, Replacement, Hip/ or exp Hip Prosthesis/ or hip replacement.mp. 
8. hip prosthesis.mp. or exp hip Prosthesis/ 
9. total hip.tw. 
10. (hip adj10 (replace$ or arthroplast$ or prosthe$ or implant$)).ti, ab. 
11. 7 or 8 or 9 or 10 
12. pain.tw. 
13. 1 or 2 or 3 or 4 or 5 or 6 
14. 10 and 12 and 13  

  

Page 39 of 69

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

Prevalence of chronic pain after total hip or knee replacement 

 

   

 

S3. Characteristics of TKR studies 

Study 

Country 

Recruitment dates 

Setting 

Operation 

Number of patients 

Age (SD), range 

% women 

Pain measure Definition of 
unfavourable pain 
outcome 

High risk of bias concern 

Alzahrani 2011[1] 
TWH cohort 

Canada 

1998-2007 

2 hospitals 

Primary TKR, all 18+ 

N=482 

67.5 (9.6) 

62% 

WOMAC pain 

12 months 

No clinically important 
improvement based on 
MCID 

Aso 2020[2] 

Japan 

2012-2017 

1 hospital 

Primary TKR, all 

N=234 

75 

75.8% 

VAS/NRS pain  

6, 12 months 

Moderate to severe pain 
(VAS >30 mm), at rest or 
walking 

Attal 2014[3] 

France 

2008-2011 

I hospital 

Primary TKR, all 18+ 

N=89 

68.7 (8.9) 

65.0% 

 

BPI (NRS) 

3, 6, 12 months 

NRS pain average 3 or 
greater on 10-point scale 

Baker 2007[4] 

UK 

2003 

National registry 

Primary TKR, all 

N=9417 

70.68 

56.8% 

 

 

OKS pain 

12 months 

Reported persistent knee 
pain 

Bell 2023[5] 

USA 

2015-2018 

7 hospitals 

Primary TKR, all 50-89 

N=5564 

Range 50-89 

60.7% 

KOOS pain 

12 months 

MCID not satisfied 

Birch 2019[6] 

Denmark 

2011-2013 

1 hospital 

Primary TKR or UKR, all 

N=589 

67.3 (9.7) 

52.0% 

 

OKS pain 

4, 12 months 

OKS pain moderate/severe 

High loss to follow up rate 
at 4 and 12 months 

Brander 2003[7] 

USA 

1998-2000 

1 surgeon 

Primary TKR, all 18+ 

N=116 

66 (10.5), range 36-85 

55.2% 

VAS/NRS pain 

3, 6, 12 months 

VAS >40 

Buus 2022[8] 

Denmark 

2015-2016 

1 hospital 

Primary TKR, all 18+ 

N=217 

66.8 (9.3) 

52.2% 

OKS pain 

12 months 

Threshold 42.39 

Buvanendran 2019[9] 

USA 

2011-2017 

1 hospital 

Primary TKR, all 

N=296 

65 

65.3% 

 

VAS/NRS pain 

6 months 

NRS pain with movement 
≥4 

Page 40 of 69

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

Prevalence of chronic pain after total hip or knee replacement 

 

   

 

Chodor and 
Kruczynski 2022[10] 

Poland 

2016 

1 hospital 

Primary TKR, all 48+ 

N=69 

67.6 (7.42), range 48-84 

76.7% 

Author own 
question  

6 months 

Pain severely limiting daily 
life 

Clement 2014[11] 

UK 

2010 

1 hospital 

Primary TKR, all 

N=578 

70 (9.6), range 39-91 

58.4% 

Author own 
question “How 
well did the 
surgery relieve 
pain in your 
affected joint?” 

12 months 

Fair or poor 

High loss to follow up rate 

Cole 2022[12] 

UK 

2010-2015 

2 hospitals 

Primary TKR, all 

N=1025 

70 

55.8% 

OKS pain 

12 months 

<14 points OKS 

Dave 2017[13] 

USA 

2012-2014 

3 hospitals 

Primary TKR probably, 
all 40+ 

N=267 

66 (9) 

61.0% 

 

WOMAC pain 

12 months 

WOMAC pain score <MCID 

Dowsey 2012[14] 

Australia 

2006-2007 

1 hospital 

Primary TKR, all 

N=478 

70.8 (8.3), range 45-90 

69.2% 

IKSS pain 

12, 24 months 

IKSS pain score <30 
moderate to severe pain 

IKSS may not be entirely 
patient reported at 12 and 
24 months 

Dursteler 2021[15] 

Spain 

2014-2017 

Spain 

1 hospital  

Primary TKR, all 18+ 

N=170 

73.1 (7.1) 

73.3% 

VAS/NRS pain 

3, 6 months 

NRS 0.3/1 or greater at rest 

Edwards 2022[16] 

USA 

2012-2018 

2 hospitals 

Primary TKR, all 45+ 

N=248 

65.1 (8.2) 

59.5% 

BPI 

6 months 

4/10 or greater 

High loss to follow up rate 

Escobar and Riddle 
2014[17] 

Spain 

2003-2006 

15 hospitals 

Primary TKR, all 

N=1616 

71.6 (6.8) 

70.0% 

WOMAC pain 

12 months 

Number not attaining PASS 

High loss to follow up rate 

Getachew 2021[18] 

Norway 

2012-2014 

1 hospital 

Primary TKR, all 18+ 

N=206 

68 (9) 

66.0% 

BPI 

12 months 

BPI worst pain score ≥4 

Ghomrawi 2017[19] 

USA 

2010-2012 

1 hospital 

Primary TKR, all 

N=247 

68 (10) 

65.0% 

WOMAC pain 

24 months 

Number not achieving 
MCID 
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Grosu 2016[20] 

Belgium 

2009-2010 

1 surgeon 

Primary TKR probably, 
all 

N=114 

66 (10) 

65.8% 

VAS/NRS pain 

3, 6, 12 months 

Moderate to severe pain 

High loss to follow up rate 
at 3, 6 and 12 months 

Hardy 2022[21] 

France 

2014-2015 

1 hospital 

Primary TKR, all >18 

N=111 

73.3 (9.3) range 29-92 

65.0% 

VAS/NRS pain 

12 months 

VAS >30/100 

Heath 2021[22] 

Australia 

2018-2020 

44 hospitals 

Primary and revision 
TKR, all 

N=8299 

67.5 (8.8) 

56.4% 

EQ-5D 5L pain/ 
discomfort  

6 months 

Moderate/ severe or 
extreme pain EQ 5D 5L 
pain/discomfort 

High loss to follow up rate 

Jones 2000[23] 

Canada 

1995-1997 

1 health region 

Primary TKR, all 40+ 

N=292 

69.2 (9.2) 

59.0% 

WOMAC pain 

6 months 

Moderate/ severe pain 
defined as a gain of <10 
points on the WOMAC pain 
dimension 

Khalid 2021[24] 

UK 

2008-2016 

National registry 

Primary TKR or UKR, all 

N=531,790 

69.7 (9.4) 

56.6% 

OKS pain 

6 months 

OKS-pain score of 14 or 
less at six months after 
knee replacement can be 
considered to be in chronic 
pain 

Kim 2015[25] 

South Korea 

2013-2014 

1 hospital 

Primary TKR, all women 

N=94 

70.18 (5.74), range 20-
80 

100% 

VAS/NRS pain 

3 months 

>5 points on an 11 point 
VNRS (verbal numeric 
rating scale) 

Kiran 2015[26] 

UK 

2003-2007 

1 hospital 

Primary TKR, all 

N=608 

72 

61.4% 

OKS pain 

12, 24 months 

Has your knee replacement 
operation decreased your 
knee pain? 

High loss to follow up rate 
at 12 and 24 months 

Kornilov 2018[27] 

Russia 

2014 

1 hospital 

Primary TKR, all 18+ 

N=100 

63 (8), range 47-81 

95.0% 

VAS/NRS pain 

12 months 

Not at least a two-point or 
approximately 30% 
(clinically significant) 
decrease in rating of pain 
interference with walking 
from baseline to 1 year 
(NRS scale 0-10) 

Kurien 2018[28] 

UK 

Before 2017 

1 hospital 

Primary TKR probably, 
all 

N=50 

66.4 (8.3) 

60.0% 

VAS/NRS pain 

6 months 

4 or greater 

Larsen 2021[29] 

Denmark 

2015-2016 

1 hospital 

Primary TKR, all 18+ 

N=185 

68.8 (8.9) 

55.7% 

VAS/NRS pain 

12 months 

Pain intensity at rest >3 

High loss to follow up rate 

Latijnhouwers 
2022[30] 

Primary TKR, all 

N=282 

VAS/NRS pain 

12 months 

Moderate to severe pain 
(NRS ≥4) 
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The Netherlands 

2012-2017 

2 hospitals 

66 (8.4) 

63.0% 

High loss to follow up rate 

Lavand’homme 
2014[31] 

Belgium 

2012 

1 surgeon 

Primary TKR or UKR, all 

N=128 

68 (10) 

66.4% 

VAS/NRS pain 

3 months 

NRS ≥4/10 

 

Lee 2022[32] 

South Korea 

2017-2019 

2 surgeons 

Primary TKR probably, 
all 

N=172 

70.7 (4.3) 

89.2% 

Pain disturbing 
sleep 

3, 12 months 

Night pain was defined as 
pain around the knee 
experienced at night that 
could disturb the patient’s 
sleep 

Leppanen 2021[33] 

Finland 

2012-2014 

1 hospital 

Primary TKR, 65 years 
or younger 

N=205 

60 

63.0% 

VAS pain 
exercise 

24 months 

VAS >30 

Leung 2019[34] 

Singapore 

2015 

1 hospital 

Primary TKR, all 

N=243 

66 (8.3) 

78.6% 

Author own 
question 

6, 12 months 

No change or worsening 
pain/ slightly better 

Lundblad 2008[35] 

Sweden 

Before 2006 

1 hospital 

Primary TKR, all 

N=69 

68 

50.7% 

VAS/NRS pain 

24 months 

Pain at rest, VAS >2/10 

Lyman 2018[36] 

USA 

2007-2012 

1 hospital 

Primary TKR, all 

N=3815 

74 (6) 

63.0% 

KOOS pain 

24 months 

Number not achieving 
MCID 

High loss to follow up rate 

Mahdi 2020[37] 

Sweden 

2016-2018 

3 hospitals 

Primary TKR, all 

N=615 

69.7 

52.2% 

KOOS pain 

12 months 

8 cut off 

High loss to follow up rate 

Mekkawy 2023[38] 

USA 

2021 

4 surgeons 

Primary TKR, all 

N=112 

65.5 (9.2) 

69.0% 

VAS pain 

6 months 

Probably NRS score of ≥1 
in defined sites Concern 
over VAS ≥1 being too 
inclusive and high loss to 
follow up rate 

Mercurio 2020[39] 

Italy 

2015-2017 

1 hospital 

Primary TKR, all >18 

N=45 

69.6 (7.8) 

65.0% 

VAS/NRS pain 

12 months 

VAS >30 residual pain 

Mezey 2023[40] 

Hungary 

2019-2020 

2 hospitals 

Primary TKR probably, 
all 

N=101 

69.2 

Not reported 

WOMAC pain 

12 months 

Not exceeding MCID 

High loss to follow up rate 

Musbahi 2023[41] Primary TKR, all 40+ WOMAC pain WOMAC pain score 
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USA 

2011-2014 

4 hospitals 

N=575 

66.3 (8.3) 

60% 

12 months improvement of <20 

High loss to follow up rate 

Nishimoto 2023[42] 

Japan 

2021-2023 

1 hospital 

Primary TKR, all with no 
complications 

N=68 

75.1 (7.3) 

80.9% 

KOOS pain 

3, 6 months 

Not achieving MCID of 10 

Noiseux 2014[43] 

USA 

Before 2012 

2 hospitals 

Primary TKR, all 30+ 

N=215 

61.7 (9.8) 

58.0% 

VAS/NRS pain 

6 months 

Moderate or severe pain 
with range of motion, VAS 
≥1 

Concern over VAS ≥1 
being too inclusive 

Orr 2022[44] 

USA 

2016-2019 

9 hospitals 

Primary TKR, all 

N=7476 

67 (9.0) 

60.8% 

KOOS pain 

12 months 

Not achieved PASS for 
KOOS pain 

High loss to follow up rate 

Petersen 2015[45] 

Denmark 

Before 2014 

1 hospital probably 

Primary TKR, all 

N=78 

69 

59.0% 

VAS/NRS pain 

12 months 

VAS >3 

High loss to follow up rate 

Petersen 2018[46] 

Denmark 

Before 2017 

1 hospital 

Primary TKR probably, 
all 

N= 200 

69 (1.2) 

57.0% 

VAS/NRS pain 

12 months 

<30% reduction in pain 

Phillips 2014[47] 

UK 

2009-2010 

1 hospital 

Primary TKR, all 

N= 96 

70.6 

56.0% 

VAS/NRS pain 

3, 6, 12 months 

VAS >3 

Priol 2023[48] 

France 

2011-2012 

1 hospital 

Primary TKR, all 

N=129 

74 (10), range 45-94 

72.3% 

VAS/NRS pain 

6 months 

Vas 4+ 

High loss to follow up rate 

Pua 2019[49] 

Singapore 

2013-2017 

1 hospital 

Primary TKR, all 50+ 

N=5325 

68 (7.5) 

75.0% 

OKS pain 

6 months 

Moderate or severe pain 

Quintana 2006[50] 

Spain 

1999-2000 

7 hospitals 

Primary TKR, all 

N=792 

71.9 

73.0% 

WOMAC pain 

6 months 

No improvement in pain 
greater than MCID 

Rice 2018[51] 

New Zealand 

2012-2015 

3 hospitals 

Primary TKR, all 18+ 

N=300 

69 (10), range 48-90 

48.0% 

VAS/NRS pain 

6, 12 months 

VAS >3 

Sideris 2022[52] 

USA 

Primary TKR, all 

N=179 

VAS/NRS pain 

6 months  

NRS 4+ 
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2016-2018 

1 hospital 

67.1 (8.1) 

56.2% 

Singh 2014[53] 

USA 

1993-2005 

1 hospital 

Primary TKR, all 

N=7229 

68 (10) 

56.0% 

Author own 
question 

24 months 

Moderate-severe pain 

Solberg 2023[54] 

USA 

2020 

22 surgeons 

Primary TKR probably, 
all 

N=239  

66.2 (8.5), range 37-87 

60.7%  

Author own 
question 

3 months  

To what extent have you 
obtained relief: somewhat, 
minimal or not at all 

High loss to follow up rate 

Stephens 2002[55] 

USA 

Before 2001 

1 hospital 

Primary TKR, all 50+ 

N=68  

67.4 (8.1), range 50-88 

54.0% 

WOMAC pain 

6 months 

No change or increase in 
pain from pre-operative 

Tang 2023[56] 

China 

2020-2021 

1 hospital 

Primary TKR probably, 
all 65+ 

N=196 

72 

75.1% 

VAS/NRS pain 

3 months 

NRS scores ≥4 

Terradas-Monllor 
2024[57] 

Spain 

2018-2020 

1 home rehabilitation 
service 

Primary TKR or UKR, all 
18+ 

N=115 

70.5 (10.7) 

66.1% 

VAS/NRS pain  

3, 6 months 

VAS 3+ 

Thomazeau 2016[58] 

France 

2013 

1 hospital 

Primary TKR, all 

N=109 

69.2 (9) 

71.6% 

VAS/NRS pain 

6 months 

NRS score ≥1/10 for the 
last 8 days 

Tian 2022[59] 

China 

2018-2019 

1 hospital 

Primary TKR or UKR, all 
<90 

N=271 

Not reported 

80.8% 

Author own 
question  

24 months 

Moderate or severe pain on 
movement 

Utrillas-Compaired 
2014[60] 

Spain 

2009 

1 hospital 

Primary TKR, all 

N=215 

73 (6.35) 

69.3% 

 

KSS pain  

12 months 

KSS pain poor 

KSS may not be entirely 
patient reported 

van der Wees 
2017[61] 

The Netherlands 

1993-2014 

1 hospital 

Primary TKR, all 

N=704 

65 (12) 

64.5% 

VAS/NRS pain 

6, 12 months 

30% or less improvement in 
VAS pain 

High loss to follow up rate 
at 6 and 12 months 

Vina 2020[62] 

USA 

2005-2015 

Primary TKR, all 

N=315 

67.3 (8.6) 

WOMAC pain 

24 months 

 

Less than MCID 
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S3.1 Mean age and range 

 

Figure S3.1. Mean age and their standard deviations reported in the individual studies. Range of age was plotted 
as blue bars. 

 

S3.2 Proportion of females 

 

Figure S3.2. Proportion of females reported in the individual studies 
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S3.3 Data collection timeframe 

 

Figure S3.3. Data collection timeframe in the individual studies. 
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S3.4 Proportions of lost to follow-ups and revisions 

 

Figure S3.4. Favourable and unfavourable pain outcomes and reasons of missing data reported in 3, 6, 12, and 
24 months (represented in sub-plots A, B, C, and D, respectively) in TKR studies. 
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S4. Traffic light plot of the risk of bias assessments in TKR 

studies 

The corresponding domains in the figures are: 

• D1: Was the study's target population a close representation of the national population in 
relation to relevant variables? 

• D2: Was the sampling frame a true or close representation of the target population? 
• D3: Was some form of random selection used to select the sample, OR was a census 

undertaken? 
• D4: Was the likelihood of nonresponse bias minimal? 
• D5: Were data collected directly from the subjects (as opposed to a proxy)? 
• D6: Was an acceptable case definition used in the study? 
• D7: Was the study instrument that measured the parameter of interest shown to have 

validity and reliability? 
• D8: Was the same mode of data collection used for all subjects? 
• D9: Was the length of the shortest prevalence period for the parameter of interest 

appropriate? 
• D10: Were the numerator(s) and denominator(s) for the parameter of interest appropriate? 
 

S4.1 TKR studies (3 months) 
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S4.2 TKR studies (6 months) 
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S4.3 TKR studies (12 months) 
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S4.4 TKR studies (24 months) 
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S5. Forest plots of univariate meta-analyses in TKR studies 

S5.1 TKR studies (3 months) 

 

S5.2 TKR studies (6 months) 
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S5.3 TKR studies (12 months) 

 

S5.4 TKR studies (24 months) 
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S6. Table of multivariate and univariate meta-analysis results in 

TKR studies 

 Multivariate meta-analysis Univariate meta-analysis 

Time Median (95% CrI) tau² (95% CrI) Median (95% CrI) tau² (95% CrI) 

3 months 
21.2  

(16.9 to 26.4) 
0.49  

(0.28 to 0.91) 
21.9  

(15.6 to 29.4) 
0.51  

(0.18 to 1.1) 

6 months 
14.6  

(11.9 to 17.8) 
0.56  

(0.34 to 0.91) 
14.1  

(10.9 to 17.9) 
0.51  

(0.27 to 0.9) 

12 months 
12.6  

(10.3 to 15.5) 
0.63  

(0.41 to 0.99) 
12.6  

(9.9 to 15.9) 
0.61  

(0.35 to 0.99) 

24 months 
14.2  

(10 to 20.1) 
0.58  

(0.25 to 1.55) 
14.6  

(9.5 to 22.4) 
0.52  

(0.16 to 1.35) 
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S7. Meta-regression analyses in TKR studies 

S7.1 Mean age 

Time No. studies slope intercept 

3 months 15 0.133 -1.272 

6 months 28 0.082 -1.851 

12 months 34 -0.029 -1.942 

24 months 9 -0.073 -1.886 

 

S7.2 Proportion of females 

Time No. studies slope intercept 

3 months 15 0.009 -1.273 

6 months 28 -0.040 -1.697 

12 months 36 -0.006 -1.939 

24 months 10 0.045 -1.798 

 

S7.3 Sample sizes 

Time No. studies slope intercept 

3 months 15 -0.001 -1.269 

6 months 28 0.000 -1.785 

12 months 36 0.000 -1.936 

24 months 10 0.000 -1.750 
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S8. Subgroup analyses in TKR studies 

• Geographic region (categorical; North America, Asia, Europe, and Australia) 

• Data source (categorical; surgeons, single hospital, multi-centre, and national registry 

• Pain outcomes instruments (categorical; multidimensional, e.g. WOMAC pain, simple, e.g. 

VAS/NRS and EQ-5D 5L, and not validated, e.g. author’s own questionnaires)   

S8.1 Geographical regions 

Subgroup No. Studies Median (95% CrI) tau² (95% CrI) 

3 Months 

Asia 4 24.26 (11.85 to 42.3) 0.32 (0 to 2.34) 

Europe 9 22.17 (12.42 to 35.18) 0.77 (0.19 to 2.17) 

North America 2 16.63 (0.92 to 81.83) 0.21 (0 to 31.7) 

6 Months 

Asia 5 9.91 (4.04 to 21.69) 0.64 (0.06 to 3.19) 

Australia 2 15.53 (1.23 to 73.87) 0.19 (0 to 23.85) 

Europe 12 17.99 (10.88 to 27.3) 0.77 (0.27 to 1.85) 

North America 9 11.87 (8.87 to 15.58) 0.13 (0 to 0.45) 

12 Months 

Asia 3 5.81 (2.2 to 12.88) 0.12 (0 to 2.76) 

Australia 2 21.45 (0.1 to 98.64) 0.73 (0 to 97.26) 

Europe 25 13.54 (9.91 to 18.16) 0.72 (0.37 to 1.29) 

North America 6 11.15 (8.31 to 14.9) 0.09 (0.01 to 0.4) 

24 Months 

Asia 1 31.36 (28.02 to 34.79) NA 

Australia 1 28.29 (24.49 to 32.56) NA 

Europe 4 14.29 (5.86 to 32.4) 0.47 (0.03 to 3.51) 

North America 4 9.56 (5.19 to 17.04) 0.2 (0 to 1.45) 

 

S8.2 Setting 

Subgroup No. Studies Median (95% CrI) tau² (95% CrI) 

3 Months 

Other 1 26.44 (19.1 to 34.38) NA 

Single hospital 8 25.41 (15.64 to 38.72) 0.55 (0.13 to 1.73) 

Surgeon 6 16.89 (8.43 to 29.76) 0.55 (0.07 to 2.2) 

6 Months 

Multicentre 6 13.84 (7.93 to 22.5) 0.35 (0.04 to 1.41) 

Other 2 18.34 (7.93 to 37.29) 0.02 (0 to 2.68) 

Registry 1 8.22 (8.14 to 8.29) NA 

Single hospital 16 15.03 (9.79 to 21.64) 0.73 (0.3 to 1.55) 

Surgeon 3 10.82 (3.35 to 30.39) 0.26 (0 to 5.13) 

12 Months 

Multicentre 12 11.29 (7.37 to 16.83) 0.56 (0.19 to 1.31) 

Registry 1 16.80 (16.07 to 17.57) NA 

Single hospital 20 13.96 (9.77 to 19.93) 0.77 (0.34 to 1.47) 

Surgeon 3 8.93 (4.2 to 16.32) 0.05 (0 to 1.6) 

24 Months 

Multicentre 1 11.50 (8.14 to 15.03) NA 

Single hospital 9 14.98 (9.11 to 23.7) 0.57 (0.16 to 1.54) 
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S8.3 Pain outcome instruments 

Subgroup No. Studies Median (95% CrI) tau² (95% CrI) 

3 Months 

Multidimensional 5 26.76 (12.16 to 49.19) 0.7 (0.09 to 3.37) 

Not validated 1 12.98 (0 to 100) NA 

Simple 9 20.6 (13.08 to 31.41) 0.5 (0.11 to 1.47) 

6 Months 

Multidimensional 9 13.68 (8.49 to 22.5) 0.56 (0.14 to 1.57) 

Not validated 2 7.65 (0 to 99.79) 1.72 (0 to 219.88) 

Simple 17 15.15 (10.99 to 20.57) 0.49 (0.2 to 1.03) 

12 Months 

Multidimensional 21 12.67 (8.95 to 17.66) 0.72 (0.33 to 1.34) 

Not validated 2 6.51 (0 to 98.5) 1.52 (0 to 166.77) 

Simple 13 13.91 (9.63 to 19.73) 0.44 (0.14 to 1.02) 

24 Months 

Multidimensional 6 12.39 (6.86 to 20.55) 0.41 (0.07 to 1.58) 

