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Abstract

Main objective

Systematically review and synthesize preoperative and intraoperative factors associated
with pain after total knee arthroplasty (TKA) in patients with osteoarthritis.

Methods

Based on a peer-reviewed protocol, we searched Medline, Embase, CINAHL, Cochrane
Library, and PEDro for prospective observational studies (January 2000 to February 2023)
investigating factors associated with pain after TKA. The primary outcome was pain twelve
months after TKA. Pain at three and six months were secondary outcomes. Multivariate ran-
dom-effects meta-analyses were used to estimate mean correlation (95% Cls) between fac-
tors and pain. Sensitivity analysis was performed for each risk of bias domain and certainty
of evidence was assessed.

Results

Of 13,640 studies, 29 reports of 10,360 patients and 61 factors were analysed. The mean
correlation between preoperative factors and more severe pain at twelve months was esti-
mated to be 0.36 (95% Cl, 0.24, 0.47; P < .000; moderate-certainty evidence) for more cata-
strophizing, 0.15 (95% CI; 0.08, 0.23; P <.001; moderate-certainty evidence) for more
symptomatic joints, 0.13 (95% ClI, 0.06, 0.19; P <.001; very low-certainty evidence) for
more preoperative pain. Mean correlation between more severe radiographic osteoarthritis
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and less pain was -0.15 (95% Cl; -0.23, -0.08; P < .001; low-certainty evidence). In sensitiv-
ity analysis, the estimated correlation coefficient for pain catastrophizing factor increased to
0.38 (95% CI1 0.04, 0.64). At six and three months, more severe preoperative pain was asso-
ciated with more pain. Better preoperative mental health was associated with less pain at six
months.

Conclusion and relevance

More pain catastrophizing, more symptomatic joints and more pain preoperatively were cor-
related with more pain, while more severe osteoarthritis was correlated with less pain one
year after TKA. More preoperative pain was correlated with more pain, and better mental
health with less pain at six and three months. These findings should be further tested in pre-
dictive models to gain knowledge which may improve TKA outcomes.

Introduction

Total knee arthroplasty (TKA) is one of the most common surgical procedures [1, 2], and is
considered as an effective procedure in relieving pain and restore physical function in patients
with end-stage osteoarthritis (OA). Although TKA surgery is effective for most, one in five
patients may experience chronic postsurgical pain [3, 4]. Chronic postsurgical pain is typically
defined as pain that develops after a surgical procedure and persists at least three months [5,
6]. Chronic postsurgical pain is associated with lower patient satisfaction and higher societal
and health care expenses due to resource-intensive revision surgery and long-term recovery
[4, 7-10].

A comprehensive understanding of factors associated with poor pain outcomes is impera-
tive for the development of a prediction model needed to identify patients at higher risk for
chronic postsurgical pain [11, 12]. Although numerous preoperative and intra-operative fac-
tors have been studied, synthesizing the available evidence has yielded contradictory findings,
perhaps related to certainty of evidence, merging data from short- and long-term outcomes, or
pooling estimates from prospective and retrospective study designs [13-21]. Some authors did
not perform meta-analysis due to heterogeneity in design and methods [14, 22-24]. Thus, we
aimed to build from previous reviews and synthesize current evidence between preoperative
and intraoperative factors associated with pain twelve months (primary outcome) and three
and six months (secondary outcomes) after TKA.

Methods

We performed our systematic review and meta-analysis according to an a priori peer-reviewed
protocol and a preprint [25, 26]. The study was registered in International Prospective Register
of Systematic Reviews (PROSPERO; CRD42018079069) [26]. We followed Cochrane Hand-
book guidelines [27], and reported the study using the Preferred Reporting Items for System-
atic Reviews and Meta-analysis (PRISMA) reporting guideline (S1 Checklist).

Search strategy and data sources

Two researchers (UO, MFL) and research librarians developed the search strategy with input
from the research team [25]. The research librarian performed a systematic search for publica-
tions in MEDLINE (Ovid), Embase (Ovid), Cumulative Index to Nursing and Allied Health
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Literature (CINAHL; EBSCO), Cochrane Library and Physiotherapy Evidence Database
between January 1, 2000, and February 6, 2023. No language restrictions were set. References
were imported to Endnote X8 Software version 20.2.1 (Clarivate Analytics).

Eligibility criteria

We included peer-reviewed published studies that reported estimates of association between
preoperative or intraoperative factors and pain at three, six and twelve months after TKA.
Studies were eligible if participants were 18 years or older, diagnosed with osteoarthritis, and
scheduled for primary TKA. Eligible study designs were prospective longitudinal observational
studies and randomized clinical trials that provided estimates of association. Conference
abstracts, retrospective studies, case-control studies, studies of uni-compartmental surgery and
studies that lacked clear pain outcome measures were not eligible. Studies that merged data
from mixed patient populations or did not report separate data for the osteoarthritis or TKA
population were excluded

Outcomes

The primary outcome was pain at twelve months following TKA. Secondary outcomes were
pain at three and six months.

Study selection and data extraction

We used a standardized data extraction form customized to the research question as explained
in the published protocol [25] which included study design, country, participant characteris-
tics, sample size, measures and outcomes, statistical analyses, and estimates of association.
Two reviewers (UO, MFL) independently screened titles and abstracts for relevance, assessed
full-text publications against eligibility criteria and assessed risk of bias. Disagreements were
resolved by consensus or by consulting a third author (ED).

