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Introduction  
Total hip arthroplasty (THA) and total knee arthroplasty (TKA) are effective, but recovery 
involves pain and reduced mobility. Enhanced Recovery After Surgery (ERAS) pathways 
combine perioperative interventions to accelerate recovery, but evidence versus 
conventional care is inconsistent. 

Objective  
To evaluate ERAS pathways versus conventional perioperative care in adults undergoing 
elective primary THA or TKA. 

Methods  
PubMed/MEDLINE, Web of Science, and Google Scholar were searched from inception to 
August 2026. Randomized controlled trials and comparative cohort studies comparing a 
multimodal ERAS pathway (≥3 components) with conventional care were eligible. Four 
reviewers extracted data independently. Risk of bias was assessed using RoB 2 and 
ROBINS-I. Random-effects meta-analysis was performed, and certainty of evidence was 
rated using GRADE. 

Results  
Twenty-six studies were included (sample sizes 24 to 1,540,462). ERAS shortened length 
of stay (LOS) in nearly every study; the pooled mean difference was −3.61 days (95% 
confidence interval [CI], −5.22 to −1.99; I²=97.0%). The reduction was significant for TKA 
(−3.98 days; 95% CI, −7.04 to −0.92) but not for THA. Overall complications showed a 
non-significant trend favoring ERAS (risk ratio 0.82; 95% CI, 0.65–1.04), driven mainly by 
minor (Clavien-Dindo grade 1–2) events. Readmissions, transfusion, and opioid 
requirements did not differ significantly. 

Conclusion  
ERAS pathways are associated with a clinically important reduction in LOS, particularly 
for TKA. A reduction in perioperative morbidity is plausible but unconfirmed. Evidence 
on readmissions, opioid use, and long-term patient-reported outcomes is limited and of 
low certainty. Well-designed multicenter randomized trials with standardized long-term 
outcome reporting are needed. 
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INTRODUCTION 

Total hip arthroplasty (THA) and total knee arthroplasty 
(TKA) are established surgical treatments for patients with 
advanced degenerative joint disease and substantial pain or 
functional limitation. As the volume of joint arthroplasty 
continues to increase, optimizing perioperative care has 
become increasingly important to facilitate recovery while 
maintaining patient safety and quality of care. Despite the 
effectiveness of arthroplasty in restoring joint function, the 
postoperative period may be accompanied by pain, reduced 
mobility, and temporary impairment of physical function, 
potentially delaying recovery and independence. Therefore, 
strategies that address multiple aspects of perioperative 
care have gained increasing attention in modern arthro
plasty practice.1,2 

Enhanced Recovery After Surgery (ERAS) is a multidis
ciplinary, multimodal approach designed to reduce surgical 
stress and facilitate postoperative recovery. In hip and knee 
arthroplasty, ERAS pathways incorporate interventions 
throughout the perioperative period rather than relying on 
an isolated intervention. These may include preoperative 
patient education and optimization, appropriate anesthetic 
techniques, multimodal and opioid-sparing analgesia, 
strategies to minimize blood loss, and early postoperative 
mobilization.1,2 Early mobilization is considered an impor
tant component of ERAS, with the overall pathway aiming 
to promote functional independence and accelerate recov
ery following surgery.1 In addition to conventional clinical 
outcomes, increasing attention has been directed toward 
postoperative mobility, patient satisfaction, and patient-re
ported outcomes as important indicators of recovery.1 

Several studies have reported favorable outcomes asso
ciated with ERAS pathways following THA and TKA. A large 
systematic review and meta-analysis found that ERAS was 
associated with a shorter hospital length of stay and fewer 
postoperative complications compared with conventional 
care, although no significant difference was observed in 
30-day readmission rates.3 More recent comparative evi
dence has also demonstrated improvements in early post
operative mobility following ERAS-based THA, including 
better performance on mobility assessments and greater 
walking distances, while pain and patient-reported out
comes were not significantly different between ERAS and 
conventional pathways.1 Similarly, evidence from TKA has 
demonstrated improvements in outcomes such as hospital 
stay, postoperative pain, range of motion, and functional 
scores following multidisciplinary ERAS implementation.4 

Furthermore, studies evaluating muscular recovery after 
THA suggest that ERAS may reduce postoperative loss of 
muscular strength; however, these objective improvements 
have not consistently translated into superior patient-re
ported functional outcomes or quality of life.2 

Despite the increasing adoption of ERAS in THA and 
TKA, the existing literature remains heterogeneous with re
spect to the components included in ERAS pathways and 
the outcomes assessed. Previous research has frequently fo
cused on hospital length of stay, complications, and read
missions, while other clinically meaningful outcomes, in

cluding long-term patient-reported outcomes and opioid 
use, have been evaluated less consistently.1,3 Moreover, 
variation in ERAS protocols and differences in outcome as
sessment may contribute to inconsistent findings across in
dividual studies.1,2 A comprehensive synthesis of compara
tive evidence is therefore warranted to clarify the effects of 
multimodal ERAS pathways across clinically relevant out
comes following primary THA and TKA. This systematic re
view aims to evaluate the effects of ERAS pathways com
pared with conventional perioperative care in adults 
undergoing elective primary THA or TKA, with respect to 
length of hospital stay, postoperative complications, read
missions, long-term patient-reported outcome measures, 
and opioid use. 

METHODS 

STUDY DESIGN 

This study was designed as a systematic review to evaluate 
the effects of ERAS pathways compared with conventional 
perioperative care in adults undergoing elective primary 
THA or TKA. The review included randomized controlled 
trials and prospective or retrospective comparative cohort 
studies. Eligible studies were required to compare a multi
modal ERAS pathway incorporating at least three defined 
perioperative components with conventional or standard 
care and to report at least one outcome of interest, includ
ing length of hospital stay, perioperative complications, 
hospital readmissions, long-term patient-reported out
come measures, or postoperative opioid use. This system
atic review was registered with the International Prospec
tive Register of Systematic Reviews (PROSPERO; 
registration number CRD420261472788). The following de
viations from the registered protocol occurred: (1) prospec
tive and retrospective comparative cohort studies were in
cluded, in line with the registered eligibility criteria, 
although the study design field of the registration listed 
randomized studies only; (2) no language restriction was 
applied, whereas the protocol specified English-language 
studies only; (3) risk of bias in non-randomized studies was 
assessed using ROBINS-I instead of the Newcastle-Ottawa 
Scale, and randomized trials were assessed using RoB 2 
only; (4) because fewer than 10 studies contributed to each 
meta-analysis, publication bias was assessed by visual in
spection of funnel plots rather than by Egger’s test; and (5) 
the planned sensitivity analyses excluding studies at high 
risk of bias and restricted to randomized trials were not per
formed. 

ELIGIBILITY CRITERIA 

Eligibility was defined according to the Population, Inter
vention, Comparator, Outcomes, and Study design (PICOS) 
framework: 

Population: Adults (≥18 years) undergoing elective pri
mary THA or TKA for degenerative joint disease or compa
rable elective indications. 
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Intervention: A multimodal ERAS, enhanced recovery, 
or fast-track pathway comprising at least three defined pe
rioperative components spanning the pre-, intra-, and/or 
post-operative phases (e.g., structured patient education, 
multimodal analgesia, standardized anesthesia protocols, 
blood loss management, early mobilization, restrictive fluid 
therapy, and avoidance of drains and urinary catheters). 

Comparator: Conventional or traditional perioperative 
care without structured ERAS implementation. 

