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The functional and psychological
impact of delayed hip and knee
arthroplasty: a systematic review
and meta-analysis of 89,996
patients

G. M. Cooper®™, J. M. Bayram? & N. D. Clement?

This systematic review and meta-analysis aimed to determine the impact of presurgical waiting
times on pre-/post-operative joint specific pain and function, health-related quality of life (HRQOL)
and perspectives of patients awaiting primary elective total hip (THR) and knee (TKR) replacements.
MEDLINE, EMBASE, PUBMED, and CENTRAL databases were searched from inception until 30th
January 2023 (CRD42022288128). Secondary literature and unpublished datasets containing
paediatric, non-elective, partial, or revision replacement populations were excluded. PRISMA 2020
reporting and GRADE certainty of evidence guidelines were followed. Residual maximum likelihood
meta-analysis and linear meta-regression was performed to elucidate the influence of presurgical
waiting time. Twenty-six studies were eligible for systematic review and sixteen for meta-analysis,
capturing 89,996 patients (60.6% female, mean age 67.4 years) between 2001 and 2022. A significant
deterioration in joint function (mean difference (MD):0.0575%; 95% Cl 0.0064, 0.1086; p=0.028(4d.p.);
12=73.1%) and HRQOL (MD: 0.05%; 95% CI - 0.0001.0009; p=0.011(4 d.p.); 12 =80.6%) was identified
per additional day of waiting. Despite qualitative evidence, meta-analysis could not observe a
relationship with postoperative outcome data. Patient responses to delayed THR and TKR surgery
were unanimously negative. Immediate action should seek to reduce the increased patient anxiety
and significant reductions in pre-operative joint functionality and HRQOL associated with prolonged
pre-surgical waiting time, whilst mitigating any potential deleterious post-operative effects.

Primary total hip (THR) and knee replacements (TKR) are amongst the most common elective orthopaedic
procedures’. In the UK, the mortality-adjusted lifetime risk for a THR and TKR at fifty years-old is 11.6% and
10.8% and 7.1% and 8.1% for females and males, respectively, whilst, in the USA, over 50% of patients diagnosed
with symptomatic knee osteoarthritis will undergo TKR*®. Most frequently, these surgeries are performed in
the management of end-stage osteoarthritis—a degenerative process which accounts for 2% of global disability
years, for example impacting 10% of UK adults**.

Following the COVID-19 pandemic, the total number of THRs and TKRs performed in the UK has halved
and not yet recovered®’. Concurrently, demand has continued to rise, resulting in extended waiting lists®”.
Similar trends can be seen in comparable health systems including, Canada, the Netherlands, and Denmark®®.
Consequently, understanding how increased waiting-times for elective primary THR/TKR influences patient-
centred outcomes will be essential for future healthcare planning.

Previously a systematic review of 1,646 patients with osteoarthritis awaiting THR and TKR by Hoogeboom
et al. identified no evidence of deterioration in self-reported pain status'’. However, this analysis was limited
to the first 180 days of waiting for THR or TKR!®. More recently, Patten et al. concluded that the pain levels of
patients with osteoarthritis remained stable for the first year after addition to a surgical waiting list, although
only reported a median follow-up of 13.6 weeks'!. Furthermore, both reviews did not measure changes in joint
functionality, quality of life, wider patient perceptions, nor explore how prolonged pre-surgical waiting time
might impact postoperative outcomes.
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To better inform elective service planning, this systematic review and meta-analysis sought to understand
how pre-surgical waiting time—defined as the time from placement on surgical waiting list until surgery—for
patients undergoing elective primary THR or TKR influenced both pre- and post-operative joint specific pain
and functional status, global health-related quality of life (HRQOL), and patient perspectives.

Results

Literature summary and evaluation

Study selection is summarised in Supplementary Fig. 1. After deduplication, 525 studies were initially screened
for eligibility with substantial inter-rater reliability (k=0.75)'2. The remaining thirty-four studies were then
assessed in-detail, with twenty-six being included within this review'?-%. Subsequently, sixteen studies were
suitable for quantitative meta-analysis. Exclusory causes and summary characteristics for eight fully assessed
studies are summarised in Supplementary Table 2%,

The included studies capture a reported population of 89,996 patients (60.6% female, mean age 67.4 years)
between 2001-2022 (Table 1)'*-%%. Similar study composition and methodologies enabled valid comparisons.
Individual patient meta-analysis was not feasible. Risk of bias for each extracted study outcome for randomised
controlled trial, non-randomised (case-control and cohort), and cross-sectional studies are summarised in Sup-
plementary Tables 3, 4, and 5 with the ROB-2, ROBINS-I, and JBI frameworks, respectively*’-*°. Supplementary
Table 6 presents Grading of Recommendations Assessment, Development and Evaluation (GRADE) outcome
certainty evaluations®.

Reported joint-specific pain and function and HRQOL outcome data with a preoperative endpoint are quali-
tatively summarised in Table 2. Comparatively, the studies presented in Table 3 show joint-specific pain and
function and HRQOL data postoperatively. Table 4 outlines patient perspectives on prolonged presurgical waiting
time for primary elective THR and THR.

Changes in joint functionality whilst awaiting total hip or knee replacement surgery

Fifteen studies commented on deteriorating joint pain/function whilst awaiting THR or TKR, capturing
9,070 patients . Seven of these (n=995 patients) were suitable for meta-analysis, reporting mean difference
changes in joint-specific pain and functional outcomes across nine cohorts of patients awaiting either THR
or TKR!%16:17.21,23,24.2627,31,33,34 'Figure 1A presents a forest plot comparing changes in joint-specific outcome
(0-100, worst-best) whilst awaiting surgery. A deterioration was observed (MD 3.05; 95% CI-0.32,6.32; p=0.07;
I*=80.8%) between baseline and presurgical scores, which trended towards significance. Consequently, a linear
meta-regression was performed (Fig. 1B) to explore the influence of continuous waiting time on this observed
heterogeneity, which identified a significant signal corresponding to an absolute deterioration of 0.0575 on a
100-point scale, per additional day of waiting time (95% CI 0.0064,0.1086; p=0.028 (to 4 d.p.); I*=73.1%).

Tuominen et al. was excluded from this meta-analysis as, despite reporting an acceptable joint-specific out-
come (Knee Society Clinical Rating System), the short (n=132) and non-fixed waiting time (n=198) groups
reported mean differences of zero (to 3 decimal places) after mean respective waits of 94.6 and 239.2 days**".
Given expected random variation in outcome measurement, this introduced concerns of possible reporting
error. Both Brown et al. and Johnson et al. were cross-sectional studies and thus unable to identify temporal
changes in outcomes. However, in both studies, the majority of patients associated subjective increases in pain
with increased waiting times (487/848 and 68/117, respectively)®"**.

Farrow et al. reported an odds ratio of 1.84 (95% CI 1.29,2.62; p <0.001) associated with any opioid prescrip-
tion at presurgical assessment between a 2014-2017 control cohort and a 2020 COVID-19 cohort (median
waiting times 365 and 455, respectively)*. Although surrogate for both joint functional outcome and HRQOL,
opioid prescription is of high clinical relevance to patient and clinician stakeholders and merits the inclusion of
this study within qualitative syntheses®*.

