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Introduction: Total knee arthroplasty (TKA) is a highly
successful procedure for end-stage knee osteoarthritis. However,
the global rise in obesity presents a significant challenge, as
elevated body mass index (BMI) is a suspected risk factor for
postoperative complications, particularly implant failure. This
systematic review aims to synthesize the existing evidence on the
relationship between BMI and the risk of implant failure following

primary TKA.

Methods: A systematic review of the literature was conducted

following established guidelines. Eighty studies meeting
predefined inclusion criteria were selected from 118 screened
sources. Inclusion criteria focused on adult primary TKA patients,

availability of BMI data, reported implant failure outcomes, and a
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minimum follow-up of 6 months. Data extraction covered study
design, BMI categories, population characteristics, definitions of
implant failure, follow-up duration, effect measures, and

confounding factors.

Results: The evidence demonstrates a clear dose-response
relationship between increasing BMI, particularly at levels >40
kg/m?, and elevated risk of all-cause revision and infection-related
failure. Meta-analyses indicate risk ratios (RR) for all-cause
revision rise from 1.19 for severe obesity (BMI >35) to 4.75 for
super-obesity (BMI >50) (Chaudhry et al., 2019). Septic revision
risk shows an even stronger association, with RR reaching 3.69 for
morbid obesity (BMI >40) (Chaudhry et al., 2019). In contrast, the
association between BMI and aseptic loosening is inconsistent and
generally non-significant. Some studies employing specific
implant designs or surgical techniques reported no significant
survival differences across BMI groups (Gaillard et al., 2017;
Kanna et al., 2021).

Discussion: The relationship between BMI and TKA failure is
nuanced, primarily driven by a markedly increased risk of
periprosthetic joint infection (PJI) rather than mechanical failure.
Reconciling heterogeneous findings requires consideration of BMI
threshold effects, failure type specificity, implant/technique
considerations, and follow-up duration. The risk appears most
clinically significant at BMI >40 kg/m?. While obesity elevates
complication risks, patients across all BMI categories achieve

meaningful functional improvements post-TKA.

Conclusion: Elevated BMI, especially morbid and super-obesity,

is a significant risk factor for implant failure, predominantly
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through infectious complications. This should inform preoperative
counselling and risk stratification. However, obesity should not be
an absolute contraindication for TKA. Future strategies should
emphasize optimized surgical techniques, targeted infection
prophylaxis, and structured preoperative weight management

programs for high-risk patients to improve long-term outcomes.

Keywords: Body Mass Index (BMI); Obesity; Total Knee
Arthroplasty (TKA); Implant Failure; Revision Surgery;

Periprosthetic Joint Infection (PJI); Systematic Review.
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Background

Total knee arthroplasty (TKA) stands as one of the most successful and cost-effective
surgical interventions in modern orthopaedics, reliably alleviating pain and restoring function in
patients with end-stage knee osteoarthritis (OA) (Dunbar, Griffin, & Surr, 2012). Its success has led
to a dramatic increase in procedure volumes worldwide. Concurrently, the global prevalence of
obesity has reached epidemic proportions, making a substantial proportion of TKA candidates
classified as overweight or obese (Zonfoly et al., 2021). Obesity is a well-established risk factor for
the development and progression of knee OA, thereby increasing the demand for TKA in this
population (Pozzobon et al., 2018).

The physiological and biomechanical challenges posed by obesity raise significant concerns
regarding its impact on TKA outcomes. Excess body weight increases mechanical stress across the
prosthetic joint, potentially leading to accelerated polyethylene wear, implant loosening, and
mechanical failure (Bagsby et al., 2017). Furthermore, obesity is associated with a chronic, low-
grade inflammatory state, impaired immune function, and technical surgical difficulties such as
deeper dissection, longer operative times, and compromised wound healing (Kerkhoffs et al., 2012;
Heifner et al., 2019). These factors collectively predispose obese patients to a higher risk of
postoperative complications, notably periprosthetic joint infection (PJI) and revision surgery, which
are devastating outcomes for patients and impose a heavy economic burden on healthcare systems
(Kunutsor et al., 2016; Onggo et al., 2021).

Research Gap

Despite two decades of investigation, the literature on BMI and TKA outcomes remains
heterogeneous and sometimes contradictory. While numerous studies and meta-analyses confirm

increased complication rates in obese patients, others report no significant difference in implant
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survival or functional outcomes between obese and non-obese cohorts (Amin et al., 2006; Gaillard
et al., 2017; Aneja et al., 2020). This inconsistency stems from several factors: variations in BMI
categorization (e.g., using a single cutoff of 30 kg/m? versus stratified classes), differing definitions
of implant failure, heterogeneity in surgical techniques and implant designs, variable follow-up
durations, and inadequate control for confounding comorbidities (Lengkong, 2020; Singh et al.,
2021). A comprehensive synthesis that explicitly addresses these sources of heterogeneity,
examines the dose-response relationship across the full BMI spectrum, and distinguishes between
failure mechanisms (septic vs. aseptic) is necessary to provide clinicians with clear, actionable

evidence.
Research Objectives
This systematic review aims to critically appraise and synthesize the current evidence to:

1. Determine the nature and strength of the relationship between preoperative BMI and the risk

of implant failure following primary TKA.

2. Investigate the dose-response relationship across WHO BMI categories, with particular
focus on morbid (BMI >40 kg/m?) and super-obesity (BMI >50 kg/m?).

3. Differentiate the risk association for specific failure types, primarily septic (infection-

related) versus aseptic (mechanical) failures.

4. ldentify modifying factors such as implant design, surgical technique, and preoperative

interventions that may mitigate obesity-related risks.

5. Provide evidence-based conclusions and clinical recommendations for the management of

obese patients undergoing TKA.