Outcomes: Studies were required to report at least one 
of the following: length of hospital stay (LOS); overall com
plications or serious adverse events; hospital readmissions; 
long-term patient-reported outcome measures (PROMs) as
sessing pain, function, quality of life, or satisfaction at ≥6 
or ≥12 months; or opioid consumption/persistent opioid 
use. 

Study designs: Randomized controlled trials (RCTs) and 
prospective or retrospective comparative cohort studies 
were eligible. The following were excluded: (1) non-com
parative studies (single-group before–after designs without 
a clear comparator), case series, case reports, editorials, let
ters, and narrative reviews; (2) studies focusing exclusively 
on unicompartmental knee arthroplasty or revision arthro
plasty without separable primary THA/TKA data; (3) out
patient-only arthroplasty pathways in which LOS was sys
tematically zero days and therefore not comparable with 
inpatient care; (4) non-elective, trauma, or oncologic 
arthroplasty; and (5) protocol-only publications without 
outcome data. No restrictions were applied with respect to 
language, country, or publication date; non-English pub
lications were assessed using their English abstracts and 
translated full texts where available. 

INFORMATION SOURCES AND SEARCH STRATEGY 

A comprehensive literature search was performed in 
PubMed/MEDLINE, Web of Science, and Google Scholar 
from database inception to August 2026. The search strat
egy combined controlled vocabulary and free-text terms 
relating to the intervention and the surgical population, 
structured as follows: (enhanced recovery OR ERAS OR 
“clinical pathway” OR “fast track”) AND (hip arthroplasty 
OR hip replacement OR THA OR “total knee arthroplasty” 
OR TKA OR “knee replacement”) AND (randomized con
trolled trial OR cohort OR “comparative study”). The strat
egy was adapted to the syntax and indexing terms of each 
database. In addition, the reference lists of included studies 
and relevant systematic reviews were hand-searched to 
identify further eligible records. The search was re-run 
prior to the final analysis to capture recently published 
studies. 

STUDY SELECTION 

All retrieved records were exported into the Rayyan web 
application for systematic reviews (Rayyan Systems Inc., 
Cambridge, MA, USA), where duplicates were identified and 
removed. Four reviewers independently screened titles and 
abstracts against the eligibility criteria, blinded to each 
other’s decisions. The full texts of all potentially eligible 

records were then sought and independently assessed in 
duplicate. Disagreements at either stage were resolved 
through discussion, with adjudication by a different senior 
reviewer where consensus could not be reached. Records 
excluded at the full-text stage were documented with the 
reason for exclusion. Of 1,435 records identified, 78 dupli
cates were removed, and 1,357 records were screened by 
title and abstract. Of 429 reports sought for full-text re
trieval, 22 could not be retrieved and 407 were assessed for 
eligibility; 26 comparative studies fulfilled all criteria and 
were included in the final synthesis. The study identifica
tion and selection process is summarized in the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) 2020 flow diagram (Figure 1). 

DATA EXTRACTION 

Data were extracted independently by four reviewers into 
a standardized, piloted data extraction template, and dis
crepancies were resolved by discussion or by a different re
viewer. The following variables were collected: study char
acteristics (first author, year of publication, country, 
setting, study design, and sample size); population charac
teristics (age, sex, body mass index (BMI), comorbidities, 
indication for surgery, THA versus TKA, and unilateral ver
sus bilateral procedures); details of the ERAS intervention 
(number and type of pathway elements, including patient 
education, anesthesia and analgesia protocols, blood man
agement, early mobilization, thromboprophylaxis, nutri
tion, and catheter/drain policy, together with reported ad
herence or compliance); core components of the 
comparator (conventional care) pathway; LOS (mean or 
median with corresponding measures of dispersion and dis
charge criteria); complications and serious adverse events 
(definitions and timing); readmissions and reoperations 
(time frame and cause); PROMs (instrument used, e.g., 
Western Ontario and McMaster Universities Osteoarthritis 
Index [WOMAC], Hip disability and Osteoarthritis Outcome 
Score [HOOS], Knee injury and Osteoarthritis Outcome 
Score [KOOS], Oxford Hip/Knee Scores, Harris Hip Score, 
Knee Society Score, EuroQol 5-Dimension [EQ-5D], and as
sessment time points); pain scores, opioid consumption 
and persistent opioid use, and time to mobilization; and 
health-economic outcomes (costs and cost-effectiveness) 
where reported. Where studies reported outcomes for THA 
and TKA separately, data were extracted for each joint inde
pendently. Corresponding authors were contacted for miss
ing or unclear data where necessary. 

OUTCOMES 

The primary outcomes were length of hospital stay, overall 
complications and serious adverse events, hospital read
missions, and long-term PROMs (pain, function, quality of 
life, and satisfaction) at ≥6 or ≥12 months of follow-up. 
Secondary outcomes were persistent opioid use or post-
discharge opioid consumption, time to mobilization, dis
charge destination, and health-economic outcomes where 
reported. 
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Figure 1. PRISMA 2020 flow diagram of study identification and selection.          

Identification of studies via databases and registers 

Identification 
Records identified from: 
Databases (n = 1,435) 
Registers (n = 0) 

→ 

Records removed before screening: 
Duplicate records removed (n = 78) 
Records marked as ineligible by automation tools (n = 0) 
Records removed for other reasons (n = 0) 

↓ 

Screening 

Records screened 
(n = 1,357) 

→ Records excluded 
(n = 928) 

↓ 

Reports sought for retrieval 
(n = 429) 

→ Reports not retrieved 
(n = 22) 

↓ 

Reports assessed for eligibility 
(n = 407) 

→ 

Reports excluded (n = 381): 
No relevant outcome (n = 102) 
Wrong population (n = 90) 
Revision or UKA only (n = 55) 
Intervention not multimodal ERAS (n = 51) 
Non-comparative design (n = 50) 
Wrong publication type (n = 33) 

↓ 

Included 
Studies included in review (n = 26) 
Reports of included studies (n = 26) 

RISK OF BIAS ASSESSMENT 

Risk of bias was assessed independently by two reviewers, 
with disagreements resolved by consensus or by a third re
viewer. Randomized controlled trials were appraised using 
the Cochrane Risk of Bias 2 (RoB 2) tool across its five 
domains (randomization process, deviations from intended 
interventions, missing outcome data, measurement of the 
outcome, and selection of the reported result), yielding an 
overall judgement of low risk, some concerns, or high risk of 
bias. Non-randomized comparative studies were appraised 
using the Risk Of Bias In Non-randomized Studies of In
terventions (ROBINS-I) tool across its seven domains (con
founding, selection of participants, classification of inter
ventions, deviations from intended interventions, missing 
data, measurement of outcomes, and selection of the re
ported result), yielding an overall judgement of low, moder
ate, serious, or critical risk of bias. Risk of bias judgements 
were incorporated into the interpretation of findings. 

DATA SYNTHESIS AND ANALYSIS 

The findings of the included studies were synthesized nar
ratively. The characteristics and results of the included 
studies were summarized in structured evidence tables cov
ering study design and setting, population, ERAS inter
vention components, comparator details, and reported out
comes. The synthesis was organized by outcome 
domain—length of hospital stay; complications and serious 
adverse events; readmissions; long-term PROMs; opioid 
consumption and persistent opioid use; time to mobiliza
tion and discharge destination; and health-economic out
comes—and stratified by arthroplasty type (THA versus 

TKA), with studies reporting separable data for each joint 
synthesized accordingly. For each outcome, results were 
summarized in terms of the direction, magnitude, and sta
tistical significance of the effect as reported by the primary 
study authors, and effect estimates with their 95% confi
dence intervals (CIs) were presented as originally reported. 
Where appropriate, the consistency of findings across stud
ies was summarized by grouping studies according to the 
direction of effect. 