Overall certainty in this outcome was high (Supplementary Table 6). The funnel plot presented in Fig. 1C
showed limited risk of publication biases, whilst there was insufficient threat of imprecision, inconsistency, and
bias (Supplementary Table 5) to downgrade certainty. Subsequently, this analysis concludes that the observed
meta-regression is representative of the true effect and that deterioration in joint function occurs with increasing
preoperative waiting period.

Post-operative impact of waiting time on the joint specific outcome of total hip or knee joint
replacement

Thirteen studies, capturing 81,523 patients, reported on postoperative joint pain and function
Fifteen reported cohorts across eight studies were suitable for quantitative meta-analysis (n=66,836
patients)!#-1727-3%_ Improvement in joint specific outcome was observed postoperatively (MD (0-100 score,
worst-to-best) 38.57; 95% CI 34.00,43.14; p<0.001; I*=99.7%) and presented as a forest plot (Fig. 2A). In the
absence of mixed cohorts, it was possible to perform a sensitivity analysis comparing THR and TKR data, which
is also shown in Fig. 2A. There was a significantly greater (p=0.000) reported cumulative effect in THR patients
(MD 44.25; 95% CI 41.30,47.20; p < 0.001; I>=95.8%), relative to TKR (MD 28.81; 95% CI 26.29,31.33; p=0.003;
=57.1%).

To explore how waiting time discriminated this outcome, Fig. 2B presents a pooled linear meta-regres-
sion of preoperative waiting time against MD (coefficient 0.00383; 95% CI —0.0411,0.0487; p=0.8684 (to 4
d.p.); I*=99.7%). Figure 2C presents the sensitivity analysis of this regression with respect to THR (coefficient
0.0234; 95% CI-0.0064,0.0531; p=0.1230 (to 4 d.p.); I*=27.3%) and TKR subgroups (coefficient 0.0151; 95%
CI-0.0135,0.0437; p=0.2996 (to 4 d.p.); *=96.6%]. Applying Clogg’s method, there was no significant difference
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Study setting Study population in analysis
Grouped Mean age Sex (%
Number of | mean waiting | Sample size | (years) [WT | female) [WT | Study
Authors Study design | Eligibility criteria | Study period | Country centres time (Days) | [WT groups] | groups] groups]| outcomes
Prospective Patients waiting Disease symp-
Kelly et al.”? cohoP;t for>1 month for 1995-1997 Canada 2 Hospitals 132 313 68.1 59% toms, global
THR/KR HR-QOL
. . <46, 46-183, | 7,151 [2,316;
Hajat et al.'” fgﬁiﬁfa‘ve ilﬁ‘“fr'ﬁsRu“derg"' 1996-1997 | UK 143 Hospitals | 183— 1,120;453; | 69.6*[N/A] | 58% [N/A] | Hip function
& 365,>365 203]
Disease symp-
Prospective Patients undergo- . toms, global
14 — - H
Mahon et al. cohort ing THR for OA 1994-1997 Canada Single-Centre | 37, 329 99 [63;36] 68.0 [N/A] 51% [N/A] HR-QOL,
patient anxiety]|
Consecutive Disease symp-
Nilsdotter and | Prospective gﬁ;‘_‘;:ign";; 20 119971998 | Sweden Single-Centre | 61, 155 56[N/A] | 720 [N/A] | 57% [N/A] | toms, global
eral THR HR-QOL
Hip function,
Ostendorf Prospective Patients waiting for . 5 disease symp-
ctall? cohort THR 1999-2000 Netherlands | 3 Hospitals 183 161 68.4 66% toms, global
HR-QOL
Disease
Prospective Patients aged>20 S)l,(r)régﬁ—rlnfi
Fielden et al.' P awaiting primary | 1999-2002 New Zealand | 4 Hospitals 155 153 66.0 65% g .
cohort THR due to OA QOL, financial
burden of
disease
Prospective Patients undergo- Disease symp-
Garbuz et al.* cohort ing primary THR | 2001-2003 Canada Single-Centre | 183 147 65.0 56% toms
for OA
Patients awaiting
Hirvonen Prospective primary TH/KR for . . Global HR-
etall® cohort OA; matched popu- 2002-2003 Finland 3 Hospitals 71* 266 67.6 82% QOL
lation controls
. Patients undergo-
ﬁh";‘fd and PrﬁSprtwe ing primary THR | 2003-2004 | UK Single-Centre | 242 58 68.7 51.7% Hip function
onduru cohor for OA
Hirvonen Patients await- 67.7 [66.0. 68.7% [70.1% Knee function
etal? RCT ing primary 2002-2003 | Finland 3 Hospitals | 73,266 310 [127, 183] 600 67'80/“] 2" | and global
: TKR > 16 years-old : o HR-QOL
Norwegian-
speaking patients
Kapstad Prospective aged > 18 years- . Disease symp-
etal?? cohort old who had 2003-2004 Norway 3 Hospitals 71,102 170 [N/A] 67.9 [N/A] 72.9% [N/A] toms
waited > 30 days for
TH/KR
Global HR-
. . - QOL, disease
McHugh Prospective Patients awaiting .
2 . 2003 UK Single-Centre | 91 84 68.0% 59.0% symptoms and
etal. cohort primary THR/KR pain progres-
sion
Consecutive
Prospective patients waiting . . Disease symp-
25 _ 0
Escobar et al. cohort primary TH/KR 2003-2004 Spain 6 Hospitals 201 684 70.1 62.0% toms
for OA
Consecutive,
French-speak-
Desmeules Prospective ing, insured, Disease symp-
ctal2 coho};t patients > 40 years- | 2006-2007 Canada 3 Hospitals 183 153 66.0 65.0% toms, global
. old at 3 hospitals HR-QOL
awaiting primary
TKR
Knee func-
tion, global
Tuominen Patients awaiting 67.6(67.0, | 71.8% [74.2% bealthcare-
o RCT primary TKR for 2002-2003 Finland 3 Hospitals 95,239 330 [132, 198] . - . s .
etal. OA> 16 years-old 68.0] 70.2%] economic
¥ costs of
delayed treat-
ment
Consecutive,
French-speak-
Desmeules Prospective ing, insured, Disease symp-
etal® COh()I:l"t patients >40 years- | 2006-2007 Canada 3 Hospitals 184 141 66.0 66.0% toms, global
. old at 3 hospitals HR-QOL
awaiting primary
TKR
Continued
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Study setting Study population in analysis
Grouped Mean age Sex (%
Number of | mean waiting | Sample size | (years) [WT | female) [WT | Study
Authors Study design | Eligibility criteria | Study period | Country centres time (Days) | [WT groups] | groups] groups] outcomes
Randomised to Knee function;
Skouetal?® | RCT TKR and physi- 2011-2013 Denmark Single-Centre | 31 50 65.8 64.0 global HR-
otherapy QOL
Hip func-
tion, global
Patients undergo- . HR-QOL,
. . . . Multicentre
le()}ll?va Retrospective | ing elegtlvg THR/ | 5009-2010 UK (all of NHS 78,79 61,905 69.0 60% healthcgre-
etal. cohort TKR within NHS England) economic
England 8 costs of
delayed treat-
ment
Emotional
Cross sec- Patients awaiting impact of
Brown et al.*! tional primary elective 2020 USA 15 Hospitals | N/A 848 62.6 56.6 delay, pain
TH/KR and symptom
progression
Patients awaiting EII(()—b(SIOL
Clement case—control ?rgigiRaW:i; Cun 20142017 | e 10 Hospitals | 365 91.3 5084 (843, |685[69.1, |589(59.2, | willingness
etal 2 saIns: 2020 P I 4241] 68.4] 58.8] and perception
matched previously to undergoin:
published dataset surgery 808
Duration of
. - 365* (Con- waiting time
Farrow et al.® | Case- control P?Sg:ﬁs ?ﬁ;gﬁg 2020 UK Single-Centre | trol); 455% 548 [260, 288] | 69 [69. 68] 2?'21[54'6’ to follow-up,
P 4 (COVID-19) - analgesic
prescription
Duration of
Johnson Cross sec- Patients awaiting delay, Emo-
etal tional elective hip or knee | 2020 USA Single-Centre | N/A 113 N/A N/A tional impact
. arthroplasty* of delay, Pain
progression
Clement Cross sec- Patients awaiting . Global HR-
ctal® tional primary TH/KR 2021-2022 UK 4 Hospitals 182.5 326 68.6 54.0 QOL
Holzapfel Retrospective | Patients undergo- . . 10,140 [7760; | 66.1 [66.1; 57.6 [57.2; Postoperative
etal’’ cohort ing primary TH/KR 2011-2020 Germany Single-Centre | <1;>1 2480] 66.0] 58.9] complications
. L Participation
Grace etal®s | Crosssec | Patientsawaiting | N/A USA Single-Centre | N/A 200 66.0 53.0 in physi-
tional primary TH/KR (3-months) otherapy
. Retrospective | Patients admitted . N/A [Control; 66.0 [65.8; 44,9 [43.2; Hip/knee
38 _ .
Morrietal ™ |} ort for primary TH/KR | 2020 Traly Single-Centre | o3y 19y | 463 [183: 28011 (), 46.1] function