Not validated 2 15.65 (0 to 99.99) 3.63 (0.07 to 399.6) 

Simple 2 23.53 (8.04 to 48) 0.02 (0 to 4.48) 
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S9. Doi plots and the LFK indexes in TKR studies 

S9.1 TKR studies (3 months) 

 

S9.2 TKR studies (6 months) 
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S9.3 TKR studies (12 months) 

 

S9.4 TKR studies (24 months) 
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S10. Sensitivity analyses 

In the sensitivity analysis, we excluded the following studies based on their unique clinical 

characteristics: 

• Tang 2023 (impact on 3 months results only) 

• Leppanen 2021 (impact on 24 months results only) 

• Fast track studies (impact on 3 and 12 months results only) 

• Mekkawy 2023 and Yan 2023 (impact on 6 months results only) 

• Studies on TKR or UKR operations 

• Studies with more than 20% lost to follow-up 

• High risk of bias studies 

Name No. studies Median (95% CrI) tau² (95% CrI) 

3 Months 

Excluding Tang 2023 14 22.12 (15.4 to 30.2) 0.55 (0.19 to 1.21) 

Excluding Fast track studies 14 22.56 (15.96 to 30.84) 0.53 (0.17 to 1.18) 

Excluding TKR or UKR 
studies 

12 23.68 (16.36 to 33.17) 0.53 (0.17 to 1.29) 

Excluding studies with > 
20% loss to follow-up 

11 26.13 (18.08 to 36.46) 0.49 (0.14 to 1.25) 

Excluding studies with 
overall high risk of bias 

12 25.01 (17.87 to 34.74) 0.48 (0.16 to 1.17) 

6 Months 

Excluding Mekkawy 2023 
and Yan 2023 

26 13.97 (10.74 to 18.13) 0.54 (0.27 to 0.95) 

Excluding TKR or UKR 
studies  

26 14.24 (10.88 to 18.46) 0.54 (0.27 to 0.95) 

Excluding studies with > 
20% loss to follow-up 

19 16.78 (12.37 to 22.52) 0.52 (0.22 to 1.03) 

Excluding studies with 
overall high risk of bias 

19 15.63 (11.25 to 21.19) 0.58 (0.24 to 1.12) 

12 Months 

Excluding Fast track studies  34 12.15 (9.5 to 15.15) 0.55 (0.3 to 0.91) 

Excluding TKR or UKR 
studies  

35 12.72 (9.85 to 16) 0.63 (0.35 to 1.01) 

Excluding studies with > 
20% loss to follow-up 

19 15.3 (11.09 to 21.01) 0.58 (0.23 to 1.16) 

Excluding studies with 
overall high risk of bias 

20 14.37 (10.14 to 19.49) 0.65 (0.28 to 1.23) 

24 Months 

Excluding Leppanen 2021 9 13.78 (8.33 to 21.28) 0.52 (0.15 to 1.45) 

Excluding TKR or UKR 
studies  

9 13.18 (8.59 to 20.26) 0.42 (0.11 to 1.18) 

Excluding studies with > 
20% loss to follow-up 

6 18.74 (9.79 to 33.5) 0.59 (0.11 to 2.29) 

Excluding studies with 
overall high risk of bias 

7 15.28 (8.68 to 26.24) 0.53 (0.12 to 1.78) 

*Abbreviation: TKR: Total Knee Replacement; UKR: Unicompartmental Knee Replacement 
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S11. Characteristics of THR studies 

Study 

Country 

Recruitment dates 

Setting 

Operation 

Number of patients 

Age (SD), range 

% women 

Pain measure Definition of 
unfavourable pain 
outcome 

High risk of bias concern 

Cleveland Clinic OME 
Arthroplasty Group 
2020[1] 
USA  
2015-2018  
6 hospitals  

Primary THR, all  
N=3449  
Median 65 (IQR 57-72)  
57.4%  

HOOS pain  
12 months  

Less than MCID  
  

Erlenwein 2017[2] 
Germany  
2012  
1 hospital  

Primary THR, all 18+  
N=125  
63 (12.6)  
58%  
  

NRS pain  
6 months  

Maximum NRS >3 during 
previous 4 weeks  

Jones 2000[3] 

Canada  
1995-1997  
1 health region  

Primary THR, all 40+  
N=242  
68.2 (11.1)  
60%  

WOMAC pain  
6 months  

Moderate/ severe pain 
defined as a gain of <10 
points on the WOMAC pain 
dimension  

Mezey 2023[4] 
Hungary  
2019-2020  
2 hospitals  

Primary THR, all  
N=88  
68.7 (THR and TKR 
patients)  
69.2%  

WOMAC pain  
12 months  

Not exceeding MCID  
High loss to follow up rate  
  

Nikolajsen 2006[5] 
Denmark  
2003  
National registry  

Primary THR, 18-90 
years  
N=1231  
71.6 (8.7)  
Not reported  

Authors’ own 
scale of presence 
of hip pain and 
impact on daily 
life  
12-18 months  

Pain with moderate, severe 
or very severe impact on 
daily life  
  

Page 2016[6] 
Canada  
2009-2012  
1 hospital  

Primary THR, all 18-75  
N=150  
60 (9.2)  
48%  

Authors’ own 
scale  
6 months  

Chronic pain if pain rated 
as “discomforting”, 
“distressing”, “horrible,” or 
“excruciating”  
Concern as RCT analysed 
as cohort study  

Palazzo 2014[7] 
France  
2009  
3 hospitals  

Primary THR, all  
N=129  
63.5 (13.5)  
49.6%  

Author’s own 
residual pain 
scale  
12 months  

“To what extent have you 
obtained a relief or 
improvement as a result of 
THA in the following 
areas?” (from 0: not at all; 
to 4: completely)  

Quintana 2006[8] 
Spain  
1999-2000  
7 hospitals  

Primary THR  
N=784  
69.1  
48.3%  

WOMAC pain  
6 months  

No improvement in pain 
greater than MCID  
Concern for high loss to 
follow up rate  

Ray 2020[9] 
Sweden  
2008-2015  
National registry  

THR  
N= 127,660  
68 (10)  
56%  

EQ-5D VAS 
pain/discomfort  
12 months  

Worse or no change in 
pain/discomfort  
Concern for high loss to 
follow up rate  

Singh and Lewallen 
2010[10] 
USA  

Primary THR  
N=9154  
65 (13.3)  

Authors’ own 
scale: How much 
pain do you have 
in your operated 

Moderate or severe pain  
Concerns for high loss to 
follow up rate  

Page 67 of 69

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

Prevalence of chronic pain after total hip or knee replacement 

 

   

 

 

References 

1. Cleveland Clinic OME Arthroplasty Group, Arnold N, Anis H, Barsoum WK, Bloomfield MR, 
Brooks PJ, Higuera CA, Kamath AF, Klika A, Krebs VE, Mesko NW, Molloy RM, Mont MA, 
Murray TG, Patel PD, Strnad G, Stearns KL, Warren J, Zajichek A, Piuzzi NS. Preoperative 
cut-off values for body mass index deny patients clinically significant improvements in 
patient-reported outcomes after total hip arthroplasty. Bone Joint J. 2020;102-B(6):683-92. 
2. Erlenwein J, Muller M, Falla D, Przemeck M, Pfingsten M, Budde S, Quintel M, Petzke F. 
Clinical relevance of persistent postoperative pain after total hip replacement - a prospective 
observational cohort study. J Pain Res. 2017;10:2183-93. 
3. Jones CA, Voaklander DC, Johnston DW, Suarez-Almazor ME. Health related quality of 
life outcomes after total hip and knee arthroplasties in a community based population. J 
Rheumatol. 2000;27(7):1745-52. 
4. Mezey GA, Paulik E, Mate Z. Effect of osteoarthritis and its surgical treatment on patients' 
quality of life: a longitudinal study. BMC Musculoskelet Disord. 2023;24(1):537. 
5. Nikolajsen L, Brandsborg B, Lucht U, Jensen TS, Kehlet H. Chronic pain following total 
hip arthroplasty: a nationwide questionnaire study. Acta Anaesthesiol Scand. 
2006;50(4):495-500. 
6. Page MG, Katz J, Curtis K, Lutzky-Cohen N, Escobar EM, Clarke HA. Acute pain 
trajectories and the persistence of post-surgical pain: a longitudinal study after total hip 
arthroplasty. J Anesth. 2016;30(4):568-77. 
7. Palazzo C, Jourdan C, Descamps S, Nizard R, Hamadouche M, Anract P, Boisgard S, 
Galvin M, Ravaud P, Poiraudeau S. Determinants of satisfaction 1 year after total hip 
arthroplasty: the role of expectations fulfilment. BMC Musculoskelet Disord. 2014;15:53. 
8. Quintana JM, Escobar A, Arostegui I, Bilbao A, Azkarate J, Goenaga JI, Arenaza JC. 
Health-related quality of life and appropriateness of knee or hip joint replacement. Arch 
Intern Med. 2006;166(2):220-6. 
9. Ray GS, Ekelund P, Nemes S, Rolfson O, Mohaddes M. Changes in health-related quality 
of life are associated with patient satisfaction following total hip replacement: an analysis of 
69,083 patients in the Swedish Hip Arthroplasty Register. Acta Orthop. 2020;91(1):48-52. 
10. Singh JA, Lewallen D. Predictors of pain and use of pain medications following primary 
Total Hip Arthroplasty (THA): 5,707 THAs at 2-years and 3,289 THAs at 5-years. BMC 
Musculoskelet Disord. 2010;11:90. 
11. Tang S, Jin Y, Hou Y, Wang W, Zhang J, Zhu W, Zhang W, Gu X, Ma Z. Predictors of 
Chronic Pain in Elderly Patients Undergoing Total Knee and Hip Arthroplasty: A Prospective 
Observational Study. J Arthroplasty. 2023;38(9):1693-9. 
 

 

  

1993-2005  51%  hip? None, mild, 
moderate or 
severe  
24 months  

Tang 2023[11] 
China  
2020-2021  
1 hospital  

Primary THR probably, 
all 65+. Osteoarthritis or 
osteonecrosis (not 
fracture)  
N=89  
72 (range 63-81)  
62.5%  

NRS pain  
3 months  
  

NRS scores ≥4  
Note, n and losses to follow 
up estimated as proportions 
because n hips and knees 
reported together  
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S11.1 Proportions of lost to follow-ups and revisions  

 

Figure S12.1. Favourable and unfavourable pain outcomes and reasons of missing data in THR studies. 
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S12. Traffic light plot of the risk of bias assessments in THR 

studies 
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2

28 Abstract

29 Objectives
30 To update our previous systematic review to synthesise latest data on the prevalence of 

31 long-term pain in patients who underwent total hip replacement (THR) or total knee 

32 replacement (TKR). We aim to describe the prevalence estimates and trends in this review.

33 Design
34 Systematic review and meta-analysis

35 Data Sources
36 Update searches were conducted in MEDLINE and Embase databases from 1st January 

37 2011 to 17th February 2024. Citation tracking was used to identify additional studies.

38 Eligibility Criteria
39 We included prospective cohort studies reporting long-term pain after THR or TKR at 3, 6, 

40 12 and 24 months post-operative.

41 Data Extraction and Synthesis
42 Two reviewers independently identified studies as eligible. One reviewer conducted data 

43 extraction, checked by a second reviewer. The risk of bias assessment was performed using 

44 Hoy's checklist. Bayesian, random-effects meta-analysis was used to synthesise the results.

45 Results
46 For TKR, sixty-eight studies with 89 time points, including 598,498 patients, were included. 

47 Multivariate meta-analysis showed a general decrease in pain proportions over time: 21.9% 

48 (95% CrI 15.6 to 29.4) at 3 months, 14.1% (10.9 to 17.9) at 6 months, 12.6% (9.9 to 15.9) at 

49 12 months, and 14.6% (9.5 to 22.4) at 24 months. Considerable heterogeneity, unrelated to 

50 examined moderators, was indicated by substantial prediction intervals in the univariate 

51 models. Substantial loss to follow-up and risk of bias led to low confidence in the results. For 

52 THR, only eleven studies were included, so it was not possible to describe the trend. 

53 Univariate meta-analysis estimated 13.8% (8.5-20.1) and 13.7% (4.8-31.0) of patients 

54 experiencing long-term pain 6 and 12 months after THR, respectively, though concerns in 

55 risk of bias results reduced confidence in these findings.

56 Conclusions
57 Our review suggests that approximately 22% of patients report unfavourable pain 3 months 

58 post-TKR, with 12-15% experiencing long-term pain up to 2 years. At least 14% report 

59 unfavourable pain 6-12 months after THR. Given the prevalence of chronic post-surgical 
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60 pain, implementing existing and developing new preventive and management strategies is 

61 crucial for optimal patient outcomes.

62 Study registration
63 PROSPERO CRD42023475498

64

65

66 Strengths and limitations of this study
67 • We updated a previous review using the latest review methodology, including 

68 Bayesian, multivariate meta-analysis and risk of bias assessment, to summarise the 

69 prevalence rates reported across studies of chronic post-surgical pain in patients 

70 undergoing total knee or hip replacement.  

71 • We included a wide range of patient-reported measures of pain across studies which 

72 resulted in heterogeneity

73 • These prevalence rates are likely underestimated due to loss to follow-up and the 

74 high risk of bias in the included studies. 

75 • Our sensitivity and scenario analyses offer readers plausible and robust prevalence 

76 estimates.
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77 Introduction
78 The primary reason that people with osteoarthritis undergo joint replacement surgery is 

79 because of persistent pain that has failed to improve with non-invasive management.1 2 

80 About 100,000 each of primary total knee and hip replacements were performed in the UK in 

81 2022,3 4 and in Organisation for Economic Co-operation and Development countries in 2015, 

82 over 1.5 million primary knee and nearly 1.7 million primary hip replacements were 

83 performed.5 The number of people with osteoarthritis is projected to increase6 7 and even in 

84 Germany, a country with a declining population, rates of joint replacement are predicted to 

85 rise due to the increasing use of knee replacement in younger people and the increasing 

86 number of older people requiring hip replacement.8

87 Potential improvements in pain and functionality ability are the primary reasons that patient 

88 elect to have a hip or knee replacement, and the most important contributing factors to 

89 patient satisfaction with the outcome of surgery.9 10 It is important to note that pain and 

90 patient satisfaction are distinct constructs,11 as patient satisfaction contains broader aspects 

91 of surgical outcomes beyond solely pain relief. In the literature, the terms, such as persistent 

92 pain10 12-14, unchanged pain15, residual pain16-18, and worsening pain19 20, are often used to 

93 describe pain that persists despite surgery providing functional improvements and high 

94 satisfaction.11 It is widely recognised that some people experience continuing pain in the 

95 months and years following surgery. Our previous systematic review,21 with searches up to 

96 2011, brought together longitudinal studies in representative populations receiving knee or 

97 hip replacement. We found that for a majority of people, their pain outcome was favourable, 

98 but for 10-34% of patients the long-term pain outcome could be considered “unfavourable” 

99 (moderate-to-severe pain or for whom surgery had not relieved pain) after total knee 

100 replacement (TKR) and 7-23% after total hip replacement (THR).21 Together with qualitative 

101 research into patients’ experiences,22 23 our previous review stimulated research into the 

102 prediction, prevention, management and treatment of chronic pain after knee and hip 

103 replacement. 

104 Twelve years on from publication of our previous review, our aim is to provide updated 

105 estimates of the incidence of long-term pain after total knee and hip replacement and 

106 explore factors that may influence the rates observed. Findings will support patients, 

107 clinicians and researchers as they face the challenge of preventing and treating chronic pain 

108 after total knee or hip replacement.

109
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110 Methods
111 We updated our previous systematic review from our team,21 with follow-up intervals 

112 between 3 and 24 months post-operative. We limited the follow-up to a maximum of 24 

113 months as pain levels often plateau by this timepoint, and new onset pain beyond this may 

114 be related to implant failure.24 With the more extensive data available for outcomes after 

115 TKR in this update, we planned to establish the trend of long-term pain over time up to 24 

116 months post-operative.

117 The protocol was registered with PROSPERO (CRD42023475498) and this review was 

118 reported in accordance with MOOSE25 (Supplementary material S1) and relevant contents in 

119 PRISMA26  guidelines and the Cochrane handbook.27

120 Eligibility criteria
121 We sought prospective cohort studies including patients representative of the general 

122 population receiving total knee or hip replacement, predominantly from advanced 

123 osteoarthritis as in our previous review.21  Cohorts were established pre- or peri-operatively 

124 in hospital orthopaedic departments and joint replacement centres and followed up 

125 prospectively at any defined time between 3 and 24 months. Studies specifically of 

126 unicompartmental knee replacement or hip hemiarthroplasty, revision surgery, or exclusively 

127 bilateral replacements were excluded.

128 Outcome
129 The outcome was the proportion of people with unfavourable pain in the operated joint at 3, 

130 6, 12 and 24 months post-operative. We adopted the term ‘unfavourable pain’ from the 

131 previous review, which serves as a collective label to include the various descriptions used 

132 by study authors–such as persistent pain, worsening pain, or residual pain--rather than as an 

133 indicator of dissatisfaction.21 28 In each study, unfavourable pain was defined using the study 

134 authors’ definitions or through a consensus between two reviewers with extensive research 

135 experience in pain outcome measurement in total knee and hip replacement before 

136 commencement of data extraction. Most studies used a single cut-off value, often based on 

137 a pre-specified post-operative visual analogue scale (VAS) or numerical rating scale (NRS) 

138 score. For the few studies that provided multiple cut-off values, such as Musbahi and 

139 colleagues,18 we selected the cut-off values that the authors concluded were the best 

140 balance between sensitivity and specificity. For studies that used general tools, such as the 

141 VAS or NRS, we only included those that reported VAS or NRS scores specific to the 

142 operated joint, rather than general VAS pain scores. To calculate the proportions, we 

143 extracted the number of recruited or followed patients as denominators and the number of 
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144 patients experiencing unfavourable pain as numerators. When a percentage or rate was 

145 provided, we rounded the numbers to the nearest whole number.

146 Searches
147 We conducted new searches of MEDLINE and Embase databases from January 2011 to 

148 17th February 2024. The search strategies for MEDLINE and Embase are included in S2. 

149 Web of Science was used to track citations of the original review.21 Excepting the search 

150 strategy, we applied no language restrictions at any stage of the review, with Google 

151 Translate used to translate sections of relevant non-English articles. We did not contact 

152 authors as we only focused on published studies. Studies reported only as abstracts were 

153 excluded. 

154 Study selection and data collection
155 Studies identified were imported into EndNote 21 reference management software. After 

156 removal of duplicate records, one reviewer screened out clearly off-topic studies. Titles and 

157 abstracts of potentially relevant articles were acquired and assessed independently for 

158 eligibility by two reviewers. In cases of disagreement, a third reviewer was involved. Eligible 

159 articles identified in our previous systematic review were also included.

160 Data from eligible studies were entered into a Microsoft Excel spreadsheet by one reviewer 

161 with checking by a second reviewer. Extracted data were: country; dates of patient 

162 recruitment; setting (single or multiple surgeons, single or multiple hospitals, registry, or 

163 other; inclusion and exclusion criteria; whether routine “fast-track” surgery; patient 

164 characteristics (age, sex); assessment times; number of patients at baseline, number lost to 

165 follow up (or died or with revision surgery if reported) and number followed up; and patient 

166 reported pain outcome measure. 

167 When more than one pain outcome was reported, we extracted them in order of preference: 

168 pain dimension data from osteoarthritis or joint specific outcome scores (Western Ontario 

169 and McMasters Universities Osteoarthritis Index (WOMAC); Knee injury and Osteoarthritis 

170 Outcome Score (KOOS); Hip injury and Osteoarthritis Outcome Score (HOOS); Oxford Knee 

171 Score (OKS); Oxford Hip Score (OHS) and Knee Society Scores if patient generated (KSS, 

172 IKSS); Brief Pain Inventory (BPI); pain assessed in EuroQol instruments (EQ-5D or EQ-3D); 

173 joint pain after surgery, measured on a VAS or NRS; and other measures including those 

174 developed by study authors.

175 Risk of bias assessment
176 Two independent reviewers assessed risk of bias using the non-summative checklist 

177 described by Hoy and colleagues.29 This checklist considers ten aspects of study conduct 
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178 relating to representation and selection, non-response (>25% of lost to follow-up as high 

179 risk), data collection and instrument used, follow up and methods used in calculation of 

180 rates. Overall risk of bias was judged to be low, moderate or high depending on whether any 

181 of the ten aspects gave concern.

182 Data synthesis approach
183 Our primary aim was to describe the proportion of people experiencing unfavourable pain 

184 outcomes over time. First, we summarised the characteristics of studies and inspected their 

185 clinical heterogeneity before the synthesis using tables and figures. We then meta-analysed 

186 proportions with an unfavourable pain outcome, along with accompanying 95% credible 

187 intervals (CrIs) and median between-study heterogeneity (τ2) at 3, 6, 12, and 24 months’ 

188 time separately when there were more than three studies. We also used prediction intervals 

189 to aid the between-study heterogeneity interpretation.30 We used Bayesian framework with a 

190 random-effects model due to anticipated heterogeneity. Vague prior distributions (e.g. 

191 normal with mean 0 and variance 105) on model parameters were used. Posterior outcome 

192 distributions were based on at least 25,000 simulations after a burn-in of at least 1,000 to 

193 ensure convergence. 

194 To account for the multiple time follow-ups reported in certain studies, we adopted a 

195 Bayesian, hybrid, multivariate meta-analysis of multiple factors31 to describe the proportions 

196 across time points by borrowing information and accounting for within- and between-study 

197 correlations. 

198 All analyses were performed using R version 4.3.1 on RStudio 2023.06.2+561. The runjags 

199 and metafor packages were used to produce pooled estimates, forest plots, meta-regression 

200 and subgroup analyses. The metasens package was used to generate Doi plots and the LFK 

201 index.32 The ggplot2 package was used to produce additional figures to explore the clinical 

202 heterogeneity in the studies.

203 Exploration of heterogeneity
204 For potential sources of heterogeneity, we used meta-regression to explore heterogeneity for 

205 continuous factors (mean age of the population, percentage of females, and baseline sample 

206 sizes) where more than ten studies were included in the meta-analysis. For categorical 

207 factors (geographic region, settings, and pain outcome instruments), we conducted 

208 subgroup analyses where more than five studies were included in the meta-analysis.

209 Sensitivity analysis
210 In sensitivity analysis, we excluded studies with specific inclusion criteria, those focused on 

211 “fast track” surgery, studies where a proportion of people underwent unicompartmental knee 

Page 8 of 75

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

8

212 replacement, studies with potentially over-inclusive unfavourable pain definitions, and 

213 studies with more than 20% lost to follow-up, and studies with an overall high risk of bias. 

214 Additionally, we performed worst-best scenario analyses by estimating the proportion of 

215 people lost to follow-up who experienced unfavourable pain outcomes, incrementing by 

216 tenths from 0% to 100%, to estimate their impact on the meta-analysis results.

217 Reporting bias and certainty assessment
218 We assessed publication bias using Doi plots and the LFK index (values between -1 and +1 

219 indicate symmetry; values outside this interval indicate asymmetry) to aid the interpretation 

220 in cases where more than ten studies were included in the meta-analysis. We cross-checked 

221 the clinical study register and methods section in the report to evaluate non-reporting bias. 

222 The certainty of evidence assessment was not conducted because specific tools for 

223 systematic reviews of prevalence were unavailable. 

224 Patient and public involvement
225 There was no direct patient and public involvement in this systematic review, however, it 

226 benefitted from being part of the NIHR-funded STAR programme, which aimed to improve 

227 outcomes for patients with chronic pain after knee replacement. 33Patient and public 

228 involvement was integral to STAR, and we worked throughout the programme with an 

229 existing patient forum and developed a complementary group focusing exclusively on 

230 chronic pain after TKR. 

231
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232 Results
233 Searches of MEDLINE, Embase, citation tracking in Web of Science and inclusion of 

234 potentially relevant articles identified in our previous review yielded a total of 13,807 records. 

235 After screening out of clearly irrelevant studies by one reviewer, 979 records were screened 

236 in duplicate by two reviewers and ultimately 68 studies with 598,498 TKR participants and 11 

237 studies with 143,101 THR participants were included. Study selection and reasons for 

238 exclusion at the full-text stage are summarised in Figure 1. Some articles from our previous 

239 review were excluded as the follow up period was longer than 24 months.