Given the variability among the included studies with re
spect to study design, populations, the number and compo
sition of ERAS pathway components, comparator (conven
tional care) pathways, outcome definitions, and follow-up 
durations, between-study differences were described qual
itatively and considered when interpreting the findings. 
Prespecified exploratory comparisons examined whether 
findings differed by arthroplasty type (THA versus TKA), 
ERAS pathway intensity (number and type of components), 
follow-up duration, and study design (randomized versus 
non-randomized). In interpreting the body of evidence, 
greater weight was given to randomized controlled trials 
and to studies judged to be at lower risk of bias, and the 
influence of studies at high or critical risk of bias on the 
overall conclusions was considered. The certainty of the 
evidence for each primary outcome was rated using the 
Grading of Recommendations, Assessment, Development 
and Evaluation (GRADE) approach, considering risk of bias, 
inconsistency, indirectness, imprecision, and publication 
bias. 
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META-ANALYTIC STATISTICAL METHODS 

STATISTICAL ANALYSIS PLAN 

Continuous outcomes (length of stay) were pooled using 
inverse-variance random-effects models with mean differ
ences (MD) and 95% CIs; dichotomous outcomes (compli
cations, readmissions, transfusion, opioid use) used Man
tel-Haenszel random-effects models with risk ratios (RR). 
Between-study heterogeneity was quantified via τ,2 I2, and 
Cochran’s Q, with Hartung-Knapp adjustment applied 
given the small number of studies per outcome. Restricted 
maximum likelihood (REML) estimated τ.2 Subgroup analy
ses stratified by joint type (THA vs TKA vs combined) tested 
for differential effects using between-group Q-tests. Publi
cation bias was assessed via funnel plots test where k≥6, in
terpreted cautiously given limited study numbers. Analyses 
were conducted in R (R Foundation for Statistical Comput
ing, Vienna, Austria) using the meta package. 

RESULTS 

Our review included 26 studies which demonstrated sub
stantial methodological and clinical diversity and consisted 
of randomized controlled trials, prospective and retrospec
tive cohorts, matched designs, quasi-experimental studies, 
and large database analyses. Most studies were non-ran
domized and therefore assessed using ROBINS-I, whereas 
randomized trials were evaluated using RoB 2. The sample 
sizes of our study ranged from 24 participants (Reinhard, 
20232; Reinhard, 20245) to 1,540,462 patients in a national 
US claims analysis (Memtsoudis, 20206). There are several 
studies which used matched historical or conventional-care 
controls, including Stowers (2016),7 Vendittoli (2019),8 and 
Milligan (2021),9 while others used prospective or sequen
tial before–after comparisons. The evidence base included 
both THA and TKA populations, with some studies specif
ically focused on TKA (Goetz, 202310) or THA-related out
comes (Reinhard, 20232; Götz, 20231). Importantly, several 
studies lacked a true conventional-care comparator and 
compared different ERAS implementations or time periods 
within ERAS pathways, including Ding (2022),11 Sun 
(2023),12 and Xu (2024).13 These designs may limit direct 
interpretation of ERAS versus conventional-care effects. 
The multicenter POWER2 study provided substantial ob
servational evidence with 6,146 participants (Ripollés-Mel
chor/POWER2, 202014), while Liao (2025)15 contributed a 
large multicenter RCT involving 313 participants (Table 1). 
Supplementary Table S1 shows that the included studies 

comprised diverse patient populations undergoing primary 
THA or TKA. Notably, most of the participants were older 
adults and underwent elective arthroplasty for condition 
like osteoarthritis, although there are some studies which 
included rheumatoid arthritis, osteonecrosis of the femoral 
head, developmental dysplasia, and ankylosing spondylitis. 
Notably, mean ages generally ranged from 52 to 75 years, 
with older populations reported by Jiang (2019),16 Stowers 
(2016),7 and POWER2 (2020).14 The baseline characteristics 
of the participants were generally comparable between 

ERAS and conventional-care groups. However, some stud
ies reported important differences. Vendittoli (2019)8 ob
served that there is a significant age difference between 
groups (58.0 vs 54.3 years, p=0.002), while Stowers (2016)7 

reported borderline differences in BMI (34.4 vs 32.5 kg/m2, 
p=0.05). There is a study by Hardy (2022),24 which reported 
a significant age difference between paired limbs (60.0 vs 
52.9 years, p<0.001), and Milligan (2021)9 reported a higher 
proportion of American Society of Anesthesiologists (ASA) 
III patients in the ERAS group (15% vs 4%). 
Supplementary Table S2 shows that ERAS pathway com

position varied substantially across the included studies 
which ranged from minimal 5–7-component protocols 
(Liao 2025,15 Wei 202122) to comprehensive 12–13-element 
pathways (Jiang 2019,16 Tan 201817). Core recurring ele
ments across nearly all protocols included tranexamic acid, 
multimodal/regional analgesia, and early mobilization, 
most commonly targeted within 2–6 hours postoperatively 
(Leiss 2021,20 Vendittoli 2019,8 Reinhard 2023,2,27 Rein
hard 20245). This contrasted sharply with comparator arms 
which typically mobilized patients only from postoperative 
day 1 (Wei 2021,22 Götz 2023,1 Zhao D 201819). Anesthesia 
technique was a key differentiator with several German co
horts specifically contrasted short-acting spinal anesthesia 
with intraoperative dexamethasone against long-acting 
spinal regimens in conventional care (Leiss 2021,20 Rein
hard 2023,2,27 Reinhard 20245), while others emphasized 
opioid-free or epidural-sedation approaches (Vendittoli 
20198; de Carvalho Almeida 202125). Notably, several stud
ies lacked a genuine conventional-care comparator and in
stead compared ERAS-adherence gradients or intra-ERAS 
variations: Memtsoudis (2020)6 contrasted high versus low 
component “dose,” Ding (2022)11 compared two ERAS-
managed periods, and Sun (2023)12 examined staging inter
vals within a uniformly ERAS-treated cohort. Similarly, Tan 
(2018)17 and Ripollés-Melchor/POWER2 (2020)14 compared 
enhanced versus baseline ERAS elements or ERAS-desig
nated centers rather than true non-ERAS controls, and Xu 
(2024)13 had no comparator arm at all. 
Table 2 shows that length of stay was the most consis

tently reported and most robustly favorable outcome for 
ERAS across studies, with statistically significant reduc
tions ranging from roughly 1 to 6 days regardless of joint or 
country (Jiang 2019,16 Zhao D 2018,19 Wei 2021,22 Chung 
2021,23 de Carvalho Almeida 2021,25 Zhao X 2023,26 Liao 
2025,15 Liu J 2023,4 Milligan 20219), though a minority 
found no significant LOS difference after adjustment (Tan 
201817) or did not report LOS as an outcome by design 
(Leiss 2021,20 Reinhard 2023, THA pain27: Götz 2023, THA 
TUG1: Reinhard 20245). 

