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Background: Bilateral total knee arthroplasty (B-TKA) represents an increasingly used option to address
advanced bilateral knee osteoarthritis (OA). The aim of this study was to quantify and compare one-stage
and two-stage B-TKA results in terms of clinical outcomes, perioperative parameters, complications,
revisions, and mortality rates.
Methods: The literature searchwas conductedusing threedatabases (PubMed,Cochrane, andWebof Science)
in February 2024 according to the guidelines for Preferred Reporting Items for Systematic Reviews andMeta-
Analysis. The inclusion criteria were as follows: comparative studies, English language, with no time filter on
the comparison of one-stage and two-stage B-TKA for bilateral knee osteoarthritis treatment. The quality of
each article was assessed using the Cochrane risk of bias in nonrandomized studies of interventions tool.
Results: Among the 2,130 articles retrieved, 69 studies (366,722 patients) were included. One-stage B-
TKA showed lower rates of TKA-related complications (P ¼ 0.043), deep infections (P < 0.001), and
wound complications (P ¼ 0.033), as well as lower operative time (P ¼ 0.028), shorter length of hospital
stay (P < 0.001), and higher improvements of Western Ontario and McMaster Universities Osteoarthritis
Index score (P ¼ 0.013) and Oxford Knee Score (P ¼ 0.004), but higher mortality rates at the 1-month (P <
0.001), 3-month (P < 0.001), and 1-year (P ¼ 0.001) follow-ups, as well as higher rates of neurological
(P ¼ 0.013) and gastrointestinal (P < 0.001) complications, deep vein thrombosis (P ¼ 0.016), and pul-
monary embolism (P < 0.001). The risk of bias was “low” in 26 studies, “moderate” in 36 studies,
“serious” in six studies, and “critical” in one study.
Conclusions: One-stage B-TKA was associated with a higher mortality rate and thromboembolic risk
while presenting lower TKA-related and infective complications compared to two-stage B-TKA. One-
stage B-TKA also reduced hospital stay and total surgical time but provided only marginal improve-
ment in clinical outcomes compared to two-stage B-TKA while showing a higher risk of neurologic and
gastrointestinal complications. These results offer important information for both patients and surgeons
in evaluating the most appropriate surgical approach, thereby contributing to optimize the management
of patients undergoing B-TKA.
Level of evidence: Level I.
© 2025 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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Total knee arthroplasty (TKA) is one of the most common
orthopaedic interventions, representing an increasingly applied
solution for pain relief, functional restoration, and quality of life
improvement in patients affected by advanced knee osteoar-
thritis (OA) [1e4]. Among patients undergoing TKA, 33% present
with bilateral knee OA, with 10% of total patients requiring
contralateral TKA during the first year and 20% after the second
year [5]. In this scenario, bilateral TKA (B-TKA) represents an
increasingly used option to address advanced bilateral knee OA
[6], and the proportion of B-TKA to unilateral TKA is currently
rising [7].

There are two surgical strategies available when performing
B-TKA: one-stage and two-stage. They present some differences
in terms of surgical technique, postoperative recovery, and po-
tential complications. A one-stage B-TKA involves arthroplasty of
both knees during a single surgical intervention. The proposed
advantages of this approach include a single anesthesia and
hospital admission, patient preference to undergo a single
operation, shorter total hospital stay, and reduced perioperative
costs [8e10]. Conversely, two-stage B-TKA entails two distinct
surgical interventions, with each knee operated on separately.
The main suggested benefit of this approach lies in its safety,
with the advocates of this procedure claiming reduced compli-
cation and mortality rates compared to the one-stage approach
[9e11]. Despite the growing body of literature on these two
Figure 1. PRISMA (Preferred Reporting Items for Syste
strategies, the choice of one-stage or two-stage B-TKA remains
controversial.

Therefore, the aim of this systematic review and meta-analysis
was to quantify and compare the results of one-stage and two-
stage B-TKA in terms of clinical outcomes, perioperative parame-
ters, complications, revisions, and mortality rates.