Table 1. Summary characteristics of included studies. Summary characteristics of studies included in
systematic review and meta-analysis: WT: Waiting time; THR: Total Hip Replacement; OA: Osteoarthritis;
N/A: Not Available; HR-QOL: Health-Related Quality of Life; TKR: Total Knee Replacement; TH/KR: Total
Hip/ Knee Replacement; RCT: Randomised Controlled Trial; NHS: National Health Service (UK). *Median

Value.

between the rate of decreasing postoperative functional gain®®. The symmetrical funnel plot (Fig. 2D) alleviated
concerns discounts publication bias when considering outcome certainty.

Five studies were unsuitable for quantitative synthesis due to outcome reporting'®2%2>37*8_Of these three
associated decreasing postoperative functional gains with increasing time awaiting surgery'®**?>. Apart from
Holzapfel et al., all study outcomes were captured 6 to12 months post-operatively. Holzapfel explored the impact
of presurgical postponement, e.g., following patient admission for primary elective THR and TKR, over 10 years
at a single German centre (N =10,140) and identified an increased risk of complications and revisions within
the postponed surgery group®.

Within multivariate regressions of their reported THR (n=29,303) and TKR (n=32,602) populations,
Nikolova and colleagues identified statistically significant deterioration in 6-month post-operative OHS(0.0951,
p<0.01) and OKS(0.0385, p<0.01) per additional day of waiting time, exceeding the estimated effect sizes pro-
posed in this review (Fig. 2C)*. This apparent inconsistency between univariate effect and a sufficiently powered
multivariate analysis raised concerns around imprecision and unmeasured confounding, and limited certainty
in the proposed effect size to “moderate” (Supplementary Table 6). Consequently, it is likely that a negative cor-
relation between preoperative waiting time and postoperative joint function exists.

Changes in health-related quality of life whilst awaiting total hip or knee replacement surgery
Eleven studies, representing 7,831 patients commented on changes in HRQOL in the preoperative
period!#1617:19.22:24,26.27,32,33.35 Geven of these studies (containing ten cohorts and capturing 2,153 patients) were
suitable for meta-analysis'*1®17:2>273235 Figure 3A presents a forest plot of the change in single preference-based
health related quality of life index associated with waiting for total hip or knee replacement. Whilst awaiting
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Outcome (outcome measure[s])

Study Analysis type Mean waiting time (days) Joint-specific outcome score Health-related quality of life index score
UVR: Improvement in THR SF-36 BP,
No significant changes in all WOMAC ER, MH & GH (3.5, 15.9, 3.1, 3.2%) &
Kelly et al.’® UVR, MVR 132 subdomains over the course of the wait- | TKR SF-36 GH (3.6%) over the course
ing time of the waiting time. No other significant
comparisons
Preoperative WOMAC pain score Preoperative SF-36 GH improved for
. 16 improved when waiting less than patients waiting time greater than
Nilsdotter and Lohmander MD 61,155 3 months for surgery. No other significant | 3 months. No other significant compari-
comparisons sons
There was a 4.5% deterioration in SF-36 recorded 3.5% and 3.8% reductions
Ostendorf et al.'” MD 183 WOMAC pain, 3.5% in WOMAC function | in BP and PF subdomains, respectively,
and 4.4% in OHS whilst awaiting surgery | whilst awaiting surgery
Hirvonen et al."” UVR (Linear) 71* N/A No significant change in 15D
Deteriorations in OHS whilst awaiting
Ahmad and Konduru2! UVR (Linear) 242 surgery was associated with waiting ttme LEENTIN
males, females, younger and older patients
(10.0, 9.7, 12.2, 9.0%/ 6 months)
Hirvonen et al.?? MD (Intention to Treat) | 73,266 N/A No significant difference in 15D
TKR patients deteriorated by 3% in
Kapstad et al.?? MD, MVR (Linear) 71,102 WOMAC Physical Function (MD) only, N/A
whilst awaiting surgery
Across the whole study group whilst await-
ing surgery:
VAS pain deteriorated between baseline to
3 & 6 months (6 & 12%) SF-36 GH and RE subdomains improved
McHugh et al.** MD 91 WOMAC pain deteriorated between base- | by 7.9 and 8.5%, respectively between
line and 3 months (6%) baseline and 6 months
WOMAC physical function deteriorated
between baseline to 3 & 6 months (7.1 &
4.3%)
The whole study group experienced a .
2% decline in WOMAC pain, function, and The whole study group SF-36 physical func-
Desmeules et al. MD 183 . tion deteriorated by 4.8%, whilst awaiting
contralateral knee pain (2.8, 4.6, 4.7%),
hilst iti surgery
whilst awaiting surgery
No significant changes were observed in No significant changes were observed in
Tuominen et al.?” MD 95,239 KSCRS Pain or Functional scores whilst 'S . 8¢S |
" 15D index whilst awaiting surgery
awaiting surgery
489 of 848 patients reported increased
Brown et al.*! Descriptive Increased* pain since the beginning of the COVID- | N/A
19 pandemic
Each additional month of waiting was asso-
Clement et al.* MVR (Linear) 274 N/A ciated with a 1.35% reduction in EQ-5D
quality of life
MVR OR of being on any opioid at presurgical follow-up was 1.84 between control and
33 . * _10. *
Farrow et al. MVR Control: 365%, COVID-19: 455 COVID-19 cohort (longer waiting time only reported confounder)
Johnson et al.** Descriptive Increased* 68 of 117 patients reported increased N/A
pain with increased waiting time
Patients awaiting primary elective THR
Clement et al.® MD 182.5 N/A and TKR reported a mean decline of 0.175,

relative to their HR-QOL status 6 months
previously (from 0.492 to 0.317, EQ-5D)