Notably, the findings regarding complications were 
mixed, with several studies reporting significantly fewer 
complications with ERAS. Jiang (2019)16 and Zhao D 
(2018)19 reported reductions in specific complications, par
ticularly postoperative nausea and vomiting, while Hardy 
(2022)24 and Vendittoli (2019)8 observed fewer Grade 1–2 
complications. In contrast, other studies found no signif
icant difference in overall complication rates, although 
some reported potential benefits limited to moderate-to-
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Table 1. Characteristics of the included studies      

Author 
(Year) 

Country / 
Setting 

Study Design Study Period Total N 
(ERAS/
Control) 

Risk of Bias Tool 

Jiang 
(2019)16 

China 
(Wuhan) 

Prospective non-
randomized controlled 

Jan 2014–Jun 2016; 
≥2-yr FU 

247 (106/
141) 

ROBINS-I 

Tan 
(2018)17 

Australia 
(Melbourne) 

Prospective 
before–after (QI study) 

Jan 2015–Aug 2016 230 (115/
115) 

ROBINS-I 

Jayakumar 
(2017)18 

UK (London) Retrospective vs 
prospective cohort 
(before–after) 

Jan 2012–Dec 2014 2080 
(1042/
1038) 

ROBINS-I 

Zhao D 
(2018)19 

China Retrospective 
comparative 

Sep 2015–Sep 2016 98 (46/
52) 

ROBINS-I 

Leiss 
(2021)20 

Germany 
(Regensburg) 

Retrospective matched-
pair (1:1) cohort 

Mid-2018–mid-2019 122 
matched 
(61/61) 

ROBINS-I 

Stowers 
(2016)7 

New Zealand 
(Auckland) 

Quasi-experimental 
(prospective vs historical 
control) 

Aug–Dec 2013 vs 
Jun–Aug 2012 

200 (100/
100) 

ROBINS-I 

Ripollés-
Melchor/
POWER2 
(2020)14 

Spain (131 
centers) 

Multicenter prospective 
cohort 

Oct–Dec 2018 6146 
(1592/
4554) 

ROBINS-I 
(facility-level 
exposure) 

Vendittoli 
(2019)8 

Canada 
(Montreal) 

Prospective ERAS 
cohort vs matched 
historical control 

Jun 2016–Aug 2018 
vs 2012–2015 

264 (114/
150) 

ROBINS-I 

Memtsoudis 
(2020)6 

USA (629 
hospitals) 

Retrospective cohort 
(national claims 
database) 

2006–2016 1,540,462 ROBINS-I (dose-
response, no 
discrete 
comparator) 

Lei (2017)21 China 
(Chengdu) 

Retrospective 
comparative 

Apr 2015–Mar 2016 
vs Nov 2016–Apr 
2017 

143 (70/
73) 

ROBINS-I 

Wei 
(2021)22 

China 
(Nanjing) 

Single-center RCT 
(NCT04873544) 

Oct 2018–Jun 2019; 
12-mo FU 

69 (35/
34) 

RoB 2 

Milligan 
(2021)9 

UK (Belfast) Service evaluation, 1:1 
matched retrospective 
control 

May–Dec 2019 vs 
2018 

200 
matched 
(100/100) 

ROBINS-I 

Chung 
(2021)23 

Hong Kong Retrospective 
before–after cohort 

2012–2014 vs 
2017–2018 

228 (111/
117) 

ROBINS-I 

Goetz 
(2023) 
TKA10 

Germany 
(Regensburg) 

Single-blinded 
prospective randomized 

May 2020–Mar 
2021 

52 (30/
22) 

RoB 2 

Ding 
(2022)11 

Singapore Retrospective, two 
consecutive cohorts 
(both under ERAS) 

Q4 2019 vs Q1 2020 275 (76/
199) 

ROBINS-I (no 
conventional-care 
arm) 

Hardy 
(2022)24 

Canada 
(Montreal) 

Ambidirectional single-
subject (paired, 
contralateral limb) 

2000–2018 vs Jan 
2017–Jun 2020 

48 
patients 
(paired) 

ROBINS-I (paired 
design) 

de Carvalho 
Almeida 
(2021)25 

Brazil (São 
Luís) 

Prospective, non-
randomized sequential 
groups 

Jan 2012–Nov 2016 
vs Dec 2016–Jan 
2018 

98 (47/
51) 

ROBINS-I 

Zhao X 
(2023)26 

China 
(Wenzhou) 

Retrospective historical 
control 

Jul 2021–Dec 2022 
vs Jan 2020–Jun 
2021 

207 (94/
113) 

ROBINS-I 

Sun 
(2023)12 

China 
(Chengdu) 

Single-center 
retrospective (interval 
comparison, all under 
ERAS) 

Jan 2018–Dec 2021 502 ROBINS-I (no 
conventional-care 
arm) 

Reinhard Germany Retrospective 1:1 2009–2021 630 ROBINS-I 
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Author 
(Year) 

Country / 
Setting 

Study Design Study Period Total N 
(ERAS/
Control) 

Risk of Bias Tool 

(2023) THA 
pain27 

(Regensburg) matched-pair (QUIPS 
project, 
DRKS00006153) 

matched 
(315/315) 

Liu J 
(2023)4 

China 
(Shangrao) 

Retrospective cohort Not specified 80 (40/
40) 

ROBINS-I 

Reinhard 
(2023) THA 
quadriceps2 

Germany Prospective single-
blinded RCT 

Not specified 24 (12/
12) 

RoB 2 

Götz (2023) 
THA TUG1 

Germany Prospective single-
blinded block-
randomized RCT 

Not specified 194 (98/
96) 

RoB 2 

Reinhard 
(2024)5 

Germany 
(Regensburg) 

Prospective single-
blinded RCT 

Not specified 24 (12/
12) 

RoB 2 

Xu (2024)13 Singapore Retrospective 
observational cohort 
(single-arm, no 
comparator) 

Aug 2020–Jul 2021 342 ROBINS-I (not 
applicable — no 
comparator) 

Liao 
(2025)15 

China (5 
centers) 

Multicenter prospective 
RCT 

Feb 2021–Jan 2023 313 (155/
158) 

RoB 2 

Superscript numbers indicate reference numbers. Abbreviations: ERAS, Enhanced Recovery After Surgery; FU, follow-up; QI, quality improvement; QUIPS, Quality Improvement in 
Postoperative Pain Management; RCT, randomized controlled trial; RoB 2, Cochrane Risk of Bias 2 tool; ROBINS-I, Risk Of Bias In Non-randomized Studies of Interventions; THA, to
tal hip arthroplasty; TKA, total knee arthroplasty; TUG, Timed Up and Go test. 

severe complications which included Ripollés-Melchor/
POWER2 (2020),14 Stowers (2016),7 and Tan (2018).17 

Readmission data were relatively sparse, and there was no 
significant differences between ERAS and conventional care 
were generally observed where reported such as Stowers 
(2016),7 Milligan (2021),9 and de Carvalho Almeida 
(2021).25 

Long-term PROMs were the weakest domain: most stud
ies either did not measure them beyond 4 weeks (Reinhard, 
2023 THA quadriceps2; Goetz, 2023 TKA10; Götz, 2023 THA 
TUG1) or found no between-group difference at later fol
low-up (Hardy, 202224; Reinhard, 20245), with WOMAC 
(Leiss 202120), the Hospital for Special Surgery (HSS) knee 
score (Zhao D 201819), and Harris Hip Score (Zhao X 
202326) being the only instruments showing a statistically 
significant ERAS advantage at ≥6 months. 