Materials and Methods

Literature Search

A literature search was conducted on the PubMed, Cochrane,
and Web of Science databases on February 22, 2024, using the
following criteria: bilateral AND (simultaneous OR sequential OR
staged OR staggered OR 1-stage OR 2-stage) AND ((total knee AND
(arthroplasty OR replacement OR prosthe*)) OR TKA OR TKR). The
trial was registered on PROSPERO (ID CRD42024519050). The
guidelines for Preferred Reporting Items for Systematic Reviews
and Meta-Analysis were used (Figure 1) [12].

Studies Selection and Data Extraction

Screening process and data extraction were conducted sepa-
rately by two independent observers (G.M. and L.B.P.), and any
discrepancies between them were resolved by discussion and
matic Reviews and Meta-Analysis) flow diagram.
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consensus with a third author (A.B.). After the removal of dupli-
cates, the articles were screened by title and abstract. The following
inclusion criteria were used: comparative studies, written in the
English language, with no time limitation on the comparison of
one-stage and two-stage B-TKA for bilateral knee OA treatment.
The exclusion criteria were articles written in other languages,
systematic reviews, meta-analyses, narrative reviews, expert
opinions, preclinical studies, studies not focusing on B-TKA, studies
not reporting clinical outcomes, perioperative time parameters,
complications, revisions, or mortality rates. In the second step, the
full texts of the selected articles were screened with further ex-
clusions according to the previously described criteria. Relevant
data (title, author, year of publication, journal, country of the study,
number of patients, sex, age, body mass index (BMI), follow-up
time, clinical outcomes, perioperative parameters, complications,
revisions, and mortality rates) were then extracted and collected in
a database to be analyzed for the purposes of the present study.
Complications were divided according to the following categories:
TKA-related (including all the complications linked to the surgical
intervention of TKA as reported by the included papers), cardiac,
respiratory, neurological (such as nerve palsy, hemiparesis, altered
mental status, nerve disorders, etc.), urinary, gastrointestinal (GI)
(such as constipation, obstruction, diarrhea, GI hemorrhage, ulcers,
GI infection, etc.), deep vein thrombosis (DVT), pulmonary embo-
lism (PE), prosthesis-related (including all the complications linked
to the prosthetic implant, such as periprosthetic fracture, compo-
nents loosening, mechanical failure, dislocation, etc.), deep
infection, wound complications, and other complications (encom-
passing all complications not included in the aforementioned cat-
egories, such as sepsis, fluid or electrolytes imbalance, hypoxia, skin
ulcers, cellulitis, etc.).
Assessment of Risk of Bias and Quality of Evidence

The quality of each article was assessed independently by two
independent observers (G.M. and L.B.P.) using the Cochrane non-
randomized studies of interventions tool (ROBINS-I) [13], and any
discrepancies between them were resolved by discussion and
consensus with a third author (A.B.). This tool includes seven do-
mains that can be classified as “low”, “moderate,” “serious,” or
“critical” risk of bias. If a study is ranked low in all domains, it is
considered to be at low risk of bias; if it is rankedmoderate, serious,
or critical in at least one domain, it is considered to be at moderate,
serious, or critical risk of bias, respectively.
Data Analyses

The statistical analysis and the forest plotting were carried out
according to Neyeloff et al. using the Meta XL tool for Microsoft
Excel (Microsoft Corporation, Redmond, Washington) by an inde-
pendent professional statistician [14]. The analysis was carried out
using random effects (DerSimonian& Laird) for the weighted mean
difference (MD) of continuous variables and the Peto method for
the odds ratio (OR) of dichotomous variables. The 95% confidence
intervals (CI) were then derived, and if the 95% CI excludes zero,
evidence exists that the meta-analysis of interest has shown a
significant treatment effect. Heterogeneity was evaluated using the
I2 statistical test. The presence of significant heterogeneity was
considered with I2 � 25%. When no heterogeneity was found with
I2 < 25%, a fixed-effect model was used to estimate the expected
values and 95% CIs, otherwise, a random-effect model was applied,
and an I2 metric was evaluated for the random effect to check the
correction of heterogeneity. A P-value of 0.05 was considered
significant.
Results