Methodological quality

The Quality in Prognosis Studies (QUIPS) tool [28] was used to systematically evaluate risk of
bias in the retrieved studies according to the protocol [25]. The six QUIPS domains include
study participation, study attrition, prognostic factor measurement, outcome measurement,
confounding, and statistical analysis and reporting [27].

Certainty of evidence

We assessed certainty of evidence using the Grading of Recommendations, Assessment, Devel-
opment and Evaluation (GRADE) framework [29]. Two researchers (UO and MFL) judged
certainty of evidence, with a third researcher involved in discussing cases of disagreement
(ED). GRADEpro GDT (McMaster University) was used to manage and summarize the
evidence.

Statistical analysis

We synthesised results from all included studies at three, six, and twelve months post-surgery
according to our pre-specified protocol [25], with the exception that we used a multivariate
random-effects meta-analysis that accounts for the sparse data (many factors relative to the
number of studies), as in our recent review of factors for post-surgical function [30]. Further
protocol deviations are noted below, in the discussion and in the Methods in the Supplement.
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The included studies reported associations as odds ratios (ORs), risk ratios (RRs), linear
model coefficients (including differences), or correlations using discrete or continuous scales
to measure factors and outcomes. Correlation coefficients were meta-analyzed on the arctan-
gent scale [31], and estimates were back-transformed to the correlation scale for reporting.

We expected within-study correlation and between-study heterogeneity and therefore used
a multivariate random-effects model to estimate mean rather than common correlations
between factors and pain.

Heterogeneity was quantified by using I” statistics. P scores were calculated to evaluate the
certainty that the mean correlation for each factor is larger in magnitude than the mean corre-
lations for all other factors [32]. We also explored how estimates may depend on the choice of
model: we removed factors supported by few studies (to decrease the impact of sparsity) and
compared estimates from the two multivariate models and univariate meta-analyses for consis-
tency. We then performed sensitivity analyses on pain at twelve months, and excluded studies
judged to have high risk of bias for each QUIPS domain and re-ran the multivariate meta-anal-
ysis (54 Appendix).

Statistical analyses were performed using Stata 16 (StataCorp LLC, College Station, Texas,
USA). Mean correlations with 95% confidence intervals (CIs) are reported. Hypothesis testing
was not predefined, but 2-sided P values are reported for completeness.

Results

The search yielded 13,640 studies. After title and abstract screening, 406 studies were assessed
in full text and 374 were ineligible, leaving 29 studies [33-61] with a total sample of 10,360
patients (Fig 1). Sample sizes ranged from 26 [43] to 5309 [50]. We excluded eight studies
from analysis because attempts to obtain missing data from authors were unsuccessful or
insufficient [62—-69]. The search strategy, subject headings and keywords customized for all
databases is presented in S8 Appendix and reasons for study exclusion are in S9 Appendix.

In all, 61 preoperative and intraoperative factors were identified in the 29 studies [33-61].
All studies used prospective longitudinal observational designs, and most were single-center
studies [33, 36-45, 48-51, 54, 55, 58-61] and conducted in European countries [33, 37, 39-438,
52,57, 61]. No randomized trial met inclusion criteria. Mean age ranged from 63 [40] to 73
years [48], and the percentages of women in the samples varied from 49% [58] to 95% [40]. As
shown in the Table 1, most studies used the Western Ontario and McMaster Universities
Arthritis Index (WOMAC) to measure pain [34, 35, 37, 38, 47, 49, 51, 52, 58, 61].

We present separate estimates of mean correlations between preoperative and intraopera-
tive factors and the three-, six- and twelve- month pain outcomes in multivariate meta-analysis
(Figs 2-4). Multivariate meta-analytical estimates of correlation at each postoperative follow-
up time are shown in Fig 2 and S1 Appendix. Descriptions of potential inconsistencies at
three, six and twelve months are in S2 Appendix, and univariate meta-analyses for associations
between individual factors and the outcomes are in S4 Appendix. Results from sensitivity anal-
ysis are presented in S1 Appendix. We provide a full glossary of labels for included factors in
the Table in S5 Appendix. We report all estimates between preoperative and intraoperative fac-
tors and pain during the year (three, six and twelve months) after TKA as mean correlations,
with positive correlations indicating more postoperative pain.