Hypothesis
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We hypothesize that there is a significant positive dose-response relationship between
increasing BMI and the risk of implant failure after TKA. Specifically, we posit that this
relationship is strongest for infection-related failures and becomes clinically substantial at the level
of morbid obesity (BMI >40 kg/m?). We further hypothesize that modern surgical techniques and

implant designs may attenuate, but not eliminate, this elevated risk.
Novelty and Significance

This review offers a novel and detailed synthesis by systematically analyzing 80 studies,
with a specific focus on reconciling contradictory findings through an in-depth exploration of effect
modifiers. It moves beyond the simple "obese vs. non-obese"” dichotomy to provide a granular, risk-
stratified analysis across the entire obesity spectrum. By clearly separating the risks for septic and
aseptic failure, it offers mechanistic insight. Furthermore, it integrates recent evidence on mitigation
strategies, including the role of cementless implants (Le et al., 2020), computer navigation (Kanna
et al., 2021), and preoperative optimization (Liljensge et al., 2019; Dowsey et al., 2022). The
findings are significant for clinical practice, informing shared decision-making, preoperative
counselling, risk stratification, and the development of targeted perioperative protocols to improve
outcomes in the growing population of obese TKA patients.

Protocol

The study strictly adhered to the Preferred Reporting Items for Systematic Review and
Meta-Analysis (PRISMA) 2020 guidelines to ensure methodological rigor and accuracy. This
approach was chosen to enhance the precision and reliability of the conclusions drawn from the
investigation.

Criteria for Eligibility

This systematic review aims to evaluate the relationship between body mass index and the

risk of implant failure in total knee arthroplasty.
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Screening
We screened in sources based on their abstracts that met these criteria:

e Population - Adult Primary TKA: Does the study include adult patients (>18 years) who
underwent primary total knee arthroplasty?

e BMI Data Available: Does the study report BMI measurements or provide body

weight/height data that allows BMI calculation?

e Implant Failure Outcomes: Does the study report implant failure outcomes, revision

surgery rates, or implant-related complications?

e BMI-Implant Failure Relationship: Does the study provide sufficient data to assess the
relationship between BMI and implant failure?

e Follow-up Duration: Does the study report a follow-up period of at least 6 months post-
surgery?

e Primary vs Revision Surgery: Is the study focused on primary knee arthroplasty rather
than revision knee arthroplasty as the primary procedure?

e Total vs Partial Knee Replacement: Does the study focus on total knee arthroplasty rather

than exclusively on unicompartmental knee arthroplasty or partial knee replacement?

e Sample Size Adequacy: Does the study include 10 or more patients (i.e., is it not a case
report or case series with fewer than 10 patients)?
e Implant Failure Definition: Does the study provide a clear definition or measurement of

implant failure?

We considered all screening questions together and made a holistic judgement about

whether to screen in each paper.

Search Strategy
The keywords used for this research based PICO :
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Element P I C O
(Population) | (Intervention/Exposure) | (Comparison/Context) | (Outcome)
Total knee
) ) Implant
Keyword 1 | arthroplasty Body mass index Normal weight fail
ailure
patients
TKA Revision
Keyword 2 o BMI Non-obese
recipients surgery
Knee ]
_ Prosthesis
Keyword 3 | replacement Obesity Lower BMI )
: failure
patients
Arthroplasty, _ _ Arthroplasty
Keyword 4 Overweight Healthy weight )
knee, total failure

The Boolean MeSH keywords inputted on databases for this research are: ("Total knee
arthroplasty patients” OR "TKA recipients” OR "Knee replacement patients” OR "Arthroplasty,
knee, total") AND ("Body mass index" OR "BMI" OR "Obesity" OR "Overweight™) AND ("Normal
weight” OR "Non-obese” OR "Lower BMI" OR "Healthy weight") AND ("Implant failure” OR

"Revision surgery” OR "Prosthesis failure™ OR "Arthroplasty failure™)

Data extraction

e Study Design:

Extract the study design type (e.g., cohort study, case-control study, randomized controlled

trial, systematic review/meta-analysis) and specify whether it was prospective or

retrospective for observational studies.

e BMI Categories:

Extract the specific BMI categories or cutoff values used to define different weight groups
in the study (e.g., normal weight <25 kg/m?, overweight 25-29.9 kg/m?, obese >30 kg/m?,
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morbidly obese >40 kg/m?). Include the exact numerical ranges and how many groups were

analyzed.

e Study Population:

Extract key characteristics of the TKA patient population, including:

o

(@]

Total sample size

Age range or mean age

Gender distribution

Primary indication for TKA (e.g., osteoarthritis, rheumatoid arthritis)

Exclusion criteria related to BMI or other relevant factors

e Implant Failure Definition:

Extract how the study defined implant failure or poor outcomes related to implant

performance, including:

Primary endpoints (e.g., revision surgery, aseptic loosening, implant survival)
Secondary endpoints related to implant success/failure
Specific criteria used to diagnose failure

Whether failure was all-cause or cause-specific (e.g., infection vs. mechanical

failure)

e Follow-up Duration:

Extract the follow-up period for assessing implant failure outcomes, including:

Mean or median follow-up time
Minimum and maximum follow-up periods
Loss to follow-up rates by BMI group if reported

Time points at which outcomes were assessed
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e BMI-Failure Relationship:

Extract the main findings regarding the relationship between BMI and implant failure risk in
TKA, including:

o Effect measures (odds ratios, risk ratios, hazard ratios) with 95% confidence

intervals

o Statistical significance (p-values)

o Direction of association (higher BMI = increased/decreased/no change in failure
risk)

o Dose-response relationship if reported (e.g., risk across multiple BMI categories)

o Specific failure types most associated with BMI

e Confounding Variables:

Extract information about confounding factors that were controlled for or considered in the
analysis of BMI-implant failure relationship, including:

Patient factors (age, gender, comorbidities, activity level)

o

Surgical factors (surgeon experience, implant type, surgical technique)

o

o Statistical adjustment methods used
o Variables that remained significant confounders

e Key Limitations:

Extract the main study limitations that could affect the validity of BMI-implant failure

relationship findings, including:

o Selection bias issues
o Measurement bias for BMI or outcomes
o Confounding that could not be controlled

o Loss to follow-up issues
10
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o Author-reported limitations relevant to BMI-failure relationship

Table 1. Article Search Strategy

Database

Keywords

Hits

Pubmed

("Total knee arthroplasty patients” OR "TKA recipients” OR "Knee
replacement patients” OR "Arthroplasty, knee, total”) AND ("Body
mass index"” OR "BMI" OR "Obesity" OR "Overweight™) AND
("Normal weight" OR "Non-obese" OR "Lower BMI" OR "Healthy
weight”) AND ("Implant failure®™ OR "Revision surgery” OR
"Prosthesis failure” OR "Arthroplasty failure™)

Semantic
Scholar

("Total knee arthroplasty patients” OR "TKA recipients” OR "Knee
replacement patients” OR "Arthroplasty, knee, total™) AND (“Body
mass index" OR "BMI" OR "Obesity" OR "Overweight") AND
("Normal weight" OR "Non-obese" OR "Lower BMI" OR "Healthy
weight™) AND ("Implant failure®™ OR "Revision surgery"” OR
"Prosthesis failure™ OR "Arthroplasty failure™)

250

Springer

("Total knee arthroplasty patients” OR "TKA recipients” OR "Knee
replacement patients” OR "Arthroplasty, knee, total™) AND ("Body
mass index" OR "BMI" OR "Obesity" OR "Overweight") AND
("Normal weight" OR "Non-obese™ OR "Lower BMI" OR "Healthy
weight") AND ("Implant failure”™ OR "Revision surgery” OR
"Prosthesis failure” OR "Arthroplasty failure")

21

Google
Scholar

("Total knee arthroplasty patients” OR "TKA recipients" OR "Knee
replacement patients” OR "Arthroplasty, knee, total™) AND ("Body
mass index" OR "BMI" OR "Obesity" OR "Overweight") AND
("Normal weight" OR "Non-obese™ OR "Lower BMI" OR "Healthy
weight") AND (“"Implant failure”™ OR "Revision surgery" OR
"Prosthesis failure” OR "Arthroplasty failure")

306

Wiley
Online
Library

("Total knee arthroplasty patients” OR "TKA recipients” OR "Knee
replacement patients” OR "Arthroplasty, knee, total™) AND ("Body
mass index" OR "BMI" OR "Obesity" OR "Overweight") AND
("Normal weight" OR "Non-obese™ OR "Lower BMI" OR "Healthy
weight") AND ("Implant failure” OR "Revision surgery" OR
"Prosthesis failure™ OR "Arthroplasty failure™)

18
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Records identified from*:
PubMed (n = 1)
Springer (n = 21)
Semantic Scholar (n = 250)
Google Scholar (n = 306)
Wiley Online Library (n = 18)

Screening

Included

Records screened
(n = 545)

Reports sought for retrieval

(n = 449)

Reports assessed for eligibility
(n=322)

Studies included in systematic review
(n=280)

Records removed before screening:
Duplicate records removed (n = 4)
Records marked as ineligible by
automation tools (n=47)

> Records excluded**

(n = 96)

»| Reports not retrieved

(n=127)

Reports excluded:
Wrong study design (n = 242)

Figure 1. Article search flowchart
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Characteristics of Included Studies

This systematic review includes 80 sources examining the relationship between body mass

index (BMI) and implant failure risk following total knee arthroplasty (TKA).
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Study BMI Categories Sample Size Follow-up
Duration
Hai-bo Si et al., 2015 Non-obese <30, Obese >30, 20,988 TKAs >5 years
Morbidly obese >40 kg/m?
20
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Study BMI Categories Sample Size Follow-up
Duration
W. S. Abdelmegied et al., | Non-obese <30, Obese >30 kg/m? Not >2 years
2020 mentioned
Mark J. McElroy et al., Obese 30-40, Morbidly obese 40- Not Mean 5 years
2013 50 kg/m? mentioned
L. Boyce et al., 2019 Morbidly obese >40, Non-obese 624 morbidly | Mean 4.8-5.2
<30 kg/m? obese, 9,449 years
non-obese
TKAs
R. Gaillard et al., 2017 Normal <25, Overweight 25-30, 1,059 TKAs Mean 61.7
Moderately obese 30-35, Severely months
obese >35 kg/m?
Kunal Aneja et al., 2020 Normal 18.5-25, Overweight 25- 259 patients | Up to 3 years
30, Obese 30-40 kg/m?
Joshua T. Steere et al., Obese >35 kg/m? 178 TKAs in Mean 34
2018 143 patients months
R. A. Collins et al., 2012 Non-obese <30, Mildly obese 30- 445 TKRs Up to 9 years
35, Highly obese >35 kg/m?
Joost van Tilburg et al., Morbidly obese vs non-obese 1,031 >2 years mean
2022 morbidly
obese, 9,797
non-obese
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Study BMI Categories Sample Size Follow-up
Duration
Riku A. Palanne et al., BMI <40 kg/m? 294-399 12 months
2022 patients
Bedrettin Akar et al., Nonobese <30, Obese 30-39.9 776 patients Mean 48
2021 kg/m? months
S. Hakkalamani et al., Non-obese vs Obese 30-40 kg/m? 150 patients 5 years
2010
A. Amin et al., 2006 Non-obese 15-30, Obese >30 328 TKRs 60 months

kg/m?

N. Maffulli et al., 2019

Moderately obese 30-35, Severely
obese >35 kg/m?