The risk-of-bias assessments of the included studies are 
presented in Table 3. Of the six randomized controlled tri
als, five were judged to have some concerns, mainly because 
of insufficient reporting of the randomization process and 
of prespecified analysis plans, and one (Wei 202122) was 
judged to be at high risk of bias because unblinded clini
cians determined discharge, the primary outcome. Of the 
20 non-randomized studies, two were judged to be at mod
erate, 17 at serious, and one (Ding 202211) at critical risk 
of bias. Confounding was the most frequently affected do
main, rated serious or critical in 15 studies, reflecting non-
randomized, often historically controlled designs with lim
ited adjustment. 

META-ANALYSIS OF IMPORTANT OUTCOMES 

Our meta-analysis evaluated the effects of ERAS compared 
with conventional care across key perioperative outcomes. 

Notably, length of stay was significantly shorter with ERAS, 
with a pooled mean difference of −3.61 days (95% CI −5.22 
to −1.99, p=0.0012) (Figure 2A). However, heterogeneity 
was very high (I2=97.0%). Furthermore, subgroup analysis 
showed a significant reduction in TKA (MD −3.98 days, 95% 
CI −7.04 to −0.92), whereas the reduction was not statis
tically significant for THA (MD −4.94 days, 95% CI −18.92 
to 9.04) or combined THA+TKA cohorts (MD −1.72 days, 
95% CI −4.52 to 1.09); subgroup differences were significant 
(p=0.0015). 

Notably, overall complications showed a non-significant 
trend favoring ERAS (RR 0.82, 95% CI 0.65–1.04, p=0.0885), 
with no observed heterogeneity (I2=0.0%) (Figure 2B). TKA 
demonstrated a significant benefit (RR 0.67, 95% CI 
0.66–0.67), whereas THA showed an imprecise, non-signif
icant estimate (RR 2.71, 95% CI 0.55–13.32). 

Readmissions did not differ significantly between groups 
(RR 1.14, 95% CI 0.18–7.07, p=0.7836), with moderate het
erogeneity (I2=51.4%) and considerable imprecision across 
only three studies (Figure 2C). 

The rate of blood transfusion favored ERAS numerically 
but did not reach statistical significance (RR 0.18, 95% CI 
0.01–2.88, p=0.1173), with substantial heterogeneity 
(I2=82.7%, p=0.0031) (Figure 2D). 

Furthermore, opioid analgesia requirements showed no 
significant difference (RR 0.97, 95% CI 0.0001–9988.9, 
p=0.9698), with extreme heterogeneity (I2=97.6%) and sub
stantial imprecision between the two included studies (Fig
ure 2E). 

Overall, our meta-analysis demonstrated a clear reduc
tion in length of stay with ERAS, while effects on compli
cations and transfusion remained statistically inconclusive, 
and no significant benefits were demonstrated for readmis
sions or opioid analgesia requirements. 
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Table 2. Summary of Reported outcomes across studies.       

Author 
(Year) 

Primary 
Outcome(s) 

LOS Result Complications 
Result 

Readmission 
Result 

PROMs / Other Result 

Jiang 
(2019)16 

Safety + knee 
function (KSS, 
ROM) 

9.6±1.6 vs 
11.3±1.9 d, 
P<0.001 

26/106 vs 52/
141, P=0.039 

NR KSS/ROM higher ERAS 
at POD1/5 (short-term 
only) 

Tan 
(2018)17 

QoR-15 at 6 
weeks 

5.02 vs 5.94 d, 
NS after 
adjustment 

NS between 
groups 

NS 
(unplanned 
readmission) 

QoR-15 NS; zero-
opioid use ↑ 

(56.6%→80.0%) 

Jayakumar 
(2017)18 

Hospital LOS ↓20–42% (THA), 

↓9–31% (TKA), 

p<0.001 

Not significantly 
negatively 
impacted (no 
counts) 

Not 
significantly 
negatively 
impacted (no 
counts) 

OHS +4.1 pt (OS 
subgroup); OKS +0.8 pt 
(NOS subgroup) 

Zhao D 
(2018)19 

Multiple 
perioperative 
outcomes 

6.8±1.2 vs 
13.1±2.6 d, 
P<0.01 

PONV 6/46 vs 
25/52, P=0.002 

NR HSS 65±7 vs 55±6 (1 
mo) and 86±7 vs 75±6 
(6 mo), P=0.001 and 
P=0.002; satisfaction 
comparable (P=0.055) 

Leiss 
(2021)20 

WOMAC + 
EQ-5D-5L/VAS 
at 12 mo 

Not an outcome 
(5–7 d both, by 
design) 

NR NR WOMAC superior 
ERAS, P=0.042; EQ-5D 
improved both, NS 
between-group 

Stowers 
(2016)7 

Median LOS 4 vs 5 d 
(median), 
P<0.001 

15/100 vs 22/
100, P=0.372 

8/100 vs 14/
100, P=0.258 

NR 

Ripollés-
Melchor/
POWER2 
(2020)14 

30-day postop 
complications 

4 vs 5 d 
(adherence 
quartiles, 
descriptive) 

10.2% vs 11.4%, 
P=.22; 
moderate-
severe 4.6% vs 
6.1%, P=.02 

Measured, 
not 
quantified in 
extraction 

NR 

Vendittoli 
(2019)8 

Complication 
rate (Clavien-
Dindo) 

THA 0.1 vs 2.9 
d; TKA 1.0 vs 4.9 
d, both P<0.001 

Grade 1–2: 0.8 
vs 3.0/patient, 
P<0.001; Grade 
3–5 NS 

NR Cost reduction 
reported instead 

Memtsoudis 
(2020)6 

Any 
complication, 
cardiopulmonary, 
mortality, 
transfusion, LOS 

Not group-mean 
(dose-response 
design) 

Medium vs Low 
OR 0.84 
(0.82–0.86); 
High vs Low OR 
0.71 (0.68–0.74) 

NR NR 

Lei (2017)21 Multiple fluid/
blood outcomes 

2.46±0.72 vs 
3.55±1.52 d, 
P<0.001 

Hypotension/
N&V/
electrolytes NS 

NR NR 

Wei 
(2021)22 

Postop 
hospitalization 
time 

3.11±0.32 vs 
7.06±0.60 d, 
P<0.001 

NR NR HSS/KSS/ROM higher 
ERAS at 1 mo; NS at 3/
6/12 mo 

Milligan 
(2021)9 

LOS + post-
discharge 
resource use/
cost 

1.59 d (CI 
1.14–2.04) vs 
3.01 d (CI 
2.56–3.46) 

NR (numeric) 30-day: 6 vs 
4; 90-day: 9 
vs 4 

NR 

Chung 
(2021)23 

Postop LOS 3.28±1.04 vs 
5.16±2.06 d, 
P<0.001 

1/111 vs 2/117 
(THA subgroup 
only) 

0 vs 0 (TKA); 
not 
separately 
quantified 
(THA) 

NR 

Goetz 
(2023) 
TKA10 

Isokinetic knee 
muscle strength 

NR (not an 
outcome) 

0 in either group 
(within 4 wk) 

NR Satisfaction 100% 
both, NS; not long-term 
(4-wk FU) 

Ding 
(2022)11 

LOS, %discharge 
by POD5, 
destination 

3.8 vs 4.5 d 1.3% vs 3% 2.6% vs 2% 
(30-day) 

NR 

Hardy Complications Implicit (same- 2.1 vs 4.4, Similar WOMAC/KOOS/

Enhanced recovery pathways in total hip and knee arthroplasty: impact on length of stay, complications, a…

Orthopedic Reviews 8



Author 
(Year) 

Primary 
Outcome(s) 