Characteristics of the Included Studies and Patients

A total of 2,130 articles were retrieved; after the removal of
duplicates, screening on the titles, abstracts, and full-texts, 69
studies were included according to the eligibility criteria (Table 1).
Among the papers included, a total of 366,722 patients (40.4% men,
59.6% women, age 66 years, and BMI 29.3) were enrolled: 148,274
patients were part of the one-stage group (43.4% men, 56.6%
women, age 65 years, and BMI 28.8) and 218,448 were in the two-
stage group (38.3% men, 61.7% women, age 67 years, and BMI 29.9).
The comparison of baseline characteristics showed that the one-
stage group had a statistically higher men-to-women ratio (P <
0.001, OR ¼ 1.2), younger age (P < 0.001, MD ¼ 1.4), and lower BMI
(P¼ 0.004, MD¼ 0.6). There were 26 studies that provided detailed
information on the mean operative interval between the first and
second TKA interventions in the two-stage group (overall mean
interval time: 7.9 months), while 25 studies stratified the operative
interval using different ranges or cutoffs, and 18 studies did not
report details on the operative interval. Clinical outcomes included
Western Ontario and McMaster Universities Arthritis Index
(WOMAC), Knee Society Score (KSS), Oxford Knee Score (OKS),
range of motion (ROM), and visual analog scale for pain (VAS). All
clinical outcomes were evaluated in terms of improvement from
preoperative to postoperative values. Perioperative parameters
included operative time, intraoperative blood loss, and length of
hospital stay (LHS).

Meta-Analysis

Among the outcome measures extracted, a meta-analysis was
performed on the following parameters: in-hospital mortality, 1-
month mortality, 3-month mortality, 1-year mortality, 2-year
mortality, TKA-related complications, cardiac complications, res-
piratory complications, neurological complications, urinary com-
plications, GI complications, others complications, DVT, PE,
prosthesis-related complications, deep infections, wound compli-
cations, prosthesis revisions, surgery operative times, intra-
operative bleeding, LHS, WOMAC, KSS, OKS, VAS pain, and ROM.

Mortality Outcomes

In-Hospital Mortality. The analysis of in-hospital mortality did not
show a statistically significant difference between one-stage and
two-stage B-TKA (0.233 versus 0.086%).

1-Month Mortality. The analysis of 1-month mortality showed a
statistically significant difference, with a higher rate in the one-
stage B-TKA group (P < 0.001, OR ¼ 2.7, 0.319 versus 0.177%)
(Figure 2).

3-Month Mortality. The analysis of 3-month mortality showed a
statistically significant difference, with a higher rate in the one-
stage B-TKA group (P < 0.001, OR ¼ 2.1, 0.675 versus 0.433%)
(Figure 2).

1-Year Mortality. The analysis of 1-year mortality showed a statis-
tically significant difference, with a higher rate in the one-stage B-
TKA group (P ¼ 0.001, OR ¼ 1.4, 1.327 versus 1.185%) (Figure 2).

2-Year Mortality. The analysis of 2-year mortality did not show a
statistically significant difference between one-stage and two-stage
B-TKA (3.711 versus 3.172%).



Table 1
Characteristics of the Included Studies.