120 patients

Mean 3 years

G. Kerkhoffs et al., 2012 | Non-obese <30, Obese >30 kg/m> | Upto 15,276 | >5 years for
patients revision

H. Chaudhry et al., 2019 | Normal <25, Severe >35, Morbid 37 studies Not

>40, Super-obese >50 kg/m? mentioned

Vandana Ayyar et al., Non-obese <30, Obese >30 kg/m? 171 patients 12 months

2012
A. Lengkong et al., 2020 | Normal <25, Obese >30, Morbidly Not 1-5 years
obese >40 kg/m? mentioned

Amr Ibrahim Salem Morbidly obese vs non-obese 3,138 patients Average 5

Zonfoly et al., 2021 years
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Study BMI Categories Sample Size Follow-up
Duration
K. K. Boyle et al., 2017 Obese >30 kg/m? 325 patients Not
mentioned
L. Condell et al., 2019 Obese >40, Non-obese <40 kg/m? 192,891 Not
patients mentioned
S. Agarwala et al., 2020 Non-obese <30, Obese 30-40 52 patients Mean 17-18
kg/m2 months
Ahmet Atilla Abdioglu et Overweight, Class I-111 obesity Not Minimum 24
al., 2020 mentioned months
Sandeep Patel et al., 2017 Morbidly obese Not 43.8-73.6
mentioned months
K. Daniilidis et al., 2016 <25, 25-30, 30-40, >40 kg/m? 199 patients, Not
230 TKAs mentioned
Junlong Zhong et al., Normal <25, Overweight 25-30, 505,303 Not
2020 Obese >30, Morbidly obese >40 arthroplasties mentioned
kg/m2
S. Ersozlu et al., 2008 Non-obese <30, Obese >30, 48 patients, 96 | Minimum 2
Morbidly obese >40 kg/m? knees years
Giang Truong Le et al., High BMI patients Not Not
2020 mentioned mentioned
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Study BMI Categories Sample Size Follow-up
Duration
Deren T. Bagsby et al., Morbidly obese Not Not
2017 mentioned mentioned
Kai Sun et al., 2017 Normal vs high BMI 33,778 >5 years
patients
John J. Heifner et al., Obese >30, Severely obese >35 7,081 patients | 90 days to 5.7
2019 kg/m2 years
Huan Wang et al., 2021 WHO BMI categories Not Not
mentioned mentioned
Dipak Suthar et al., 2017 Morbidly obese >40, Non-obese 100 patients 1 year
<30 kg/mz
J. Onggo et al., 2021 Non-obese <30, Obese >30, 3,106,381 Not
Morbidly obese >40 kg/m? TKAS mentioned
Troy B. Puga et al., 2021 Variable BMI categories Not Not
mentioned mentioned
Jin-giang Du et al., 2014 | Non-obese <25, Overweight 25.1- 148 patients Not
27, Obesity 27.1-30, Morbidly mentioned
obese >30 kg/m?
B. Unver et al., 2009 Non-obese <30, Obese >30 kg/m? 186 patients 12 months
Yunping Ma et al., 2022 Underweight vs normal weight Not Not
mentioned mentioned
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Study BMI Categories Sample Size Follow-up
Duration
Hai-feng Li et al., 2020 Normal 18-24.9, Overweight, 157 patients Not
Obese mentioned
M. Nufez et al., 2011 Severe/morbidly obese vs 120 patients 12 months
nonobese
B. Chalidis et al., 2010 Obese >30 kg/m? 100 patients 2 years
Jingli Xu et al., 2020 Obese vs non-obese, Morbidly 3,204,887 Not
obese vs non-morbidly obese patients mentioned
Philip Charles Drohat et | Obese 30-40, Morbidly obese >40 Not 3 months to
al., 2018 kg/m? mentioned 14 years
S. Kunutsor et al., 2016 Normal <25, Overweight 25-29, 62,087 0to 5.7 years
Obese 30-34, Severely obese 35- | primary TKAs
40, Morbidly obese >40 kg/m?
Raju Vaishya et al., 2016 Non-morbidly obese <40, 5,159 TKRs 12-64.8
Morbidly obese >40 kg/m? months
L. Rouquette et al., 2019 Obesity as comorbidity 57 patients Not
mentioned
Sheng Xu et al., 2018 Control <30, Obese >30 kg/m? 126 patients 10 years
M. Dowsey et al., 2022 Class II obesity >35 kg/m? 82 patients Median 24-27
months
M. D. Helo et al., 2018 Multiple BMI groups 75 patients 1 year
25
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Study BMI Categories Sample Size Follow-up
Duration
J. Yoo etal., 2018 <25, 25-30, >30 kg/m? 371 cases Mean 361
weeks
Bmc Musculoskeletal Morbidly obese >40 kg/m? 3,045,096 Not
Disorders et al., 2020 patients mentioned
Mbbs Moneet Gill et al., Weight loss intervention groups 50,672 90 days
2020 intervention,
1,446,755
control
Katherine A. Lygrisse et BMI >35 kg/m? 230 patients 3 months
al., 2022
G. Stathakos et al., 2011 Morbidly obese >40 kg/m? 38 patients Mean 13.8
months
M. Helo et al., 2019 Normal 18.5-24.9, Overweight 25- 74 patients 3 months
34.9, Obese 35-39.9, Morbidly
obese >40 kg/m?
J. Keeney et al., 2019 BMI >35 kg/m? 398 patients | Mean 2 years
Yushy Zhou et al., 2020 Obese patients Not Not
mentioned mentioned
G. Murvai et al., 2020 Normal 18.5-25, Overweight 25-40 | 730 patients 6 months