Table 2. Summary of findings from studies reporting changes in clinical functionality and health-related
quality of life between baseline and preoperative endpoint. Summary of preoperative reported findings. Bold,
italics, bolditalics indicates significant findings pertaining to the impact of waiting time on reported outcomes.
Bolditalics: indicates a significant positive outcome correlated with increased waiting period; bold, a non-
significant finding; italics: a significant negative outcome correlated with increased waiting period. Where
mean differences were provided they were converted into a percentage change. *Median (Range); UVR:
Univariate Regression; MVR: Multivariate Regression; MD: Mean Difference; OR: Odds Ratio; OHS: Oxford
Hip Score; HHS: Harris Hip Score; OKS: Oxford Hip Score (12-60 best-to-worst); KSCRS: Knee Society
Clinical Rating System; WOMAC: Western Ontario and McMasters Universities Osteoarthritis Index (0-100,
worst-to-best); HR-QOL: Health-Related Quality of Life; SF-36 (0-100, worst-to-best): Short Form 36-Item-
Subdomains: Bodily Pain (BP), Physical Function (PF), Role Physical (RP), Role Emotional (RE), Mental
Health (MH), Vitality (VT), Social Function (SF), General Health (GH); EQ-5D: European Quality of Life
5-Dimensional Index; 15D: 15-Dimension Score Sheet; EQ-VAS: European Quality of Life Visual Analogue
Scale; (Pain) VAS: Visual Analogue Scale of Pain; THR: Total Hip Replacement; TKR: Total Knee Replacement.
*Whilst waiting time was not quantified, these studies followed patients where initial surgery had been

cancelled due to the COVID-19 pandemic.
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Outcome (outcome measure[s])

mean time to walk (with antebrachial
device) or to climb three stairs

Mean waiting time | Follow-up Health-related quality of life index
Study Analysis type (days) duration (days) | Joint-specific outcome score score
Estimated decline in OHS in outpatient
. s . wait 6-12 (2.6%) or >6 months (5.4%)
Hajat et al. MD, MVR (Linear) 46, 152, 289, 365 365 and inpatient wait 6-12 (1.7%), 12-18 N/A
(3.5%) and > 18 months (3.3%)
Longer wait time was associated with Pactlient; waAmnAg lgll}g; ; EXI‘);{ ienged
e . | reduced gains in SF-36 bodily pain
Mahon et al.* MD 37,329 90 ;T&‘ifg‘iﬁé‘%%iﬁ‘;: E%E/Z"Cf;‘;;teg‘ (29.3% vs 18% improvement), physical
to 41% improvement) function (25.7% vs 14.4% improve-
o mp ment) and state anxiety subdomains*
ft(;iit;)tlsce:ﬁtwdei f\flg rObI\e/[tevgeSncior:e :ltli(:r?t()t Postoperative SF-36 score did statisti-
Nilsdotter and Lohmander'® | MD 61,155 365 waiting tir¥1e less or greater tl—I1)an cally differ between inpatient waiting
3 months time less or greater than 3 months
Length of waiting time was the only
- . predictor for deterioration in OHS,
Ostendorf et al. MD, MVR (Correlation) | 183 365 WOMAC Pain, and WOMAC Func- N/A
tion (R2=0.7, 0.5, 0.3 respectively)
No statistically significant association No statistically significant association
Fielden et al.'® Logistic Regression 155 182.5 between WOMAC score and waiting b EQ-2D d waiting ti
time etween EQ-5D score and waiting time
Each additional month of waiting
2 . was associated with an OR of 0.92 in
Garbuz et al. MVR (logistic) 183 365 achieving a “better than expected” N/A
WOMAC functional score
Time on waiting list correlated nega-
Escobar? UVR (Correlation) 201 182.5 tively with WOMAC Pain and Stiffness | N/A
subdomains (R=-0.09,-0.11)
. 7 There was no significant change in There was no significant difference in
27
Tuominen et al. MD 95,239 365 KSCRS pain or function subdomains | change in 15D score
SE-36 was significantly reduced in the
RP domain in the >9 month waiting
Final contralateral knee pain was least lt}mehgri)up reI?tl. BOA. ‘;F&Odwaltmg
in the 3-6 month waiting time group ist the largest for over a decade (Inter-
Desmeules et al.2® MD, MVR 184 182.5 . ; net]. [cited 2024 Feb 14]. Available
(86.1%) and worst in >9 months wait-
in .time . from: https://www.boa.ac.uk/resou
& . rce/t-o-waiting-list-the-largest-for-
over-a-decade.html
ive to the others.*
Only data from the TKR arm was synthesised for meta-analysis. No direct
Skou et al.?’ MD 0-30* 182.5 comparator precludes any conclusions from this study, relevant to this review’s
research question
Each additional week of waiting time
Each additional week of waiting time EOQH_’;SAPS ZiildEvgf}Sllge}iriﬁzﬁl?ﬁ% Sm
Nikolova et al.* MVR THR: 78, TKR:79 | 182.5 corresponded to a—0.1% reduction in i % for both ! d
OHS and - 0.04% in OKS coe c1ent‘was—0.06A) or both an
. in THR this was —0.06% and — 0.04%,
respectively
Compared with on-time surgery,
postponing elective TKR/ THR was
Holzapfel et al.*” UVR, MVR 13.5 90 associated with an increased risk of N/A
revision <60 (164/2480; 300/7660)
and <90 days (175/2480; 345/7660)
Between the pre-COVID-19 and
COVID-19 cohorts, there was no
Morri et al.?® UVR, MVR (Logistic) Increased** 6.9%%* significant difference between patients | N/A

Table 3. Summary of findings from studies reporting clinical functionality and health-related quality of life
with a postoperative endpoint. Summary of postoperative reported findings. Bold, italics indicates significant
findings pertaining to the impact of waiting time on reported outcomes. Bold, a non-significant finding;