Study Year Number of Patients Men Women Age Body Mass Index

One-
Stage

Two-
Stage

One-
Stage

Two-
Stage

One-
Stage

Two-
Stage

One-
Stage

Two-
Stage

One-
Stage

Two-
Stage

Abdelaal MS et al. [15] 2021 2,728 1,658 NR NR NR NR 63 68 30.5 32.3
Abram SG et al. [16] 2016 66 172 29 84 49 166 65 66 NR NR
Arslan A et al. [17] 2018 72 61 19 17 53 44 65 69 31.9 ± 3.9 32.1 ± 3.8
Ashkenazi I et al. [18] 2024 205 205 74 67 131 138 63 63 30.5 31.0
Ayekoloye C et al. [19] 2023 19 12 1 0 18 12 66 69 NR NR
Bolognesi MP et al. [20] 2013 4,519 3,788 1,853 1,466 2,666 2,322 73 74 NR NR
Borden LS et al. [21] 1999 8 5 3 1 5 4 70 64 29.8 39.3
Brotherton SL et al. [22] 1986 18 29 NR NR NR NR 61 64 NR NR
Bülbül M et al. [23] 2011 24 26 8 7 16 19 64 62 NR NR
Çelen ZE et al. [24] 2023 168 63 26 12 142 51 67 67 33.2 ± 5.2 34.1 ± 4.5
Chou TA et al. [25] 2023 1,565 451 351 99 1,214 352 72 72 28.0 ± 4.2 28.6 ± 4.4
Chua HS et al. [26] 2018 23,136 12,951 12,449 6,557 10,687 6,394 NR NR NR NR
Courtney PM et al. [27] 2014 103 131 38 30 65 101 59 64 31.7 ± 6.6 36.0 ± 9.2
Eke I et al. [28] 2022 225 51 34 12 191 38 67 70 NR NR
Erossy M et al. [29] 2023 19,382 19,382 7,990 7,937 11,392 11,445 65 65 NR NR
Follett MA et al. [30] 2022 87 72 29 18 58 54 66 64 31.0 ± 7.5 29.9 ± 6.9
Forster MC et al. [31] 2006 28 36 15 18 13 18 66 68 NR NR
Ghadimi K et al. [32] 2022 60 59 15 10 45 49 63 69 NR NR
Gill SD et al. [33] 2020 122 46 46 23 76 23 71 71 NR NR
Goyal T et al. [34] 2020 250 210 110 95 140 115 68 67 25.3 ± 5.7 24.6 ± 4.5
Hadley S et al. [35] 2017 371 67 112 24 259 43 64 63 NR NR
Hardaker WT, Jr et al. [36] 1978 12 14 4 8 8 6 61 62 NR NR
Hernandez NM et al. [37] 2020 113 563 51 219 62 344 60 66 30.9 ± 5.4 32.2 ± 6.1
Hooper GJ et al. [38] 2009 506 680 NR NR NR NR 65 69 NR NR
Hou JF et al. [39] 2021 309 309 54 53 255 256 65 66 27.5 ± 4.1 27.5 ± 3.1
Hutchinson JR et al. [40] 2006 438 125 245 46 193 79 67 65 NR NR
Ivory JP et al. [41] 1993 79 14 28 7 51 7 70 68 NR NR
Jankiewicz JJ et al. [42] 1994 99 56 34 14 65 42 69 71 NR NR
Kahlenberg CA et al. [43] 2021 152 61 84 24 68 37 63 65 29.9 ± 6.0 34.8 ± 7.2
Kirschbaum S et al. [44] 2024 53 74 31 33 22 41 70 68 28.1 ± 4.6 28.2 ± 4.7
Koh IJ et al. [45] 2015 519 181 30 14 489 167 NR NR 27.2 26.8
Koh WU et al. [46] 2018 820 633 34 26 786 607 69 70 27.0 ± 3.4 27.1 ± 3.5
Kundu IK et al. [47] 2022 30 30 10 12 20 18 59 61 30.1 ± 4.8 30.7 ± 4.9
Lee WC et al. [48] 2016 29 38 3 3 26 35 63 68 NR NR
Lin AC et al. [49] 2014 452 690 98 159 354 531 70 69 NR NR
Lindberg-Larsen M et al. [50] 2015 157 628 74 269 83 359 64 67 NR NR
Lindberg-Larsen M et al. [51] 2019 232 232 108 109 124 123 65 65 30.5 30.8