kg/m?
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Study BMI Categories Sample Size Follow-up
Duration
Q. Song et al., 2022 Obese patients 360 patients Not
mentioned
K. Giesinger et al., 2021 <25, 25-29.9, 30-34.9, 35-39.9, 1,565 patients 12 months
>40 kg/m?
J. Collins et al., 2017 <25, 25-29.9, 30-34.9, 35-39.9, 633 patients 24 months
>40 kg/m?
Robson Rocha Da Silva et Obesity as factor Not Not
al., 2014 mentioned mentioned
J. Zenietal., 2010 Obese vs non-obese 106 patients 2 years
T. O. Smith et al., 2016 Bariatric surgery patients 23,348 Not
patients mentioned
D. Pozzobon et al., 2018 Obese vs non-obese Not Not
mentioned mentioned
A. Liljensge et al., 2019 Obese patients with weight loss 76 patients 1 year
intervention postoperativel
y
R. Torres-Claramunt et <30, >30 kg/m? 689 patients 5 years
al., 2016
Vivek Singh et al., 2021 <30, 30-34.9, 35-39.9, >40 kg/m? | 1,075 patients 2 years
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Study BMI Categories Sample Size Follow-up
Duration
Ma Yan et al., 2022 Bariatric surgery patients Not Not
mentioned mentioned
L. Lozano et al., 2008 Severely obese >35 kg/m? 70 patients Not
mentioned
E. Goudie et al., 2017 Obese >30, Morbidly obese >40 | 1,879 patients Not
kg/m2 mentioned
S. Sattari et al., 2020 Bariatric surgery patients 2,876,547 90 days to 1
patients year
M. Taunton et al., 2019 Obese patients Not 2-15 years
mentioned
L. Lau et al., 2020 Obese >30, Class 1 31.6, Class III 198 patients 1 year
43.8 kg/m2
S. Mirghasemi et al., 2017 Multiple BMI groups Not Not
mentioned mentioned
R. Shariff et al., 2011 BMI measured 91 patients 1 year
M. Lyons et al., 2019 Normal, Overweight, Obese 1,790 patients 12 months
R. Kanna et al., 2021 Non-obese <30, Obese >30 kg/m? | 78+79 knees 5 years
Richard E. Jones et al., Obese >30, >35, >40 kg/m? Not Not
2016 mentioned mentioned
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Dunbar et al., 2012 BMI as predictor Not Not
mentioned mentioned

The included studies represent a substantial evidence base with systematic reviews
incorporating hundreds of thousands of TKA procedures. Follow-up periods ranged from 3 months
to 14 years, with most studies reporting minimum 2-year follow-up for revision outcomes. BMI
categorization varied considerably across studies, though the WHO classification (normal <25,

overweight 25-29.9, obese >30, morbidly obese >40 kg/m?) was most commonly employed.

Effects of BMI on Implant Failure Risk

Revision Surgery Rates

Study BMI Effect Measure Statistical Failure Type
Comparison Significance
Boyce et al., Morbidly obese | Revision rate 7% p<0.001 All-cause revision
2019 >40 vs Non-obese Vs 2%
<30
van Tilburg et Morbidly obese | RR 1.48 (95% ClI: p=0.06 All-cause revision
al., 2022 vs Non-obese 0.98-2.24)
van Tilburg et Morbidly obese | RR 1.44 (95% ClI: p=0.37 Aseptic revision
al., 2022 vs Non-obese 0.64-3.25)
van Tilburg et Morbidly obese | RR 2.22 (95% CI: p=0.09 Septic revision
al., 2022 vs Non-obese 0.89-5.57)
29
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Comparison Significance
Kerkhoffs et al., Obese >30 vs OR 1.30 (95% Significant All-cause revision
2012 Non-obese Cl: 1.02-1.67)
Kerkhoffs et al., Obese >30 vs OR 1.79 (95% Significant Long-term
2012 Non-obese Cl: 1.15-2.78) revision
Chaudhry et al., Severe obesity | RR 1.19 (95% CI: p=0.02 All-cause revision
2019 >35 vs Normal 1.03-1.37)

Chaudhry etal., | Morbid obesity | RR 1.93 (95% CI: p<0.001 All-cause revision
2019 >40 vs Normal 1.27-2.95)

Chaudhry et al., Super-obesity | RR 4.75 (95% CI: p<0.001 All-cause revision
2019 >50 vs Normal 2.12-10.66)

McElroy et al., Morbidly obese Survivorship: Significant Implant survival
2013 vs Obese vs Non- |  88% vs 95% vs

obese 97%

Lengkong et al., Obese vs Non- OR 1.30 for Significant All-cause revision

2020 obese revision TKA

The evidence consistently demonstrates a dose-response relationship between increasing
BMI and revision risk. The meta-analysis by Chaudhry et al. showed that risk ratios for all-cause
revision increased progressively from 1.19 in severely obese patients to 4.75 in super-obese patients
compared to normal weight individuals. McElroy et al. reported that at mean 5-year follow-up,
morbidly obese patients had significantly lower implant survivorship (88%) than obese patients

(95%) and nonobese patients (97%).
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Study BMI Effect Measure Statistical Infection Type
Comparison Significance
Sietal., 2015 Obese 230 vs Increased risk Significant Any infection,
Non-obese superficial
infection
Sietal., 2015 Morbidly obese Higher risk Significant Deep infection
>40 vs Non-obese
Kerkhoffs et al., Obese >30 vs OR 1.90 (95% Significant Any infection
2012 Non-obese Cl: 1.46-2.47)
Kerkhoffs et al., Obese >30 vs OR 2.38 (95% Significant Deep infection
2012 Non-obese Cl: 1.28-4.55)
Chaudhry et al., Severe obesity | RR 1.49 (95% CI: p<0.001 Septic revision
2019 >35 vs Normal 1.28-1.72)
Chaudhry etal., | Morbid obesity | RR 3.69 (95% CI: p<0.001 Septic revision
2019 >40 vs Normal 1.90-7.17)
Chaudhry et al., Super-obesity | RR 4.58 (95% CI: p=0.04 Septic revision
2019 >50 vs Normal 1.11-18.91)
Xu et al., 2020 Obese vs Non- OR 1.51 (95% Significant PJI

obese

Cl: 1.30-1.74)
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Study BMI Effect Measure Statistical Infection Type
Comparison Significance
Xu et al., 2020 Morbidly obese OR 3.27 (95% Significant PJI
vs Non-morbidly Cl: 2.46-4.34)
obese
Kunutsor et al., | BMI>30 vs <30 | RR 1.60 (95% CI: Significant PJI
2016 1.29-1.99)
Kunutsor etal., | BMI>35vs <35 | RR 1.53 (95% CI: Significant PJI
2016 1.22-1.92)
Kunutsor et al., | BMI>40 vs <40 | RR 3.68 (95% CI: Significant PJI
2016 2.25-6.01)
Jones et al., 2016 BMI >35 6.7x more likely Significant Infection
infection
Jones et al., 2016 BMI >40 3.35x higher Significant Deep infection
revision rate revision
Zhong et al., Increasing BMI J-shaped Pnon- PJI
2020 relationship linearity<0.001