A total of 15 studies with 3,241 participants [33-46, 48] reported estimates for 34 factors
correlated with pain twelve months after TKA (Fig 2). The two most common factors were
preoperative pain [34, 36-42, 46] reported in nine studies and mental health (including anxi-
ety, depression, psychological distress) reported in six studies [35-39, 45]. Most of these stud-
ies were judged as having high risk of bias on one or more domain (S6 Appendix).
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22,598 Records identified through database searching

A 4

8,958 Duplicates removed

\ 4

13,640 Records screened

.| 13,234 Records excluded based on evaluation of
title and abstract

Y 377 Full-text articles excluded
406 Full-text articles assessed R 90 No regression performed
for eligibility B 79 Conference abstract, duplicate, commentary
57 Inadequate study design or aim

17 Prognostic factor or outcome not evaluated
96 TKA/OA/pooled results/total score

20 Insufficient follow-up time

18 Insufficient data or age <18 years

v

29 Studies included for qualitative synthesis [33-61]

25 Studies included for quantitative synthesis multivariate meta-analysis [34-42, 44-53,55-58, 60,61 ]

TKA indicates total knee arthroplasty, OA, osteoarthritis.
Fig 1. Flow chart of included studies.
https://doi.org/10.1371/journal.pone.0283446.9001

Mean correlation between preoperative pain catastrophizing and pain twelve months after
TKA was estimated to be 0.36 (95% CI, 0.24 to 0.47; P < .001; P score = 80.2%; three studies
[34, 38, 48]; moderate-certainty evidence and substantial heterogeneity among reported esti-
mates of association [I* = 72.4%], while mean correlation for more temporal summation was
estimated as 0.21 (95% CI, 0.05 to 0.36; P < .000; P score = 61.1%; two studies [42, 44]; very
low-certainty evidence and heterogeneity among reported estimates of association might not
be important [I* = 0%]), more symptomatic joints was estimated to be 0.15 (95% CI, 0.08 to
0.23; P < .001; P score = 51.3%; two studies [34, 37]; moderate-certainty evidence and hetero-
geneity among reported estimates of association might not be important [I* = 0%]), and more
preoperative pain was estimated to be 0.13 (95% CI, 0.06 to 0.19; P < .001; P score = 44.6%;
nine studies [34, 36-42, 46]; very low-certainty evidence and considerable heterogeneity
among reported estimates of association [I* = 97.0%)).

In contrast, mean correlation for more severe osteoarthritis and pain at twelve months was
negative. The estimated correlation was -0.15 (95% CI, -0.23 to -0.08; P < .001; P
score = 51.6%; three studies [36, 44, 46]; low-certainty evidence and heterogeneity among
reported estimates of association might not be important 1% = 0%)),

Results from the prespecified sensitivity analysis (S4 Appendix), estimated a mean correla-
tion of 0.38 (95% CI, 0.04 to 0.64) between pain catastrophizing and more pain, compared to
0.28 (95% CI, 0.11 to 0.43) when including all studies. The mean correlation estimate was 0.15
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Table 1. Characteristics of reviewed studies.

Study, Country Design |Patients |Data Follow- |Baseline Patients, No./Total No | Analysis Factors measured Outcome
country analyzed, |collection |up,mo |Age,y (%) Female Male measure
No.
Cremeans- | United PC 101 NA 3 Mean, 69 75/110 35/110 Hierarchical | Education (level), pain | WOMAC
Smith et al, | States (68) (32) linear (WOMAC), Cortisol
2016 [49] regression (level), anaesthesia type
(general vs spinal)
Lindner Germany PC 61 NA 3 Mean, 67 37/61 (61) | 24/61 (39) | Stepwise Pain (WOMAC) WOMAC
etal, 2018 multiple
[61] linear
regression
Lingard UK, US, PC 676 1997- 3 Distress: 574/676 102/676 Repeated Psychological distress | WOMAC
etal, 2007 | Canada, 1999 median, 70 | (85) (15) measures (SF-36)
[35] Australia Non-
distress:
median, 71
Luo PC PC 471 2017- 3 Mean, 64 357/471 114/471 Pearson Sleep dysfunction KSS
et al,2019 2018 (76) (24) correlation (PSQI), daytime
(59] sleepiness (ESS), sleep
quality (self-developed
scale)
Perruccio Canada PC 477 2014- 3 Mean, 65 2791477 198/477 Linear Age (y), sex (men/ KOOS
et al,2019 2016 (58) (42) regression women), BMI,
[60] comorbidity (AAOs
comorbidity Scale),
symptomatic joint
count, pain (KOOS),
low back pain (yes/no),
depression (HADS)
Attal etal, | France PC 81 2008- 6 Mean, 69 58/89 (65) | 31/89 (35) | Stepwise Trail Making Time Brief Pain
2012% [33] 2011 logistic (TMT-B time) Inventory
regression (BPI)
Bossman Germany PC 47 NA 6 Mean, 69 37/56 (66) | 19/56 (34) | Analysis of Age (y), sex (men/ WOMAC
etal, 2017 variance women), BMI, pain
[52] (bootstrap) (WOMACQ),
conditioned pain
modulation (pressure
pain algometry), heart
rate variability
(SDNN), temporal
summation (pin-prick
stimulator), pain
catastrophizing (PCS),
Sympathetic/
parasympathetic
activity (LogLF)
Bruehl et al, | US PC 91 NR 6 Mean, 67 57 (63) 34 (37) Generalized | Ischemia duration MPQ-2
2023 [54] linear density | (blood sample),
ratio model oxidative stress (blood
sample)
Bugada Italy PC 563 2012- 6 Median, 72 | 421/606 185/606 Logistic Age (y), NRS
etal, 2017 2015 (69) (31) regression
(57]
Chenetal, | China PC 220 2019- 6 Pain >4: 102/220 118/220 Logistic Age (y), serum VAS
2021 [55] 2020 median, 70 | (46) (54) regression angiotensin II Type 2
Pain <4: receptor (AT,R),
median,71 temporal summation
(PD-Q), Anxiety and
depression (HADS),
disability (WOMAC).
pain expectation
(NRS), pain sites
(count)
(Continued)
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Table 1. (Continued)

Study,
country

Country

Design

Patients
analyzed,
No.