240 Total knee replacement
241 Individual study characteristics are summarised in S3. The grouped characteristics in Table 

242 1. The baseline dates of data collection ranged from 1993 to 2023. Geographically, most 

243 studies were conducted in Europe (n=37) and North America (n=19). More than half of 

244 studies (n=39) collected their data at a single hospital, followed by multiple hospitals (n=18). 

245 Overall, 598,498 patients were included in the 68 studies with a median sample size per 

246 study of 235 (interquartile range 114 to 581). Patients in 52 studies with data had a mean 

247 age of 69.6 (SD 9.4) years, and 63% (58 to 69) were women. In terms of primary pain 

248 outcome reported, 31 studies reported multi-dimensional pain scales (WOMAC, OKS, 

249 KOOS, BPI, or KSS/IKSS), 29 studies reported VAS or NRS pain scores, and 6 studies used 

250 researchers’ own measures. 

251 After harmonising unfavourable pain outcomes at different time points, there were 15, 28, 36 

252 and 10 studies with data available for 3, 6, 12 and 24 months post-operative. Risk of bias 

253 assessments are summarised in Figure 2 (for traffic light plots, see S4). Most studies were 

254 judged as overall moderate risk of bias with few overall high risk of bias due to losses to 

255 follow up of >25%, or use of scores which are not entirely patient completed or have 

256 concerns relating to a low pain cut off. 

257 As noted in the previous review, the proportions of people with unfavourable pain varied 

258 widely across studies. Studies reported ranges of people with unfavourable pain at 3 months 

259 of 9.4 to 51.2%, at 6 months of 4.1 to 50.6%, at 12 months of 3.3 to 43.3%, and at 24 

260 months of 6.9 to 31.6% (S5). We synthesised the unfavourable pain outcomes using 

261 multivariate meta-analysis (Figure 3), demonstrating a general decrease in pain proportions 

262 over time: 21.9% (95% CrI 15.6 to 29.4) at 3 months, 14.1% (10.9 to 17.9) at 6 months, 

263 12.6% (9.9 to 15.9) at 12 months, and 14.6% (9.5 to 22.4) at 24 months. The results of the 

264 univariate models were similar due to the limited number of studies with multiple time points 

265 (S5), though with slightly wider CrIs (S6). The substantial prediction intervals in the 

266 univariate models suggested considerable heterogeneity.  
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267 We investigated potential heterogeneity using meta-regression and subgroup analyses in the 

268 univariate meta-analysis models. Meta-regression results showed no evidence of age, 

269 percentage of women, or sample size contributing to the heterogeneity of the proportion of 

270 individuals with unfavourable pain outcomes (S7). 

271 Subgroup findings should be interpreted with caution due to the limited number of studies in 

272 some subgroups. In subgroup analyses, rates of unfavourable pain tended to be lower in 

273 studies involving patients from North America compared to other geographic groups (S8.1). 

274 Similarly, studies conducted in single-surgeon series settings showed lower rates of 

275 unfavourable pain outcomes (S8.2). 

276 Outcome instruments that were not validated, frequently suggested low levels of 

277 unfavourable pain, while multidimensional measures were consistent with overall meta-

278 analysis at 3, 6, 12 and 24 months (S8.3). Results were also consistent for simple pain 

279 measures at 3, 6 and 12 months, but data was limited at 24 months. Cut-offs which defined 

280 an unfavourable pain outcome were based on pain intensity, symptom improvement, the 

281 functional impact of pain, and minimally important clinical differences or patient acceptable 

282 symptom states calculated within each dataset. Excepting at 24 months when data was 

283 sparse, cut-offs relying on a simple dichotomisation by levels of pain intensity were 

284 reasonably consistent with meta-analyses (S8.4). In 3 and 5 studies respectively, cut-offs 

285 based on minimally important clinical differences in WOMAC or KOOS outcomes at 6 and 12 

286 months provided similar estimates of unfavourable pain to the meta-analyses. At 24 months, 

287 in 3 studies the estimate of 10.88 (4.18 to 25.04) was lower than that in the overall meta-

288 analysis, 14.6% (9.5 to 22.4). Two studies reported the proportion of people not achieving a 

289 patient acceptable symptom state at 12 months. Results were similar to those in the overall 

290 meta-analysis. In the studies with cut-offs based on symptom improvement, the proportions 

291 of people with unfavourable pain were lower than seen in the overall meta-analyses.

292 Although we observed small-study effects in the results (S9), potentially attributable to 

293 publication bias, it is likely that these resulted from the extremely large variations in sample 

294 sizes at the 6-, 12-, and 24-month follow-ups. We did not find evidence of non-reporting bias, 

295 as most studies reported long-term pain outcomes in accordance with their reported 

296 methods.

297 In sensitivity analyses, we individually excluded studies with specific criteria to evaluate their 

298 impact on the univariate meta-analysis results (S10). The effects of excluding these studies 

299 were generally minor, except for studies with a high risk of bias or a high proportion of lost to 

300 follow-up. To account for the varying degrees of loss to follow-up, we performed separate 

301 scenario analyses by assuming that the same proportion of participants lost to follow-up 
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302 experienced unfavourable pain outcomes in each study (Table 2). By assuming 10% to 30% 

303 of participants lost to follow-up might experience unfavourable pain, this approach could 

304 yield more realistic estimates, given the limited literature available for further imputation.

305 Total hip replacement
306 Eleven studies reported unfavourable pain outcomes in individuals who underwent THR. The 

307 characteristics of these studies are summarised in S11. Only one study reported 

308 unfavourable pain outcomes at the 3-month and 24-month time points, so a trend cannot be 

309 established. Studies reported ranges of people with unfavourable pain at 6 months of 8.3 to 

310 16.3%, and at 12 months of 3.9 to 25.6% (Figure 4).

311 Meta-analysis of unfavourable pain outcomes provided similar results at 6 and 12 months, 

312 with 13.8% (8.5 to 20.1) and 13.7% (4.8 to 31.0), respectively. However, concerns regarding 

313 the risk of bias assessment (S12) lead to low confidence in these results.

314

315
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316 Discussion
317 Through our systematic review and meta-analysis, we have synthesised the existing 

318 evidence on the proportion of patients who experience long-term pain after knee and hip 

319 replacement. By updating our previous review, we have been able to provide estimates of 

320 incidence rates at 3, 6, 12 and 24 months post-operative. As noted previously,21 studies 

321 report widely varying estimates of unfavourable pain outcome, and these may depend on the 

322 methods and analyses used. For example, at 12 months after TKR when patients should 

323 have recovered from surgery and be largely unaffected by issues relating to implant failure, 

324 the range of unfavourable pain across studies was 3.3 to 43.3%. After THR at 12 months the 

325 range was 3.9 to 25.6%. With the large number of studies now available, meta-analyses 

326 have permitted us to provide point estimates with 95% credible intervals to describe 

327 uncertainty, and to explore patient and study level factors that may explain the variation in 

328 unfavourable pain observed.

329 Our meta-analyses suggest that the proportion of people with an unfavourable level of pain 

330 after TKR decreases between three and six months after surgery and then remains stable 

331 until at least two years. While recognising the associated wide credible intervals, 

332 approximately 22% of patients will report an unfavourable pain outcome at three months 

333 after TKR, with 12-15% of people experiencing an unfavourable longer-term pain outcome 

334 up to two years after surgery. For THR, a lack of studies reporting rates of unfavourable pain 

335 outcomes in unselected patients limited our analysis. However, our findings suggest that at 

336 least 14% of people may report unfavourable pain at 6-12 months after THR.

337 The strengths and limitations of this review should be considered when interpreting the 

338 results. Firstly, overall quality of evidence is low due to potential heterogeneity and risk of 

339 bias in TKR studies, and we were unable to estimate trends for THR studies due to a low 

340 number of included studies. Data from good quality registry studies was limited as estimates 

341 of proportions of people with chronic pain are seldom reported. The wide range of rates of 

342 unfavourable pain across studies may reflect the different definitions used by the study 

343 authors, however, we were unable to investigate conclusively the relationships between the 

344 definition used and prevalence estimates within this review as we did not have access to 

345 individual patient data. Studies in specific cohorts have reported proportions of people with 

346 different definitions of unfavourable pain outcomes.18 For example, in the study by Musbahi 

347 and colleagues, thresholds based on combinations of different minimal clinically important 

348 differences and patient acceptable symptom states for WOMAC pain ranged from 5% to 

349 52%.18 The authors note that a WOMAC pain score improvement of <20/100 as reported by 

350 23% of people had sensitivity and specificity for predicting a patient’s dissatisfaction with 

351 pain relief and overall outcome of TKR. We believe that studies reporting on different 
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352 outcome assessments and those exploring the patient experience of pain after TKR and 

353 THR complement our research. The varying rates of unfavourable pain outcomes may also 

354 suggest that there is selection that was not apparent in the study methodology. For example, 

355 a single surgeon series with lower rates of unfavourable pain may relate to patient selection 

356 which is not evident from the cohort inclusion criteria. Secondly, loss to follow-up may have 

357 impacted on our estimates of the proportion of patients with chronic pain after TKR and THR. 

358 The influence that unfavourable pain and other outcomes have on patient willingness to 

359 participate in research follow-up is unclear. Some studies suggest that people with poor 

360 outcomes are less likely to participate in follow-up assessments due to dissatisfaction with 

361 their care or difficulties completing follow-up.34-37 However, others report no difference or 

362 poorer pain outcomes in those responding to initial invitations or attending follow-up visits 

363 compared with those not participating in follow-up visits.38-40 Our sensitivity analyses in 

364 studies of TKR excluding studies with high loss to follow-up rates showed higher rates of 

365 unfavourable pain and provide some support for the latter suggestion. Given the uncertainty 

366 regarding the impact of loss to follow-up, we conducted separate scenario analyses to 

367 provide readers with a range of realistic estimates for their consideration. Thirdly, the scope 

368 of our review was broad. We included all different patient-reported measures of pain 

369 together, which present a mixture of single and multidimensional measures, and authors’ 

370 own definitions of unfavourable pain outcome. While this allowed us to take an 

371 encompassing approach to the synthesis of existing studies, it was likely an important 

372 source of heterogeneity in the results. It should also be noted that unfavourable pain does 

373 not necessarily equate with failure or dissatisfaction.11 Additionally, there were very few 

374 studies that provided multiple cut-off points for further analyses to elucidate the relationship 

375 between pain and satisfaction since the majority of studies only used a single post-operative 

376 VAS or NRS point. Despite these limitations, this review is the most comprehensive attempt 

377 to date to collate the existing evidence and provides useful estimates to direct future 

378 research and improvements to clinical care.

379 Chronic pain after total knee or hip replacement has a highly negative impact on people23 41 

380 to the extent that they may fear pursuing further healthcare and prescribed pain relief.42 For 

381 people who would potentially benefit from further care, how they are identified, assessed and 

382 treated varies considerably between centres in the UK.43 Cost implications for health 

383 services are considerable with numerous consultations, investigations and surgical referrals 

384 required.44 Chronic pain after joint replacement is an important research priority, as 

385 highlighted by the James Lind Alliance Priority Setting Partnership.45-47 Acknowledging that 

386 an estimated 13-22% of people with TKR and a proportion of people with THR may 

387 experience chronic pain after surgery, implementation of evidence-based interventions 
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388 aimed at the prevention and/or management of chronic pain after joint replacement are 

389 required. 

390 Potential pre-operative risk factors for chronic pain after total knee or hip replacement have 

391 been studied extensively with the aim of developing interventions and targeting care to those 

392 at risk. In a recent systematic review with 54 studies identified, there was no suggestion in 

393 meta-analyses that age, sex and body mass index were associated with development of 

394 chronic pain after TKR.48 For a range of further potential risk factors including pre-operative 

395 pain, evidence was limited with associations based on small numbers of studies or “vote 

396 counting” analysis due to lack of data and methodological heterogeneity. For people 

397 receiving THR, consistent associations have been identified between female sex, high pre-

398 operative pain, poorer pre-operative function, and anxiety or depression.49 50  Systematic 

399 reviews have identified that pre-operative pain catastrophizing, psychological distress, and 

400 symptoms of anxiety and/or depression are risk factors for long-term pain hip and knee 

401 replacement.51-55 Post-operative risk factors for chronic pain have been studied in TKR and 

402 largely relate to length of hospital stay, mechanical complications of the prosthesis, surgical 

403 site infection, hospital readmission, reoperation or revision56 and patients with chronic pain 

404 are likely to undergo revision at a later time period.57 More generally, acute postoperative 

405 pain, caused by surgical methods and influenced by anaesthetic protocols, analgesia and 

406 care during the hospital admission, is also acknowledged as a risk factor for chronic 

407 postsurgical pain.58 59 

408 There is a limited but growing body of evidence evaluating interventions that target risk 

409 factors for chronic pain after joint replacement60-63. Pre-operatively, general prehabilitation 

410 with exercise and education has not shown clear benefit for reduced long-term pain.60 64 60 65-

411 67 Another focus of efforts has been in removing delays to surgery to avoid possible decline 

412 in function and increase in pain while waiting for surgery. However, evidence of associations 

413 between longer waiting times for knee or hip replacement and chronic pain is equivocal.68-70 

414 In randomised trials evaluating interventions targeting psychological risk factors, cognitive 

415 behavioural therapy and pain coping skills programmes have not shown benefit for improved 

416 long-term pain.61 71-76 77-79 However, a mindfulness-based stress-management intervention 

417 provided to patients before total hip or knee replacement surgery was associated with 

418 reduced long-term pain.80 During the peri-operative period, the multimodal analgesia 

419 regimen provided may influence long-term pain outcomes and there is some support for 

420 incorporation of specific treatments, some of which are features of current pain management 

421 practice.62 81 After hospital discharge, care focuses mainly on physiotherapy-based 

422 rehabilitation but there is no evidence to support one modality over another in relation to 

423 prevention of chronic pain.63 Exercise-based rehabilitation provided to people considered at 
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424 risk of a poor outcome after TKR have shown little benefit for primary functional outcomes or 

425 long-term pain compared with usual care or less intensive interventions.82 83 

426 Systematic reviews have identified a limited evidence-base to guide the treatment and 

427 management of chronic pain after joint replacement, and surgery more generally 84 85. To 

428 address this, a programme of research has been conducted focussing on the development 

429 and evaluation of an early post-operative intervention to prevent pain chronicity.33 

430 Recognising the diverse causes of chronic pain, the Support and Treatment After 

431 Replacement (STAR) care pathway is a personalised and multifaceted intervention to reduce 

432 chronic pain after TKR.86 The care pathway involves the assessment of people with high 

433 levels of pain at 2-3 months after surgery to identify the underlying causes of pain with 

434 subsequent provision of referrals for appropriate treatment or management. Evaluation in a 

435 randomised controlled trial found the STAR care pathway was cost-effective and associated 

436 with a clinically important reduction in pain after one year compared with usual care.86 

437 Furthermore, there is a suggestion of sustained benefit at up to four years.87 

438 Conclusion
439 The problem of chronic pain after knee and hip replacement is recognised by people who 

440 have pain, clinicians and the research community. Our review, bringing together all the 

441 published literature to date, suggests that approximately 22% of patients will report an 

442 unfavourable pain outcome at three months after TKR, with 12-15% of people experiencing 

443 an unfavourable longer-term pain outcome up to two years after surgery. After THR, at least 

444 14% of people may report an unfavourable pain outcome at 12 months after surgery. 

445 Registry studies are a potentially rich and largely untapped source of data from 

446 representative populations for the exploration of patient and healthcare factors in relation to 

447 chronic pain. Throughout the care pathway, there are opportunities for targeted care. There 

448 is an urgent need for the implementation of evidence-based interventions to optimise 

449 management of chronic pain after joint replacement and evaluation of new preventive 

450 strategies that target established risk factors. 

451 Ethical approval
452 No individual level data are included in this manuscript. All data are aggregated data from 

453 published academic articles.

454 Data sharing
455 The statistical analysis plan and dataset can be available from the corresponding author on 

456 reasonable request.

Page 16 of 75

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

16

457 Sources of funding
458 This study is funded by the National Institute for Health and Care Research (NIHR) 

459 [Programme Development Grant (Grant reference number NIHR202618)]. This study has 

460 been delivered through the National Institute for Health and Care Research (NIHR) Bristol 

461 Biomedical Research Centre (BRC). The views expressed are those of the authors and not 

462 necessarily those of the NIHR or the Department of Health and Social Care.

463 Author’s contributions
464 AB, RGH, MW, and VW conceived the project. AB, VW, WB, and MAS screened studies and 

465 collected data for the review. HYC, AB, and VW drafted the manuscript. HYC conducted the 

466 analysis. AB and HYC contributed to the interpretation of the results. All authors (AB, MAS, 

467 MW, RGH, HYC, VW, and WB) discussed the results and contributed to the writing and 

468 editing of the manuscript. 

469 VW is the guarantor.

470 Competing interests
471 All authors (AB, MAS, MW, RGH, HYC, VW, and WB) have completed the ICMJE uniform 

472 disclosure form and declare no competing interests.

473 Acknowledgements
474 HYC is supported by NIHR Advanced Fellowship (NIHR301440). This work was carried out 

475 using the computational facilities of the Advanced Computing Research Centre, University of 

476 Bristol - http://www.bristol.ac.uk/acrc/. 

477

478

479

Page 17 of 75

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://www.bristol.ac.uk/acrc/
http://bmjopen.bmj.com/


For peer review only

17

480 Table 1. Summary of TKR study characteristics 
Overall 3 months 6 months 12 months 24 months

Number of study 
cohorts

68 15 28 36 10

Total sample 
sizes

598,498 2503 550,928 36,157 13,953

Median sample 
size (IQR)

235 
(113.5-
580.75)

116 
(95-184)

197 
(111.25-297)

254.5 
(115.5-
593.75)

396.5 
(251.75-
692.75)

Baseline time 
period range

1993-2023 1998-2023 1993-2023 1993-2020 1993-2019

Mean age (SD) 69.6 (9.4)
(n = 52*)

68.8 (9.2)
(n = 13*)

69.6 (9.4)
(n = 24*)

68.1 (9.1)
(n = 26*)

70 (9.3)
(n = 6*)

Age range 18-98
(n = 24)

18-90
(n = 7)

18-94
(n = 9)

25-98
(n = 14)

28-90
(n = 4)

Median % 
women (IQR)

63 
(58-69.45)

66.1 
(62.35-
77.55)

65.55 
(57.65-
72.475)

61.2 
(56.95-
65.85)

63 
(61.03-64.75)

Primary pain outcome reported
VAS/NRS pain 29 9 16 13 2
WOMAC pain 13 1 4 7 3
OKS pain 7 1 2 5 1
KOOS pain 6 1 1 4 1
BPI 3 1 2 2 0
KSS/IKSS pain 2 0 0 2 1
EQ-5D 5L 
pain/discomfort 1 0 1 0 0

Pain disturbing 
sleep 1 1 0 1 0

Author own 
question 6 1 2 2 2

Setting
Single hospital 39 8 16 20 9
Multiple 
hospitals 18 0 6 12 1

Multiple 
surgeons 4 3 1 1 0

Single surgeon 3 3 2 2 0
National registry 2 0 1 1 0
Health region 1 0 1 0 0
Rehabilitation 
service 1 1 1 0 0

Country
Australia 2 0 1 1 1
USA 17 2 8 5 4
UK 9 2 3 7 2
Spain 5 2 3 2 0
Denmark 5 1 0 5 0
France 4 1 3 2 0
Sweden 3 0 0 2 1
China 3 1 1 0 1
Belgium 2 2 1 1 0
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Canada 2 0 1 1 0
Finland 2 1 0 0 1
Japan 2 1 2 1 0
Singapore 2 0 2 1 0
South Korea 2 2 0 1 0
The Netherlands 2 0 1 2 0
Hungary 1 0 0 1 0
Italy 1 0 0 1 0
New Zealand 1 0 1 1 0
Norway 1 0 0 1 0
Poland 1 0 1 0 0
Russia 1 0 0 1 0

481 *only studies reported both mean and SD
482
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483 Table 2. Worst-best case scenario analyses in TKR studies
Proportion* (%) Median (95% CrI) τ² (95% CrI)

3 month
0% 21.89 (15.72 - 29.35) 0.5 (0.19 - 1.1)

10% 23.8 (17.38 - 30.4) 0.4 (0.14 - 0.88)
20% 25.61 (19.46 - 32.34) 0.36 (0.12 - 0.78)
30% 27.22 (21 - 33.69) 0.31 (0.11 - 0.69)
40% 28.82 (22.45 - 35.25) 0.3 (0.1 - 0.66)
50% 30.68 (24.49 - 37.25) 0.27 (0.09 - 0.6)
60% 32.07 (25.66 - 38.42) 0.27 (0.09 - 0.6)
70% 33.55 (26.73 - 40.21) 0.28 (0.09 - 0.63)
80% 35.04 (28.15 - 41.98) 0.28 (0.1 - 0.63)
90% 36.71 (29.5 - 43.83) 0.3 (0.11 - 0.68)

100% 38.16 (30.6 - 45.68) 0.31 (0.11 - 0.69)
6 month

0% 14.06 (10.79 - 17.79) 0.51 (0.26 - 0.88)
10% 16.37 (13.08 - 19.88) 0.37 (0.18 - 0.65)
20% 18.54 (15.24 - 22.09) 0.32 (0.16 - 0.56)
30% 20.5 (17.05 - 24.25) 0.3 (0.15 - 0.53)
40% 22.33 (18.66 - 26.38) 0.3 (0.15 - 0.52)
50% 24.22 (19.94 - 28.43) 0.32 (0.16 - 0.56)
60% 26.03 (21.65 - 30.67) 0.35 (0.18 - 0.6)
70% 27.91 (22.96 - 33.03) 0.39 (0.21 - 0.67)
80% 29.61 (24.15 - 35.12) 0.44 (0.23 - 0.75)
90% 31.39 (25.38 - 37.35) 0.51 (0.27 - 0.87)

100% 33.36 (26.84 - 40.12) 0.58 (0.31 - 1)
12 month

0% 12.61 (9.88 - 15.84) 0.61 (0.34 - 0.97)
10% 15.22 (12.29 - 18.23) 0.44 (0.25 - 0.72)
20% 17.44 (14.5 - 20.66) 0.37 (0.2 - 0.6)
30% 19.6 (16.46 - 22.97) 0.36 (0.19 - 0.58)
40% 21.6 (18.09 - 25.17) 0.36 (0.2 - 0.58)
50% 23.6 (19.86 - 27.46) 0.37 (0.2 - 0.6)
60% 25.64 (21.74 - 29.89) 0.4 (0.23 - 0.64)
70% 27.57 (23.28 - 32.21) 0.44 (0.25 - 0.7)
80% 29.57 (24.55 - 34.51) 0.49 (0.28 - 0.78)
90% 31.53 (26.01 - 36.95) 0.55 (0.3 - 0.87)

100% 33.62 (27.69 - 39.61) 0.62 (0.37 - 0.99)
24 month

0% 14.63 (8.83 - 21.5) 0.52 (0.15 - 1.32)
10% 16.67 (10.85 - 23.36) 0.41 (0.13 - 1.07)
20% 18.45 (12.81 - 25.31) 0.35 (0.11 - 0.91)
30% 20.23 (14.19 - 27.13) 0.34 (0.11 - 0.88)
40% 21.89 (15.29 - 29.1) 0.34 (0.11 - 0.88)
50% 23.64 (16.62 - 31.45) 0.35 (0.11 - 0.91)
60% 25.28 (17.78 - 33.83) 0.38 (0.12 - 0.97)
70% 26.89 (18.57 - 35.67) 0.4 (0.12 - 1.02)
80% 28.58 (19.92 - 38.38) 0.43 (0.14 - 1.11)
90% 30.04 (20.59 - 40.22) 0.48 (0.15 - 1.22)

100% 31.76 (21.49 - 42.8) 0.52 (0.15 - 1.32)
484 *Proportion: The proportion of lost to follow-up patients imputed to experience unfavourable pain outcomes.
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792 Figure legends
793 Figure 1. Study selection flowchart.

794 Figure 2. Summary of risk of bias assessments in TKR studies. Each block represents one 

795 study. Red represents an overall high risk of bias in a study; yellow represents an overall 

796 moderate risk of bias.