Infection-related failure demonstrated the strongest and most consistent association with

elevated BMI across studies. Kerkhoffs et al. found that obese patients had nearly double the odds

of any infection (OR 1.90) and more than double the odds of deep infection requiring surgical

debridement (OR 2.38). The dose-response meta-analysis by Zhong et al. revealed a significant J-

shaped non-linear relationship between BMI and periprosthetic joint infection risk. Notably, the risk

of septic revision increased dramatically with higher BMI categories, with super-obese patients

showing a risk ratio of 4.58 compared to normal weight patients.
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Aseptic Loosening

Study BMI Effect Measure Statistical Notes
Comparison Significance
Sietal., 2015 Obese vs Non- No difference Not significant | >5 year follow-up
obese
Chaudhry et al., All obesity No significant p>0.05 Aseptic revision
2019 categories difference
Boyle et al., 2017 Cemented vs 99.4% vs 99.3% p=0.94 Tibial component
Uncemented in survivorship
obese
Steere et al., Obese No failures Not significant | Aseptic loosening
2018 with/without
tibial stem
Bagsbhy et al., Morbidly obese Increased risk Significant Aseptic tibial
2017 failures

In contrast to infection-related outcomes, aseptic loosening showed less consistent
association with BMI. The meta-analysis by Chaudhry et al. found no significant differences in risk
of aseptic revision across obesity categories. Similarly, Si et al. reported no differences in aseptic
loosening with follow-up of 5 years or more between obese and non-obese patients. However,
Bagsby et al. noted increased risk of aseptic tibial failures specifically in morbidly obese patients,

suggesting that extreme obesity may still affect mechanical implant longevity.

Studies Reporting No Significant BMI-Failure Association

Study BMI Categories Main Finding Follow-up
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Study BMI Categories Main Finding Follow-up
Gaillard et al., 2017 4 groups by BMI No difference in 10- 61.7 months
year survival (p=0.4)

Aneja et al., 2020 3 groups by BMI BMI does not 3 years

adversely affect
outcomes

Collins et al., 2012 3 groups by BMI No difference in 9 years
implant survival

Amin et al., 2006 Obese vs Non-obese No significant 5 years

difference (p>0.2)

Boyle et al., 2017 Obese >30 No difference in Short-mid term
survivorship
Daniilidis et al., 2016 4 groups by BMI No significant Not mentioned

correlation

Agarwala et al., 2020

Obese vs Non-obese

No failures observed

17-18 months

Kanna et al., 2021

Obese vs Non-obese

No influence on mid-

5 years

term results

Several studies found no significant association between BMI and implant failure. Gaillard
et al. reported that obesity did not affect mid-term implant survival using cementless, posterior-
stabilized, rotating-platform implants (p=0.4 for 10-year survival). Collins et al. found no difference
in overall complication rates or implant survival between obese and non-obese groups at nine years.
These findings suggest that with appropriate implant selection and surgical technique, satisfactory

outcomes can be achieved regardless of BMI.

34
The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved




Research Article
E-ISSN : 3048-1368

Complication Rates

Volume 01, Issue No. 01. 2022
P-ISSN : 3048-1376

Study

BMI Comparison

Complication Rate

Statistical

Significance

McElroy et al., 2013

Nonobese vs Obese vs

9% vs 15% vs 22%

All significantly

Morbidly obese different
van Tilburg et al., Morbidly obese vs RR 1.56 (95% CI: p=0.06
2022 Non-obese 0.98-2.48)
Boyce et al., 2019 Morbidly obese vs Higher overall Significant

Non-obese

complications

Akar et al., 2021

Obese vs Non-obese

Higher risk of specific

Significant for some

complications

Complication rates demonstrated a clear gradient with increasing BMI. McElroy et al.
reported complication rates of 9%, 15%, and 22% for nonobese, obese, and morbidly obese patients
respectively, with all differences being statistically significant. Specific complications more
frequently associated with obesity included aseptic loosening, septic loosening, and medial

retinaculum detachment.

Synthesis

The relationship between BMI and implant failure risk following TKA demonstrates

important nuances that require careful interpretation beyond simple dichotomous conclusions.

Reconciling Heterogeneous Findings

The apparent contradiction between studies showing significant BMI-failure associations

and those showing no relationship can be explained by several factors:
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BMI Threshold Effects: Studies that found significant associations typically compared
morbidly obese patients (BMI >40 kg/m?) against normal or non-obese controls. The meta-analysis
by Chaudhry et al. demonstrated a clear dose-response relationship, with risk ratios increasing from
1.19 for severe obesity to 4.75 for super-obesity. In contrast, studies finding no significant
difference often combined all obese patients into a single group (BMI >30 kg/m?) or studied
populations with lower obesity severity. This suggests that the risk threshold for implant failure
may be substantially higher than BMI 30 kg/m?, with the most clinically meaningful increases
occurring at BMI >40 kg/m>.

Failure Type Specificity: The distinction between septic and aseptic failure is critical.
Multiple high-quality meta-analyses consistently demonstrated significantly elevated risk of septic
revision in obese patients, while aseptic revision showed no significant association across obesity
categories. This mechanistic distinction suggests that obesity-related failure is primarily driven by
increased infection susceptibility rather than mechanical factors. The biological mechanisms
underlying this association likely include impaired wound healing, prolonged operative times,

increased dead space in subcutaneous tissues, and metabolic factors associated with adiposity.