italics: a significant negative outcome correlated with increased waiting period. Where mean differences were
provided, they were converted into a percentage change. *Magnitude of change not reported; UVR: Univariate
Regression; MVR: Multivariate Regression; MD: Mean Difference; OR: Odds Ratio; OHS: Oxford Hip Score;
HHS: Harris Hip Score; OKS: Oxford Hip Score (12-60 best-to-worst); KSCRS: Knee Society Clinical Rating
System; WOMAC: Western Ontario and McMasters Universities Osteoarthritis Index (0-100, worst-to-best);
HR-QOL: Health-Related Quality of Life; SF-36 (0-100, worst-to-best): Short Form 36-Item- Subdomains:
Bodily Pain (BP), Physical Function (PF), Role Physical (RP), Role Emotional (RE), Mental Health (MH),
Vitality (VT), Social Function (SF), General Health (GH); EQ-5D: European Quality of Life 5-Dimensional
Index; 15D: 15-Dimension Score Sheet; EQ-VAS: European Quality of Life Visual Analogue Scale; (Pain) VAS:
Visual Analogue Scale of Pain; THR: Total Hip Replacement; TKR: Total Knee Replacement.*Range. **Whilst
waiting time was not quantified, these studies followed patients where initial surgery had been cancelled due to
the COVID-19 pandemic.***Patients only followed-up whilst in hospital.
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Outcome
Authors Time point Emotional response to delay Patient perceptions on elective surgery services
Patient anxiety (State-Trait Anxiety Score) showed a significant and
greater reduction from baseline (outpatient wait) to post-surgery in
patients with an inpatient wait <6 months, relative to >6 months. This
Mahon et al.' Postoperative | finding was correlated with duration of inpatient waiting time in < 3; N/A
3-6; 6-12;> 12 months subgroups
Patient anxiety levels were elevated during the inpatient waiting period,
relative to baseline
The greatest source of patient anxiety was unknown duration of delay,
Brown et al.*! Preoperative | followed by transmitting and developing COVID-19 post-operatively, | N/A
personal finances and job security
52.3% (n=441/843) patients would prefer a face-to-face consultation
with their surgeon over telephone or video consultation. Similarly,
Clement etal.®> | Preoperative | N/A 58.7% (n=495/843) and 49.7% (n=419/843) of patients would be will-
ing to have surgery with a different surgeon or at a different hospital,
respectively, provided equal waiting times
75/113 patients (66%) reported negative emotional consequences of
delayed surgery. 85/113 (75%) reported negative effects of delayed sur-
34 . gery. 52% (n=59/113) of patients expressed frustration at the delay to
Johnson et al. Preoperative | o procedure: 40% (n=45/113) anxiety; 39% (n=44/113) worry; 27% N/A
(n=30/113) restlessness and helplessness; 18% (n=20/113) depression;
12% (n=14/113) fear and 11.5% (n=13/113) anger
92.5% (n=185/200) patients were unwilling to delay elective THR
or TKR for mandatory PT. Of these, 44% (n=81) perceived surgery
Grace et al.* Preoperative as inevitable long-term; 29% believed PT would not offer pain relief;

13% imagined PT would worsen their pain; 12% thought that delaying
surgery would prolong pain; 2% had another reason

Table 4. Summary of findings from studies exploring patient perspectives on prolonged waiting times.
Summary of reported patient perspectives. NHS: National Health Service; TKR: Total Knee Replacement;
THR: Total Hip Replacement; PHQ-9: 9-Item Patient Health Questionnaire; OHS: Oxford Hip Score; OKS:
Oxford Knee Score; PT: Physiotherapy.

surgery, there was a significant deterioration in patients’ HRQOL (MD 0.04; 95% CI 0.00,0.09; p=0.04; I>=88.8%)
on a scale of 0-1 (worst-to-best). Linear meta-regression (Fig. 3B) showed a statistically significant daily dete-
rioration coefficient of 0.0005 (95% CI-0.0001.0009; p=0.011 (to 4 d.p.); I*=80.6%).

Notably, this analysis excluded the non-fixed waiting time cohort of Hivronen et al. Despite 143/183 patients
breaking protocol, the reported per-protocol and intention-to-treat admission 15D score and standard deviations
were identical to 3 decimal points. In the absence of author clarification, this raised significant concerns around
both reporting errors and a negative compliance bias?.

Hirvonen et al. reported no statistical difference in 15D score whilst awaiting total hip or knee replacement
(MD 0.008; 95% CI 0.002-0.0019; p=0.123), relative to a matched population cohort'. McHugh et al. did not
report SF-36 subdomains with appropriate granularity to enable quantitative synthesis but identified significant
improvements in patient perceptions of the role emotion and general health outcomes (8.5; 95% CI 1.2,15.9 and
7.9;95% CI 3.6,12.1, respectively)?*. Desmeules et al. reported HRQOL using only the SF-36 physical function-
ing, physical health, and bodily pain subdomains, which could not be converted into a single-preference based
index?®**. This study reported significant deterioration the in physical function (100-point scale) of patients
awaiting hip and knee replacements (MD 4.8; 95% CI 7.2,2.4)*. Specifically, this was driven by deteriorations
within the 3-6 (MD 4.4; 95% CI 7.6, 1.1), 9-12 (11.3; 95% CI 18.4,4.1), and > 12 month (MD 7.1; 95% CI 12.9,
1.3) waiting time subgroups®. Significant deterioration was also seen in the 9-12-month subgroup in physical
health (MD 20.6; 95% CI: 35.1,6.1).

Although publication bias was not of concern, (Fig. 3C), risk of bias, primarily due to limited control of con-
founding, enabled only moderate certainty in this conclusion (Supplementary Table 6).'%***. Notably, McHugh
et al,, the study which contributed to this risk of bias, was not included within the quantitative synthesis, and
therefore did not influence the slope of the meta-regression (0.0005; 95% CI—0.0001,0009; p=0.011 (to 4 d.p.);
1=79.8%). Thus, this risk of bias is immaterial when considering the certainty of the proposed effect size. In
summary, HRQOL deteriorates every day whilst awaiting primary elective THR or TKR surgery.

Post-operative impact of waiting time on health related quality of life following total hip or
knee joint replacement
Seven studies reported postoperative health related quality of life and duration of waiting time, representing
62,777 patients'*#161827-30_Of these, five studies, containing eight cohorts and representing 62,501 patients,
reported single preference index indices of HRQOL(0-1, worst-to-best) and were thus suitable for meta-analy-
sis!®17:27:2930 Figure 4A presents a forest plot of these outcomes, showing an expected significant improvement
in long-term HRQOL post-operatively (MD: 0.22; 95% CI 0.13,0.33; p=0.00; I>=98.0%]. Subgroup analysis
identified a significant improvement in HRQOL at long-term follow-up, which again favoured THR (MD: 0.32;
95% C10.25,0.38; p<0.01; 12=74.0%) relative to TKR (MD: 0.12; 95% CI 0.04,0.20; p<0.01; I*=98.0%) patients.
To explore heterogeneity with regards to presurgical waiting time, Fig. 4B presents a linear meta-regression,
identifying a coefficient for daily reduction in post-operative HRQOL of 0.0003 (95% CI-0.0012,0.0017; p=0.715
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a.  Forest Plot of Mean Difference in Preoperative Joint-Specific Functional Scores (N=995).

Author(s) and Year Baseline  Preoperative MD [95% CI]
Mean SD Mean SD

Kelly et al. 2002 425 169 435 89 -1.00[-3.12, 1.12]
Nilsdotter and Lohmander 2002 SWT 35.3 16.3 41.5 11.6 -6.20 [-14.38, 1.98]
Nilsdotter and Lohmander 2002 LWT 402 11.5 40.1 15.2 0.10 [ -6.40, 6.60]
Ostendorf et al. 2004 39 165 352 154 3.80[ 0.22, 7.38]
Ahmad and Konduru 2007 446 159 304 159 k = 14:20 [ 8.41,19.99]
Kapstad et al. 2007 Hip Only 457 155 445 16.8 1.20[-2.91, 5.31]
Kapstad et al. 2007 Knee Only 481 152 458 145 2.30[-3.52, 8.12]
McHugh et al. 2008 415 17.7 346 94 6.90[ 2.61,11.19]
Desmeules et al. 2010 283 176 239 155 4.40[ 0.68, 8.12]

REML Model (Q = 36.71, df = 8, p = 0.07; I* = 80.8%) —— 3.05[-0.23, 6.32]

T T T T 1
-15 6.25 25 11.25 20
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b. Meta-Regression of Mean Difference in Preoperative Joint-Specific Functional Scores

Against Mean Waiting Period (Days). N=995
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c¢.  Funnel Plot of Mean Difference in Preoperative Joint-Specific Functional Scores (N=995).
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Figure 1. Preoperative Joint-Specific Outcome Data (n=995]. (A) Forest plot of mean difference; (B) Meta-
regression by mean waiting time; (C) Funnel plot. Outcome measures reported include: WOMAC score
(Yellow); Oxford Hip Score (Orange) and Oxford Knee Score (Blue].