797 Figure 3. Multivariate meta-analysis of proportions over time in TKR studies plot. Grey dots 

798 and lines represent reported proportions across studies and time, while dark dots and lines 

799 show the multivariate meta-analysis results. The size of grey dots is proportional to the log of 

800 inverse variance.

801 Figure 4. Forest plot of proportions over time in THR studies. Squares and bars represent 

802 the mean proportion of individual studies. Diamonds represent the point estimate and 

803 credible intervals of the meta-analysis results. The bars show the corresponding prediction 

804 intervals. Red circles and minus signs represent overall high risk of bias. Yellow circles and 

805 question marks represent overall moderate risk of bias. Abbreviations: RoB: Risk of Bias; 

806 RE: Random-effects; CrI: Credible intervals.

807

808 Supplementary materials
809 S1. PRISMA checklist
810 S2. Search strategy as applied in MEDLINE and Embase
811 S3. Characteristics of TKR studies
812 S4. Traffic light plot of the risk of bias assessment in TKR studies
813 S5. Forest plots of univariate meta-analyses in TKR studies
814 S6. Table of multivariate and univariate meta-analysis results in TKR studies
815 S7. Meta-regression analyses in TKR studies
816 S8. Subgroup analyses in TKR studies
817 S9. Doi plots and the LFK indexes in TKR studies
818 S10. Sensitivity analyses in TKR studies
819 S11. Characteristics of THR studies
820 S12. Traffic light plot of the risk of bias assessment in THR studies

821
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S1. MOOSE checklist
Item 
No

Recommendation Reported on Page 
Number

Reported on 
Section/Paragraph

Reporting of background
1 Problem definition Page 4 Introduction
2 Hypothesis statement Page 4 Introduction
3 Description of Study Outcome(s) Page 5 Outcome, Methods
4 Type of exposure or intervention used Page 5 Eligibility Criteria, 

Methods
5 Type of study design used Page 5 Eligibility Criteria, 

Methods
6 Study population Page 5 Eligibility Criteria, 

Methods
Reporting on search strategy
7 Qualifications of searchers (e.g., librarians and investigators) Using existing 

search strategies
8 Search strategy, including time period included in the synthesis and keywords Supplementary S2
9 Effort to include all available studies, including contact with authors Page 5-6 Searches, Methods
10 Databases and registries searched Page 5 Searches, Methods
11 Search software used, name and version, including special features used (e.g., 

explosion)
Page 6 Study selection and data 

collection, Methods
12 Use of hand searching (e.g., reference lists of obtained articles) Page 5 Searches, Methods
13 List of citations located and those excluded, including justification Figure 1 (PRISMA 

flowchart)
14 Method for addressing articles published in languages other than English Page 5 Searches, Methods
15 Method of handling abstracts and unpublished studies Page 5 Searches, Methods
16 Description of any contact with authors Page 5-6 Searches, Methods
Reporting of methods
17 Description of relevance or appropriateness of studies assembled for assessing the 

hypothesis to be tested
Table 1

18 Rationale for the selection and coding of data (e.g., sound clinical principles or 
convenience)

Page 6 Study selection and data 
collection, Methods
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19 Documentation of how data were classified and coded (e.g., multiple raters, blinding, 
and interrater reliability)

Page 6 Study selection and data 
collection, Methods

20 Assessment of confounding (e.g., comparability of cases and controls in studies where 
appropriate)

Tables 1, S3 and S11

21 Assessment of study quality, including blinding of quality assessors; stratification or 
regression on possible predictors of study results

Page 6 Risk of bias assessment/ 
Methods

22 Assessment of heterogeneity Page 7 Exploration of 
heterogeneity, Methods

23 Description of statistical methods (e.g., complete description of fixed or random effects 
models, justification of whether the chosen models account for predictors of study 
results, dose-response models, or cumulative meta-analysis) in sufficient detail to be 
replicated

Page 6-7 Data synthesis approach, 
Methods

24 Provision of appropriate tables and graphics Results
Reporting of results
25 Graphic summarizing individual study estimates and overall estimate Figures 3, 4, and S5
26 Table giving descriptive information for each study included Tables S3 and S11
27 Results of sensitivity testing (e.g., subgroup analysis) Tables S7, S8, and S10
28 Indication of statistical uncertainty of findings Table 2 and S6
Reporting of discussion
29 Quantitative assessment of bias (e.g., publication bias) Figures S9
30 Justification for exclusion (e.g., exclusion of non–English-language citations) Not applicable
31 Assessment of quality of included studies Figures 2 and 4
Reporting of conclusions
32 Consideration of alternative explanations for observed results Conclusion
33 Generalization of the conclusions (i.e., appropriate for the data presented and within 

the domain of the literature review)
Conclusion

34 Guidelines for future research Conclusion
35 Disclosure of funding source Sources of funding

From:  Brooke BS, Schwartz TA, Pawlik TM. MOOSE Reporting Guidelines for Meta-analyses of Observational Studies. JAMA Surg. 2021;156(8):787–788. doi:10.1001/jamasurg.2021.0522
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S2. Search Strategy as applied in MEDLINE and Embase

S2.1 Total knee replacement
Medline

1. survey.mp. or exp Data Collection/
2. prospective study.mp. or exp Prospective Studies/
3. observational study.mp.
4. exp EPIDEMIOLOGY/ or epidemiology.mp.
5. longitudinal study.mp. or exp Longitudinal Studies/
6. follow up study.mp. or exp Follow-Up Studies/
7. exp Arthroplasty, Replacement, Knee/ or exp Knee Prosthesis/ or knee replacement.mp.
8. knee prosthesis.mp. or exp Knee Prosthesis/
9. total knee.tw.
10. (knee adj10 (replace$ or arthroplast$ or prosthe$ or implant$)).ti, ab.
11. 7 or 8 or 9 or 10
12. pain.tw.
13. 1 or 2 or 3 or 4 or 5 or 6
14. 10 and 12 and 13

Embase

1. Clinical study/ 
2. Longitudinal study/ 
3. Prospective study/ 
4. Cohort analysis/ 
5. (Cohort adj (study or studies)).mp. 
6. (follow up adj (study or studies)).tw. 
7. (observational adj (study or studies)).tw. 
8. (epidemiologic$ adj (study or studies)).tw. 
9. exp Arthroplasty, Replacement, Knee/ or exp Knee Prosthesis/ or knee replacement.mp. 
10. knee prosthesis.mp. or exp Knee Prosthesis/ 
11. total knee.tw. 
12. (knee adj10 (replace$ or arthroplast$ or prosthe$ or implant$)).ti,ab. 
13. pain.tw. 
14. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 
15. 9 or 10 or 11 or 12 
16. 13 and 14 and 15

S2.2 Total hip replacement
Medline

1. survey.mp. or exp Data Collection/
2. prospective study.mp. or exp Prospective Studies/
3. observational study.mp.
4. exp EPIDEMIOLOGY/ or epidemiology.mp.
5. longitudinal study.mp. or exp Longitudinal Studies/
6. follow up study.mp. or exp Follow-Up Studies/
7. exp Arthroplasty, Replacement, Hip/ or exp Hip Prosthesis/ or hip replacement.mp.
8. hip prosthesis.mp. or exp hip Prosthesis/
9. total hip.tw.
10. (hip adj10 (replace$ or arthroplast$ or prosthe$ or implant$)).ti, ab.
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11. 7 or 8 or 9 or 10
12. pain.tw.
13. 1 or 2 or 3 or 4 or 5 or 6
14. 10 and 12 and 13 

Embase

1. Clinical study/ 
2. Longitudinal study/ 
3. Prospective study/ 
4. Cohort analysis/ 
5. (Cohort adj (study or studies)).mp. 
6. (follow up adj (study or studies)).tw. 
7. (observational adj (study or studies)).tw. 
8. (epidemiologic$ adj (study or studies)).tw. 
9. exp Arthroplasty, Replacement, hip/ or exp hip Prosthesis/ or hip replacement.mp. 
10. hip prosthesis.mp. or exp hip Prosthesis/ 
11. total hip.tw. 
12. (hip adj10 (replace$ or arthroplast$ or prosthe$ or implant$)).ti,ab. 
13. pain.tw. 
14. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 
15. 9 or 10 or 11 or 12 
16. 13 and 14 and 15 
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S3. Characteristics of TKR studies
Study
Country
Recruitment dates
Setting

Operation
Number of patients
Age (SD), range
% women

Pain measure Definition of 
unfavourable pain 
outcome
High risk of bias concern

Alzahrani 2011[1] 
TWH cohort
Canada
1998-2007
2 hospitals

Primary TKR, all 18+
N=482
67.5 (9.6)
62%

WOMAC pain
12 months

No clinically important 
improvement based on 
MCID (WOMAC index of 
7.5)

Aso 2020[2]
Japan
2012-2017
1 hospital

Primary TKR, all
N=234
75
75.8%

VAS/NRS pain
6, 12 months

Moderate to severe pain 
(VAS >30 mm), at rest or 
walking

Attal 2014[3]
France
2008-2011
I hospital

Primary TKR, all 18+
N=89
68.7 (8.9)
65.0%

BPI (NRS)
3, 6, 12 months

NRS pain average 3 or 
greater on 10-point scale

Baker 2007[4]
UK
2003
National registry

Primary TKR, all
N=9417
70.68
56.8%

OKS pain
12 months

Reported persistent knee 
pain

Bell 2023[5]
USA
2015-2018
7 hospitals

Primary TKR, all 50-89
N=5564
Range 50-89
60.7%

KOOS pain
12 months

MCID not satisfied (15 
points)

Birch 2019[6]
Denmark
2011-2013
1 hospital

Primary TKR or UKR, all
N=589
67.3 (9.7)
52.0%

OKS pain
4, 12 months

OKS pain moderate/severe

High loss to follow up rate 
at 4 and 12 months

Brander 2003[7]
USA
1998-2000
1 surgeon

Primary TKR, all 18+
N=116
66 (10.5), range 36-85
55.2%

VAS/NRS pain
3, 6, 12 months

VAS >40

Buus 2022[8]
Denmark
2015-2016
1 hospital

Primary TKR, all 18+
N=217
66.8 (9.3)
52.2%

OKS pain
12 months

Threshold 42.39[69]

Buvanendran 2019[9]
USA
2011-2017
1 hospital

Primary TKR, all
N=296
65
65.3%

VAS/NRS pain
6 months

NRS pain with movement 
≥4
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Chodor and 
Kruczynski 2022[10]
Poland
2016
1 hospital

Primary TKR, all 48+
N=69
67.6 (7.42), range 48-84
76.7%

Author own 
question
6 months

Pain severely limiting daily 
life

Clement 2014[11]
UK
2010
1 hospital

Primary TKR, all
N=578
70 (9.6), range 39-91
58.4%

Author’s own 
question “How 
well did the 
surgery relieve 
pain in your 
affected joint?”
12 months

Fair or poor
High loss to follow up rate

Cole 2022[12]
UK
2010-2015
2 hospitals

Primary TKR, all
N=1025
70
55.8%

OKS pain
12 months

<14 points OKS

Dave 2017[13]
USA
2012-2014
3 hospitals

Primary TKR probably, 
all 40+
N=267
66 (9)
61.0%

WOMAC pain
12 months

WOMAC pain score < 
MCID (WOMAC pain of 15)

Dowsey 2012[14]
Australia
2006-2007
1 hospital

Primary TKR, all
N=478
70.8 (8.3), range 45-90
69.2%

IKSS pain
12, 24 months

IKSS pain score <30 
moderate to severe pain

IKSS may not be entirely 
patient reported at 12 and 
24 months

Dursteler 2021[15]
Spain
2014-2017
Spain
1 hospital

Primary TKR, all 18+
N=170
73.1 (7.1)
73.3%

VAS/NRS pain
3, 6 months

NRS 0.3/1 or greater at rest

Edwards 2022[16]
USA
2012-2018
2 hospitals

Primary TKR, all 45+
N=248
65.1 (8.2)
59.5%

BPI
6 months

4/10 or greater

High loss to follow up rate

Escobar and Riddle 
2014[17]
Spain
2003-2006
15 hospitals

Primary TKR, all
N=1616
71.6 (6.8)
70.0%

WOMAC pain
12 months

Number not attaining PASS 
(i.e. “No” in the question, “If 
you had to be the rest of 
your life with the symptoms 
you have now, how would 
you feel?”) as the twenty-
fifth percentile of the final 
score at 1 year instead of 
the seventy-fifth percentile 
(reverse option for WOMAC 
scores).

High loss to follow up rate
Getachew 2021[18] Primary TKR, all 18+ BPI BPI worst pain score ≥4
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Norway
2012-2014
1 hospital

N=206
68 (9)
66.0%

12 months

Ghomrawi 2017[19]
USA
2010-2012
1 hospital

Primary TKR, all
N=247
68 (10)
65.0%

WOMAC pain
24 months

Number not achieving 
MCID (baseline-adjusted 
MCIDs, as described by 
Escobar et al.[70])

Grosu 2016[20]
Belgium
2009-2010
1 surgeon

Primary TKR probably, 
all
N=114
66 (10)
65.8%

VAS/NRS pain
3, 6, 12 months

Moderate to severe pain

High loss to follow up rate 
at 3, 6 and 12 months

Hardy 2022[21]
France
2014-2015
1 hospital

Primary TKR, all >18
N=111
73.3 (9.3) range 29-92
65.0%

VAS/NRS pain
12 months

VAS >30/100

Heath 2021[22]
Australia
2018-2020
44 hospitals

Primary and revision 
TKR, all
N=8299
67.5 (8.8)
56.4%

EQ-5D 5L pain/ 
discomfort
6 months

Moderate/ severe or 
extreme pain EQ 5D 5L 
pain/discomfort

High loss to follow up rate

Jones 2000[23]
Canada
1995-1997
1 health region

Primary TKR, all 40+
N=292
69.2 (9.2)
59.0%

WOMAC pain
6 months

Moderate/ severe pain 
defined as a gain of <10 
points on the WOMAC pain 
dimension

Khalid 2021[24]
UK
2008-2016
National registry

Primary TKR or UKR, all
N=531,790
69.7 (9.4)
56.6%

OKS pain
6 months

OKS-pain score of 14 or 
less at six months after 
knee replacement can be 
considered to be in chronic 
pain

Kim 2015[25]
South Korea
2013-2014
1 hospital

Primary TKR, all women
N=94
70.18 (5.74), range 20-
80
100%

VAS/NRS pain
3 months

>5 points on an 11 point 
VAS/NRS (verbal numeric 
rating scale)

Kiran 2015[26]
UK
2003-2007
1 hospital

Primary TKR, all
N=608
72
61.4%

OKS pain
12, 24 months

Has your knee replacement 
operation decreased your 
knee pain?

High loss to follow up rate 
at 12 and 24 months

Kornilov 2018[27]
Russia
2014
1 hospital

Primary TKR, all 18+
N=100
63 (8), range 47-81
95.0%

VAS/NRS pain
12 months

Not at least a two-point or 
approximately 30% 
(clinically significant) 
decrease in rating of pain 
interference with walking 
from baseline to 1 year 
(NRS scale 0-10)

Kurien 2018[28]
UK
Before 2017

Primary TKR probably, 
all
N=50

VAS/NRS pain
6 months

4 or greater
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1 hospital 66.4 (8.3)
60.0%

Larsen 2021[29]
Denmark
2015-2016
1 hospital

Primary TKR, all 18+
N=185
68.8 (8.9)
55.7%

VAS/NRS pain
12 months

Pain intensity at rest >3

High loss to follow up rate

Latijnhouwers 
2022[30]
The Netherlands
2012-2017
2 hospitals

Primary TKR, all
N=282
66 (8.4)
63.0%

VAS/NRS pain
12 months

Moderate to severe pain 
(NRS ≥4)

High loss to follow up rate

Lavand’homme 
2014[31]
Belgium
2012
1 surgeon

Primary TKR or UKR, all
N=128
68 (10)
66.4%

VAS/NRS pain
3 months

NRS ≥4/10

Lee 2022[32]
South Korea
2017-2019
2 surgeons

Primary TKR probably, 
all
N=172
70.7 (4.3)
89.2%

Pain disturbing 
sleep
3, 12 months

Night pain was defined as 
pain around the knee 
experienced at night that 
could disturb the patient’s 
sleep

Leppanen 2021[33]
Finland
2012-2014
1 hospital

Primary TKR, 65 years 
or younger
N=205
60
63.0%

VAS pain 
exercise
24 months

VAS >30

Leung 2019[34]
Singapore
2015
1 hospital

Primary TKR, all
N=243
66 (8.3)
78.6%

Author own 
question
6, 12 months

No change or worsening 
pain/ slightly better

Lundblad 2008[35]
Sweden
Before 2006
1 hospital

Primary TKR, all
N=69
68
50.7%

VAS/NRS pain
24 months

Pain at rest, VAS >2/10

Lyman 2018[36]
USA
2007-2012
1 hospital

Primary TKR, all
N=3815
74 (6)
63.0%

KOOS pain
24 months

Number not achieving 
MCID (8 by distribution-
based method [71])

High loss to follow up rate
Mahdi 2020[37]
Sweden
2016-2018
3 hospitals

Primary TKR, all
N=615
69.7
52.2%

KOOS pain
12 months

8 cut off

High loss to follow up rate

Mekkawy 2023[38]
USA
2021
4 surgeons

Primary TKR, all
N=112
65.5 (9.2)
69.0%

VAS pain
6 months

Probably NRS score of ≥1 
in defined sites 

Concern over VAS ≥1 
being too inclusive and high 
loss to follow up rate
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Mercurio 2020[39]
Italy
2015-2017
1 hospital

Primary TKR, all >18
N=45
69.6 (7.8)
65.0%

VAS/NRS pain
12 months

VAS >30 residual pain

Mezey 2023[40]
Hungary
2019-2020
2 hospitals

Primary TKR probably, 
all
N=101
69.2
Not reported

WOMAC pain
12 months

Not exceeding MCID 
(WOMAC pain of 13.3)

High loss to follow up rate

Musbahi 2023[41]
USA
2011-2014
4 hospitals

Primary TKR, all 40+
N=575
66.3 (8.3)
60%

WOMAC pain
12 months

WOMAC pain score 
(converted to a 0-to-100 
scale) improvement of <20 

High loss to follow up rate
Nishimoto 2023[42]
Japan
2021-2023
1 hospital

Primary TKR, all with no 
complications

N=68
75.1 (7.3)

80.9%

KOOS pain
3, 6 months

Not achieving MCID of 10 
(3 months) and 13 (6 
months). MCID was 
calculated using the anchor 
method.[72]

Noiseux 2014[43]
USA
Before 2012
2 hospitals

Primary TKR, all 30+
N=215
61.7 (9.8)
58.0%

VAS/NRS pain
6 months

Moderate or severe pain 
with range of motion, VAS 
≥1

Concern over VAS ≥1 
being too inclusive

Orr 2022[44]
USA
2016-2019
9 hospitals

Primary TKR, all
N=7476
67 (9.0)
60.8%

KOOS pain
12 months

Not achieved PASS (i.e.  
“No” in the question, 
“Taking into account all the 
activity you have during 
your daily life, your level of 
pain and also your activity 
limitations and participation 
restrictions, do you onsider 
the current state of your
knee satisfactory?”) for 
KOOS pain

High loss to follow up rate
Petersen 2015[45]
Denmark
Before 2014
1 hospital probably

Primary TKR, all
N=78
69
59.0%

VAS/NRS pain
12 months

VAS >3

High loss to follow up rate

Petersen 2018[46]
Denmark
Before 2017
1 hospital

Primary TKR probably, 
all
N= 200
69 (1.2)
57.0%

VAS/NRS pain
12 months

<30% reduction in pain

Phillips 2014[47]
UK
2009-2010
1 hospital

Primary TKR, all
N= 96
70.6
56.0%

VAS/NRS pain
3, 6, 12 months

VAS >3
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Priol 2023[48]
France
2011-2012
1 hospital

Primary TKR, all
N=129
74 (10), range 45-94
72.3%

VAS/NRS pain
6 months

VAS 4+

High loss to follow up rate

Pua 2019[49]
Singapore
2013-2017
1 hospital

Primary TKR, all 50+
N=5325
68 (7.5)
75.0%

OKS pain
6 months

Moderate or severe pain

Quintana 2006[50]
Spain
1999-2000
7 hospitals

Primary TKR, all
N=792
71.9
73.0%

WOMAC pain
6 months

No improvement in pain 
greater than MCID (22.60 
of 100) using an anchor-
based method.

Rice 2018[51]
New Zealand
2012-2015
3 hospitals

Primary TKR, all 18+
N=300
69 (10), range 48-90
48.0%

VAS/NRS pain
6, 12 months

VAS >3

Sideris 2022[52]
USA
2016-2018
1 hospital

Primary TKR, all
N=179
67.1 (8.1)
56.2%

VAS/NRS pain
6 months

NRS 4+

Singh 2014[53]
USA
1993-2005
1 hospital

Primary TKR, all
N=7229
68 (10)
56.0%

Author own 
question
24 months

Moderate-severe pain

Solberg 2023[54]
USA
2020
22 surgeons

Primary TKR probably, 
all
N=239
66.2 (8.5), range 37-87
60.7%

Author own 
question
3 months

To what extent have you 
obtained relief: somewhat, 
minimal or not at all
High loss to follow up rate

Stephens 2002[55]
USA
Before 2001
1 hospital

Primary TKR, all 50+
N=68
67.4 (8.1), range 50-88
54.0%

WOMAC pain
6 months

No change or increase in 
pain from pre-operative

Tang 2023[56]
China
2020-2021
1 hospital

Primary TKR probably, 
all 65+
N=196
72
75.1%

VAS/NRS pain
3 months

NRS scores ≥4

Terradas-Monllor 
2024[57]
Spain
2018-2020
1 home rehabilitation 
service

Primary TKR or UKR, all 
18+
N=115
70.5 (10.7)
66.1%

VAS/NRS pain
3, 6 months

VAS 3+

Thomazeau 2016[58]
France
2013
1 hospital

Primary TKR, all
N=109
69.2 (9)
71.6%

VAS/NRS pain
6 months

NRS score ≥1/10 for the 
last 8 days
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*Abbreviations: PASS (Patient Acceptable Symptom State), MCID (Minimal Clinically
Important Difference)

Tian 2022[59]
China
2018-2019
1 hospital

Primary TKR or UKR, all 
<90
N=271
Not reported
80.8%

Author own 
question
24 months

Moderate or severe pain on 
movement

Utrillas-Compaired 
2014[60]
Spain
2009
1 hospital

Primary TKR, all
N=215
73 (6.35)
69.3%

KSS pain
12 months

KSS pain poor (less than 
60 points)

KSS may not be entirely 
patient reported

van der Wees 
2017[61]
The Netherlands
1993-2014
1 hospital

Primary TKR, all
N=704
65 (12)
64.5%

VAS/NRS pain
6, 12 months

30% or less improvement in 
VAS pain

High loss to follow up rate 
at 6 and 12 months

Vina 2020[62]
USA
2005-2015
4 hospitals

Primary TKR, all
N=315
67.3 (8.6)
60.9%

WOMAC pain
24 months

Less than MCID of 1.5

Vuorenmaa 2008[63]
Finland
Before 2007
2 surgeons

Primary TKR, all <80
N=51
70 (5)
80%

VAS/NRS pain
3 months

VAS >30/100

W-Dahl 2014[64]
Sweden
2008-2010
2 hospitals

Primary TKR, all
N=2736
69.3 (8.7)
58.5%

KOOS pain
12 months

Unchanged or worse pain

Waimann 2014[65]
USA
2004-2007
2 hospitals

Primary TKR, all
N=236
65.1 (8.9)
66.0%

WOMAC pain
6 months

Less than MCID of ≥20 in 
both the WOMAC pain and 
function scores (scaled to 
100)

Wylde 2013[66]
UK
2010-2011
1 hospital

Primary TKR, all
N=57
68
58%

WOMAC pain
12 months

WOMAC pain score of >75

Wylde 2019[67]
UK
2006-2009
1 hospital

Primary TKR, all eligible 
for Triathlon prosthesis
N=266
70 (9.9), range 41-90
64%

WOMAC pain
3, 12, 24 months

Worse or no change in 
WOMAC pain of 14 point 
(based on MCID)

High loss to follow up rate

Yan 2023[68]
China
2021-2023
1 hospital

Primary TKR, all 45+
N=470
63.4 (7.4)
69.9%

VAS/NRS pain
6 months

NRS score of ≥1 at rest 
and/or on movement

Concern over VAS ≥1 
being too inclusive
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S3.1 Mean age and range

Figure S3.1. Mean age and their standard deviations reported in the individual studies. Range of age was plotted 
as blue bars.