Implant and Technique Considerations: Studies employing specific implant designs or
surgical techniques showed attenuated BMI effects. Gaillard et al. found no survival difference
using cementless posterior-stabilized rotating-platform implants across BMI categories. Kanna et al.
reported equivalent outcomes using computer-navigated gap-balancing TKA in obese versus non-
obese patients. This suggests that modern implant designs and precise surgical techniques may

partially mitigate obesity-related risks.

Follow-up Duration: Studies with longer follow-up periods tended to show more
pronounced BMI effects. Collins et al. reported sustained improvements at nine years but noted
lower function scores in highly obese patients, while short-term studies more frequently found no
significant differences. This temporal pattern suggests that BMI-related complications may

accumulate over time, particularly for infection which can present as delayed failure.
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Clinical Implications by BMI Category

For patients with BMI 30-35 kg/m?, the evidence suggests modestly elevated complication
risk but generally good functional outcomes. Multiple studies demonstrated that obese patients
achieve significant improvements in pain and function comparable to non-obese patients, though

absolute functional scores may remain lower.

For patients with BMI 35-40 kg/m?, infection risk becomes notably elevated (RR 1.49-1.60
for septic complications). Prophylactic measures such as preoperative optimization and negative
pressure wound therapy may provide benefit in this population.

For patients with BMI >40 kg/m?, the evidence consistently demonstrates substantially
elevated risks. The risk ratio for septic revision approaches 3.69, and implant survivorship may be
reduced to 88% at 5 years compared to 97% in non-obese patients. Weight loss interventions,
including bariatric surgery, may reduce perioperative complications in this population, though

evidence regarding long-term implant outcomes remains limited.

For patients with BMI >50 kg/m? (super-obese), the risk magnifies further with risk ratios
exceeding 4.5 for both all-cause and septic revision. The limited data available for this population
suggests that careful preoperative counseling and consideration of weight optimization strategies is

particularly important.

Methodological Considerations Affecting Interpretation

Several factors limit definitive conclusions. First, heterogeneity in BMI categorization
across studies complicates direct comparisons. Second, many studies did not adequately control for
obesity-related comorbidities that independently increase complication risk. Third, the retrospective
nature of most included studies introduces potential selection and surveillance biases. Finally,

publication bias favoring significant findings may inflate effect estimates.

The evidence supports the conclusion that elevated BMI, particularly at levels >40 kg/m?, is

associated with increased risk of implant failure following TKA, driven primarily by infectious
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complications rather than mechanical factors. However, obese patients consistently achieve
clinically meaningful functional improvements following TKA, and with appropriate implant
selection, surgical technique, and perioperative optimization, acceptable outcomes can be achieved
across BMI categories.

This systematic review of 80 studies provides a comprehensive and nuanced analysis of the
relationship between BMI and implant failure risk following TKA. The central finding is that the
association is not uniform but is heavily influenced by the severity of obesity, the type of failure,

and contextual factors related to surgery and patient management.
The Dominant Role of Infection in Obesity-Related Failure

The most consistent and robust evidence from this synthesis points to periprosthetic joint
infection (PJI) as the primary driver of increased implant failure in obese patients. The data reveal a
striking dose-response relationship, where the risk of septic revision escalates dramatically with
higher BMI categories. Meta-analyses demonstrate that while severely obese patients (BMI >35)
have a 49% increased risk (RR 1.49), this risk soars to 269% (RR 3.69) in the morbidly obese (BMI
>40) and 358% (RR 4.58) in the super-obese (BMI >50) compared to normal-weight individuals
(Chaudhry et al., 2019). This pattern is corroborated by multiple large-scale studies (Kerkhoffs et
al., 2012; Si et al., 2015; Xu et al., 2020; Zhong et al., 2020).

The biological plausibility for this strong association is well-founded. Obesity is
characterized by a state of chronic inflammation, with adipose tissue secreting pro-inflammatory
cytokines such as TNF-a and IL-6, which can impair immune cell function and wound healing
(Heifner et al., 2019). Technical factors during surgery are also contributory: thicker subcutaneous
tissue necessitates deeper dissection, creates larger dead space, and often prolongs operative time—
all established risk factors for surgical site infection (Kerkhoffs et al., 2012). Furthermore, local

adiposity, particularly around the knee, may be a more direct mechanical and physiological risk
38
The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved



Research Article Volume 01, Issue No. 01. 2022
E-ISSN : 3048-1368 P-ISSN : 3048-1376

factor than BMI alone, potentially explaining some of the heterogeneity in findings (Heifner et al.,
2019). The J-shaped non-linear relationship reported by Zhong et al. (2020) suggests the risk
accelerates non-linearly at the highest BMI levels, underscoring the exceptional vulnerability of the

super-obese population.
The Aseptic Loosening Conundrum: Mechanistic Dissociation

In stark contrast to infection, the evidence linking BMI to aseptic loosening—a primarily
mechanical failure mode—is weak and inconsistent. Major meta-analyses found no significant
increase in the risk of aseptic revision across obesity categories (Chaudhry et al., 2019). Long-term
studies with follow-up exceeding five years also reported no difference in rates of aseptic loosening
between obese and non-obese groups (Si et al., 2015; Collins et al., 2012). This mechanistic
dissociation is critical for clinical understanding. It suggests that while the increased mechanical
load from obesity is a theoretical concern, modern implant designs, improved polyethylene, and
secure fixation techniques (both cemented and cementless) are largely sufficient to withstand these

forces over the mid- to long-term in most obese patients (Boyle et al., 2017; Gaillard et al., 2017).