(to 4 d.p.); 12=99.9%]) Fig. 4C compares the influence of type of joint replacement on this. Both TKR (coef-
ficient: 0.0006; 95% CI-0.0005,0.0016; p=0.287 (to 4 d.p.); [*=96.4%) and THR (coefficient: —0.0004; 95%
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a. Forest Plot of Mean Difference in Postoperative Joint-Specific Functional Scores (N=66,836).

Author(s) and Year seline,

Postoperative
oan 5D Moan-SD

MD [95% CI]

Fiat et al. 2002 swr 345 154 826 173 ] -48.10[-49.11,-47.09]
Hajat et al. 2002 SMWT 302 153 787 188 -
Hajat et al. 2002 LMWT 295 147 758 201 -
Hajat et al. 2002 LWT 263 141 718 206 b
Mahon et al. 2002 SWT 382 16 796 18
Mahon et al. 2002 LWT 504 20 79 199
Nilsdotter and Lohmander 2002 SWT 353 163 856 14.4
Nilsdotter and Lohmander 2002LWT 402 115 783 203 3
Ostendorf et al. 2004 39 165 8 167 - -46.00 [495 ,-42.12]
Nikolova et al. 2016 THR 37.7 174,788 19.7 L -41.10 [-41.40, -40.80]
REML Model for Subgroup (Q = 271.49, df =9, p < .01; I = 95.8%, ) - -44.25 [-47.20, -41.30]
;uommen etal. 2010 SWT 484 221 735 233 - -25.10[-30.73,-19.47)
Tuominen et al. 2010 NFWT 47 233 746 223 - -27.60-32.27,-22.93]
Desmeules et al. 2012 466 151 732 177 -26.60 [-30.44, -22.76]
Skou etal. 2015 TKR 474 134 79920744 . 3250 -39 35 25 651
Nikolova et al. 2016 TKR 391 16.2,69.9 21.1 L] -30.80 [-31.0¢ 51)
REML Model for Subgroup (Q = 10.47. df = 4, p = 0.03; |’- 57.1%.) - -28.81[-31 33 25291
REML Model (Q = 3299.62, df = 14, %) — -38.57 [43.14, -34.00)
Test for Subgroup Differences: Qy = 51 45 dl 3 p 75 00
T T T i
rso 45 -30 -15 o

b.

Mean Difference

Meta-Regression of Mean Difference in Postoperative Joint-Specific Functional Scores

Against Mean Waiting Period (Days, N=66,836).
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Cc. Meta-Regression Comparing Mean Difference of Total Hip and Knee Replacement in Postoperative
Joint-Specific Functional Scores Against Mean Waiting Period (Days, N=66,836).
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d. Funnel Plot of Mean Difference in Postoperative Joint-Specific Functional Scores (N=66,836).
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Figure 2. Postoperative Joint-Specific Outcome Data (N =66,836]. (A) Forest plot of mean difference showing
Total Hip; (B) Meta-regression by mean waiting time; (C) Meta-regression sensitivity analysis of Nikolova

et al. 2016 by mean waiting time. (N =4,873); (D) Funnel plot. Outcome measures reported included: Western
Ontario and McMaster Universities Osteoarthritis Index score (Yellow); Oxford Hip Score (Orange); Oxford
Knee Score (Blue), Knee Society Clinical Rating System (Purple), and Knee Injury and Osteoarthritis Outcome

Score (Magenta].
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a. Forest Plot of Mean Difference in Preoperative Health-Related Quality of Life (N=2,153).

Author(s) and Year Baseline Preoperative MD [95% CI]
Mean SD Mean SD
Kelly et al. 2002 0.448 0.23 0.46 0.23 i -0.01 [-0.05, 0.02]
Nilsdotter and Lohmander 2002 SWT 0.461 0.227 0.469 0.25 -0.01[-0.15, 0.13]
Nilsdotter and Lohmander 2002 LWT  0.51 0.221 0.501 0.237 0.01[-0.10, 0.12]
Ostendorf et al. 2004 0.39 0.31 0.33 0.32 0.06 [-0.01, 0.13]
Hirvonen et al. 2007 SWT 0.778 0.104 0.787 0.1 L -0.01 [-0.03, 0.02]
Tuominen et al. 2010 SWT 0.772 0.18 0.768 0.119 - 0.00 [-0.03, 0.04]
Tuominen et al. 2010 NFWT 0.779 0.15 0.779 0.1 0.00 [-0.03, 0.03]
Clement et al. 2021 COVID 0.717 0.85 0.555 0.212 0.16 [0.10, 0.22]
Clement et al. 2022 THR 0.887 0.185 0.764 0215 0.12[0.08, 0.17]
Clement et al. 2022 TKR 0.918 0.183 0.821 0.21 0.10[0.05, 0.14]
REML Model (Q = 68.18, df = 9, p = 0.04; I = 88.8%) - 0.04[0.00, 0.09]
T T T 1
0.25 0 0.25 0.5 0.75
Mean Difference
b. Meta-Regression of Mean Difference in Preoperative Health-Related Quality of Life
Single Preference Indices Against Mean Waiting Period (Days, N=2,153).
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c Funnel Plot of Mean Difference in Preoperative Health-Related Quality of Life (N=2,153).
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Figure 3. Preoperative Health-Related Quality of Life Outcome Data (N =2,153]. (A) Forest plot of mean
difference; (B) Meta-regression by mean waiting time; (C) Funnel plot. Outcome measures reported include
EQ-5D (Pink) and 15D Score (Green].

CI-0.0018,0.0009; p=0.5554 (to 4 d.p.); I*=61.4%) had no significant deterioration with waiting time. Clogg’s
method did not identify significant differences between these slopes™.
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a. Forest Plot of Mean Difference in Postoperative Health-Related Quality of Life (N=62,501).

Author(s) and Year Baseline Postoperative MD [95% CI]
sD Mean
Hip
Nilsdotter and Lohmander 2002 SWT 0.461 0227 0.854 0.225 -0.39[-0.52, -0.26]
Nilsdotter and Lohmander 2002 LWT 051 0221 0833 021 032043, 0.22]
Ostendorf et al. 2004 039 031 075 028 -0.36 [-0.43, -0.29]
Nikolova et al. 2016 THR 0592 0.201 0.849 0.163 L] -0.26 [-0.26, -0.25]
REML Model for Subgroup (Q = 14.90, df =3, p < 01; = 74.0%, ) - -0.32[0.38, -0.25]
Knee
Tuominen et al. 2010 SWT 0772 0.108 0813 0.14 = -0.04[:0.07,-0.01]
Tuominen et al. 2010 NFWT 0779 0.119 0852 01 ] -0.07 [-0.10, -0.05]
Skou et al. 2015 TKR 0661 0.156 0.867 0233 021028, 0.13]
Nikolova et al. 2016 TKR 0624 0.194 0812 0.169 ] -0.19[0.19, -0.19]
REML Model for Subgroup (Q = 182.88, df = 3, p < .01; I = 98.0%, ) - -0.12[0.20, -0.04]
REML Model (Q = 3299.62, df = 14, p = 0.00; I* = 99.7%) — 022031, -0.13]
Test for Subgroup Differences: Qy = 13.85, df = 1, p = 0.00
T T T
0.8 055 03 0.05 02
Mean Difference
b. Meta-Regression of Mean Difference in Postoperative Health-Related Quality of Life