LOS Result Complications 
Result 

Readmission 
Result 

PROMs / Other Result 

(2022)24 (Clavien-Dindo, 
CCI), unplanned 
episodes 

day vs 1–3/3–5 
d), no direct 
mean given 

P<0.001; CCI 
12.3 vs 19.1, 
P<0.001 

(p>0.999) HOOS/FJS similar at 
last FU (p>0.188), 
mismatched FU 
windows 

de Carvalho 
Almeida 
(2021)25 

LOS/time to 
discharge; 
functional 
recovery 

2.3±0.8 vs 
6.4±1.5 d, 
P<0.001 

5/47 vs 2/51, 
P=0.124 

0 vs 0 NR (no long-term 
PROM) 

Zhao X 
(2023)26 

Postop LOS, 
HSS/HHS, VAS, 
PONV 

TKA 7.56±2.89 
vs 11.63±7.23, 
P=0.003; THA 
5.73±1.02 vs 
12.11±8.85, 
P=0.0001 

PONV reduced 
(no exact 
counts); VTE/
transfusion NS 

NR (data 
unavailable) 

HHS at 6 mo: 91.23 vs 
87.48, P=0.0001 (THA) 

Sun 
(2023)12 

Perioperative 
complication 
rate; cost 

4.87±1.25 vs 
5.14±1.41 d, 
P=0.02 (interval 
comparison) 

6.7% vs 14.7%, 
P<0.05 (interval 
comparison) 

NR NR 

Reinhard 
(2023) THA 
pain27 

Pain (NRS), 
opioid 
consumption, 
side effects at 24 
h 

Not an outcome 
(standardized 
7-day stay) 

Side effects 
(nausea/
dizziness/
tiredness) NS 

NR No long-term PROM 
(24-h outcome only); 
higher opioid use ERAS, 
P<0.001 

Liu J 
(2023)4 

VAS pain, 
functional 
recovery, LOS, 
cost 

5 vs 7 d, P<0.01 2/40 vs 3/40, 
P=0.64 

NR HSS at discharge 90 vs 
85, P<0.01 (short-term, 
not ≥6 mo) 

Reinhard 
(2023) THA 
quadriceps2 

Isokinetic 
muscular 
strength at 5 d & 
4 wk 

NR (not an 
outcome) 

NR NR WOMAC/HHS/
EQ-5D-3L NS at 4 wk 
(not long-term) 

Götz (2023) 
THA TUG1 

Mobilization 
(TUG test), 
POD2–6 

Standardized 
1-week stay 
both groups (not 
an outcome) 

0 in either group 
(early) 

NR NRS pain, PPP33, 1-wk 
PROMs NS (not long-
term) 

Reinhard 
(2024)5 

Isokinetic 
muscular 
strength at 3 mo 
& 1 yr 

Standardized 
7-day stay both 
groups (not an 
outcome) 

NR NR HHS/WOMAC/
EQ-5D-3L "excellent 
both, NS" at 1 yr 

Xu (2024)13 Successful 24-h 
discharge 
completion 

92.1% 
discharged 
within 24 h 
(descriptive, 
single-arm) 

30-day 
infection/
readmission/
reop not worse 
with delayed 
discharge (no 
numbers) 

Not worse 
with delayed 
discharge (no 
numbers) 

6-mo PROMs not 
worse with delayed 
discharge (no numbers) 

Liao 
(2025)15 

Total LOS 5.92 vs 8.17 d, 
P<0.001 

Reduced PONV/
thirst/pain 
(descriptive, no 
counts) 

NR 
(mortality/
complications 
measured, no 
readmission 
numbers 
given) 

NR 

Superscript numbers indicate reference numbers. Abbreviations: CCI, Comprehensive Complication Index; CI, confidence interval; EQ-5D, EuroQol 5-Dimension; ERAS, Enhanced 
Recovery After Surgery; FJS, Forgotten Joint Score; FU, follow-up; HHS, Harris Hip Score; HOOS, Hip disability and Osteoarthritis Outcome Score; HSS, Hospital for Special Surgery 
knee score; KOOS, Knee injury and Osteoarthritis Outcome Score; KSS, Knee Society Score; LOS, length of stay; NR, not reported; NRS, numeric rating scale; NS, not significant; 
OHS, Oxford Hip Score; OKS, Oxford Knee Score; OR, odds ratio; POD, postoperative day; PONV, postoperative nausea and vomiting; PROM, patient-reported outcome measure; 
QoR-15, Quality of Recovery-15; ROM, range of motion; THA, total hip arthroplasty; TKA, total knee arthroplasty; TUG, Timed Up and Go test; VAS, visual analogue scale; VTE, ve
nous thromboembolism; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index. 

Supplementary Figure S1 shows the funnel plots for the 
assessment of the potential publication bias across the an
alyzed outcomes. The funnel plot for length of stay showed 
some asymmetry, with an uneven distribution of studies 

around the pooled effect. This suggested possible small-
study effects. The overall complications plot appeared rel
atively more balanced, although some asymmetry was evi
dent. Funnel plots for readmissions and blood transfusion 
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Table 3. Risk of bias of the included studies: (A) randomized controlled trials assessed with RoB 2; (B) non-                
randomized studies assessed with ROBINS-I.      
A. Randomized controlled trials (RoB 2)       