Macario A et al. [52] 2003 91 32 NR NR NR NR NR NR NR NR
Mangaleshkar SR et al. [53] 2001 54 34 21 13 33 21 73 72 NR NR
Mardani-Kivi M et al. [54] 2021 272 391 78 137 194 254 NR NR NR NR
McLaughlin TP et al. [55] 1985 22 46 7 12 15 34 NR NR NR NR
Meehan JP et al. [56] 2011 11,445 23,715 5,280 9,171 6,165 14,544 67 68 NR NR
Minter JE et al. [57] 1995 23 41 15 21 8 20 66 66 NR NR
Morrey BF et al. [58] 1987 145 231 56 71 89 160 63 62 NR NR
Najfeld M et al. [59] 2021 53 64 31 27 22 37 70 70 28.1 28.4
Niki Y et al. [60] 2014 60 60 10 10 50 50 73 71 26.4 ± 3.5 25.6 ± 4.2
Phillips JLH et al. [61] 2018 391 168 NR NR NR NR 69 72 29.4 ± 4.6 29.6 ± 5.3
Poultsides LA et al. [62] 2013 2,825 1,151 1,062 371 1,763 780 65 70 NR NR
Pumo TJ et al. [63] 2022 198 396 113 209 85 187 62 63 32.1 ± 6.2 32.3 ± 5.9
Richardson SS et al. [64] 2019 1,637 6,110 723 2,241 914 3,869 NR NR NR NR
Ritter MA et al. [65] 1997 12,922 50,108 4,988 16,595 7,934 33,513 73 73 NR NR
Ritter MA et al. [66] 2003 2,050 152 906 35 1,144 117 70 69 NR NR
Sarzaeem MM et al. [67] 2021 51 49 9 10 42 39 62 62 25.8 ± 2.5 26.1 ± 7.6
Seol JH et al. [68] 2016 759 315 43 25 716 290 68 66 25.3 ± 3.4 25.9 ± 3.3
Sliva CD et al. [69] 2005 26 306 14 106 12 200 59 66 NR NR
Sobh AH et al. [70] 2018 225 337 108 128 117 209 61 66 31.3 ± 5.9 34.0 ± 7.2
Soudry M et al. [71] 1985 56 18 17 5 39 13 69 69 NR NR
Stanley D et al. [72] 1990 32 18 8 4 24 14 62 58 NR NR
Stef�ansd�ottir A et al. [73] 2008 1,139 3,432 465 1,287 674 2,145 70 71 NR NR
Stubbs G et al. [74] 2005 61 38 NR NR NR NR NR NR NR NR
Tsay EL et al. [75] 2019 27,304 45,419 11,807 16,980 15,494 28,439 66 67 NR NR
Wan RCW et al. [76] 2021 95 80 26 22 69 58 66 69 NR NR
Wilkie W et al. [77] 2022 19,334 19,334 8,184 8,162 11,150 11,172 65 64 NR NR
Wilson L et al. [78] 2021 6,165 8,242 2,590 3,098 3,575 5,144 58 59 NR NR
Wyatt MC et al. [79] 2019 3,220 13,745 1,973 6,320 1,247 7,425 NR NR NR NR
Wyles CC et al. [80] 2019 188 242 79 88 109 154 61 72 31.7 ± 6.6 32.9 ± 7.0
Yoon HS et al. [81] 2010 119 119 7 7 112 112 70 70 26.4 26.5
Zhao YT et al. [82] 2015 54 39 6 5 48 34 67 67 24.5 ± 5.3 23.9 ± 4.9
Zhang S et al. [83] 2021 102 213 26 53 76 160 65 67 23.3 24.7
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Figure 3. Forest plots of the individual studies and pooled OR for TKA-related
complications, prosthesis-related complications, deep infections, and wound compli-
cations, including 95% CIs. B-TKA showed lower rates of TKA-related and prosthesis-
related complications, deep infections, and wound complications compared to
two-stage B-TKA.