Data
collection

Follow-
up, mo

Baseline
Age,y

Patients, No./Total No

(%) Female Male

Analysis

Factors measured

Outcome
measure

Edwards
et al, 2022
[56]

us

PC

248

NA

Mean, 65

147 (59.5)

101 (40.5)

Backwards
selection
regression

Pain (BPI), State
catastrophizing (PCS),
catastrophizing (PCS),
opioid use, sleep
efficiency (PSQI), other
chronic pain sites
(count), painful areas
(count), anxiety
(PROMIS),
agreeableness (NEO
Inventory)

BPI

Engeletal, | US

2014 [58]

Case-
control

54

NA

Mean, 68

36/74 (49)

38/74 (51)

Multiple
hierarchical
regression

Arthritis helplessness
(AHI), coping efficacy
(scale)

WOMAC

Escobar
et al, 2007
[47]

Spain

PC

640

1999-
2000

Mean, 72

473/640
(74)

167/640
(26)

General
linear model

Age (y), sex (men/
women), social support
(yes/no), comorbidity
(CCI), pain
(WOMAC), low back
pain (yes/no), mental
health (SF-36)

WOMAC

Fitz- Canada
simmons
etal, 2018

(53]

PC

74

2014

Mean, 65

67/99 (68)

32/99 (32)

Multiple
linear
regression

Suspected neuropathic
pain (SNEP),
Preoperative pain
(ICOAP), Pain
catastrophizing (PCS),
depression (PHQ,
comorbidity (count)

ICOAP

Pua et al,
2019 [50]

Singapore

PC

4026

2013-
2017

Mean, 68

3003/4026
(75)

1023/4026
(25)

Proportion-al
odds
regression

Age (y), Sex (Men/
women), BMI,
education (primary,
secondary, tertiary),
ethnicity (Chinese,
Indian, Malay, other),
social support (yes/no),
comorbidities (yes/no),
contralateral knee pain
(KSS), pain (OKQ),
Knee extension and
flexion (goniometer),
physical function
(categories), depression
(SE-36)

OKQ

Yangetal, | US

2019 [51]

PC

107

2010-
2011

Mean, 65

55/107
(1)

52/107
(49)

Multiple
logistic
regression

Mental health (SF-36),
Pain catastrophizing
(PCS), use device (yes/
no)

WOMAC

Attal etal, | France

2012a [33]

PC

69

2008-
2011

12

Mean, 69

58/89 (65)

31/89 (35)

Stepwise
logistic
regression

Recall (ROCF)

BPI

United
States

Dave et al,
2017 [34]

241

2012-
2014

12

Mean, 67

146/241
(61)

95/241
(39)

Poisson
regression

Painful body regions
(count), pain
(WOMAC), pain
catastrophizing (PCS)

WOMAC

(Continued)
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Table 1. (Continued)

Study, Country Design |Patients |Data Follow- |Baseline Patients, No./Total No | Analysis Factors measured Outcome
country analyzed, |collection |up,mo |Age,y (%) Female Male measure
No.
Dowsey Australia PC 473 2006— 12 Mean, 71 331/473 142/473 Multivariate | Age (y), sex (men/ IKSS
etal, 2012 2007 (70) (30) linear women), BMI,
[36] regression comorbidity (CCI),
pain (IKSS), physical
function (IKSS), mental
health (SF-12),
Osteoarthritis severity
(K-L grade), cruciate
retaining, patella
resurface
Getachew | Norway PC 185 2012- 12 Mean, 68 137/202 65/202 Multiple Age (y), Sex (men/ BPI
et al, 2020 2014 (68) (32) logistic women), Pain (NRS),
[39] regression fatigue (LFS)
Sleep quality (PSQI),
depression (HAD)
Giordiano | Denmark PC 136 NR 12 High pain | 82/136 54/136 Linear Pain (VAS), circulating | VAS
et al, 2020 relief: mean, | (60) (40) regression micromiRna-146a-5p
[41] 69 (venous blood)
Low pain
relief: mean,
68
Hardy etal, | France PC 103 2014- 12 Mean, 73 67/36 65/35 Logistic Catastrophizing (PCS) | VAS
2022 [48] 2015 regression
Kornilov Russia PC 79 2014 12 Mean, 63 75179 (95) | 4/79 (5) Logistic Pain (BPI), BPI
etal, 2018 regression physical activity
[40] (HUNT 2 physical
activity score)
Lingard UK, US, PC 676 1997- 12 Distress: 574/676 102/676 Repeated Psychological distress | WOMAC
etal,2007a | Canada, 1999 median, 70 | (85) (15) measures (SF-36)
[35] Australia Non-
distress:
median, 71
Petersen Denmark PC 78 NA 12 Low pain: 50/78 (59) | 28/78 (41) | Multi-variate | Pain (VAS), VAS
etal, 2015 mean, 68 logistic temporal summation
[42] High pain regression (von Frey stimulator)
group:
mean, 72
Petersen Denmark PC 130 NA 12 Chronic Chronic Chronic Linear Temporal summation | VAS
etal, 2017 pain: mean, | pain: 14/ | pain: regression (von Frey stimulator),
[44] 69 Normal | 19 (74) 5/19 (26) K-L grade, warm
recovery: Normal Normal detection-/heat pain
mean, 68 recovery: | recovery: threshold
59/105 46/105
(56) (44)
Petersen Denmark PC 26 2011- 12 High pain: | 14/26 (54) | 12/26 (46) | Pearson Synovial membrane VAS
et al, 2020 2012 Mean, 64 correlation thickness (CE-MRI),
[43] Low pain: degree perfusion
mean, 70 (voxels*ME), volume
perfusion (IRE),
synovitis severity
Tilbury Netherlands | PC 146 2011- 12 Mean, 67 101/146 87/146 Multi-variate | BMI, mental health KOOS
etal, 2018 2012 (69) (31) linear (SE-36), outcome
[45] regression expectancies (HSS)