Study Tool D1 D2 D3 D4 D5 D6 D7 Overall 

Randomized controlled trials 

Wei (2021)21 RoB 2 
Some 
concerns 

Low Low High 
Some 
concerns 

NA NA High 

Goetz (2023) 
TKA10 RoB 2 

Some 
concerns 

Some 
concerns 

Some 
concerns 

Some 
concerns 

Some 
concerns 

NA NA 
Some 
concerns 

Reinhard (2023) 
THA quadriceps2 RoB 2 

Some 
concerns 

Low Low Low 
Some 
concerns 

NA NA 
Some 
concerns 

Götz (2023) THA 
TUG1 RoB 2 

Some 
concerns 

Low Low Low 
Some 
concerns 

NA NA 
Some 
concerns 

Reinhard (2024)5 RoB 2 
Some 
concerns 

Some 
concerns 

Low Low 
Some 
concerns 

NA NA 
Some 
concerns 

Liao (2025)14 RoB 2 Low 
Some 
concerns 

Low 
Some 
concerns 

Low NA NA 
Some 
concerns 

Non-randomized studies 

Jiang (2019)15 ROBINS-
I 

Serious Serious Low Low Low Serious Low Serious 

Tan (2018)16 ROBINS-
I 

Moderate Low Low Serious Low Moderate Low Serious 

Jayakumar 
(2017)17 

ROBINS-
I 

Moderate Low Low Low Low Low Low Moderate 

Zhao D (2018)18 ROBINS-
I 

Serious Low Low Low Low Low Low Serious 

Leiss (2021)19 ROBINS-
I 

Serious Moderate Low Low Moderate Moderate Low Serious 

Stowers (2016)7 ROBINS-
I 

Serious Low Low Moderate Low Moderate Low Serious 

Ripollés-Melchor/
POWER2 
(2020)13 

ROBINS-
I 

Serious Moderate Moderate Moderate Low Low Moderate Serious 

Vendittoli (2019)8 ROBINS-
I 

Serious Moderate Low Low Low Serious Low Serious 

Memtsoudis 
(2020)6 

ROBINS-
I 

Moderate Serious Serious Moderate Low Low Low Serious 

Lei (2017)20 ROBINS-
I 

Serious Low Low Moderate Moderate Moderate Low Serious 

Milligan (2021)9 ROBINS-
I 

Serious Serious Low Moderate Low Serious Moderate Serious 

Chung (2021)22 ROBINS-
I 

Serious Serious Low Low Low Low Low Serious 

Ding (2022)27 ROBINS-
I 

Critical Low Moderate Serious Moderate Low Low Critical 

Hardy (2022)23 ROBINS-
I 

Moderate Low Low Low Low Moderate Low Moderate 

de Carvalho 
Almeida (2021)24 

ROBINS-
I 

Serious Low Low Low Low Serious Low Serious 

Zhao X (2023)25 ROBINS-
I 

Serious Moderate Low Low Low Serious Low Serious 

Sun (2023)11 ROBINS-
I 

Serious Serious Low Low Moderate Moderate Moderate Serious 

Reinhard (2023) 
THA pain26 

ROBINS-
I 

Moderate Moderate Low Low Low Serious Low Serious 

Liu J (2023)4 ROBINS-
I 

Serious Serious Low Moderate Low Low Low Serious 

Xu (2024)12 ROBINS-
I 

Serious Serious Low Serious Low Moderate Low Serious 

Superscript numbers indicate reference numbers. RoB 2 domains: D1, randomization process; D2, deviations from intended interventions; D3, missing outcome data; D4, measure
ment of the outcome; D5, selection of the reported result. ROBINS-I domains: D1, confounding; D2, selection of participants; D3, classification of interventions; D4, deviations from 
intended interventions; D5, missing data; D6, measurement of outcomes; D7, selection of the reported result. Abbreviations: RoB 2, Cochrane Risk of Bias 2 tool; ROBINS-I, Risk Of 
Bias In Non-randomized Studies of Interventions; THA, total hip arthroplasty; TKA, total knee arthroplasty; TUG, Timed Up and Go test. 

contained only three studies each and therefore provide in
sufficient evidence for reliably assessing publication bias. 
Overall, visual inspection suggests possible asymmetry for 
some outcomes. However, publication bias cannot be con

clusively established because of the limited number of 
studies. 
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Figure 2. Forest plots comparing ERAS with conventional care: (A) length of stay; (B) overall complications; (C)                
readmissions; (D) blood transfusion rates; (E) opioid analgesia requirements.          
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DISCUSSION 

SUMMARY OF MAIN FINDINGS 

This systematic review and meta-analysis synthesized evi
dence from 26 comparative studies evaluating multimodal 
ERAS pathways against conventional perioperative care in 
adults undergoing elective primary THA or TKA. Across 
nearly every included study, ERAS was associated with a 
shorter hospital stay, and this effect was confirmed in 
pooled analysis, with the largest and most consistent re
duction observed in TKA populations. Complications, read
missions, blood transfusion, and opioid requirements did 
not demonstrate statistically robust benefits at the pooled 
level, despite favorable directional trends for several out
comes. Long-term patient-reported outcomes were the 
least favorable and least consistently reported outcome do
main, with the majority of studies finding no between-
group differences beyond the initial postoperative weeks. 

LENGTH OF HOSPITAL STAY 

Reductions in length of stay ranged from roughly 1 day7,

9 to more than 6 days25,26 and were significant in essen
tially every study that reported LOS as a primary outcome, 
regardless of country, joint, or study design. The pooled 
effect (MD −3.61 days) confirms and substantially extends 
earlier synthesis,3 which reported a shorter but still sig
nificant LOS benefit for ERAS across the wider hip/knee 
arthroplasty literature. However, the extremely high het
erogeneity (I2 = 97%) indicates that this pooled estimate 
should be interpreted as an average across markedly dif
ferent baseline lengths of stay — historically ranging from 
more than 10 days in some Chinese cohorts16,19 to already-
short 3–5-day stays in Western cohorts9,23 — rather than 
as a single generalizable effect size. The significant sub
group benefit confined to TKA, and the absence of a signifi
cant pooled effect for THA and combined cohorts, likely re
flects the smaller number and wider confidence intervals of 
THA-specific studies rather than a genuine lack of benefit 
in THA, a distinction supported by the strongly significant 
LOS reductions reported in nearly every individual THA-
specific study.8,25,26 

COMPLICATIONS AND SAFETY OUTCOMES 

Findings for complications were more equivocal. While 
Jiang,16 Zhao D,19 Hardy,24 and Vendittoli8 reported sta
tistically significant reductions in complication counts or 
grades with ERAS, the pooled risk ratio (0.82, 95% CI 
0.65–1.04) fell short of significance, and several well-con
ducted studies — including the large multicenter POWER2 
cohort14 and Stowers7 — found no overall difference. A 
consistent pattern emerges on closer inspection: benefits 
appear concentrated in minor, Clavien-Dindo Grade 1–2 
events8,24 and specific, mechanistically plausible complica
tions such as postoperative nausea and vomiting and trans
fusion,16,19 rather than in serious or life-threatening ad
verse events. This pattern is biologically coherent: ERAS 
components such as opioid-sparing multimodal analgesia, 

tranexamic acid, restrictive fluid therapy, and early mobi
lization would be expected to reduce minor, symptom-dri
ven morbidity more readily than major surgical complica
tions, which are governed largely by patient comorbidity 
and surgical technique rather than by perioperative path
way. The dose-response relationship reported by Memt
soudis et al6 — in which each additional ERAS component 
was associated with a 9% relative reduction in the odds 
of any complication — lends further support to a cumula
tive, multimodal mechanism rather than a single dominant 
intervention, although this analysis, like several others in 
this review,11‑13,17 compared ERAS intensity or ERAS-des
ignated status rather than a true ERAS-versus-conven
tional-care contrast, and should be interpreted as hypothe
sis-generating rather than confirmatory. 

READMISSIONS 

Hospital readmission was among the most sparsely and in
consistently reported outcomes. Where reported, absolute 
event counts were low (e.g., 6–9 readmissions per 100 pa
tients9; 8–14 per 1007), and no study identified a significant 
increase in readmissions with ERAS — an important reas
surance given ongoing concerns that accelerated discharge 
protocols might shift morbidity into the post-discharge pe
riod. The pooled estimate (RR 1.14, 95% CI 0.18–7.07) was 
derived from only three studies and is correspondingly too 
imprecise to support any firm conclusion beyond the ab
sence of an obvious safety signal. 

LONG-TERM PATIENT-REPORTED OUTCOMES 

Long-term PROMs represented the weakest area of the evi
dence base. Most studies with functional or strength-based 
endpoints1,2,10 were confined to a follow-up window of 
days to weeks, and among the minority extending to 6–12 
months,5,19,20,24,26 only WOMAC,20 the HSS knee score,19 

and the Harris Hip Score26 showed a statistically significant 
advantage for ERAS. Several studies that demonstrated 
clear early objective benefits — notably superior isokinetic 
muscular strength from 5 days to 3 months after THA2,

5 and better mobilization performance on the Timed Up 
and Go test1 — found that these advantages had largely 
dissipated by 4 weeks to 1 year, with WOMAC, Harris Hip 
Score, and EQ-5D scores reaching similarly excellent values 
in both groups. This pattern, consistent with earlier ob
servations that objective muscular recovery does not re
liably translate into superior patient-reported function,2 

suggests that ERAS chiefly accelerates the trajectory of re
covery rather than altering its ultimate destination: both 
pathways appear to converge on comparable long-term 
outcomes once conventional-care patients have had suffi
cient time to recover, potentially reflecting a ceiling effect 
inherent to validated hip/knee PROMs after successful 
arthroplasty. 