Single Preference Indices Against Mean Waiting Period (Days, N=62,501).
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C. Meta-Regression Comparing Mean Difference of Total Hip and Knee Replacement in Postoperative
Health-Related Quality of Life Single Preference Indices Against Mean Waiting Period (Days, N=62,501).
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d. Funnel Plot of Mean Difference in Postoperative Health-Related Quality of Life (N=62,501).
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Figure 4. Postoperative Health-Related Quality of Life Outcome Data (n=62,501). Forest plot of mean
difference showing total hip and knee replacement subgroups; B. Pooled meta-regression by mean waiting time;
C. Meta-regression sensitivity analysis total hip and knee replacement by mean waiting time. Outcome measures
reported include EQ-5D (Pink) and 15D Score (Green].

Three studies lacked reported parameters necessary for quantitative synthesis'*'®. Using logistic regres-
sion, Fielden et al. did not observe a relationship between patients waiting longer than 6 months and EQ-5D'S.
Although commenting on postoperative SF-36, Mahon et al. did not present the subscale data within the article
text (there was no accompanying supplementary materials and the authors could not be contacted) precluding
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extraction'. Desmeules et al. reported a significant reduction in the 6-month postoperative SF-36 role physical
domain within a subgroup of patients waiting longer than 9 months for TKR, relative to the 3-6 and 6-9 month
subgroups, with no statistically significant changes in the additional reported SF-36 subdomains (physical func-
tioning and bodily pain only)®.

Six-months postoperatively, Nikolova et al. identified significant EQ-5D reductions of 0.0620 (n=29,303)
and 0.0587 (n=32,602) per additional day spent waiting for THR and TKR, respectively (rescaled 0-100, worst-
to-best)*. Subsequently, a post-hoc sensitivity analysis of Nikolova et al. demonstrated negligible influence on
the results of the postoperative HRQOL synthesis (N =596; MD 0.0003; 95% CI-0.0015,0.0022; p=0.7437 (to
4d.p.); I*=96.0%). Although the magnitude of Nikolova’s proposed multivariate effect size was consistent with
the estimated effect (Fig. 4C) for TKR, the THR outcome showed marked discrepancy with this synthesis. This
presented a challenge to certainty when considering this analysis’s univariate meta-regression, particularly around
unmeasured confounding within long-term, post-operative outcomes (Supplementary Table 6). As such, whilst
THR patients reported greater improvements in HRQOL at 6-12 months post-operatively relative to TKR, there
is likely an additional relationship with presurgical waiting time that could not be observed in this analysis. The
influence of publication bias, as assessed by funnel plot, (Fig. 4D) was neglibile.

Patient perspectives on delayed elective total hip or knee replacement surgery

Only five studies that reported patients’ qualitative responses to and perceptions of delayed THR or TKR were
identified, summarised in Table 4 (below). All studies (3/3) commenting on psychological responses reported
increased patient anxiety, whilst two studies (2/2) reported worsening patient perspectives of both THR and
TKR services.

However, it was noted that there were several limitations to this outcome. Firstly, the qualitative nature
of these outcomes introduced diverse outcome measures, limited both the directness and comparability of
the outcome synthesis. Consequently, this precluded quantitative synthesis and assessment of publication bias,
reducing certainty in this outcome to “moderate”. Despite these, all reported outcomes captured negative patient
perspectives on delaying THR and TKR for patients, speaking to an underlying deleterious patient experience
associated with delayed surgical care.

Discussion

Summary of findings

This review presents a contemporary and high-quality (Oxford Centre for Evidence-Based Medicine, OCEBM,
Level 1) analysis exploring the impact of presurgical waiting time on primary, elective THR and TKR outcomes™.
In this systematic review and meta-analysis a significant association between increased presurgical waiting
time and deteriorations in patient joint-related function and HRQOL for primary elective THR and TKR were
identified. Given reported thresholds, this synthesis estimates that clinically meaningful deterioration (i.e., more
than the minimum clinically important difference) in joint specific outcomes and HRQOL likely occur within
6 months of waiting for surgery*>°*”. Furthermore, qualitative synthesis indicated that pre-surgical waiting
time may deleteriously influence clinical outcomes up to 12-months post-operatively. In alignment with current
evidence, post-operative meta-analysis identified a decreased gain in joint specific outcomes and HRQOL at 6 to
12 months post-operatively for primary elective TKR patients, relative to THR®. Patients also indicated strongly
deleterious perspectives on prolonged presurgical wait for these procedures.

Limitations

There are several considerations when interpreting this review. Firstly, limitations within the reported litera-
ture prevented the use of gold-standard individual patient meta-analysis and/or multivariate meta-regression
approaches.

Secondly, the outcome measures synthesised for the primary outcomes of this meta-analysis were diverse.
However, only validated outcome measures were utilised in quantitative analysis, and recommended approaches
to comparing these were utilised to preserve the validity of this review. Interestingly, there was no trend in
preference for particularly outcome measures over time, indicating broad consensus on the utility and validity
of each system.

Furthermore, 61,905 of the 89,996 patients reported were drawn from one study®. Although this study had
a low risk of bias and, through its own multivariate regression, estimated a greater effect size in post-operative
joint-function and HRQOL outcomes than was observed in the current meta-analysis, it is possible that this
review was underpowered to directly observe any relationship between pre-surgical waiting time and postopera-
tive joint function and HRQOL?. Consequently, a deleterious relationship remains plausible. Reassuringly, this
meta-analysis independently replicated previous findings in literature, showing a greater improvement in joint
functionality and HRQOL following THR relative to TKR in patients 6-12 months post-operatively®. Despite
this, these postoperative outcomes also likely carried greater exposure to confounding due to the multifactorial
nature of postoperative recovery (e.g., when considering the impact of independent predictors of postoperative
outcomes, such as capacity for self-care, comorbid diseases (e.g. diabetes), and exercise)**.

Finally, all reported surgeries were performed in Europe, North America, or New Zealand. This limits the
applicability and generalisability of these findings to African, Asian, and South American patient populations®'-%.
Indeed, future research should seek to expand this evidence-base for patients in underserviced health systems.
However, when considering the influence of patient heterogeneity and confounding on the reported analyses,
both these geographical restrictions and the broader homogeneity of included patient populations serve to miti-
gate against unmeasurable confounders, (e.g., socioeconomic circumstance), and preserve the internal validity
of this work. In alignment with this, whilst included studies capture a 21-year study period with consequent
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practice variability, reported effect sizes show broad temporal agreement. Interestingly, the significant reduction
in preoperative HRQOL associated with prolonged pre-surgical wait time was driven by more recent studies,
perhaps indicating the influence of additional risk factors and multimorbidity within modern patient populations.