(Continued)
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Table 1. (Continued)

Study, Country Design |Patients |Data Follow- | Baseline Patients, No./Total No | Analysis Factors measured Outcome
country analyzed, |collection |up,mo |Age,y (%) Female Male measure
No.
Sullivan Canada PC 120 NA 12 67 (mean) 73/120 47/120 Multiple Age (y), sex (men/ WOMAC
etal, 2011 (61) (39) regression women), BMI,
[38] comorbidity (CCI),
pain (WOMAC), pain
catastrophizing (PCS),
depression (PHQ-9),
kinesophobia (TSK),
surgery duration
(minutes)
Van de Netherlands | PC 559 2012- 12 Mean, 67 378/559 181/559 Multi-variate | Pain (KOOS), KOOS
Water et al, 2015 (68) (32) linear K-L grade
2019 [46] regression
Wylde et al, | United PC 220 NA 12 Median, 70 | 136/220 84/220 Ordinary Age (y), sex (men/ WOMAC
2012 [37] Kingdom (62) (38) least squares | women), comorbidity

regression (SCQ), pain
(WOMAC), depression
(HADS), anxiety
(HADS), pain-self
efficacy (PSEQ)

AAOS comorbidity Scale, American Academy of Orthopaedic Surgeons comorbidity scale; AHI, Arthritis Helplessness Index; AT,R, Angiotensin Type 2 receptor; BMI,
Body Mass Index; BPI, Brief Pain Inventory; CCI, Charlson Comorbidity Index; CE-MRI, contrast-enhanced magnetic resonance imaging; ESS, Epworth; Sleepiness
Scale; HADS, Hospital Anxiety and Depression Scale; HSS, Hospital for Special Surgery; HUNT 2, The Trondelag Health Study 2; ICOAP, Intermittent and Constant
Osteoarthritis Pain; IKSS, International Knee Society Score; IRE, Initial Rate of Enhancement; K-L Grade, Kellgren Lawrence Grade; KOOS, Knee Injury and
Osteoarthritis Outcome Score; KSS, Knee Society Rating System; LES, Lee Fatigue Scale; LogLF; Low-Frequency Power (log-transformed); ME, Maximum
Enhancement; MPQ-2, short Form-McGill Pain Questionnaire-2; NA, not applicable; Neo Inventory, NEO Personality Inventory; NRS, Numerical Rating Scale; PCS,
Pain catastrophizing Scale; PROMIS, Patient-Reported Outcomes Measurement Information System (PROMIS); OKQ, Oxford Knee Questionnaire; PC, prospective
cohort; PCS, Pain Catastrophizing Scale; PD-Q, Pain Detect Questionnaire; PHQ, Patient Health Questionnaire; PSEQ, Pain Self-Efficacy Scale; PSQI, Pittsburgh Sleep
Quality Index; ROCF, Rey Osterreich Complex Figure; SCQ, Self-Administered Comorbidity questionnaire; SDNN, standard deviation RR-intervals; SF-12, 12-Item
Short-Form Health Survey; SF-36, 36-Item, Short Form Health Survey; SNEP, Self-Leeds Assessment of Neuropathic Symptoms and Signs; TMT-B time, Trail Making
Time; TSK, Tampa Scale of Kinesophobia; TUG, Timed Up and Go; VAS, Visual Analogue Scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis
Index

* Study with 2 follow-up time

https://doi.org/10.1371/journal.pone.0283446.t001

(95% CI 0.06 to 0.24) for symptomatic joints compared to 0.15 (95% CI 0.07 to 0.23) when
including all studies. The mean correlation estimate was 0.16 (95% CI -0.00 to 0.25) for level of
pain compared to 0.13 (95% CI 0.06 to 0.19) when including all studies. Mean correlation esti-
mate was -0.15 (95% CI -0.24 to -0.06) for more severe osteoarthritis compared to -0.15 (95%
CI -0.23 to -0.08) when including all studies. The association for temporal summation identi-
fied in the multivariate meta-analysis was obscured in the sensitivity analysis as the statistical
analysis domain was judged high risk of bias.