OPIOID CONSUMPTION 

Evidence on opioid use was both the sparsest and most in
consistent outcome domain, limited to two pooled studies 

Enhanced recovery pathways in total hip and knee arthroplasty: impact on length of stay, complications, a…

Orthopedic Reviews 12



with an uninterpretable confidence interval (RR 0.97, 95% 
CI 0.0001–9988.9). Individual findings were, if anything, 
contradictory: Tan17 reported a marked increase in the pro
portion of patients achieving zero opioid consumption by 6 
weeks with ERAS, whereas Reinhard et al27 observed signif
icantly higher opioid consumption in the ERAS group at 24 
hours, alongside higher activity-related pain, which the au
thors attributed to more permissive early mobilization in
creasing analgesic requirements rather than to inferior pain 
control. Given that opioid-sparing is frequently cited as a 
central rationale for ERAS adoption, this near-total absence 
of reliable comparative data represents a notable gap be
tween the stated aims of ERAS and the evidence currently 
available to support them. 

SOURCES OF HETEROGENEITY 

The heterogeneity observed across outcomes, and length of 
stay in particular, is unsurprising given the composition of 
the evidence base. Included ERAS pathways ranged from 
minimal 5–7-component protocols15,22 to comprehensive 
12–13-element pathways,16,17 and comparator (“conven
tional”) care was itself inconsistently defined, ranging from 
genuinely unstructured historical practice to pathways that 
already incorporated several ERAS-consistent elements.17,

18 Several included studies additionally lacked a true con
ventional-care comparator, instead contrasting ERAS-ad
herence gradients,6,14 sequential ERAS-managed peri
ods,11,12 or day-surgery completion status13 — designs that 
answer a related but distinct question (how much ERAS is 
enough) rather than whether ERAS outperforms conven
tional care. Study designs spanned RCTs, prospective and 
retrospective cohorts, matched-pair analyses, before–after 
quality-improvement evaluations, and a single very large 
administrative claims database, introducing further vari
ability in confounding control, outcome ascertainment, and 
follow-up completeness. Component-level contrasts within 
an ERAS framework, such as the restrictive-fluid-therapy 
comparison reported by Lei et al,21 further illustrate how 
individual pathway elements have also been evaluated in 
relative isolation. Despite this diversity, core components 
— tranexamic acid, multimodal or regional anesthesia, and 
early mobilization within hours rather than the first post
operative day — recurred across nearly all ERAS protocols 
and were almost universally absent from comparator arms, 
suggesting these represent the most consistently imple
mented, and plausibly the most influential, elements of 
contemporary ERAS pathways in this population. 

STRENGTHS AND LIMITATIONS 

This review has several strengths, including a comprehen
sive search of three databases supplemented by hand-
searching, independent duplicate screening and extraction 
by four reviewers, formal risk-of-bias appraisal using tools 
appropriate to each study design, stratification of findings 
by joint type, and a combined narrative and quantitative 
synthesis with GRADE-rated certainty of evidence. Several 
limitations should nonetheless be considered. First, the 
predominance of non-randomized, often retrospective or 

before–after study designs (assessed by ROBINS-I) leaves 
the evidence base vulnerable to confounding, selection 
bias, and secular trends unrelated to ERAS itself — in
cluding, in at least one instance, changes attributable to 
the COVID-19 pandemic rather than the intervention under 
study.11 Second, as noted above, a meaningful subset of 
included studies did not employ a genuine conventional-
care comparator, and their inclusion in pooled estimates, 
while consistent with the review’s prespecified eligibility 
criteria, warrants cautious interpretation of the pooled re
sults. Third, several meta-analyzed outcomes (readmission, 
transfusion, opioid use) were based on only two or three 
studies, yielding wide and in some cases implausible confi
dence intervals that should not be over-interpreted. Fourth, 
PROM instruments varied considerably across studies 
(WOMAC, HOOS, KOOS, Oxford scores, Harris Hip Score, 
Knee Society Score, EQ-5D), precluding pooling of func
tional and quality-of-life outcomes and limiting the review 
to narrative comparison in this domain. Finally, funnel plot 
asymmetry for the length-of-stay outcome raises the pos
sibility of small-study effects or publication bias, although 
this could not be reliably assessed for outcomes with fewer 
than six contributing studies. 

CERTAINTY OF EVIDENCE 

Applying the GRADE framework, the certainty of evidence 
for length of stay is best characterized as low-to-moderate: 
the direction and consistency of effect across nearly all 
studies is compelling, but serious concerns regarding risk of 
bias (predominantly non-randomized designs) and incon
sistency (I2 = 97%) limit confidence in the pooled magni
tude of effect. Certainty for complications is low, reflecting 
imprecision and inconsistency in definitions across stud
ies. Certainty for readmissions, blood transfusion, and opi
oid consumption is very low, owing to the very small num
ber of contributing studies, substantial imprecision, and, 
for opioid use, directly conflicting findings. Certainty for 
long-term PROMs is low to very low given sparse long-term 
follow-up and heterogeneous instruments. 

IMPLICATIONS FOR CLINICAL PRACTICE 

Taken together, these findings support the continued adop
tion of multimodal ERAS pathways in elective primary THA 
and TKA as an effective means of reducing hospital length 
of stay, with the strongest evidence in TKA. The evidence 
does not support — nor does it contradict — claims of a 
substantial reduction in major complications or opioid re
quirements, and readmission risk does not appear to be 
increased, which should reassure clinicians and adminis
trators considering accelerated discharge protocols. Impor
tantly, clinicians should be cautious about promising pa
tients superior long-term functional outcomes or quality of 
life from ERAS; the available evidence more consistently 
supports a faster, but not necessarily different, ultimate re
covery trajectory. Patient counseling may therefore be most 
accurately framed around earlier mobilization, shorter hos
pitalization, and a smoother early postoperative course, 
rather than superior outcomes at 6–12 months. 
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IMPLICATIONS FOR FUTURE RESEARCH 

Future research should prioritize adequately powered, mul
ticenter randomized controlled trials that compare clearly 
defined multimodal ERAS pathways against genuinely con
ventional, non-ERAS care, avoiding the intra-ERAS “dose-
comparison” designs that complicate interpretation of the 
current literature. Standardized reporting of ERAS compo
nent adherence, use of validated core outcome sets (e.g., 
International Consortium for Health Outcomes Measure
ment (ICHOM) hip and knee osteoarthritis sets) with fol
low-up extending to at least 12 months, and dedicated, ad
equately powered evaluation of opioid consumption and 
persistent opioid use are particularly needed, given how 
sparse this outcome remains despite its centrality to the 
rationale for ERAS. Component-level or factorial trial de
signs may also help clarify which individual elements — 
such as early mobilization, regional anesthesia, or tranex
amic acid — drive the observed benefits, informing more ef
ficient, resource-appropriate pathway design across varied 
healthcare settings. 

CONCLUSION 

In adults undergoing elective primary THA or TKA, mul
timodal ERAS pathways are associated with a consistent 
and clinically meaningful reduction in hospital length of 
stay, particularly for TKA, alongside a plausible but statis
tically unconfirmed reduction in minor perioperative mor
bidity. Evidence regarding readmissions, opioid-sparing ef
fects, and long-term patient-reported outcomes remains 
limited, imprecise, and heterogeneous, and does not cur
rently support claims of superior long-term function or 
quality of life. Given the substantial variability in ERAS 
pathway composition and comparator definitions across 
the existing literature, well-designed, standardized multi
center trials with long-term outcome reporting are needed 
to clarify the durable benefits of ERAS beyond the immedi
ate postoperative period. 
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