Figure 2. Forest plots of the individual studies and odds ratios (OR) for the 1-month,
3-month, and 1-year mortality, including 95% confidence intervals (CIs). One-stage
bilateral total knee arthroplasty (B-TKA) showed higher mortality rates at all 3
follow-ups compared to two-stage B-TKA.

A. Bensa et al. / The Journal of Arthroplasty xxx (2025) 1e11 5
Complications and Revisions
TKA-Related Complications. The analysis of TKA-related complica-
tions showed a statistically significant difference, with a higher rate
in the two-stage B-TKA group (P ¼ 0.043, OR ¼ 0.8) (Figure 3).

Cardiac Complications. The analysis of cardiac complications did
not show a statistically significant difference between one-stage
and two-stage B-TKA.

Respiratory Complications. The analysis of respiratory complica-
tions did not show a statistically significant difference between
one-stage and two-stage B-TKA.



Figure 4. Forest plots of the individual studies and pooled OR for neurological com-
plications, gastrointestinal complications, deep vein thrombosis (DVT), and pulmonary
embolism, including 95% CIs. B-TKA showed higher rates of neurological and gastroin-
testinal complications, DVT, and pulmonary embolism compared to two-stage B-TKA.
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Neurological Complications. The analysis of neurological complica-
tions showed a statistically significant difference, with a higher rate
in the one-stage B-TKA group (P ¼ 0.013, OR ¼ 1.2) (Figure 4).

Urinary Complications. The analysis of urinary complications did
not show a statistically significant difference between one-stage
and two-stage B-TKA.

Gastrointestinal Complications. The analysis of GI complications
showed a statistically significant difference, with a higher rate in
the one-stage B-TKA group (P < 0.001, OR ¼ 1.6) (Figure 4).

Others Complications. The analysis of other complications did not
show a statistically significant difference between one-stage and
two-stage B-TKA.

Deep Vein Thrombosis. The analysis of DVT showed a statistically
significant difference, with a higher rate in the one-stage B-TKA
group (P ¼ 0.016, OR ¼ 1.3) (Figure 4).

Pulmonary embolism. The analysis of PE showed a statistically sig-
nificant difference, with a higher rate in the one-stage B-TKA group
(P < 0.001, OR ¼ 1.8) (Figure 4).

Prosthesis-Related Complications. The analysis of prosthesis-related
complication showed a statistical trend, with a higher rate in the
two-stage B-TKA group (P ¼ 0.074, OR ¼ 0.7) (Figure 3).

Deep Infections. The analysis of deep infections showed a statisti-
cally significant difference, with a lower rate in the one-stage B-TKA
group (P < 0.001, OR ¼ 0.7) (Figure 3).

Wound Complications. The analysis of wound complications
showed a statistically significant difference, with a lower rate in the
one-stage B-TKA group (P ¼ 0.033, OR ¼ 0.6) (Figure 3).

Prosthesis Revisions. The analysis of other complications did not
show a statistically significant difference between one-stage and
two-stage B-TKA.

Perioperative Parameters
Operative Time. The analysis of operative time showed a statisti-
cally significant difference, with higher values in the two-stage B-
TKA group (P ¼ 0.028, MD ¼ 25.1) (Figure 5).

Intraoperative Bleeding. The analysis of intra-operative bleeding
showed a statistical trend, with higher values in the two-stage B-
TKA group (P ¼ 0.053, MD ¼ 320.4) (Figure 5).

Length of Hospital Stay. The analysis of LHS showed a statistically
significant difference, with higher values in the two-stage B-TKA
group (P < 0.001, MD ¼ 4.8) (Figure 5).

Clinical Outcomes
Western Ontario and McMaster Universities Osteoarthritis Index.
The analysis of the WOMAC score showed a statistically significant
difference, with a higher improvement in the one-stage B-TKA
group (P ¼ 0.013, MD ¼ 2.5) (Figure 6).

Knee Society Score. The analysis of KSS did not show a statistically
significant difference between one-stage and two-stage B-TKA.



Figure 5. Forest plots of the individual studies and weighted mean differences or OR
for operative time, intraoperative bleeding, number of transfusions, and length of
hospital stay, including 95% CIs. B-TKA showed lower operative time, intraoperative
bleeding, and length of hospital stay, but a higher number of transfusions compared to
two-stage B-TKA.
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Oxford Knee Score. The analysis OKS showed a statistically signifi-
cant difference with a higher improvement in the one-stage B-TKA
group (P ¼ 0.004, MD ¼ 1.3) (Figure 6).
Visual Analogue Scale. The analysis of VAS did not show a statisti-
cally significant difference between one-stage and two-stage B-
TKA.
Range of Motion. The analysis of ROM did not show a statistically
significant difference between one-stage and two-stage B-TKA.
Risk of Bias

The evaluation using the ROBINS-I tool showed a heterogeneous
quality of the studies, with 26 papers falling in the “low” risk
category, 36 in the “moderate” risk category, 6 in the “serious” risk
category, and 1 in the “critical” risk category (Figure 7).