S3.2 Proportion of females

Figure S3.2. Proportion of females reported in the individual studies
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S3.3 Data collection timeframe

Figure S3.3. Data collection timeframe in the individual studies.
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S3.4 Proportions of lost to follow-ups and revisions

Figure S3.4. Favourable and unfavourable pain outcomes and reasons of missing data reported in 3, 6, 12, and 
24 months (represented in sub-plots A, B, C, and D, respectively) in TKR studies.
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S4. Traffic light plot of the risk of bias assessments in TKR 
studies
The corresponding domains in the figures are:

• D1: Was the study's target population a close representation of the national population in 
relation to relevant variables?

• D2: Was the sampling frame a true or close representation of the target population?
• D3: Was some form of random selection used to select the sample, OR was a census 

undertaken?
• D4: Was the likelihood of nonresponse bias minimal?
• D5: Were data collected directly from the subjects (as opposed to a proxy)?
• D6: Was an acceptable case definition used in the study?
• D7: Was the study instrument that measured the parameter of interest shown to have 

validity and reliability?
• D8: Was the same mode of data collection used for all subjects?
• D9: Was the length of the shortest prevalence period for the parameter of interest 

appropriate?
• D10: Were the numerator(s) and denominator(s) for the parameter of interest 

appropriate?

S4.1 TKR studies (3 months)
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S4.2 TKR studies (6 months)
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S4.3 TKR studies (12 months)
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S4.4 TKR studies (24 months)
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S5. Forest plots of univariate meta-analyses in TKR studies

S5.1 TKR studies (3 months)

S5.2 TKR studies (6 months)
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S5.3 TKR studies (12 months)

S5.4 TKR studies (24 months)
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S6. Table of multivariate and univariate meta-analysis results in 
TKR studies

Multivariate meta-analysis Univariate meta-analysis
Time Median (95% CrI) tau² (95% CrI) Median (95% CrI) tau² (95% CrI)

3 months 21.2 
(16.9 to 26.4)

0.49 
(0.28 to 0.91)

21.9 
(15.6 to 29.4)

0.51 
(0.18 to 1.1)

6 months 14.6 
(11.9 to 17.8)

0.56 
(0.34 to 0.91)

14.1 
(10.9 to 17.9)

0.51 
(0.27 to 0.9)

12 months 12.6 
(10.3 to 15.5)

0.63 
(0.41 to 0.99)

12.6 
(9.9 to 15.9)

0.61 
(0.35 to 0.99)

24 months 14.2 
(10 to 20.1)

0.58 
(0.25 to 1.55)

14.6 
(9.5 to 22.4)

0.52 
(0.16 to 1.35)
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S7. Meta-regression analyses in TKR studies

S7.1 Mean age
Time No. studies slope intercept
3 months 15 0.133 -1.272
6 months 28 0.082 -1.851
12 months 34 -0.029 -1.942
24 months 9 -0.073 -1.886

S7.2 Proportion of females
Time No. studies slope intercept
3 months 15 0.009 -1.273
6 months 28 -0.040 -1.697
12 months 36 -0.006 -1.939
24 months 10 0.045 -1.798

S7.3 Sample sizes
Time No. studies slope intercept
3 months 15 -0.001 -1.269
6 months 28 0.000 -1.785
12 months 36 0.000 -1.936
24 months 10 0.000 -1.750
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S8. Subgroup analyses in TKR studies
• Geographic region (categorical; North America, Asia, Europe, and Australia)

• Data source (categorical; surgeons, single hospital, multi-centre, and national registry

• Pain outcomes instruments (categorical; multidimensional, e.g. WOMAC pain, simple, 
e.g. VAS/NRS and EQ-5D 5L, and not validated, e.g. author’s own questionnaires)

• Cut-off definitions (categorical; based on MCID, based on PASS, based on pain intensity, 
e.g. specific post-operative VAS values, based on functional impact, e.g. night pain, pain 
on movement, or limiting daily life, based on symptom improvement, e.g. no change or 
increase in pain from pre-operative)

S8.1 Geographical regions
Subgroup No. Studies Median (95% CrI) tau² (95% CrI)

3 Months
Asia 4 24.26 (11.85 to 42.3) 0.32 (0 to 2.34)
Europe 9 22.17 (12.42 to 35.18) 0.77 (0.19 to 2.17)
North America 2 16.63 (0.92 to 81.83) 0.21 (0 to 31.7)

6 Months
Asia 5 9.91 (4.04 to 21.69) 0.64 (0.06 to 3.19)
Australia 2 15.53 (1.23 to 73.87) 0.19 (0 to 23.85)
Europe 12 17.99 (10.88 to 27.3) 0.77 (0.27 to 1.85)
North America 9 11.87 (8.87 to 15.58) 0.13 (0 to 0.45)

12 Months
Asia 3 5.81 (2.2 to 12.88) 0.12 (0 to 2.76)
Australia 2 21.45 (0.1 to 98.64) 0.73 (0 to 97.26)
Europe 25 13.54 (9.91 to 18.16) 0.72 (0.37 to 1.29)
North America 6 11.15 (8.31 to 14.9) 0.09 (0.01 to 0.4)

24 Months
Asia 1 31.36 (28.02 to 34.79) NA
Australia 1 28.29 (24.49 to 32.56) NA
Europe 4 14.29 (5.86 to 32.4) 0.47 (0.03 to 3.51)
North America 4 9.56 (5.19 to 17.04) 0.2 (0 to 1.45)

S8.2 Setting
Subgroup No. Studies Median (95% CrI) tau² (95% CrI)

3 Months
Other 1 26.44 (19.1 to 34.38) NA
Single hospital 8 25.41 (15.64 to 38.72) 0.55 (0.13 to 1.73)
Surgeon 6 16.89 (8.43 to 29.76) 0.55 (0.07 to 2.2)

6 Months
Multicentre 6 13.84 (7.93 to 22.5) 0.35 (0.04 to 1.41)
Other 2 18.34 (7.93 to 37.29) 0.02 (0 to 2.68)
Registry 1 8.22 (8.14 to 8.29) NA
Single hospital 16 15.03 (9.79 to 21.64) 0.73 (0.3 to 1.55)
Surgeon 3 10.82 (3.35 to 30.39) 0.26 (0 to 5.13)

12 Months
Multicentre 12 11.29 (7.37 to 16.83) 0.56 (0.19 to 1.31)
Registry 1 16.80 (16.07 to 17.57) NA
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Single hospital 20 13.96 (9.77 to 19.93) 0.77 (0.34 to 1.47)
Surgeon 3 8.93 (4.2 to 16.32) 0.05 (0 to 1.6)

24 Months
Multicentre 1 11.50 (8.14 to 15.03) NA
Single hospital 9 14.98 (9.11 to 23.7) 0.57 (0.16 to 1.54)

S8.3 Pain outcome instruments
Subgroup No. Studies Median (95% CrI) tau² (95% CrI)

3 Months
Multidimensional 5 26.76 (12.16 to 49.19) 0.7 (0.09 to 3.37)
Not validated 1 12.98 (9.3 to 17.9) NA
Simple 9 20.6 (13.08 to 31.41) 0.5 (0.11 to 1.47)

6 Months
Multidimensional 9 13.68 (8.49 to 22.5) 0.56 (0.14 to 1.57)
Not validated 2 7.65 (0 to 99.79) 1.72 (0 to 219.88)
Simple 17 15.15 (10.99 to 20.57) 0.49 (0.2 to 1.03)

12 Months
Multidimensional 21 12.67 (8.95 to 17.66) 0.72 (0.33 to 1.34)
Not validated 2 6.51 (0 to 98.5) 1.52 (0 to 166.77)
Simple 13 13.91 (9.63 to 19.73) 0.44 (0.14 to 1.02)

24 Months
Multidimensional 6 12.39 (6.86 to 20.55) 0.41 (0.07 to 1.58)
Not validated 2 15.65 (0 to 99.99) 3.63 (0.07 to 399.6)
Simple 2 23.53 (8.04 to 48) 0.02 (0 to 4.48)

S8.4 Cut-off definitions
Subgroup No. Studies Median (95% CrI) tau² (95% CrI)

3 Months
Based on functional impact 1 40.1 (33.1 to 47.6) NA
Based on MCID 2 17.91 (4.01 to 63.34) NA
Based on pain intensity 10 21.61 (13.37 to 33.15) 0.66 (0.18 to 1.74)
Based on symptom improvement 2 18.26 (0.26 to 95.83) NA

6 Months
Based on functional impact 1 15.9 (9.1 to 26.5) NA
Based on MCID 3 14.38 (1.88 to 56.47) 1 (0.05 to 13.77)
Based on pain intensity 21 15.26 (11.63 to 19.96) 0.48 (0.23 to 0.92)
Based on symptom improvement 3 6.75 (1.68 to 26.53) 0.44 (0 to 7.44)

12 Months
Based on functional impact 1 6.4 (3.6 to 11.2) NA
Based on MCID 5 15.77 (5.83 to 36.93) 0.92 (0.13 to 4.38)
Based on pain intensity 19 14.34 (10.16 to 19.75) 0.61 (0.26 to 1.19)
Based on PASS 2 13.7 (1.08 to 66.8) NA
Based on symptom improvement 9 8.86 (5.08 to 15.27) 0.63 (0.15 to 1.81)

24 Months
Based on functional impact 1 31.6 (28.3 to 35.1) NA
Based on MCID 3 10.88 (4.18 to 25.04) 0.22 (0 to 3.32)
Based on pain intensity 4 18.24 (6.02 to 43.02) 0.75 (0.08 to 5.12)
Based on symptom improvement 2 9.15 (2.73 to 24.14) NA
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S9. Doi plots and the LFK indexes in TKR studies

S9.1 TKR studies (3 months)

S9.2 TKR studies (6 months)
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S9.3 TKR studies (12 months)

S9.4 TKR studies (24 months)
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S10. Sensitivity analyses
In the sensitivity analysis, we excluded the following studies based on their unique clinical 
characteristics:

• Tang 2023 (impact on 3 months results only)
• Leppanen 2021 (impact on 24 months results only)
• Fast track studies (impact on 3 and 12 months results only)
• Mekkawy 2023 and Yan 2023 (impact on 6 months results only)
• Studies on TKR or UKR operations
• Studies with more than 20% lost to follow-up
• High risk of bias studies

Name No. studies Median (95% CrI) tau² (95% CrI)
3 Months

Excluding Tang 2023 14 22.12 (15.4 to 30.2) 0.55 (0.19 to 1.21)
Excluding Fast track studies 14 22.56 (15.96 to 30.84) 0.53 (0.17 to 1.18)
Excluding TKR or UKR 
studies 12 23.68 (16.36 to 33.17) 0.53 (0.17 to 1.29)

Excluding studies with > 
20% loss to follow-up 11 26.13 (18.08 to 36.46) 0.49 (0.14 to 1.25)

Excluding studies with 
overall high risk of bias 12 25.01 (17.87 to 34.74) 0.48 (0.16 to 1.17)

6 Months
Excluding Mekkawy 2023 
and Yan 2023 26 13.97 (10.74 to 18.13) 0.54 (0.27 to 0.95)

Excluding TKR or UKR 
studies 26 14.24 (10.88 to 18.46) 0.54 (0.27 to 0.95)

Excluding studies with > 
20% loss to follow-up 19 16.78 (12.37 to 22.52) 0.52 (0.22 to 1.03)

Excluding studies with 
overall high risk of bias 19 15.63 (11.25 to 21.19) 0.58 (0.24 to 1.12)

12 Months
Excluding Fast track studies 34 12.15 (9.5 to 15.15) 0.55 (0.3 to 0.91)
Excluding TKR or UKR 
studies 35 12.72 (9.85 to 16) 0.63 (0.35 to 1.01)

Excluding studies with > 
20% loss to follow-up 19 15.3 (11.09 to 21.01) 0.58 (0.23 to 1.16)

Excluding studies with 
overall high risk of bias 20 14.37 (10.14 to 19.49) 0.65 (0.28 to 1.23)

24 Months
Excluding Leppanen 2021 9 13.78 (8.33 to 21.28) 0.52 (0.15 to 1.45)
Excluding TKR or UKR 
studies 9 13.18 (8.59 to 20.26) 0.42 (0.11 to 1.18)

Excluding studies with > 
20% loss to follow-up 6 18.74 (9.79 to 33.5) 0.59 (0.11 to 2.29)

Excluding studies with 
overall high risk of bias 7 15.28 (8.68 to 26.24) 0.53 (0.12 to 1.78)

*Abbreviation: TKR: Total Knee Replacement; UKR: Unicompartmental Knee Replacement
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S11. Characteristics of THR studies
Study
Country
Recruitment dates
Setting

Operation
Number of patients
Age (SD), range
% women

Pain measure Definition of 
unfavourable pain 
outcome
High risk of bias concern

Cleveland Clinic OME 
Arthroplasty Group 
2020[1]
USA 
2015-2018 
6 hospitals 

Primary THR, all 
N=3449 
Median 65 (IQR 57-72) 
57.4% 

HOOS pain 
12 months 

Less than MCID (15 points)
 

Erlenwein 2017[2]
Germany 
2012 
1 hospital 

Primary THR, all 18+ 
N=125 
63 (12.6) 
58% 
 

NRS pain 
6 months 

Maximum NRS >3 during 
previous 4 weeks 

Jones 2000[3]
Canada 
1995-1997 
1 health region 

Primary THR, all 40+ 
N=242 
68.2 (11.1) 
60% 

WOMAC pain 
6 months 

Moderate/ severe pain 
defined as a gain of <10 
points on the WOMAC pain 
dimension 

Mezey 2023[4]
Hungary 
2019-2020 
2 hospitals 

Primary THR, all 
N=88 
68.7 (THR and TKR 
patients) 
69.2% 

WOMAC pain 
12 months 

Not exceeding MCID (8.3)

High loss to follow up rate 
 

Nikolajsen 2006[5]
Denmark 
2003 
National registry 

Primary THR, 18-90 
years 
N=1231 
71.6 (8.7) 
Not reported 

Authors’ own 
scale of presence 
of hip pain and 
impact on daily 
life 
12-18 months 

Pain with moderate, severe 
or very severe impact on 
daily life 
 

Page 2016[6]
Canada 
2009-2012 
1 hospital 

Primary THR, all 18-75 
N=150 
60 (9.2) 
48% 

Authors’ own 
scale 
6 months 

Chronic pain if pain rated 
as “discomforting”, 
“distressing”, “horrible,” or 
“excruciating” 

Concern as RCT analysed 
as cohort study 

Palazzo 2014[7]
France 
2009 
3 hospitals 

Primary THR, all 
N=129 
63.5 (13.5) 
49.6% 

Author’s own 
residual pain 
scale 
12 months 

“To what extent have you 
obtained a relief or 
improvement as a result of 
THA in the following 
areas?” (from 0: not at all; 
to 4: completely) 

Quintana 2006[8]
Spain 
1999-2000 
7 hospitals 

Primary THR 
N=784 
69.1 
48.3% 

WOMAC pain 
6 months 

No improvement in pain 
greater than MCID (24.55 
of 100) using an anchor-
based method.

Concern for high loss to 
follow up rate 

Ray 2020[9]
Sweden 
2008-2015 
National registry 

THR 
N= 127,660 
68 (10) 
56% 

EQ-5D VAS 
pain/discomfort 
12 months 

Worse or no change in 
pain/discomfort 
Concern for high loss to 
follow up rate 

Page 72 of 75

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

Prevalence of chronic pain after total hip or knee replacement

References
1. Cleveland Clinic OME Arthroplasty Group, Arnold N, Anis H, Barsoum WK, Bloomfield 
MR, Brooks PJ, Higuera CA, Kamath AF, Klika A, Krebs VE, Mesko NW, Molloy RM, Mont 
MA, Murray TG, Patel PD, Strnad G, Stearns KL, Warren J, Zajichek A, Piuzzi NS. 
Preoperative cut-off values for body mass index deny patients clinically significant 
improvements in patient-reported outcomes after total hip arthroplasty. Bone Joint J. 
2020;102-B(6):683-92.
2. Erlenwein J, Muller M, Falla D, Przemeck M, Pfingsten M, Budde S, Quintel M, Petzke F. 
Clinical relevance of persistent postoperative pain after total hip replacement - a prospective 
observational cohort study. J Pain Res. 2017;10:2183-93.
3. Jones CA, Voaklander DC, Johnston DW, Suarez-Almazor ME. Health related quality of 
life outcomes after total hip and knee arthroplasties in a community based population. J 
Rheumatol. 2000;27(7):1745-52.
4. Mezey GA, Paulik E, Mate Z. Effect of osteoarthritis and its surgical treatment on patients' 
quality of life: a longitudinal study. BMC Musculoskelet Disord. 2023;24(1):537.
5. Nikolajsen L, Brandsborg B, Lucht U, Jensen TS, Kehlet H. Chronic pain following total 
hip arthroplasty: a nationwide questionnaire study. Acta Anaesthesiol Scand. 
2006;50(4):495-500.
6. Page MG, Katz J, Curtis K, Lutzky-Cohen N, Escobar EM, Clarke HA. Acute pain 
trajectories and the persistence of post-surgical pain: a longitudinal study after total hip 
arthroplasty. J Anesth. 2016;30(4):568-77.
7. Palazzo C, Jourdan C, Descamps S, Nizard R, Hamadouche M, Anract P, Boisgard S, 
Galvin M, Ravaud P, Poiraudeau S. Determinants of satisfaction 1 year after total hip 
arthroplasty: the role of expectations fulfilment. BMC Musculoskelet Disord. 2014;15:53.
8. Quintana JM, Escobar A, Arostegui I, Bilbao A, Azkarate J, Goenaga JI, Arenaza JC. 
Health-related quality of life and appropriateness of knee or hip joint replacement. Arch 
Intern Med. 2006;166(2):220-6.
9. Ray GS, Ekelund P, Nemes S, Rolfson O, Mohaddes M. Changes in health-related quality 
of life are associated with patient satisfaction following total hip replacement: an analysis of 
69,083 patients in the Swedish Hip Arthroplasty Register. Acta Orthop. 2020;91(1):48-52.
10. Singh JA, Lewallen D. Predictors of pain and use of pain medications following primary 
Total Hip Arthroplasty (THA): 5,707 THAs at 2-years and 3,289 THAs at 5-years. BMC 
Musculoskelet Disord. 2010;11:90.
11. Tang S, Jin Y, Hou Y, Wang W, Zhang J, Zhu W, Zhang W, Gu X, Ma Z. Predictors of 
Chronic Pain in Elderly Patients Undergoing Total Knee and Hip Arthroplasty: A Prospective 
Observational Study. J Arthroplasty. 2023;38(9):1693-9.

Singh and Lewallen 
2010[10]
USA 
1993-2005 

Primary THR 
N=9154 
65 (13.3) 
51% 

Authors’ own 
scale: How much 
pain do you have 
in your operated 
hip? None, mild, 
moderate or 
severe 
24 months 

Moderate or severe pain 
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S11.1 Proportions of lost to follow-ups and revisions 

Figure S12.1. Favourable and unfavourable pain outcomes and reasons of missing data in THR studies.
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S12. Traffic light plot of the risk of bias assessments in THR 
studies
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2

28 Abstract

29 Objectives
30 To update our previous systematic review to synthesise latest data on the prevalence of 

31 long-term pain in patients who underwent total hip replacement (THR) or total knee 

32 replacement (TKR). We aim to describe the prevalence estimates and trends in this review.

33 Design
34 Systematic review and meta-analysis

35 Data Sources
36 Update searches were conducted in MEDLINE and Embase databases from 1st January 

37 2011 to 17th February 2024. Citation tracking was used to identify additional studies.

38 Eligibility Criteria
39 We included prospective cohort studies reporting long-term pain after THR or TKR at 3, 6, 

40 12 and 24 months post-operative.

41 Data Extraction and Synthesis
42 Two reviewers independently identified studies as eligible. One reviewer conducted data 

43 extraction, checked by a second reviewer. The risk of bias assessment was performed using 

44 Hoy's checklist. Bayesian, random-effects meta-analysis was used to synthesise the results.

45 Results
46 For TKR, sixty-eight studies with 89 time points, including 598,498 patients, were included. 

47 Multivariate meta-analysis showed a general decrease in pain proportions over time: 21.9% 

48 (95% CrI 15.6 to 29.4) at 3 months, 14.1% (10.9 to 17.9) at 6 months, 12.6% (9.9 to 15.9) at 

49 12 months, and 14.6% (9.5 to 22.4) at 24 months. Considerable heterogeneity, unrelated to 

50 examined moderators, was indicated by substantial prediction intervals in the univariate 

51 models. Substantial loss to follow-up and risk of bias led to low confidence in the results. For 

52 THR, only eleven studies were included, so it was not possible to describe the trend. 

53 Univariate meta-analysis estimated 13.8% (8.5-20.1) and 13.7% (4.8-31.0) of patients 

54 experiencing long-term pain 6 and 12 months after THR, respectively, though concerns in 

55 risk of bias results reduced confidence in these findings.

56 Conclusions
57 Our review suggests that approximately 22% of patients report pain 3 months post-TKR, with 

58 12-15% experiencing long-term pain up to 2 years. At least 14% report pain 6-12 months 

59 after THR. Given the prevalence of chronic post-surgical pain, implementing existing and 
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60 developing new preventive and management strategies is crucial for optimal patient 

61 outcomes.

62 Study registration
63 PROSPERO CRD42023475498

64

65

66 Strengths and limitations of this study
67 • We updated a previous review using the latest review methodology, including 

68 Bayesian, multivariate meta-analysis and risk of bias assessment, to summarise the 

69 prevalence rates reported across studies of chronic post-surgical pain in patients 

70 undergoing total knee or hip replacement.  

71 • We included a wide range of patient-reported measures of pain across studies which 

72 resulted in heterogeneity

73 • These prevalence rates are likely underestimated due to loss to follow-up and the 

74 high risk of bias in the included studies. 

75 • Our sensitivity and scenario analyses offer readers plausible and robust prevalence 

76 estimates.
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77 Introduction
78 The primary reason that people with osteoarthritis undergo joint replacement surgery is 

79 because of persistent pain that has failed to improve with non-invasive management.1 2 

80 About 100,000 each of primary total knee and hip replacements were performed in the UK in 

81 2022,3 4 and in Organisation for Economic Co-operation and Development countries in 2015, 

82 over 1.5 million primary knee and nearly 1.7 million primary hip replacements were 

83 performed.5 The number of people with osteoarthritis is projected to increase6 7 and even in 

84 Germany, a country with a declining population, rates of joint replacement are predicted to 

85 rise due to the increasing use of knee replacement in younger people and the increasing 

86 number of older people requiring hip replacement.8

87 Potential improvements in pain and functionality ability are the primary reasons that patient 

88 elect to have a hip or knee replacement, and the most important contributing factors to 

89 patient satisfaction with the outcome of surgery.9 10 It is important to note that pain and 

90 patient satisfaction are distinct constructs,11 as patient satisfaction contains broader aspects 

91 of surgical outcomes beyond solely pain relief. In the literature, the terms, such as persistent 

92 pain10 12-14, unchanged pain15, residual pain16-18, and worsening pain19 20, are often used to 

93 describe pain that persists despite surgery providing functional improvements and high 

94 satisfaction.11 It is widely recognised that some people experience continuing pain in the 

95 months and years following surgery. Our previous systematic review,21 with searches up to 

96 2011, brought together longitudinal studies in representative populations receiving knee or 

97 hip replacement. We found that for a majority of people, their pain outcome was favourable, 

98 but for 10-34% of patients the long-term pain outcome could be considered “unfavourable” 

99 (moderate-to-severe pain or for whom surgery had not relieved pain) after total knee 

100 replacement (TKR) and 7-23% after total hip replacement (THR).21 Together with qualitative 

101 research into patients’ experiences,22 23 our previous review stimulated research into the 

102 prediction, prevention, management and treatment of chronic pain after knee and hip 

103 replacement. 