There was 11 studies with 6,078 participants that included estimates for 34 potential factors
associated with pain six months after TKA (Fig 3) [33, 47, 50-58]. Mean correlation with pre-
operative pain was 0.20 (95% CI 0.12 to 0.28; P < .000; P score = 66.1%; five studies [47, 50, 52,
53, 56]; low-certainty evidence and heterogeneity among reported estimates of association
may not be important [I? = 37.6%]). Mean correlation with better mental health was -0.13
(95% CI -0.24 to -0.02; P = 0.01; P score = 49.1%j; six studies [47, 50, 52, 53, 56]; moderate-cer-
tainty evidence and heterogeneity among reported estimates of association may not be impor-
tant [I* = 29.1%]).
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Correlation 95% ClI p-value Studies P-score /2
TFatigue —— 0.40 0.06 to 0.66 0.02 1 80.4%
T Catastrophizing B 0.36 0.24 to 0.47 0.00 3 80.2% 72.4%
TROCF Recall —— 0.34 0.06 to 0.57 0.01 1 75.7%
tTemporal Summation —.— 0.21 0.05 to 0.36 0.00 2 61.1% 0.0%
TmiRNA-146a-5p - 0.16 -0.04 to 035 0.15 1 49.8%
THeat Pain Threshold - 0.16 -0.05 to 0.35 0.17 1 49.3%
T Symptomatic Joints | 0.15 0.08 to 0.23 0.00 2 51.3% 0.0%
Worse Sleep Quality —— 013  -0.32 to 054 0.78 1 46.2%
T Preoperative Pain [ | 0.13 0.06 to 0.19 0.00 9 44.6% 97.0%
TBMI 0.09 -0.01 to 0.18 0.07 3 33.6% 72.9%
TWarm Detection Threshold 0.08 -0.13 to 0.29 0.65 1 36.4%
TComorbidity 0.03 -0.06 to 0.12 0.67 3 23.8% 0.0%
tKinesophobia 0.00 -0.23 to 0.23 1.00 1 20.0%
TSurgery Duration -0.00 -0.23 to 0.23 1.00 1 20.0%
Male Gender -0.01 -0.10 to 0.08 0.97 4 29.9% 0.0%
tPreoperative Function -0.02 -0.22 to 0.19 0.98 2 40.5% 90.1%
tPain Self-Efficacy -0.03 -0.20 to 0.14 0.91 1 32.7%
tAge -0.03 -0.12 to 0.05 0.61 4 23.1% 0.0%
Patella Resurfaced -0.05 -0.16 to 0.07 0.60 1 27.4%
TMental Health -0.09 -0.17 to 0.00 0.07 6 33.4% 69.0%
Cruciate Retaining s 3 -0.14 -0.25 to -0.03 0.01 1 47.2%
tOutcome Expected — - -0.14 -0.36 to 0.09 0.30 1 46.0%
TK-L Grade [ | -0.15 -0.23 to -0.08 0.00 3 51.6% 0.0%
1 Synovitis Severity —— -0.38  -0.67 to -0.00 0.05 1 77.3%
1Synovial Membrane Thickness —— -0.46 -0.70 to -0.11 0.01 1 85.5%
TSynovial Perfusion (Volume) —— -0.51 -0.72 to -0.21 0.00 1 90.7%
tSynovial Perfusion (Degree) —— -0.53 -0.73 to -0.24 0.00 1 92.0%
Associated with | Associated with
less pain | more pain

I T T 1
-0.76 -0.46 0.00 0.46 0.76
Fig 2. Forest plot of factors associated with pain at twelve months.

https://doi.org/10.1371/journal.pone.0283446.9002

For the other secondary outcome, pain three months after TKA, five studies with 1786
patients provided pain outcome data at three months after TKA for 14 potential factors (Fig 4)
[35, 49, 59-61]; Mean correlation with preoperative pain was 0.27 (95% CI 0.13 to 0.39; p <
.001; P score = 81.0%; three studies [49, 60, 61]; low-certainty evidence and heterogeneity
among reported estimates of association may not be important [I* = 0%]).