Discussion

The main finding of this meta-analysis is that one-stage B-TKA
was associated with a higher mortality rate and thromboembolic
risk while presenting lower TKA-related and infective complica-
tions compared to two-stage B-TKA. One-stage B-TKAwas also able
to reduce the hospital stay and total surgical time but provided
only marginal improvement in clinical outcomes compared to two-
stage TKA while showing higher risk of neurologic and GI
complications.

The number of B-TKA performed to address end-stage bilateral
knee OA is currently rising [6], but the choice between the one-
stage and the two-stage approach for this type of intervention re-
mains a subject of debate. Among the several aspects to be
considered when weighing the advantages and drawbacks of these
two approaches, the mortality risk represents one of the decisive
factors. Previous smaller systematic reviews and meta-analyses
unanimously reported increased mortality rates in patients
treated with one-stage B-TKA compared to the two-stage approach
[8,9,11,84]. The present meta-analysis confirmed those findings in a
larger body of literature, documenting a superior mortality risk in
the one-stage group at the 1-month, 3-month, and 1-year follow-
ups. This difference was not statistically significant considering
the in-hospital mortality, confirming the results of a smaller meta-
analysis addressing this aspect [8]. Hospitalization could be a factor
contributing to reducing mortality due to the fast access to life-
saving procedures and facilities possibly leveling the difference
between the approaches [85]. When considering the subsequent
follow-ups going beyond the hospitalization period, the one-stage
approach showed a higher mortality rate. This difference was lost
only at the 2-year follow-up. There are some relevant aspects
warranting attention in the interpretation of these results. When
staged procedures are performed over longer periods of time, pa-
tients may die between the two procedures. As a result, these pa-
tients would fall under the unilateral TKA category despite the
presence of bilateral knee OA and even having a scheduled inter-
vention to address this pathology in the second knee after the first
TKA procedure. Furthermore, surgeons may decide not to perform
the second staged procedure on patients who experienced major
complications following the first procedure. These considerations
underpin the complexity of the interpretations of these results and
show the need for new studies focusing specifically on the factors
contributing the most to the risk of mortality after B-TKA.

Perioperative complications and revision rates represent other
decisive aspects in the outcome of B-TKA. The present meta-analysis
showed some differences between one-stage and two-stage B-TKA
across various complication categories. One-stage B-TKA demon-
strated lower rates of TKA-related complications, deep infections, and
wound complications but higher rates of neurological and GI com-
plications, DVT, and PE compared to two-stage B-TKA. No differences
between the two approaches were detected in terms of cardiac, res-
piratory, and urinary complications as well as revision rates. The
analysis of prosthesis-related complications showed a statistical ten-
dency with a higher rate in the two-stage group. These results build
upon the finding of previous smaller meta-analyses, investigating a
larger bodyof literature andoffering adeeper analysis of complication
subtypes. Twometa-analyses reported lower deep infection rates and
higher risk of PE in the one-stage approach [9,84], while another



Figure 6. Forest plots of the individual studies and weighted mean differences for Western Ontario and McMaster Universities Arthritis Index and Oxford Knee Score, including 95%
CIs. B-TKA showed a higher improvement of both Western Ontario and McMaster Universities Arthritis Index and Oxford Knee Score compared to two-stage B-TKA.
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meta-analysis showed no difference between the two groups in both
analyses [8]. A meta-analysis reported higher risk of DVT in the one-
stage approach [84], while two meta-analyses showed no difference
between the two groups [8,9]. A meta-analysis reported lower revi-
sion rates in the one-stage approach [9], while anothermeta-analysis
showednodifferencebetween the twogroups [84]. Future studies are
needed to investigate the factors contributing the most to the devel-
opment of certain complications in both the one-stage and the
two-stage approaches in order to develop targeted strategies to
anticipate and prevent the development of such complications and
optimize the management of patients undergoing B-TKA.