104 Thirteen years on from publication of our previous review, our aim is to provide updated 

105 estimates of the incidence of long-term pain after total knee and hip replacement and 

106 explore factors that may influence the rates observed. Findings will support patients, 

107 clinicians and researchers as they face the challenge of preventing and treating chronic pain 

108 after total knee or hip replacement.

109
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110 Methods
111 We updated our previous systematic review from our team,21 with follow-up intervals 

112 between 3 and 24 months post-operative. We limited the follow-up to a maximum of 24 

113 months as pain levels often plateau by this timepoint, and new onset pain beyond this may 

114 be related to implant failure.24 With the more extensive data available for outcomes after 

115 TKR in this update, we planned to establish the trend of long-term pain over time up to 24 

116 months post-operative.

117 The protocol was registered with PROSPERO (CRD42023475498) and this review was 

118 reported in accordance with MOOSE25 (Supplementary material S1) and relevant contents in 

119 PRISMA26  guidelines and the Cochrane handbook.27

120 Eligibility criteria
121 We sought prospective cohort studies including patients representative of the general 

122 population receiving total knee or hip replacement, predominantly from advanced 

123 osteoarthritis as in our previous review.21  Cohorts were established pre- or peri-operatively 

124 in hospital orthopaedic departments and joint replacement centres and followed up 

125 prospectively at any defined time between 3 and 24 months. Studies specifically of 

126 unicompartmental knee replacement or hip hemiarthroplasty, revision surgery, or exclusively 

127 bilateral replacements were excluded.

128 Outcome
129 The outcome was the proportion of people with unfavourable pain in the operated joint at 3, 

130 6, 12 and 24 months post-operative. We adopted the term ‘unfavourable pain’ from the 

131 previous review, which serves as a collective label to include the various descriptions used 

132 by study authors–such as persistent pain, worsening pain, or residual pain--rather than as an 

133 indicator of dissatisfaction.21 28 In each study, unfavourable pain was defined using the study 

134 authors’ definitions or through a consensus between two reviewers with extensive research 

135 experience in pain outcome measurement in total knee and hip replacement before 

136 commencement of data extraction. Most studies used a single cut-off value, often based on 

137 a pre-specified post-operative visual analogue scale (VAS) or numerical rating scale (NRS) 

138 score. For the few studies that provided multiple cut-off values, such as Musbahi and 

139 colleagues,18 we selected the cut-off values that the authors concluded were the best 

140 balance between sensitivity and specificity. For studies that used general tools, such as the 

141 VAS or NRS, we only included those that reported VAS or NRS scores specific to the 

142 operated joint, rather than general VAS pain scores. To calculate the proportions, we 

143 extracted the number of recruited or followed patients as denominators and the number of 
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144 patients experiencing unfavourable pain as numerators. When a percentage or rate was 

145 provided, we rounded the numbers to the nearest whole number.

146 Searches
147 We conducted new searches of MEDLINE and Embase databases from January 2011 to 

148 17th February 2024. The search strategies for MEDLINE and Embase are included in S2. 

149 Web of Science was used to track citations of the original review.21 Excepting the search 

150 strategy, we applied no language restrictions at any stage of the review, with Google 

151 Translate used to translate sections of relevant non-English articles. We did not contact 

152 authors as we only focused on published studies. Studies reported only as abstracts were 

153 excluded. 

154 Study selection and data collection
155 Studies identified were imported into EndNote 21 reference management software. After 

156 removal of duplicate records, one reviewer screened out clearly off-topic studies. Titles and 

157 abstracts of potentially relevant articles were acquired and assessed independently for 

158 eligibility by two reviewers. In cases of disagreement, a third reviewer was involved. Eligible 

159 articles identified in our previous systematic review were also included.

160 Data from eligible studies were entered into a Microsoft Excel spreadsheet by one reviewer 

161 with checking by a second reviewer. Extracted data were: country; dates of patient 

162 recruitment; setting (single or multiple surgeons, single or multiple hospitals, registry, or 

163 other; inclusion and exclusion criteria; whether routine “fast-track” surgery; patient 

164 characteristics (age, sex); assessment times; number of patients at baseline, number lost to 

165 follow up (or died or with revision surgery if reported) and number followed up; and patient 

166 reported pain outcome measure. 

167 When more than one pain outcome was reported, we extracted them in order of preference: 

168 pain dimension data from osteoarthritis or joint specific outcome scores (Western Ontario 

169 and McMasters Universities Osteoarthritis Index (WOMAC); Knee injury and Osteoarthritis 

170 Outcome Score (KOOS); Hip injury and Osteoarthritis Outcome Score (HOOS); Oxford Knee 

171 Score (OKS); Oxford Hip Score (OHS) and Knee Society Scores if patient generated (KSS, 

172 IKSS); Brief Pain Inventory (BPI); pain assessed in EuroQol instruments (EQ-5D or EQ-3D); 

173 joint pain after surgery, measured on a VAS or NRS; and other measures including those 

174 developed by study authors.

175 Risk of bias assessment
176 Two independent reviewers assessed risk of bias using the non-summative checklist 

177 described by Hoy and colleagues.29 This checklist considers ten aspects of study conduct 
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178 relating to representation and selection, non-response (>25% of lost to follow-up as high 

179 risk), data collection and instrument used, follow up and methods used in calculation of 

180 rates. Overall risk of bias was judged to be low, moderate or high depending on whether any 

181 of the ten aspects gave concern.

182 Data synthesis approach
183 Our primary aim was to describe the proportion of people experiencing unfavourable pain 

184 outcomes over time. First, we summarised the characteristics of studies and inspected their 

185 clinical heterogeneity before the synthesis using tables and figures. We then meta-analysed 

186 proportions with an unfavourable pain outcome, along with accompanying 95% credible 

187 intervals (CrIs) and median between-study heterogeneity (τ2) at 3, 6, 12, and 24 months’ 

188 time separately when there were more than three studies. We also used prediction intervals 

189 to aid the between-study heterogeneity interpretation.30 We used Bayesian framework with a 

190 random-effects model due to anticipated heterogeneity. Vague prior distributions (e.g. 

191 normal with mean 0 and variance 105) on model parameters were used. Posterior outcome 

192 distributions were based on at least 25,000 simulations after a burn-in of at least 1,000 to 

193 ensure convergence. 

194 To account for the multiple time follow-ups reported in certain studies, we adopted a 

195 Bayesian, hybrid, multivariate meta-analysis of multiple factors31 to describe the proportions 

196 across time points by borrowing information and accounting for within- and between-study 

197 correlations. 

198 All analyses were performed using R version 4.3.1 on RStudio 2023.06.2+561. The runjags 

199 and metafor packages were used to produce pooled estimates, forest plots, meta-regression 

200 and subgroup analyses. The metasens package was used to generate Doi plots and the LFK 

201 index.32 The ggplot2 package was used to produce additional figures to explore the clinical 

202 heterogeneity in the studies.

203 Exploration of heterogeneity
204 For potential sources of heterogeneity, we used meta-regression to explore heterogeneity for 

205 continuous factors (mean age of the population, percentage of females, and baseline sample 

206 sizes) where more than ten studies were included in the meta-analysis. For categorical 

207 factors (geographic region, settings, and pain outcome instruments), we conducted 

208 subgroup analyses where more than five studies were included in the meta-analysis.

209 Sensitivity analysis
210 In sensitivity analysis, we excluded studies with specific inclusion criteria, those focused on 

211 “fast track” surgery, studies where a proportion of people underwent unicompartmental knee 
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212 replacement, studies with potentially over-inclusive unfavourable pain definitions, and 

213 studies with more than 20% lost to follow-up, and studies with an overall high risk of bias. 

214 Additionally, we performed worst-best scenario analyses by estimating the proportion of 

215 people lost to follow-up who experienced unfavourable pain outcomes, incrementing by 

216 tenths from 0% to 100%, to estimate their impact on the meta-analysis results.

217 Reporting bias and certainty assessment
218 We assessed publication bias using Doi plots and the LFK index (values between -1 and +1 

219 indicate symmetry; values outside this interval indicate asymmetry) to aid the interpretation 

220 in cases where more than ten studies were included in the meta-analysis. We cross-checked 

221 the clinical study register and methods section in the report to evaluate non-reporting bias. 

222 The certainty of evidence assessment was not conducted because specific tools for 

223 systematic reviews of prevalence were unavailable. 

224 Patient and public involvement
225 There was no direct patient and public involvement in this systematic review, however, it 

226 benefitted from being part of the NIHR-funded STAR programme, which aimed to improve 

227 outcomes for patients with chronic pain after knee replacement. 33Patient and public 

228 involvement was integral to STAR, and we worked throughout the programme with an 

229 existing patient forum and developed a complementary group focusing exclusively on 

230 chronic pain after TKR. 

231
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232 Results
233 Searches of MEDLINE, Embase, citation tracking in Web of Science and inclusion of 

234 potentially relevant articles identified in our previous review yielded a total of 13,807 records. 

235 After screening out of clearly irrelevant studies by one reviewer, 979 records were screened 

236 in duplicate by two reviewers and ultimately 68 studies with 598,498 TKR participants and 11 

237 studies with 143,101 THR participants were included. Study selection and reasons for 

238 exclusion at the full-text stage are summarised in Figure 1. Some articles from our previous 

239 review were excluded as the follow up period was longer than 24 months.

240 Total knee replacement
241 Individual study characteristics are summarised in S3. The grouped characteristics in Table 

242 1. The baseline dates of data collection ranged from 1993 to 2023. Geographically, most 

243 studies were conducted in Europe (n=37) and North America (n=19). More than half of 

244 studies (n=39) collected their data at a single hospital, followed by multiple hospitals (n=18). 

245 Overall, 598,498 patients were included in the 68 studies with a median sample size per 

246 study of 235 (interquartile range 114 to 581). Patients in 52 studies with data had a mean 

247 age of 69.6 (SD 9.4) years, and 63% (58 to 69) were women. In terms of primary pain 

248 outcome reported, 31 studies reported multi-dimensional pain scales (WOMAC, OKS, 

249 KOOS, BPI, or KSS/IKSS), 29 studies reported VAS or NRS pain scores, and 6 studies used 

250 researchers’ own measures. 

251 After harmonising unfavourable pain outcomes at different time points, there were 15, 28, 36 

252 and 10 studies with data available for 3, 6, 12 and 24 months post-operative. Risk of bias 

253 assessments are summarised in Figure 2 (for traffic light plots, see S4). Most studies were 

254 judged as overall moderate risk of bias with few overall high risk of bias due to losses to 

255 follow up of >25%, or use of scores which are not entirely patient completed or have 

256 concerns relating to a low pain cut off. 

257 As noted in the previous review, the proportions of people with unfavourable pain varied 

258 widely across studies. Studies reported ranges of people with unfavourable pain at 3 months 

259 of 9.4 to 51.2%, at 6 months of 4.1 to 50.6%, at 12 months of 3.3 to 43.3%, and at 24 

260 months of 6.9 to 31.6% (S5). We synthesised the unfavourable pain outcomes using 

261 multivariate meta-analysis (Figure 3), demonstrating a general decrease in pain proportions 

262 over time: 21.9% (95% CrI 15.6 to 29.4) at 3 months, 14.1% (10.9 to 17.9) at 6 months, 

263 12.6% (9.9 to 15.9) at 12 months, and 14.6% (9.5 to 22.4) at 24 months. The results of the 

264 univariate models were similar due to the limited number of studies with multiple time points 

265 (S5), though with slightly wider CrIs (S6). The substantial prediction intervals in the 

266 univariate models suggested considerable heterogeneity.  

Page 10 of 75

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

10

267 We investigated potential heterogeneity using meta-regression and subgroup analyses in the 

268 univariate meta-analysis models. Meta-regression results showed no evidence of age, 

269 percentage of women, or sample size contributing to the heterogeneity of the proportion of 

270 individuals with unfavourable pain outcomes (S7). 

271 Subgroup findings should be interpreted with caution due to the limited number of studies in 

272 some subgroups. In subgroup analyses, rates of unfavourable pain tended to be lower in 

273 studies involving patients from North America compared to other geographic groups (S8.1). 

274 Similarly, studies conducted in single-surgeon series settings showed lower rates of 

275 unfavourable pain outcomes (S8.2). 

276 Outcome instruments that were not validated, frequently suggested low levels of 

277 unfavourable pain, while multidimensional measures were consistent with overall meta-

278 analysis at 3, 6, 12 and 24 months (S8.3). Results were also consistent for simple pain 

279 measures at 3, 6 and 12 months, but data was limited at 24 months. Cut-offs which defined 

280 an unfavourable pain outcome were based on pain intensity, symptom improvement, the 

281 functional impact of pain, and minimally important clinical differences or patient acceptable 

282 symptom states calculated within each dataset. Excepting at 24 months when data was 

283 sparse, cut-offs relying on a simple dichotomisation by levels of pain intensity were 

284 reasonably consistent with meta-analyses (S8.4). In 3 and 5 studies respectively, cut-offs 

285 based on minimally important clinical differences in WOMAC or KOOS outcomes at 6 and 12 

286 months provided similar estimates of unfavourable pain to the meta-analyses. At 24 months, 

287 in 3 studies the estimate of 10.88 (4.18 to 25.04) was lower than that in the overall meta-

288 analysis, 14.6% (9.5 to 22.4). Two studies reported the proportion of people not achieving a 

289 patient acceptable symptom state at 12 months. Results were similar to those in the overall 

290 meta-analysis. In the studies with cut-offs based on symptom improvement, the proportions 

291 of people with unfavourable pain were lower than seen in the overall meta-analyses.

292 Although we observed small-study effects in the results (S9), potentially attributable to 

293 publication bias, it is likely that these resulted from the extremely large variations in sample 

294 sizes at the 6-, 12-, and 24-month follow-ups. We did not find evidence of non-reporting bias, 

295 as most studies reported long-term pain outcomes in accordance with their reported 

296 methods.

297 In sensitivity analyses, we individually excluded studies with specific criteria to evaluate their 

298 impact on the univariate meta-analysis results (S10). The effects of excluding these studies 

299 were generally minor, except for studies with a high risk of bias or a high proportion of lost to 

300 follow-up. To account for the varying degrees of loss to follow-up, we performed separate 

301 scenario analyses by assuming that the same proportion of participants lost to follow-up 

Page 11 of 75

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

11

302 experienced unfavourable pain outcomes in each study (Table 2). By assuming 10% to 30% 

303 of participants lost to follow-up might experience unfavourable pain, this approach could 

304 yield more realistic estimates, given the limited literature available for further imputation.

305 Total hip replacement
306 Eleven studies reported unfavourable pain outcomes in individuals who underwent THR. The 

307 characteristics of these studies are summarised in S11. Only one study reported 

308 unfavourable pain outcomes at the 3-month and 24-month time points, so a trend cannot be 

309 established. Studies reported ranges of people with unfavourable pain at 6 months of 8.3 to 

310 16.3%, and at 12 months of 3.9 to 25.6% (Figure 4).

311 Meta-analysis of unfavourable pain outcomes provided similar results at 6 and 12 months, 

312 with 13.8% (8.5 to 20.1) and 13.7% (4.8 to 31.0), respectively. However, concerns regarding 

313 the risk of bias assessment (S12) lead to low confidence in these results.

314

315
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316 Discussion
317 Through our systematic review and meta-analysis, we have synthesised the existing 

318 evidence on the proportion of patients who experience long-term pain after knee and hip 

319 replacement. By updating our previous review, we have been able to provide estimates of 

320 incidence rates at 3, 6, 12 and 24 months post-operative. As noted previously,21 studies 

321 report widely varying estimates of unfavourable pain outcome, and these may depend on the 

322 methods and analyses used. For example, at 12 months after TKR when patients should 

323 have recovered from surgery and be largely unaffected by issues relating to implant failure, 

324 the range of unfavourable pain across studies was 3.3 to 43.3%. After THR at 12 months the 

325 range was 3.9 to 25.6%. With the large number of studies now available, meta-analyses 

326 have permitted us to provide point estimates with 95% credible intervals to describe 

327 uncertainty, and to explore patient and study level factors that may explain the variation in 

328 unfavourable pain observed.

329 Our meta-analyses suggest that the proportion of people with an unfavourable level of pain 

330 after TKR decreases between three and six months after surgery and then remains stable 

331 until at least two years. While recognising the associated wide credible intervals, 

332 approximately 22% of patients will report an unfavourable pain outcome at three months 

333 after TKR, with 12-15% of people experiencing an unfavourable longer-term pain outcome 

334 up to two years after surgery. For THR, a lack of studies reporting rates of unfavourable pain 

335 outcomes in unselected patients limited our analysis. However, our findings suggest that at 

336 least 14% of people may report unfavourable pain at 6-12 months after THR.

337 The strengths and limitations of this review should be considered when interpreting the 

338 results. Firstly, overall quality of evidence is low due to potential heterogeneity and risk of 

339 bias in TKR studies, and we were unable to estimate trends for THR studies due to a low 

340 number of included studies. Data from good quality registry studies was limited as estimates 

341 of proportions of people with chronic pain are seldom reported. The wide range of rates of 

342 unfavourable pain across studies may reflect the different definitions used by the study 

343 authors, however, we were unable to investigate conclusively the relationships between the 

344 definition used and prevalence estimates within this review as we did not have access to 

345 individual patient data. Studies in specific cohorts have reported proportions of people with 

346 different definitions of unfavourable pain outcomes.18 For example, in the study by Musbahi 

347 and colleagues, thresholds based on combinations of different minimal clinically important 

348 differences and patient acceptable symptom states for WOMAC pain ranged from 5% to 

349 52%.18 The authors note that a WOMAC pain score improvement of <20/100 as reported by 

350 23% of people had sensitivity and specificity for predicting a patient’s dissatisfaction with 

351 pain relief and overall outcome of TKR. We believe that studies reporting on different 
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352 outcome assessments and those exploring the patient experience of pain after TKR and 

353 THR complement our research. The varying rates of unfavourable pain outcomes may also 

354 suggest that there is selection that was not apparent in the study methodology. For example, 

355 a single surgeon series with lower rates of unfavourable pain may relate to patient selection 

356 which is not evident from the cohort inclusion criteria. Secondly, loss to follow-up may have 

357 impacted on our estimates of the proportion of patients with chronic pain after TKR and THR. 

358 The influence that unfavourable pain and other outcomes have on patient willingness to 

359 participate in research follow-up is unclear. Some studies suggest that people with poor 

360 outcomes are less likely to participate in follow-up assessments due to dissatisfaction with 

361 their care or difficulties completing follow-up.34-37 However, others report no difference or 

362 poorer pain outcomes in those responding to initial invitations or attending follow-up visits 

363 compared with those not participating in follow-up visits.38-40 Our sensitivity analyses in 

364 studies of TKR excluding studies with high loss to follow-up rates showed higher rates of 

365 unfavourable pain and provide some support for the latter suggestion. Given the uncertainty 

366 regarding the impact of loss to follow-up, we conducted separate scenario analyses to 

367 provide readers with a range of realistic estimates for their consideration. Thirdly, the scope 

368 of our review was broad. We included all different patient-reported measures of pain 

369 together, which present a mixture of single and multidimensional measures, and authors’ 

370 own definitions of unfavourable pain outcome. While this allowed us to take an 

371 encompassing approach to the synthesis of existing studies, it was likely an important 

372 source of heterogeneity in the results. It should also be noted that unfavourable pain does 

373 not necessarily equate with failure or dissatisfaction.11 Additionally, there were very few 

374 studies that provided multiple cut-off points for further analyses to elucidate the relationship 

375 between pain and satisfaction since the majority of studies only used a single post-operative 

376 VAS or NRS point. Additionally, it is also important to acknowledge that the included studies 

377 span over three decades, during which clinical practice and post-operative care may have 

378 evolved significantly. However, due to limited reporting and heterogeneity in study settings, 

379 designs, and data collection periods, we were unable to formally explore the impact of 

380 temporal changes on the outcomes. Despite these limitations, this review is the most 

381 comprehensive attempt to date to collate the existing evidence and provides useful 

382 estimates to direct future research and improvements to clinical care.

383 Chronic pain after total knee or hip replacement has a highly negative impact on people23 41 

384 to the extent that they may fear pursuing further healthcare and prescribed pain relief.42 For 

385 people who would potentially benefit from further care, how they are identified, assessed and 

386 treated varies considerably between centres in the UK.43 Cost implications for health 

387 services are considerable with numerous consultations, investigations and surgical referrals 
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388 required.44 Chronic pain after joint replacement is an important research priority, as 

389 highlighted by the James Lind Alliance Priority Setting Partnership.45-47 Acknowledging that 

390 an estimated 13-22% of people with TKR and a proportion of people with THR may 

391 experience chronic pain after surgery, implementation of evidence-based interventions 

392 aimed at the prevention and/or management of chronic pain after joint replacement are 

393 required. 

394 Potential pre-operative risk factors for chronic pain after total knee or hip replacement have 

395 been studied extensively with the aim of developing interventions and targeting care to those 

396 at risk. In a recent systematic review with 54 studies identified, there was no suggestion in 

397 meta-analyses that age, sex and body mass index were associated with development of 

398 chronic pain after TKR.48 For a range of further potential risk factors including pre-operative 

399 pain, evidence was limited with associations based on small numbers of studies or “vote 

400 counting” analysis due to lack of data and methodological heterogeneity. For people 

401 receiving THR, consistent associations have been identified between female sex, high pre-

402 operative pain, poorer pre-operative function, and anxiety or depression.49 50  Systematic 

403 reviews have identified that pre-operative pain catastrophizing, psychological distress, and 

404 symptoms of anxiety and/or depression are risk factors for long-term pain hip and knee 

405 replacement.51-55 Post-operative risk factors for chronic pain have been studied in TKR and 

406 largely relate to length of hospital stay, mechanical complications of the prosthesis, surgical 

407 site infection, hospital readmission, reoperation or revision56 and patients with chronic pain 

408 are likely to undergo revision at a later time period.57 More generally, acute postoperative 

409 pain, caused by surgical methods and influenced by anaesthetic protocols, analgesia and 

410 care during the hospital admission, is also acknowledged as a risk factor for chronic 

411 postsurgical pain.58 59 

412 There is a limited but growing body of evidence evaluating interventions that target risk 

413 factors for chronic pain after joint replacement60-63. Pre-operatively, general prehabilitation 

414 with exercise and education has not shown clear benefit for reduced long-term pain.60 64 60 65-

415 67 Another focus of efforts has been in removing delays to surgery to avoid possible decline 

416 in function and increase in pain while waiting for surgery. However, evidence of associations 

417 between longer waiting times for knee or hip replacement and chronic pain is equivocal.68-70 

418 In randomised trials evaluating interventions targeting psychological risk factors, cognitive 

419 behavioural therapy and pain coping skills programmes have not shown benefit for improved 

420 long-term pain.61 71-76 77-79 However, a mindfulness-based stress-management intervention 

421 provided to patients before total hip or knee replacement surgery was associated with 

422 reduced long-term pain.80 During the peri-operative period, the multimodal analgesia 

423 regimen provided may influence long-term pain outcomes and there is some support for 
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424 incorporation of specific treatments, some of which are features of current pain management 

425 practice.62 81 After hospital discharge, care focuses mainly on physiotherapy-based 

426 rehabilitation but there is no evidence to support one modality over another in relation to 

427 prevention of chronic pain.63 Exercise-based rehabilitation provided to people considered at 

428 risk of a poor outcome after TKR have shown little benefit for primary functional outcomes or 

429 long-term pain compared with usual care or less intensive interventions.82 83 

430 Systematic reviews have identified a limited evidence-base to guide the treatment and 

431 management of chronic pain after joint replacement, and surgery more generally 84 85. To 

432 address this, a programme of research has been conducted focussing on the development 

433 and evaluation of an early post-operative intervention to prevent pain chronicity.33 

434 Recognising the diverse causes of chronic pain, the Support and Treatment After 

435 Replacement (STAR) care pathway is a personalised and multifaceted intervention to reduce 

436 chronic pain after TKR.86 The care pathway involves the assessment of people with high 

437 levels of pain at 2-3 months after surgery to identify the underlying causes of pain with 

438 subsequent provision of referrals for appropriate treatment or management. Evaluation in a 

439 randomised controlled trial found the STAR care pathway was cost-effective and associated 

440 with a clinically important reduction in pain after one year compared with usual care.86 

441 Furthermore, there is a suggestion of sustained benefit at up to four years.87 

442 Conclusion
443 The problem of chronic pain after knee and hip replacement is recognised by people who 

444 have pain, clinicians and the research community. Our review, bringing together all the 

445 published literature to date, suggests that a substantial proportion of patients continue to 

446 experience an unfavourable longer-term pain outcome up to two years after surgery. These 

447 findings highlight the need to improve pain management across the care pathway. There is 

448 an urgent need for the implementation of evidence-based interventions to optimise the 

449 management of chronic pain after joint replacement and evaluation of new preventive 

450 strategies that target established risk factors after joint replacement. 