Meta-analytical estimates for the other factors do not exclude the possibility of no correla-
tion with pain at three, six, and twelve months. It is plausible that these factors are uncorrelated
with pain, but also possible that important correlations exist but cannot be estimated with
much precision.
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Correlation 95% Cl p-value Studies P-score /2
TOxidative Stress —— 0.33 0.12 to 052 0.00 1 84.5%
T Trail Making Time —— 0.32 0.06 to 054 0.01 1 81.4%
1 Arthritis Helplessness —— 0.27 -0.02 to 0.52 0.08 1 71.8%
TWalking Aid Use —8— o025 -0.15 to 0.58 0.29 1 64.0%
TAT2R Level —- 0.23 0.07 to 0.38 0.00 1 70.4%
TPreoperative Pain 1t 0.20 0.12 to 0.28 0.00 5 66.1% 37.6%
Other Chronic Pain —l- 0.16 0.00 to 0.31 0.03 1 55.2%
Opioid Use —l- 0.15 -0.01 to 0.30 0.05 1 52.6%
TLow Back Pain 1+ 0.14 0.03 to 0.24 0.01 1 49.7%
T Temporal Summation - 0.13 -0.03 to 0.28 0.11 2 46.8% 0.0%
T Catastrophizing - 0.09 -0.03 to 0.21 0.16 4 36.5% 0.0%
tHeart Rate Variability 0.08 -0.29 to 0.43 0.87 1 44.3%
T Comorbidity 0.08 0.00 to 0.16 0.04 3 34.4% 25.0%
T Symptomatic Joints 0.08 -0.04 to 0.20 0.22 2 34.4% 74.2%
TKnee Flexion 0.08 0.01 to 0.15 0.03 1 33.3%
TEducation 0.07 -0.15 to 0.28 0.75 1 37.4%
T Preoperative Function 0.06 -0.16 to 0.27 0.81 1 37.0%
tContralateral Knee Pain 0.04 -0.04 to 0.12 0.29 1 23.2%
TPain Expected 0.04 -0.14 to 0.21 0.86 1 32.9%
tKnee Extension 0.00 -0.07 to 0.07 1.00 1 12.6%
TBMI -0.01 -0.08 to 0.06 0.92 2 19.7% 0.0%
Male Gender -0.02 -0.09 to 0.06 0.81 3 19.3% 74.2%
TAge -0.03 -0.09 to 0.04 0.55 5 20.7% 52.3%
tSocial Support -0.08 -0.15 to -0.00 0.05 2 33.3% 0.0%
T Disability —- -0.10 -0.27 to 0.07 0.32 1 40.3%
TMental Health = B -0.13 -0.24 to -0.02 0.01 6 49.1% 29.1%
1Sleep Effiency —- -0.15 -0.30 to 0.01 0.05 1 52.3%
TIschemia Duration — -0.16  -040 to 0.09 0.29 1 52.4%
TAgreeableness —- -0.18  -0.34 to -0.00 0.04 1 57.8%
Suspected Neuropathic Pain —— -0.19  -044 to 0.09 0.24 1 57.1%
1 Sym/Parasym Activity —il— 028 -056 to 0.07 0.13 1 70.5%
Chinese Ethnicity —M— -0.35 -0.51 to -0.16 0.00 1 86.9%
TPain Self-Efficacy —— -0.35 -0.57 to -0.08 0.01 1 84.8%
TPain Modulation —— -0.38 -0.62 to -0.08 0.01 1 86.9%

Associated with | Associated with
less pain | more pain

I T T
-0.76  -0.46 0.00 0.46
Fig 3. Forest plot of factors associated with pain at six months.

https://doi.org/10.1371/journal.pone.0283446.9003
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Correlation 95% CI p-value Studies P-score /2
T Preoperative Pain —— 0.27 0.13 to 0.39 0.00 3 81.0% 0.0%
TLow Back Pain 0.09 -0.07 to 0.24 0.42 1 47.5%
1Sleep Dysfunction 0.05 -0.11 to 0.20 0.76 1 42.1%
T Symptomatic Joints 0.04 -0.11 to 0.20 0.80 1 41.8%
T Comorbidity 0.02 -0.14 to 0.18 0.96 1 43.0%
TBMI -0.03  -0.18 to 0.13 092 1 41.8%
TDaytime Sleepliness -0.03 -0.18 to 0.13 0.92 1 41.6%
TEducation -003  -0.31 to 0.26 0.97 1 46.9%
Male Gender -0.05 -0.21 to 0.11 0.74 1 42.4%
Worse Sleep Quality -0.05 -0.21 to 0.10 0.71 1 42.8%
TAge —— -0.07 -0.22 to 0.09 0.60 1 44.3%
TMental Health —— 009  -0.37 to 020 0.74 2 49.8% 62.0%
Spinal Anesthesia el — -0.18 -0.42 to 0.08 0.24 1 63.3%
TCortisol —B— -0.23 -0.45 to 0.03 0.09 1 71.6%

Associated with | Associated with
less pain | more pain

046 0.00 0.46

Fig 4. Forest plot of factors associated with pain at three months.

https://doi.org/10.1371/journal.pone.0283446.9004

We compared meta-analytic estimates from three models and there was reasonable consis-
tency between the univariate and multivariate meta-analysis for all factors with respect to
direction of association (S2 Appendix).

Decisions regarding risk of bias for each QUIPS domain are shown in S4 Fig in S1 Appen-
dix. We judged the included studies to be generally low risk of bias for prognostic factor mea-
surement (n = 16) and outcome measurement (n = 21). In contrast, some studies were judged
high risk of bias for study participation (n = 12), study attrition (n = 16), and statistical analysis
(n=13).

Full details of our certainty of evidence (GRADE) judgements are provided in S7 Appendix.
Risk of bias and imprecision were the most common reasons for downgrading the certainty of
evidence.

Discussion

To our knowledge this is the first systematic review and meta-analysis examining factors corre-
lated with pain at three, six and twelve months after TKA that also evaluated certainty of evi-
dence. For the primary outcome at twelve months and based on at total sample of 3,241
patients, we estimated that pain catastrophizing, more symptomatic joints, and higher level of
preoperative pain were correlated with worse pain outcomes, while more severe radiographic
osteoarthritis were correlated with better pain outcome twelve months later. Our findings sug-
gest that more severe preoperative pain is correlated with worse pain outcomes and that better
mental health is associated with better pain outcomes at three and six months. It is worth not-
ing that our findings do not indicate that the individual patient with a poor risk profile will
experience chronic postsurgical pain if they undergo TKA surgery. Findings simply suggest
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that the identified factors were correlated with less or worse pain in an absolute sense. Thus,
our results should be interpreted accordingly.