Conclusions

This is the first meta-analysis and systematic review to explore both post-operative outcomes and patients’
perspectives to delayed primary elective THR and TKR surgeries. Despite variable outcome assessment, patient
voice was unanimous that delays to surgery carried deleterious impacts on both their psychosocial wellbeing and
perceptions of care. Indeed, out with this context this finding is reflected within broader elective orthopaedic
literature®#>*. Importantly given its influence on HRQOL, future work should seek to further explore patient
perspectives on delayed surgical care provision.

The findings of this review differ from previous systematic reviews and meta-analyses on the effect of wait-
ing for THR or TKR. When considering previous reviews, this reported population (preoperative outcomes
N=9,020) exceeds both previous sample sizes (N = 1,646 and N =2,490 patients for Hoogeboom and Patten,
respectively), enhancing the relative power of this meta-analysis(10,11]. Given this larger patient population,
and coupled with this review’s implementation of meta-regression to prevent false negative errors from arising
around binary discrimination, the pre-operative arm of this analysis is likely powered.

Whilst this meta-analysis clearly shows the deleterious effect of prolonging pre-surgical waiting time in pri-
mary elective THR and TKR, no explicit relationship between waiting time and postoperative HRQOL and joint
functionality was identified. However, as pre-surgical wait times continue to increase, and patient pre-operative
joint function (itself an independent predicator for postoperative joint function) continues to deteriorate, this
effect may become more apparent in future*>*.

In conclusion, this systematic review and meta-analysis of 89,996 patients undergoing primary elective THR
and TKR demonstrates a significant association between prolonged pre-surgical waiting and deleterious pre-
operative joint-specific outcomes and HRQOL. Furthermore, patient voice unanimously condemned delayed
care. Postoperatively, there was a plausible relationship between waiting time and 12-month joint function and
HRQOL, whilst patients undergoing THR experience greater joint functionality and HRQOL gains from surgery,
relative to TKR. Future work should elucidate the determinants of post-operative joint function and HRQOL
following primary THR and TKR, across the global economic spectrum. However, in lieu of this, urgent action
should be taken to minimise the ongoing deterioration of patients’ joint functionality, HRQOL, and psychological
status whilst awaiting elective primary THR/TKR.

Methods

Protocol registration and ethics

The study protocol was registered on the International Prospective Register of Systematic Reviews (PROSPERO)
database on 01/03/2022 (CRD42022288128) and was undertaken in accordance with the Preferred Reporting
Items for Systematic Review and Meta-analyses (PRISMA, 2020) and Cochrane Handbook for Systematic Reviews
of Interventions (2021)%*%, Ethical approval was not required.

Information sources and search strategy

Reported populations of patients undergoing elective primary THRs or TKRs were interrogated, to explore how
the duration of the pre-surgical waiting period, defined as the period from placement on waiting list until surgery,
influenced joint-specific outcome scores, indices of health-related quality of life, and psychological responses.
On 30/1/2023, this search strategy (Supplementary Table 1) was executed on the MEDLINE(R) and In-Process,
In-Data-Review & Other Non-Indexed Citations 1946 to January 30th, 2023”, “EMBASE 1980 to 2023 Week 5",
PubMed, and Cochrane CENTRAL databases. No limitations were placed these searches.

Selection and eligibility criteria

Primary published observational and randomised-controlled literature reporting elective primary TKR and THR
populations, their time-to-treatment on presurgical waiting lists, and inclusion of relevant outcome data were
eligible. The primary outcomes of this systematic review were validated measures of joint specific outcomes,
HRQOL, or psychosocial perspective, with qualitative data being sought secondarily. Individual case-studies
and unpublished data were ineligible. To ensure internal validity and preserve external validity, reported popula-
tions containing patients aged 16 or under and those undergoing non-elective (e.g., unplanned trauma surgery),
partial, or secondary revision of THR/ TKR were also excluded.

Following execution of the search strategy, identified records were de-duplicated and independently screened
by two authors to assess relevance. Inter-rater reliability was thus assessed using Cohen’s kappa and disagreements
resolved by the senior author'>®. Subsequently, relevant abstracts were reviewed to establish final eligibility. All
relevant records were reviewed to identify further references of interest. Non-English language manuscripts were
only to be excluded after attempting to contact the corresponding authors.

Data collection and analysis

Following identification, primary outcome data was extracted by the primary author under supervision from
the final author. This data was then analysed in prespecified pre- and post-operative subgroups to prevent con-
founding. Where duplicate data was reported in literature, the revised analysis was retained. Preferred primary
outcome measures included clinically validated joint-specific outcome scores (Oxford Hip and Knee scores (OHS,
OKS), health-related quality of life scores (HRQOL, e.g., Short Form 36 (SF-36) and EuroQol-5D (EQ5D)), for

Scientific Reports |

(2024) 14:8032 | https://doi.org/10.1038/s41598-024-58050-6 nature portfolio



www.nature.com/scientificreports/

meta-analysis. However, qualitative, subjective, non-validated, or otherwise incompatible outcome measures
were also recorded and manually tabulated for systematic review.

Potential sources of ascertainment bias and heterogeneity were identified through further collection of
descriptive datasets (e.g., patient eligibility criteria, duration of presurgical waiting time, study period, study
location(s), sample sizes, proportion female sex, and mean patient age was sought for reported populations].
Where missing data was identified or further information required for analysis, clarification was sought from
the relevant corresponding author.

Given the diverse outcome measures within scoping literature, comparable data was transformed and rep-
resented as mean and standard deviation to facilitate quantitative synthesis. Joint-specific pain and function
scores were converted into a common weighted score (0-100, worst-to-best of pain and function subdomains)®.
Similarly, SF-36 HRQOL (0-100 scale) was converted into a single preference-based EQ-5D index (0-1, worst-
to-best) following Ara and Brazier’s method*. Where necessary, the standard deviation was imputed using Wan
et al’s adaptive method®. Effect sizes were summarised as either mean difference (MD, percentage change) or
odds ratios (OR), where possible.

In the absence of individual patient data, summary meta-analysis was undertaken using a random effect
residual maximum likelihood model of mean difference. 95% confidence interval (95% CI), and heterogene-
ity (I?) were also calculated. Linear meta-regressions were performed to explore heterogeneity due to variable
reported mean pre-surgical waiting times, whilst sensitivity analyses of regression curves were performed using
Clogg’s method to enable comparison of postoperative hip and knee arthroplasty data®*¢°. Mixed model meta-
analyses and meta-regressions were performed using the “Metafor” R software package®”*%. Publication bias of
quantitative syntheses was assessed using Egger’s funnel plot tests®56,

Risk of bias and certainty assessment

Risk of bias from randomised, non-randomised, and cross-sectional studies following gold-standard Risk of Bias
2 (RoB2), Risk of Bias in Non-Randomised Studies (ROBINS-I), and Joanna Briggs Institute (JBI) frameworks,
respectively*”#7°_ In each instance, the overall risk of bias for sought outcomes was ascribed following the highest
constituent domain. Sensitivity analysis was indicated following identification of maximal overall risk of bias. The
Grading of Recommendations Assessment, Development and Evaluation (GRADE) framework was also used to

assess the certainty of evidence for each outcome synthesised as either “high”, “moderate”, “low” or “very low”.

Data availability

Study protocol is publicly accessible on PROPSERO (CRD42022288128]. Search methodology, excluded articles,
risk of bias assessments, certainty assessments are included within supplementary materials. Access to included
studies is subject to third party restrictions on accessing academic literature. Please direct any queries or data
access requests to the corresponding author (GMC].
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