451 Ethical approval
452 No individual level data are included in this manuscript. All data are aggregated data from 

453 published academic articles.

454 Data sharing
455 The statistical analysis plan and dataset can be available from the corresponding author on 

456 reasonable request.
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480 Table 1. Summary of TKR study characteristics 
Overall 3 months 6 months 12 months 24 months

Number of study 
cohorts

68 15 28 36 10

Total sample 
sizes

598,498 2503 550,928 36,157 13,953

Median sample 
size (IQR)

235 
(113.5-
580.75)

116 
(95-184)

197 
(111.25-297)

254.5 
(115.5-
593.75)

396.5 
(251.75-
692.75)

Baseline time 
period range

1993-2023 1998-2023 1993-2023 1993-2020 1993-2019

Mean age (SD) 69.6 (9.4)
(n = 52*)

68.8 (9.2)
(n = 13*)

69.6 (9.4)
(n = 24*)

68.1 (9.1)
(n = 26*)

70 (9.3)
(n = 6*)

Age range 18-98
(n = 24)

18-90
(n = 7)

18-94
(n = 9)

25-98
(n = 14)

28-90
(n = 4)

Median % 
women (IQR)

63 
(58-69.45)

66.1 
(62.35-
77.55)

65.55 
(57.65-
72.475)

61.2 
(56.95-
65.85)

63 
(61.03-64.75)

Primary pain outcome reported
VAS/NRS pain 29 9 16 13 2
WOMAC pain 13 1 4 7 3
OKS pain 7 1 2 5 1
KOOS pain 6 1 1 4 1
BPI 3 1 2 2 0
KSS/IKSS pain 2 0 0 2 1
EQ-5D 5L 
pain/discomfort 1 0 1 0 0

Pain disturbing 
sleep 1 1 0 1 0

Author own 
question 6 1 2 2 2

Setting
Single hospital 39 8 16 20 9
Multiple 
hospitals 18 0 6 12 1

Multiple 
surgeons 4 3 1 1 0

Single surgeon 3 3 2 2 0
National registry 2 0 1 1 0
Health region 1 0 1 0 0
Rehabilitation 
service 1 1 1 0 0

Country
Australia 2 0 1 1 1
USA 17 2 8 5 4
UK 9 2 3 7 2
Spain 5 2 3 2 0
Denmark 5 1 0 5 0
France 4 1 3 2 0
Sweden 3 0 0 2 1
China 3 1 1 0 1
Belgium 2 2 1 1 0
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Canada 2 0 1 1 0
Finland 2 1 0 0 1
Japan 2 1 2 1 0
Singapore 2 0 2 1 0
South Korea 2 2 0 1 0
The Netherlands 2 0 1 2 0
Hungary 1 0 0 1 0
Italy 1 0 0 1 0
New Zealand 1 0 1 1 0
Norway 1 0 0 1 0
Poland 1 0 1 0 0
Russia 1 0 0 1 0

481 *only studies reported both mean and SD
482
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483 Table 2. Worst-best case scenario analyses in TKR studies
Proportion* (%) Median (95% CrI) τ² (95% CrI)

3 month
0% 21.89 (15.72 - 29.35) 0.5 (0.19 - 1.1)

10% 23.8 (17.38 - 30.4) 0.4 (0.14 - 0.88)
20% 25.61 (19.46 - 32.34) 0.36 (0.12 - 0.78)
30% 27.22 (21 - 33.69) 0.31 (0.11 - 0.69)
40% 28.82 (22.45 - 35.25) 0.3 (0.1 - 0.66)
50% 30.68 (24.49 - 37.25) 0.27 (0.09 - 0.6)
60% 32.07 (25.66 - 38.42) 0.27 (0.09 - 0.6)
70% 33.55 (26.73 - 40.21) 0.28 (0.09 - 0.63)
80% 35.04 (28.15 - 41.98) 0.28 (0.1 - 0.63)
90% 36.71 (29.5 - 43.83) 0.3 (0.11 - 0.68)

100% 38.16 (30.6 - 45.68) 0.31 (0.11 - 0.69)
6 month

0% 14.06 (10.79 - 17.79) 0.51 (0.26 - 0.88)
10% 16.37 (13.08 - 19.88) 0.37 (0.18 - 0.65)
20% 18.54 (15.24 - 22.09) 0.32 (0.16 - 0.56)
30% 20.5 (17.05 - 24.25) 0.3 (0.15 - 0.53)
40% 22.33 (18.66 - 26.38) 0.3 (0.15 - 0.52)
50% 24.22 (19.94 - 28.43) 0.32 (0.16 - 0.56)
60% 26.03 (21.65 - 30.67) 0.35 (0.18 - 0.6)
70% 27.91 (22.96 - 33.03) 0.39 (0.21 - 0.67)
80% 29.61 (24.15 - 35.12) 0.44 (0.23 - 0.75)
90% 31.39 (25.38 - 37.35) 0.51 (0.27 - 0.87)

100% 33.36 (26.84 - 40.12) 0.58 (0.31 - 1)
12 month

0% 12.61 (9.88 - 15.84) 0.61 (0.34 - 0.97)
10% 15.22 (12.29 - 18.23) 0.44 (0.25 - 0.72)
20% 17.44 (14.5 - 20.66) 0.37 (0.2 - 0.6)
30% 19.6 (16.46 - 22.97) 0.36 (0.19 - 0.58)
40% 21.6 (18.09 - 25.17) 0.36 (0.2 - 0.58)
50% 23.6 (19.86 - 27.46) 0.37 (0.2 - 0.6)
60% 25.64 (21.74 - 29.89) 0.4 (0.23 - 0.64)
70% 27.57 (23.28 - 32.21) 0.44 (0.25 - 0.7)
80% 29.57 (24.55 - 34.51) 0.49 (0.28 - 0.78)
90% 31.53 (26.01 - 36.95) 0.55 (0.3 - 0.87)

100% 33.62 (27.69 - 39.61) 0.62 (0.37 - 0.99)
24 month

0% 14.63 (8.83 - 21.5) 0.52 (0.15 - 1.32)
10% 16.67 (10.85 - 23.36) 0.41 (0.13 - 1.07)
20% 18.45 (12.81 - 25.31) 0.35 (0.11 - 0.91)
30% 20.23 (14.19 - 27.13) 0.34 (0.11 - 0.88)
40% 21.89 (15.29 - 29.1) 0.34 (0.11 - 0.88)
50% 23.64 (16.62 - 31.45) 0.35 (0.11 - 0.91)
60% 25.28 (17.78 - 33.83) 0.38 (0.12 - 0.97)
70% 26.89 (18.57 - 35.67) 0.4 (0.12 - 1.02)
80% 28.58 (19.92 - 38.38) 0.43 (0.14 - 1.11)
90% 30.04 (20.59 - 40.22) 0.48 (0.15 - 1.22)

100% 31.76 (21.49 - 42.8) 0.52 (0.15 - 1.32)
484 *Proportion: The proportion of lost to follow-up patients imputed to experience unfavourable pain outcomes.
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792 Figure legends
793 Figure 1. Study selection flowchart.

794 Figure 2. Summary of risk of bias assessments in TKR studies. Each block represents one 

795 study. Red represents an overall high risk of bias in a study; yellow represents an overall 

796 moderate risk of bias.

797 Figure 3. Multivariate meta-analysis of proportions over time in TKR studies plot. Grey dots 

798 and lines represent reported proportions across studies and time, while dark dots and lines 

799 show the multivariate meta-analysis results. The size of grey dots is proportional to the log of 

800 inverse variance.

801 Figure 4. Forest plot of proportions over time in THR studies. Squares and bars represent 

802 the mean proportion of individual studies. Diamonds represent the point estimate and 

803 credible intervals of the meta-analysis results. The bars show the corresponding prediction 

804 intervals. Red circles and minus signs represent overall high risk of bias. Yellow circles and 

805 question marks represent overall moderate risk of bias. Abbreviations: RoB: Risk of Bias; 

806 RE: Random-effects; CrI: Credible intervals.

807

808 Supplementary materials
809 S1. PRISMA checklist
810 S2. Search strategy as applied in MEDLINE and Embase
811 S3. Characteristics of TKR studies
812 S4. Traffic light plot of the risk of bias assessment in TKR studies
813 S5. Forest plots of univariate meta-analyses in TKR studies
814 S6. Table of multivariate and univariate meta-analysis results in TKR studies
815 S7. Meta-regression analyses in TKR studies
816 S8. Subgroup analyses in TKR studies
817 S9. Doi plots and the LFK indexes in TKR studies
818 S10. Sensitivity analyses in TKR studies
819 S11. Characteristics of THR studies
820 S12. Traffic light plot of the risk of bias assessment in THR studies
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S1. MOOSE checklist
Item 
No

Recommendation Reported on Page 
Number

Reported on 
Section/Paragraph

Reporting of background
1 Problem definition Page 4 Introduction
2 Hypothesis statement Page 4 Introduction
3 Description of Study Outcome(s) Page 5 Outcome, Methods
4 Type of exposure or intervention used Page 5 Eligibility Criteria, 

Methods
5 Type of study design used Page 5 Eligibility Criteria, 

Methods
6 Study population Page 5 Eligibility Criteria, 

Methods
Reporting on search strategy
7 Qualifications of searchers (e.g., librarians and investigators) Using existing 

search strategies
8 Search strategy, including time period included in the synthesis and keywords Supplementary S2
9 Effort to include all available studies, including contact with authors Page 5-6 Searches, Methods
10 Databases and registries searched Page 5 Searches, Methods
11 Search software used, name and version, including special features used (e.g., 

explosion)
Page 6 Study selection and data 

collection, Methods
12 Use of hand searching (e.g., reference lists of obtained articles) Page 5 Searches, Methods
13 List of citations located and those excluded, including justification Figure 1 (PRISMA 

flowchart)
14 Method for addressing articles published in languages other than English Page 5 Searches, Methods
15 Method of handling abstracts and unpublished studies Page 5 Searches, Methods
16 Description of any contact with authors Page 5-6 Searches, Methods
Reporting of methods
17 Description of relevance or appropriateness of studies assembled for assessing the 

hypothesis to be tested
Table 1

18 Rationale for the selection and coding of data (e.g., sound clinical principles or 
convenience)

Page 6 Study selection and data 
collection, Methods
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19 Documentation of how data were classified and coded (e.g., multiple raters, blinding, 
and interrater reliability)

Page 6 Study selection and data 
collection, Methods

20 Assessment of confounding (e.g., comparability of cases and controls in studies where 
appropriate)

Tables 1, S3 and S11

21 Assessment of study quality, including blinding of quality assessors; stratification or 
regression on possible predictors of study results

Page 6 Risk of bias assessment/ 
Methods

22 Assessment of heterogeneity Page 7 Exploration of 
heterogeneity, Methods

23 Description of statistical methods (e.g., complete description of fixed or random effects 
models, justification of whether the chosen models account for predictors of study 
results, dose-response models, or cumulative meta-analysis) in sufficient detail to be 
replicated

Page 6-7 Data synthesis approach, 
Methods

24 Provision of appropriate tables and graphics Results
Reporting of results
25 Graphic summarizing individual study estimates and overall estimate Figures 3, 4, and S5
26 Table giving descriptive information for each study included Tables S3 and S11
27 Results of sensitivity testing (e.g., subgroup analysis) Tables S7, S8, and S10
28 Indication of statistical uncertainty of findings Table 2 and S6
Reporting of discussion
29 Quantitative assessment of bias (e.g., publication bias) Figures S9
30 Justification for exclusion (e.g., exclusion of non–English-language citations) Not applicable
31 Assessment of quality of included studies Figures 2 and 4
Reporting of conclusions
32 Consideration of alternative explanations for observed results Conclusion
33 Generalization of the conclusions (i.e., appropriate for the data presented and within 

the domain of the literature review)
Conclusion

34 Guidelines for future research Conclusion
35 Disclosure of funding source Sources of funding

From:  Brooke BS, Schwartz TA, Pawlik TM. MOOSE Reporting Guidelines for Meta-analyses of Observational Studies. JAMA Surg. 2021;156(8):787–788. doi:10.1001/jamasurg.2021.0522
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S2. Search Strategy as applied in MEDLINE and Embase

S2.1 Total knee replacement
Medline

1. survey.mp. or exp Data Collection/
2. prospective study.mp. or exp Prospective Studies/
3. observational study.mp.
4. exp EPIDEMIOLOGY/ or epidemiology.mp.
5. longitudinal study.mp. or exp Longitudinal Studies/
6. follow up study.mp. or exp Follow-Up Studies/
7. exp Arthroplasty, Replacement, Knee/ or exp Knee Prosthesis/ or knee replacement.mp.
8. knee prosthesis.mp. or exp Knee Prosthesis/
9. total knee.tw.
10. (knee adj10 (replace$ or arthroplast$ or prosthe$ or implant$)).ti, ab.
11. 7 or 8 or 9 or 10
12. pain.tw.
13. 1 or 2 or 3 or 4 or 5 or 6
14. 10 and 12 and 13

Embase

1. Clinical study/ 
2. Longitudinal study/ 
3. Prospective study/ 
4. Cohort analysis/ 
5. (Cohort adj (study or studies)).mp. 
6. (follow up adj (study or studies)).tw. 
7. (observational adj (study or studies)).tw. 
8. (epidemiologic$ adj (study or studies)).tw. 
9. exp Arthroplasty, Replacement, Knee/ or exp Knee Prosthesis/ or knee replacement.mp. 
10. knee prosthesis.mp. or exp Knee Prosthesis/ 
11. total knee.tw. 
12. (knee adj10 (replace$ or arthroplast$ or prosthe$ or implant$)).ti,ab. 
13. pain.tw. 
14. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 
15. 9 or 10 or 11 or 12 
16. 13 and 14 and 15

S2.2 Total hip replacement
Medline

1. survey.mp. or exp Data Collection/
2. prospective study.mp. or exp Prospective Studies/
3. observational study.mp.
4. exp EPIDEMIOLOGY/ or epidemiology.mp.
5. longitudinal study.mp. or exp Longitudinal Studies/
6. follow up study.mp. or exp Follow-Up Studies/
7. exp Arthroplasty, Replacement, Hip/ or exp Hip Prosthesis/ or hip replacement.mp.
8. hip prosthesis.mp. or exp hip Prosthesis/
9. total hip.tw.
10. (hip adj10 (replace$ or arthroplast$ or prosthe$ or implant$)).ti, ab.
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11. 7 or 8 or 9 or 10
12. pain.tw.
13. 1 or 2 or 3 or 4 or 5 or 6
14. 10 and 12 and 13 

Embase

1. Clinical study/ 
2. Longitudinal study/ 
3. Prospective study/ 
4. Cohort analysis/ 
5. (Cohort adj (study or studies)).mp. 
6. (follow up adj (study or studies)).tw. 
7. (observational adj (study or studies)).tw. 
8. (epidemiologic$ adj (study or studies)).tw. 
9. exp Arthroplasty, Replacement, hip/ or exp hip Prosthesis/ or hip replacement.mp. 
10. hip prosthesis.mp. or exp hip Prosthesis/ 
11. total hip.tw. 
12. (hip adj10 (replace$ or arthroplast$ or prosthe$ or implant$)).ti,ab. 
13. pain.tw. 
14. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 
15. 9 or 10 or 11 or 12 
16. 13 and 14 and 15 
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S3. Characteristics of TKR studies
Study
Country
Recruitment dates
Setting

Operation
Number of patients
Age (SD), range
% women

Pain measure Definition of 
unfavourable pain 
outcome
High risk of bias concern

Alzahrani 2011[1] 
TWH cohort
Canada
1998-2007
2 hospitals

Primary TKR, all 18+
N=482
67.5 (9.6)
62%

WOMAC pain
12 months

No clinically important 
improvement based on 
MCID (WOMAC index of 
7.5)

Aso 2020[2]
Japan
2012-2017
1 hospital

Primary TKR, all
N=234
75
75.8%

VAS/NRS pain
6, 12 months

Moderate to severe pain 
(VAS >30 mm), at rest or 
walking

Attal 2014[3]
France
2008-2011
I hospital

Primary TKR, all 18+
N=89
68.7 (8.9)
65.0%

BPI (NRS)
3, 6, 12 months

NRS pain average 3 or 
greater on 10-point scale

Baker 2007[4]
UK
2003
National registry

Primary TKR, all
N=9417
70.68
56.8%

OKS pain
12 months

Reported persistent knee 
pain

Bell 2023[5]
USA
2015-2018
7 hospitals

Primary TKR, all 50-89
N=5564
Range 50-89
60.7%

KOOS pain
12 months

MCID not satisfied (15 
points)

Birch 2019[6]
Denmark
2011-2013
1 hospital

Primary TKR or UKR, all
N=589
67.3 (9.7)
52.0%

OKS pain
4, 12 months

OKS pain moderate/severe

High loss to follow up rate 
at 4 and 12 months

Brander 2003[7]
USA
1998-2000
1 surgeon

Primary TKR, all 18+
N=116
66 (10.5), range 36-85
55.2%

VAS/NRS pain
3, 6, 12 months

VAS >40

Buus 2022[8]
Denmark
2015-2016
1 hospital

Primary TKR, all 18+
N=217
66.8 (9.3)
52.2%

OKS pain
12 months

Threshold 42.39[69]

Buvanendran 2019[9]
USA
2011-2017
1 hospital

Primary TKR, all
N=296
65
65.3%

VAS/NRS pain
6 months

NRS pain with movement 
≥4
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Chodor and 
Kruczynski 2022[10]
Poland
2016
1 hospital

Primary TKR, all 48+
N=69
67.6 (7.42), range 48-84
76.7%

Author own 
question
6 months

Pain severely limiting daily 
life

Clement 2014[11]
UK
2010
1 hospital

Primary TKR, all
N=578
70 (9.6), range 39-91
58.4%

Author’s own 
question “How 
well did the 
surgery relieve 
pain in your 
affected joint?”
12 months

Fair or poor
High loss to follow up rate

Cole 2022[12]
UK
2010-2015
2 hospitals

Primary TKR, all
N=1025
70
55.8%

OKS pain
12 months

<14 points OKS

Dave 2017[13]
USA
2012-2014
3 hospitals

Primary TKR probably, 
all 40+
N=267
66 (9)
61.0%

WOMAC pain
12 months

WOMAC pain score < 
MCID (WOMAC pain of 15)

Dowsey 2012[14]
Australia
2006-2007
1 hospital

Primary TKR, all
N=478
70.8 (8.3), range 45-90
69.2%

IKSS pain
12, 24 months

IKSS pain score <30 
moderate to severe pain

IKSS may not be entirely 
patient reported at 12 and 
24 months

Dursteler 2021[15]
Spain
2014-2017
Spain
1 hospital

Primary TKR, all 18+
N=170
73.1 (7.1)
73.3%

VAS/NRS pain
3, 6 months

NRS 0.3/1 or greater at rest

Edwards 2022[16]
USA
2012-2018
2 hospitals

Primary TKR, all 45+
N=248
65.1 (8.2)
59.5%

BPI
6 months

4/10 or greater

High loss to follow up rate

Escobar and Riddle 
2014[17]
Spain
2003-2006
15 hospitals

Primary TKR, all
N=1616
71.6 (6.8)
70.0%

WOMAC pain
12 months

Number not attaining PASS 
(i.e. “No” in the question, “If 
you had to be the rest of 
your life with the symptoms 
you have now, how would 
you feel?”) as the twenty-
fifth percentile of the final 
score at 1 year instead of 
the seventy-fifth percentile 
(reverse option for WOMAC 
scores).

High loss to follow up rate
Getachew 2021[18] Primary TKR, all 18+ BPI BPI worst pain score ≥4
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Norway
2012-2014
1 hospital

N=206
68 (9)
66.0%

12 months

Ghomrawi 2017[19]
USA
2010-2012
1 hospital

Primary TKR, all
N=247
68 (10)
65.0%

WOMAC pain
24 months

Number not achieving 
MCID (baseline-adjusted 
MCIDs, as described by 
Escobar et al.[70])

Grosu 2016[20]
Belgium
2009-2010
1 surgeon

Primary TKR probably, 
all
N=114
66 (10)
65.8%

VAS/NRS pain
3, 6, 12 months

Moderate to severe pain

High loss to follow up rate 
at 3, 6 and 12 months

Hardy 2022[21]
France
2014-2015
1 hospital

Primary TKR, all >18
N=111
73.3 (9.3) range 29-92
65.0%

VAS/NRS pain
12 months

VAS >30/100

Heath 2021[22]
Australia
2018-2020
44 hospitals

Primary and revision 
TKR, all
N=8299
67.5 (8.8)
56.4%

EQ-5D 5L pain/ 
discomfort
6 months

Moderate/ severe or 
extreme pain EQ 5D 5L 
pain/discomfort

High loss to follow up rate

Jones 2000[23]
Canada
1995-1997
1 health region

Primary TKR, all 40+
N=292
69.2 (9.2)
59.0%

WOMAC pain
6 months

Moderate/ severe pain 
defined as a gain of <10 
points on the WOMAC pain 
dimension

Khalid 2021[24]
UK
2008-2016
National registry

Primary TKR or UKR, all
N=531,790
69.7 (9.4)
56.6%

OKS pain
6 months

OKS-pain score of 14 or 
less at six months after 
knee replacement can be 
considered to be in chronic 
pain

Kim 2015[25]
South Korea
2013-2014
1 hospital

Primary TKR, all women
N=94
70.18 (5.74), range 20-
80
100%

VAS/NRS pain
3 months

>5 points on an 11 point 
VAS/NRS (verbal numeric 
rating scale)

Kiran 2015[26]
UK
2003-2007
1 hospital

Primary TKR, all
N=608
72
61.4%

OKS pain
12, 24 months

Has your knee replacement 
operation decreased your 
knee pain?