We estimated moderate-certainty evidence that pain catastrophizing is correlated with
worse pain outcomes at twelve months. The correlation was larger in sensitivity analysis where
we removed a study with high risk of bias. Our findings are similar to results from prior sys-
tematic reviews or meta-analyses [18, 22, 70]. However, our study differs in two critical ways:
our results are entirely based on prospective studies, and we did not pool results from studies
with short-term and longer-term follow-up. Efficacy for cognitive behavioral therapy to
enhance skills for coping with pain remains unknown [71, 72], and still TKA surgery may be
the most effective intervention, giving more pain relief, than non-operative treatment.

We found moderate-certainty evidence that a higher number of symptomatic joints was
associated with more pain twelve months after TKA, with equal correlation in the sensitivity
analysis. This result is supported by findings from a previous univariate meta-analysis that
identified multiple painful sites as a factor influencing the pain outcome [18] but the associa-
tion was not significant in the multivariate meta-analysis. Degenerated cartilage and subchon-
dral bone are removed during surgery; however, pain may also be generated from other
structures or tissue surrounding the knee, which might influence pain outcome.

We found positive correlations between more preoperative pain and pain severity at twelve
months (very-low certainty evidence). Positive correlations were also identified for the second-
ary outcomes at three and six months (low-certainty evidence). Our findings are in consistency
with other reviews and meta-analysis [13, 18]. There is emerging evidence that improvement
in pain for most patients usually follows a steep trajectory in the first three to six postoperative
months, before pain levels seems to plateau at twelve months [73-75]. Accordingly, we have
added new evidence on preoperative factors correlated with adverse pain outcomes at three,
six and twelve months after TKA. There were no intraoperative factors that correlated with
pain outcomes at three, six or twelve months.

We found a negative correlation between severity of osteoarthritis and pain at twelve
months, i.e., the more severe the osteoarthritis before surgery, the lower the pain severity
twelve months later. Although the evidence was rated as low-certainty, the correlation per-
sisted in the sensitivity analysis. Another meta-analysis has shown that patients with mild
radiographic osteoarthritis reported more pain after TKA [16]. In contrast to our study, evi-
dence was not graded and retrospective study designs with follow-up from one to six years
were included. Results from our and their meta-analyses indicate that patients with severe
osteoarthritis might gain more from TKA surgery than patients with less severe osteoarthritis.
Non-operative treatment options should be considered to all patients with low-grade radio-
graphic OA findings before surgery [76].

This study had many strengths, including up-to-date robust methods that followed
Cochrane Handbook guidelines with descriptions in a pre-specified peer-reviewed protocol
[25], a preprint [26], assessing risk of bias using QUIPS, and judging certainty of evidence
using GRADE. We included only longitudinal prospective studies with associations reported
at pre-defined time points in the first postoperative year and applied multivariate meta-analy-
sis when the number of variables was large relative to number of studies [26].

There are some limitations that need to be addressed. First, we included studies that were
largely heterogeneous for measurement of factors. Less heterogeneity existed in postoperative
pain measures, with WOMAC being the most common. We used a number of exploratory sta-
tistics to estimate associations. Researchers either opt for narrow eligibility criteria and risk
excluding potentially useful evidence, or wider eligibility criteria that require appropriate
methods to address the heterogeneity [27]. We chose the latter, but results should be inter-
preted carefully due to underlying heterogeneity. Some included studies had large sample sizes
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that resulted in narrow Cls, and I” for the pooled results tend to be very high and might be
misleading [29]. Our estimates may also be biased by including several studies judged high
risk of bias. To address this issue, we performed pre-specified sensitivity analyses excluding
studies with high risk of bias for each QUIPS domain. We were unable to perform planned
analyses of non-reporting bias and small study effects, or planned subgroup analyses, because
the number of included studies did not meet our pre-specified criterion. We had also planned
leave-one-study-out sensitivity analysis to explore the influence of each study on meta-analysis
results, but this was not feasible. Many of the studies in our review had limitations that resulted
in downgrading our certainty of the evidence. This does not necessarily indicate that those
studies were of poor quality, but that important areas requiring documentation according to
methodological standards were not reported. The importance of consistent reporting follow-
ing these standards should be stressed so that evidence can be evaluated with high certainty.
We suggest that researchers design studies using tools such as QUIPS to minimize risk of bias.
We did not address the magnitude of change in pain score, which probably would be the most
interesting for the patients, but only the degree of pain at twelve months.

Conclusions

Our findings suggest that the preoperative factors of pain catastrophizing, symptomatic joints,
pain, and radiographic osteoarthritis are correlated with pain one year after TKA. Pain are cor-
related with the six- and three- months pain outcomes, while mental health is correlated with
pain at six months. However, our result highlights the need for further investigation on several
factors that have been evaluated only once or in studies with small sample sizes. These factors
should be considered when developing predictive models to identify patients most likely to
experience chronic post-surgical pain. Accurately identifying factors associated with the pain
outcome will be crucial for the development of effective predictive models.
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