Complications and revisions are not the only perioperative
factors contributing to the final outcome of B-TKA. Other relevant
perioperative parameters include operative time, LHS, and intra-
operative bleeding. The present meta-analysis showed that one-
stage B-TKA required shorter overall operative time (25 minutes)
and LHS (approximately 5 days) with a statistical tendency toward
lower intra-operative blood loss compared to the two-stage
approach, representing a considerable advantage compared to the
two-stage approach. These benefits should be carefully weighed
with the potential risks of the one-stage procedure, especially in
terms of mortality and possible complications, when choosing the
optimal approach for B-TKA, tailoring the therapeutic approach to
the specific patient’s characteristics to maximize both safety and
effectiveness.

The final clinical outcome after arthroplasty of both knee joints
represents another relevant aspect of B-TKA. The present meta-
analysis showed overall similar results for the two approaches in
the scores evaluated. Only the WOMAC and OKS scores reached
statistical significance with higher improvements in the one-stage



Figure 7. Cochrane ROBINS-I (Risk Of Bias In Non-randomised Studies - of Interventions) evaluation.
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group. However, the differences were very limited between the two
groups and therefore of negligible clinical relevance. These results
supporting the overall equivalence of the one-stage and two-stage
approaches in terms of clinical outcomes should be interpreted
with caution, especially in light of the delicate comparison between
procedures having considerably different timeframes. In fact, the
final results of the two-stage approach do not consider the patient’s
outcomes after the first TKA procedure and therefore may not
reflect the full course of the patient’s clinical condition. This may
mask possible periods of clinical improvement or deterioration
between the two procedures that can have a considerable impact
on the global clinical outcome. Still, these findings represent
important evidence for both patients and physicians choosing the
best approach B-TKA, offering important information to appropri-
ately evaluate all the pros and cons of the two procedures in the
clinical practice.

This meta-analysis presents some potential limitations that
require consideration. Variations in surgical technique, preopera-
tive and post-operative care protocols across different institutions,
as well as the variability of the timespan between the first and the
second TKA procedures in the two-stage group may be factors
influencing the pooled results. Additionally, the studies analyzed
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presented a considerable heterogeneity of designs, with both pro-
spective and retrospective studies included. Due to the lack of
randomization and the retrospective nature of most studies, se-
lection and recall bias cannot be completely excluded. Even if ma-
jority of the included studies presented a “low” or “moderate” risk
of bias, the overall heterogeneity in terms of ROBINS-I evaluation is
another element deserving attention when interpreting the results
of this meta-analysis. Moreover, the baseline demographic char-
acteristics presented some statistically significant differences be-
tween the one-stage and two-stage groups. However, the modest
entity of these differences is of questionable clinical relevance, as it
could hardly have any effect on the results of this meta-analysis,
with a slight difference in terms of male-to-female ratio, a minor
age difference of 1.4 years, and a negligible BMI difference of 0.6.
Finally, the selected studies lacked standardization in data collec-
tion and reporting, hindering the possibility of performing a sub-
analysis comparing the sequential (one surgeon) or simultaneous
(two surgeons) techniques in the one-stage B-TKA group. Despite
these limitations, this meta-analysis provided important findings
by quantifying the advantages and drawbacks of the one-stage and
two-stage approaches for B-TKA. Future studies should aim at
producing an even superior level of evidence, possibly with high-
level randomized controlled trials, as well as at evaluating
resource implications and cost-analysis data in order to tailor the
therapeutic approach to the individual characteristics while opti-
mizing the overall management of patients undergoing B-TKA in
the clinical practice.

Conclusions

One-stage B-TKA was associated with a higher mortality rate
and thromboembolic risk while presenting lower TKA-related and
infective complications compared to two-stage B-TKA. One-stage B-
TKA also reduced hospital stay and total surgical time but provided
only marginal improvement in clinical outcomes compared to two-
stage B-TKA while showing higher risk of neurologic and GI com-
plications. These results offer important information for both
patients and surgeons in evaluating the most appropriate surgical
approach, thereby contributing to optimizing the management of
patients undergoing B-TKA.
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