High loss to follow up rate 
at 12 and 24 months

Kornilov 2018[27]
Russia
2014
1 hospital

Primary TKR, all 18+
N=100
63 (8), range 47-81
95.0%

VAS/NRS pain
12 months

Not at least a two-point or 
approximately 30% 
(clinically significant) 
decrease in rating of pain 
interference with walking 
from baseline to 1 year 
(NRS scale 0-10)

Kurien 2018[28]
UK
Before 2017

Primary TKR probably, 
all
N=50

VAS/NRS pain
6 months

4 or greater
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1 hospital 66.4 (8.3)
60.0%

Larsen 2021[29]
Denmark
2015-2016
1 hospital

Primary TKR, all 18+
N=185
68.8 (8.9)
55.7%

VAS/NRS pain
12 months

Pain intensity at rest >3

High loss to follow up rate

Latijnhouwers 
2022[30]
The Netherlands
2012-2017
2 hospitals

Primary TKR, all
N=282
66 (8.4)
63.0%

VAS/NRS pain
12 months

Moderate to severe pain 
(NRS ≥4)

High loss to follow up rate

Lavand’homme 
2014[31]
Belgium
2012
1 surgeon

Primary TKR or UKR, all
N=128
68 (10)
66.4%

VAS/NRS pain
3 months

NRS ≥4/10

Lee 2022[32]
South Korea
2017-2019
2 surgeons

Primary TKR probably, 
all
N=172
70.7 (4.3)
89.2%

Pain disturbing 
sleep
3, 12 months

Night pain was defined as 
pain around the knee 
experienced at night that 
could disturb the patient’s 
sleep

Leppanen 2021[33]
Finland
2012-2014
1 hospital

Primary TKR, 65 years 
or younger
N=205
60
63.0%

VAS pain 
exercise
24 months

VAS >30

Leung 2019[34]
Singapore
2015
1 hospital

Primary TKR, all
N=243
66 (8.3)
78.6%

Author own 
question
6, 12 months

No change or worsening 
pain/ slightly better

Lundblad 2008[35]
Sweden
Before 2006
1 hospital

Primary TKR, all
N=69
68
50.7%

VAS/NRS pain
24 months

Pain at rest, VAS >2/10

Lyman 2018[36]
USA
2007-2012
1 hospital

Primary TKR, all
N=3815
74 (6)
63.0%

KOOS pain
24 months

Number not achieving 
MCID (8 by distribution-
based method [71])

High loss to follow up rate
Mahdi 2020[37]
Sweden
2016-2018
3 hospitals

Primary TKR, all
N=615
69.7
52.2%

KOOS pain
12 months

8 cut off

High loss to follow up rate

Mekkawy 2023[38]
USA
2021
4 surgeons

Primary TKR, all
N=112
65.5 (9.2)
69.0%

VAS pain
6 months

Probably NRS score of ≥1 
in defined sites 

Concern over VAS ≥1 
being too inclusive and high 
loss to follow up rate
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Mercurio 2020[39]
Italy
2015-2017
1 hospital

Primary TKR, all >18
N=45
69.6 (7.8)
65.0%

VAS/NRS pain
12 months

VAS >30 residual pain

Mezey 2023[40]
Hungary
2019-2020
2 hospitals

Primary TKR probably, 
all
N=101
69.2
Not reported

WOMAC pain
12 months

Not exceeding MCID 
(WOMAC pain of 13.3)

High loss to follow up rate

Musbahi 2023[41]
USA
2011-2014
4 hospitals

Primary TKR, all 40+
N=575
66.3 (8.3)
60%

WOMAC pain
12 months

WOMAC pain score 
(converted to a 0-to-100 
scale) improvement of <20 

High loss to follow up rate
Nishimoto 2023[42]
Japan
2021-2023
1 hospital

Primary TKR, all with no 
complications

N=68
75.1 (7.3)

80.9%

KOOS pain
3, 6 months

Not achieving MCID of 10 
(3 months) and 13 (6 
months). MCID was 
calculated using the anchor 
method.[72]

Noiseux 2014[43]
USA
Before 2012
2 hospitals

Primary TKR, all 30+
N=215
61.7 (9.8)
58.0%

VAS/NRS pain
6 months

Moderate or severe pain 
with range of motion, VAS 
≥1

Concern over VAS ≥1 
being too inclusive

Orr 2022[44]
USA
2016-2019
9 hospitals

Primary TKR, all
N=7476
67 (9.0)
60.8%

KOOS pain
12 months

Not achieved PASS (i.e.  
“No” in the question, 
“Taking into account all the 
activity you have during 
your daily life, your level of 
pain and also your activity 
limitations and participation 
restrictions, do you onsider 
the current state of your
knee satisfactory?”) for 
KOOS pain

High loss to follow up rate
Petersen 2015[45]
Denmark
Before 2014
1 hospital probably

Primary TKR, all
N=78
69
59.0%

VAS/NRS pain
12 months

VAS >3

High loss to follow up rate

Petersen 2018[46]
Denmark
Before 2017
1 hospital

Primary TKR probably, 
all
N= 200
69 (1.2)
57.0%

VAS/NRS pain
12 months

<30% reduction in pain

Phillips 2014[47]
UK
2009-2010
1 hospital

Primary TKR, all
N= 96
70.6
56.0%

VAS/NRS pain
3, 6, 12 months

VAS >3
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Priol 2023[48]
France
2011-2012
1 hospital

Primary TKR, all
N=129
74 (10), range 45-94
72.3%

VAS/NRS pain
6 months

VAS 4+

High loss to follow up rate

Pua 2019[49]
Singapore
2013-2017
1 hospital

Primary TKR, all 50+
N=5325
68 (7.5)
75.0%

OKS pain
6 months

Moderate or severe pain

Quintana 2006[50]
Spain
1999-2000
7 hospitals

Primary TKR, all
N=792
71.9
73.0%

WOMAC pain
6 months

No improvement in pain 
greater than MCID (22.60 
of 100) using an anchor-
based method.

Rice 2018[51]
New Zealand
2012-2015
3 hospitals

Primary TKR, all 18+
N=300
69 (10), range 48-90
48.0%

VAS/NRS pain
6, 12 months

VAS >3

Sideris 2022[52]
USA
2016-2018
1 hospital

Primary TKR, all
N=179
67.1 (8.1)
56.2%

VAS/NRS pain
6 months

NRS 4+

Singh 2014[53]
USA
1993-2005
1 hospital

Primary TKR, all
N=7229
68 (10)
56.0%

Author own 
question
24 months

Moderate-severe pain

Solberg 2023[54]
USA
2020
22 surgeons

Primary TKR probably, 
all
N=239
66.2 (8.5), range 37-87
60.7%

Author own 
question
3 months

To what extent have you 
obtained relief: somewhat, 
minimal or not at all
High loss to follow up rate

Stephens 2002[55]
USA
Before 2001
1 hospital

Primary TKR, all 50+
N=68
67.4 (8.1), range 50-88
54.0%

WOMAC pain
6 months

No change or increase in 
pain from pre-operative

Tang 2023[56]
China
2020-2021
1 hospital

Primary TKR probably, 
all 65+
N=196
72
75.1%

VAS/NRS pain
3 months

NRS scores ≥4

Terradas-Monllor 
2024[57]
Spain
2018-2020
1 home rehabilitation 
service

Primary TKR or UKR, all 
18+
N=115
70.5 (10.7)
66.1%

VAS/NRS pain
3, 6 months

VAS 3+

Thomazeau 2016[58]
France
2013
1 hospital

Primary TKR, all
N=109
69.2 (9)
71.6%

VAS/NRS pain
6 months

NRS score ≥1/10 for the 
last 8 days
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*Abbreviations: PASS (Patient Acceptable Symptom State), MCID (Minimal Clinically
Important Difference)

Tian 2022[59]
China
2018-2019
1 hospital

Primary TKR or UKR, all 
<90
N=271
Not reported
80.8%

Author own 
question
24 months

Moderate or severe pain on 
movement

Utrillas-Compaired 
2014[60]
Spain
2009
1 hospital

Primary TKR, all
N=215
73 (6.35)
69.3%

KSS pain
12 months

KSS pain poor (less than 
60 points)

KSS may not be entirely 
patient reported

van der Wees 
2017[61]
The Netherlands
1993-2014
1 hospital

Primary TKR, all
N=704
65 (12)
64.5%

VAS/NRS pain
6, 12 months

30% or less improvement in 
VAS pain

High loss to follow up rate 
at 6 and 12 months

Vina 2020[62]
USA
2005-2015
4 hospitals

Primary TKR, all
N=315
67.3 (8.6)
60.9%

WOMAC pain
24 months

Less than MCID of 1.5

Vuorenmaa 2008[63]
Finland
Before 2007
2 surgeons

Primary TKR, all <80
N=51
70 (5)
80%

VAS/NRS pain
3 months

VAS >30/100

W-Dahl 2014[64]
Sweden
2008-2010
2 hospitals

Primary TKR, all
N=2736
69.3 (8.7)
58.5%

KOOS pain
12 months

Unchanged or worse pain

Waimann 2014[65]
USA
2004-2007
2 hospitals

Primary TKR, all
N=236
65.1 (8.9)
66.0%

WOMAC pain
6 months

Less than MCID of ≥20 in 
both the WOMAC pain and 
function scores (scaled to 
100)

Wylde 2013[66]
UK
2010-2011
1 hospital

Primary TKR, all
N=57
68
58%

WOMAC pain
12 months

WOMAC pain score of >75

Wylde 2019[67]
UK
2006-2009
1 hospital

Primary TKR, all eligible 
for Triathlon prosthesis
N=266
70 (9.9), range 41-90
64%

WOMAC pain
3, 12, 24 months

Worse or no change in 
WOMAC pain of 14 point 
(based on MCID)

High loss to follow up rate

Yan 2023[68]
China
2021-2023
1 hospital

Primary TKR, all 45+
N=470
63.4 (7.4)
69.9%

VAS/NRS pain
6 months

NRS score of ≥1 at rest 
and/or on movement

Concern over VAS ≥1 
being too inclusive
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S3.1 Mean age and range

Figure S3.1. Mean age and their standard deviations reported in the individual studies. Range of age was plotted 
as blue bars.

S3.2 Proportion of females

Figure S3.2. Proportion of females reported in the individual studies
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S3.3 Data collection timeframe

Figure S3.3. Data collection timeframe in the individual studies.

Page 56 of 75

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

Prevalence of chronic pain after total hip or knee replacement

S3.4 Proportions of lost to follow-ups and revisions

Figure S3.4. Favourable and unfavourable pain outcomes and reasons of missing data reported in 3, 6, 12, and 
24 months (represented in sub-plots A, B, C, and D, respectively) in TKR studies.
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S4. Traffic light plot of the risk of bias assessments in TKR 
studies
The corresponding domains in the figures are:

• D1: Was the study's target population a close representation of the national population in 
relation to relevant variables?

• D2: Was the sampling frame a true or close representation of the target population?
• D3: Was some form of random selection used to select the sample, OR was a census 

undertaken?
• D4: Was the likelihood of nonresponse bias minimal?
• D5: Were data collected directly from the subjects (as opposed to a proxy)?
• D6: Was an acceptable case definition used in the study?
• D7: Was the study instrument that measured the parameter of interest shown to have 

validity and reliability?
• D8: Was the same mode of data collection used for all subjects?
• D9: Was the length of the shortest prevalence period for the parameter of interest 

appropriate?
• D10: Were the numerator(s) and denominator(s) for the parameter of interest 

appropriate?

S4.1 TKR studies (3 months)
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S4.2 TKR studies (6 months)

Page 59 of 75

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

Prevalence of chronic pain after total hip or knee replacement

S4.3 TKR studies (12 months)
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S4.4 TKR studies (24 months)
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S5. Forest plots of univariate meta-analyses in TKR studies

S5.1 TKR studies (3 months)

S5.2 TKR studies (6 months)

Page 62 of 75

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

Prevalence of chronic pain after total hip or knee replacement

S5.3 TKR studies (12 months)

S5.4 TKR studies (24 months)
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S6. Table of multivariate and univariate meta-analysis results in 
TKR studies

Multivariate meta-analysis Univariate meta-analysis
Time Median (95% CrI) tau² (95% CrI) Median (95% CrI) tau² (95% CrI)

3 months 21.2 
(16.9 to 26.4)

0.49 
(0.28 to 0.91)

21.9 
(15.6 to 29.4)

0.51 
(0.18 to 1.1)

6 months 14.6 
(11.9 to 17.8)

0.56 
(0.34 to 0.91)

14.1 
(10.9 to 17.9)

0.51 
(0.27 to 0.9)

12 months 12.6 
(10.3 to 15.5)

0.63 
(0.41 to 0.99)

12.6 
(9.9 to 15.9)

0.61 
(0.35 to 0.99)

24 months 14.2 
(10 to 20.1)

0.58 
(0.25 to 1.55)

14.6 
(9.5 to 22.4)

0.52 
(0.16 to 1.35)

Page 64 of 75

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

Prevalence of chronic pain after total hip or knee replacement

S7. Meta-regression analyses in TKR studies

S7.1 Mean age
Time No. studies slope intercept
3 months 15 0.133 -1.272
6 months 28 0.082 -1.851
12 months 34 -0.029 -1.942
24 months 9 -0.073 -1.886

S7.2 Proportion of females
Time No. studies slope intercept
3 months 15 0.009 -1.273
6 months 28 -0.040 -1.697
12 months 36 -0.006 -1.939
24 months 10 0.045 -1.798

S7.3 Sample sizes
Time No. studies slope intercept
3 months 15 -0.001 -1.269
6 months 28 0.000 -1.785
12 months 36 0.000 -1.936
24 months 10 0.000 -1.750
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S8. Subgroup analyses in TKR studies
• Geographic region (categorical; North America, Asia, Europe, and Australia)

• Data source (categorical; surgeons, single hospital, multi-centre, and national registry

• Pain outcomes instruments (categorical; multidimensional, e.g. WOMAC pain, simple, 
e.g. VAS/NRS and EQ-5D 5L, and not validated, e.g. author’s own questionnaires)

• Cut-off definitions (categorical; based on MCID, based on PASS, based on pain intensity, 
e.g. specific post-operative VAS values, based on functional impact, e.g. night pain, pain 
on movement, or limiting daily life, based on symptom improvement, e.g. no change or 
increase in pain from pre-operative)

S8.1 Geographical regions
Subgroup No. Studies Median (95% CrI) tau² (95% CrI)

3 Months
Asia 4 24.26 (11.85 to 42.3) 0.32 (0 to 2.34)
Europe 9 22.17 (12.42 to 35.18) 0.77 (0.19 to 2.17)
North America 2 16.63 (0.92 to 81.83) 0.21 (0 to 31.7)

6 Months
Asia 5 9.91 (4.04 to 21.69) 0.64 (0.06 to 3.19)
Australia 2 15.53 (1.23 to 73.87) 0.19 (0 to 23.85)
Europe 12 17.99 (10.88 to 27.3) 0.77 (0.27 to 1.85)
North America 9 11.87 (8.87 to 15.58) 0.13 (0 to 0.45)

12 Months
Asia 3 5.81 (2.2 to 12.88) 0.12 (0 to 2.76)
Australia 2 21.45 (0.1 to 98.64) 0.73 (0 to 97.26)
Europe 25 13.54 (9.91 to 18.16) 0.72 (0.37 to 1.29)
North America 6 11.15 (8.31 to 14.9) 0.09 (0.01 to 0.4)

24 Months
Asia 1 31.36 (28.02 to 34.79) NA
Australia 1 28.29 (24.49 to 32.56) NA
Europe 4 14.29 (5.86 to 32.4) 0.47 (0.03 to 3.51)
North America 4 9.56 (5.19 to 17.04) 0.2 (0 to 1.45)

S8.2 Setting
Subgroup No. Studies Median (95% CrI) tau² (95% CrI)

3 Months
Other 1 26.44 (19.1 to 34.38) NA
Single hospital 8 25.41 (15.64 to 38.72) 0.55 (0.13 to 1.73)
Surgeon 6 16.89 (8.43 to 29.76) 0.55 (0.07 to 2.2)

6 Months
Multicentre 6 13.84 (7.93 to 22.5) 0.35 (0.04 to 1.41)
Other 2 18.34 (7.93 to 37.29) 0.02 (0 to 2.68)
Registry 1 8.22 (8.14 to 8.29) NA
Single hospital 16 15.03 (9.79 to 21.64) 0.73 (0.3 to 1.55)
Surgeon 3 10.82 (3.35 to 30.39) 0.26 (0 to 5.13)

12 Months
Multicentre 12 11.29 (7.37 to 16.83) 0.56 (0.19 to 1.31)
Registry 1 16.80 (16.07 to 17.57) NA
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Single hospital 20 13.96 (9.77 to 19.93) 0.77 (0.34 to 1.47)
Surgeon 3 8.93 (4.2 to 16.32) 0.05 (0 to 1.6)

24 Months
Multicentre 1 11.50 (8.14 to 15.03) NA
Single hospital 9 14.98 (9.11 to 23.7) 0.57 (0.16 to 1.54)

S8.3 Pain outcome instruments
Subgroup No. Studies Median (95% CrI) tau² (95% CrI)

3 Months
Multidimensional 5 26.76 (12.16 to 49.19) 0.7 (0.09 to 3.37)
Not validated 1 12.98 (9.3 to 17.9) NA
Simple 9 20.6 (13.08 to 31.41) 0.5 (0.11 to 1.47)

6 Months
Multidimensional 9 13.68 (8.49 to 22.5) 0.56 (0.14 to 1.57)
Not validated 2 7.65 (0 to 99.79) 1.72 (0 to 219.88)
Simple 17 15.15 (10.99 to 20.57) 0.49 (0.2 to 1.03)

12 Months
Multidimensional 21 12.67 (8.95 to 17.66) 0.72 (0.33 to 1.34)
Not validated 2 6.51 (0 to 98.5) 1.52 (0 to 166.77)
Simple 13 13.91 (9.63 to 19.73) 0.44 (0.14 to 1.02)

24 Months
Multidimensional 6 12.39 (6.86 to 20.55) 0.41 (0.07 to 1.58)
Not validated 2 15.65 (0 to 99.99) 3.63 (0.07 to 399.6)
Simple 2 23.53 (8.04 to 48) 0.02 (0 to 4.48)

S8.4 Cut-off definitions
Subgroup No. Studies Median (95% CrI) tau² (95% CrI)

3 Months
Based on functional impact 1 40.1 (33.1 to 47.6) NA
Based on MCID 2 17.91 (4.01 to 63.34) NA
Based on pain intensity 10 21.61 (13.37 to 33.15) 0.66 (0.18 to 1.74)
Based on symptom improvement 2 18.26 (0.26 to 95.83) NA

6 Months
Based on functional impact 1 15.9 (9.1 to 26.5) NA
Based on MCID 3 14.38 (1.88 to 56.47) 1 (0.05 to 13.77)
Based on pain intensity 21 15.26 (11.63 to 19.96) 0.48 (0.23 to 0.92)
Based on symptom improvement 3 6.75 (1.68 to 26.53) 0.44 (0 to 7.44)

12 Months
Based on functional impact 1 6.4 (3.6 to 11.2) NA
Based on MCID 5 15.77 (5.83 to 36.93) 0.92 (0.13 to 4.38)
Based on pain intensity 19 14.34 (10.16 to 19.75) 0.61 (0.26 to 1.19)
Based on PASS 2 13.7 (1.08 to 66.8) NA
Based on symptom improvement 9 8.86 (5.08 to 15.27) 0.63 (0.15 to 1.81)

24 Months
Based on functional impact 1 31.6 (28.3 to 35.1) NA
Based on MCID 3 10.88 (4.18 to 25.04) 0.22 (0 to 3.32)
Based on pain intensity 4 18.24 (6.02 to 43.02) 0.75 (0.08 to 5.12)
Based on symptom improvement 2 9.15 (2.73 to 24.14) NA
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S9. Doi plots and the LFK indexes in TKR studies

S9.1 TKR studies (3 months)

S9.2 TKR studies (6 months)
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S9.3 TKR studies (12 months)

S9.4 TKR studies (24 months)
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S10. Sensitivity analyses
In the sensitivity analysis, we excluded the following studies based on their unique clinical 
characteristics:

• Tang 2023 (impact on 3 months results only)
• Leppanen 2021 (impact on 24 months results only)
• Fast track studies (impact on 3 and 12 months results only)
• Mekkawy 2023 and Yan 2023 (impact on 6 months results only)
• Studies on TKR or UKR operations
• Studies with more than 20% lost to follow-up
• High risk of bias studies

Name No. studies Median (95% CrI) tau² (95% CrI)
3 Months

Excluding Tang 2023 14 22.12 (15.4 to 30.2) 0.55 (0.19 to 1.21)
Excluding Fast track studies 14 22.56 (15.96 to 30.84) 0.53 (0.17 to 1.18)
Excluding TKR or UKR 
studies 12 23.68 (16.36 to 33.17) 0.53 (0.17 to 1.29)

Excluding studies with > 
20% loss to follow-up 11 26.13 (18.08 to 36.46) 0.49 (0.14 to 1.25)

Excluding studies with 
overall high risk of bias 12 25.01 (17.87 to 34.74) 0.48 (0.16 to 1.17)

6 Months
Excluding Mekkawy 2023 
and Yan 2023 26 13.97 (10.74 to 18.13) 0.54 (0.27 to 0.95)

Excluding TKR or UKR 
studies 26 14.24 (10.88 to 18.46) 0.54 (0.27 to 0.95)

Excluding studies with > 
20% loss to follow-up 19 16.78 (12.37 to 22.52) 0.52 (0.22 to 1.03)

Excluding studies with 
overall high risk of bias 19 15.63 (11.25 to 21.19) 0.58 (0.24 to 1.12)

12 Months
Excluding Fast track studies 34 12.15 (9.5 to 15.15) 0.55 (0.3 to 0.91)
Excluding TKR or UKR 
studies 35 12.72 (9.85 to 16) 0.63 (0.35 to 1.01)

Excluding studies with > 
20% loss to follow-up 19 15.3 (11.09 to 21.01) 0.58 (0.23 to 1.16)

Excluding studies with 
overall high risk of bias 20 14.37 (10.14 to 19.49) 0.65 (0.28 to 1.23)

24 Months
Excluding Leppanen 2021 9 13.78 (8.33 to 21.28) 0.52 (0.15 to 1.45)
Excluding TKR or UKR 
studies 9 13.18 (8.59 to 20.26) 0.42 (0.11 to 1.18)

Excluding studies with > 
20% loss to follow-up 6 18.74 (9.79 to 33.5) 0.59 (0.11 to 2.29)

Excluding studies with 
overall high risk of bias 7 15.28 (8.68 to 26.24) 0.53 (0.12 to 1.78)

*Abbreviation: TKR: Total Knee Replacement; UKR: Unicompartmental Knee Replacement

Page 71 of 75

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
21 M

ay 2025. 
10.1136/b

m
jo

p
en

-2024-088975 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

Prevalence of chronic pain after total hip or knee replacement

S11. Characteristics of THR studies
Study
Country
Recruitment dates
Setting

Operation
Number of patients
Age (SD), range
% women

Pain measure Definition of 
unfavourable pain 
outcome
High risk of bias concern

Cleveland Clinic OME 
Arthroplasty Group 
2020[1]
USA 
2015-2018 
6 hospitals 

Primary THR, all 
N=3449 
Median 65 (IQR 57-72) 
57.4% 

HOOS pain 
12 months 

Less than MCID (15 points)
 

Erlenwein 2017[2]
Germany 
2012 
1 hospital 

Primary THR, all 18+ 
N=125 
63 (12.6) 
58% 
 

NRS pain 
6 months 

Maximum NRS >3 during 
previous 4 weeks 

Jones 2000[3]
Canada 
1995-1997 
1 health region 

Primary THR, all 40+ 
N=242 
68.2 (11.1) 
60% 

WOMAC pain 
6 months 

Moderate/ severe pain 
defined as a gain of <10 
points on the WOMAC pain 
dimension 

Mezey 2023[4]
Hungary 
2019-2020 
2 hospitals 

Primary THR, all 
N=88 
68.7 (THR and TKR 
patients) 
69.2% 

WOMAC pain 
12 months 

Not exceeding MCID (8.3)

High loss to follow up rate 
 

Nikolajsen 2006[5]
Denmark 
2003 
National registry 

Primary THR, 18-90 
years 
N=1231 
71.6 (8.7) 
Not reported 

Authors’ own 
scale of presence 
of hip pain and 
impact on daily 
life 
12-18 months 

Pain with moderate, severe 
or very severe impact on 
daily life 
 

Page 2016[6]
Canada 
2009-2012 
1 hospital 

Primary THR, all 18-75 
N=150 
60 (9.2) 
48% 

Authors’ own 
scale 
6 months 

Chronic pain if pain rated 
as “discomforting”, 
“distressing”, “horrible,” or 
“excruciating” 

Concern as RCT analysed 
as cohort study 

Palazzo 2014[7]
France 
2009 
3 hospitals 

Primary THR, all 
N=129 
63.5 (13.5) 
49.6% 

Author’s own 
residual pain 
scale 
12 months 

“To what extent have you 
obtained a relief or 
improvement as a result of 
THA in the following 
areas?” (from 0: not at all; 
to 4: completely) 

Quintana 2006[8]
Spain 
1999-2000 
7 hospitals 

Primary THR 
N=784 
69.1 
48.3% 

WOMAC pain 
6 months 

No improvement in pain 
greater than MCID (24.55 
of 100) using an anchor-
based method.

Concern for high loss to 
follow up rate 

Ray 2020[9]
Sweden 
2008-2015 
National registry 

THR 
N= 127,660 
68 (10) 
56% 

EQ-5D VAS 
pain/discomfort 
12 months 

Worse or no change in 
pain/discomfort 
Concern for high loss to 
follow up rate 
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Singh and Lewallen 
2010[10]
USA 
1993-2005 

Primary THR 
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in your operated 
hip? None, mild, 
moderate or 
severe 
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NRS pain 
3 months 
 

NRS scores ≥4 
Note, n and losses to follow 
up estimated as proportions 
because n hips and knees 
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S11.1 Proportions of lost to follow-ups and revisions 

Figure S12.1. Favourable and unfavourable pain outcomes and reasons of missing data in THR studies.
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S12. Traffic light plot of the risk of bias assessments in THR 
studies
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