However, this does not imply a complete absence of risk. Some studies focusing specifically
on extreme populations have noted increased rates of aseptic tibial failures in the morbidly obese,
potentially pointing to failure modes related to exceptional loads or bone quality issues in this
subset (Bagsby et al., 2017). This highlights that while the average risk may not be elevated, the
extremes of the obesity spectrum may still present unique mechanical challenges.

Reconciling Heterogeneity: Thresholds, Techniques, and Time

The apparent contradiction between studies reporting significant BMI-failure associations

and those finding no relationship can be resolved by examining key moderating variables.

1. BMI Threshold Effects: The most important reconciling factor is the BMI threshold used

for comparison. Studies that report "no significant difference™ often compare a combined
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obese group (BMI >30) to a non-obese group (Amin et al., 2006; Daniilidis et al., 2016).
This dilutes the pronounced risk observed in the highest BMI categories. The present
analysis clearly demonstrates that the risk gradient is shallow in the overweight and Class |
obesity range but steepens markedly beyond BMI 35-40 kg/m2. Therefore, studies with a
higher proportion of morbidly obese patients are more likely to detect a significant effect
(Boyce et al., 2019; van Tilburg & Andersen, 2022).

2. Surgical Technique and Implant Design as Effect Modifiers: Evidence suggests that
advancements in surgical technique and implant technology can mitigate obesity-related
risks. Studies utilizing computer-navigated surgery for precise alignment and gap balancing
found equivalent mid-term outcomes between obese and non-obese patients (Kanna et al.,
2021). Similarly, the use of specific implant designs, such as cementless rotating-platform
knees, has been associated with excellent survivorship independent of BMI (Gaillard et al.,
2017). The debate on cemented versus cementless fixation in high-BMI patients continues,
with recent reviews suggesting cementless TKA may be a viable alternative, potentially
reducing long-term failure risks (Le et al., 2020). Furthermore, prophylactic measures like
the use of tibial stem extensions in obese patients are being evaluated to enhance stability,
though evidence is still evolving (Zhou et al., 2020).

3. Follow-up Duration: The temporal pattern of failure is crucial. Infection-related failures
often present earlier, while aseptic loosening typically manifests later. Studies with short-
term follow-up (<2 years) may capture the early infection risk but miss later mechanical
failures, potentially underestimating the overall risk in obese patients (Agarwala et al.,
2020). Conversely, the fact that aseptic loosening differences do not strongly emerge even in
long-term studies (>9 years) reinforces the conclusion that mechanical failure is not the
primary BMI-related concern (Collins et al., 2012; Sheng Xu et al., 2018).

Clinical Implications and Stratified Management
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The synthesized evidence supports a stratified, risk-adaptive approach to TKA in obese

patients rather than a blanket policy.

Patients with BMI 30-35 kg/m2: These patients have a modestly elevated risk, primarily
for infection. They should receive standard preoperative optimization and can expect
excellent functional outcomes and implant survivorship comparable to non-obese patients
(Aneja et al., 2020; Giesinger et al., 2021). Aggressive denial of surgery in this group is not

supported by evidence.

Patients with BMI 35-40 kg/m2: The infection risk becomes more substantial. Enhanced
prophylactic measures are warranted, such as strict glycemic control, consideration of
negative pressure wound therapy (NPWT) (Lygrisse et al., 2022; Song et al., 2022), and
possibly the use of antibiotic-loaded bone cement. Thorough preoperative counselling about

the increased complication risk is essential.

Patients with BMI >40 kg/m? (Morbidly Obese): This group carries a significantly
elevated risk for major complications and revision surgery. A comprehensive preoperative
optimization program is mandatory. This should include multidisciplinary evaluation and
strong encouragement for weight loss. Evidence suggests that structured weight loss
interventions, including bariatric surgery prior to TKA, can effectively reduce the risk of
postoperative complications, particularly PJI (Liljensge et al., 2019; Dowsey et al., 2022;
Sattari et al., 2020; BMC Musculoskeletal Disorders et al., 2020). Surgeons should employ
meticulous technique, consider implants with enhanced fixation (e.g., stems), and utilize all

available infection prevention strategies.

Patients with BMI >50 kg/m? (Super-Obese): For these patients, the risks are magnified.
TKA should be approached with extreme caution. Preoperative weight loss is strongly
recommended and may be considered a prerequisite for elective surgery in many centers.
The decision to operate must involve careful consideration of the high probability of

complications against the severity of the patient's disability.
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Limitations and Future Directions

This review acknowledges several limitations in the underlying evidence base. First, most
included studies are retrospective, introducing potential selection and information bias. Second,
heterogeneity in defining and reporting complications complicates pooling of data. Third, many
studies inadequately adjust for critical confounders like diabetes, cardiovascular disease, and
nutritional status, which are collinear with obesity (Murvai et al., 2020). Finally, there is a relative
paucity of high-quality prospective studies or RCTs specifically targeting surgical and perioperative
management in obese TKA patients.

Future research should focus on: 1) Prospective, stratified cohorts with long-term follow-up
across detailed BMI categories; 2) Randomized trials evaluating the efficacy of specific mitigation
strategies (e.g., NPWT types, antibiotic protocols, implant selections) in obese populations; 3)
Investigations into the role of local adiposity and body composition metrics, which may be more
predictive than BMI alone; and 4) Cost-effectiveness analyses of preoperative weight loss programs
in the TKA pathway.

Conclusion

This systematic review confirms a significant and graded relationship between increasing
body mass index (BMI) and the risk of implant failure following total knee arthroplasty (TKA). The
elevated risk is predominantly driven by a substantially increased susceptibility to periprosthetic
joint infection (PJI), which exhibits a strong dose-response relationship, becoming particularly
pronounced at BMI levels >40 kg/m?. In contrast, the risk of aseptic mechanical loosening is not
consistently associated with BMI, suggesting modern implants and techniques are resilient to the
increased mechanical loads. While obesity elevates complication rates, it is crucial to recognize that

patients across all BMI categories, including the morbidly obese, experience significant and
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clinically meaningful improvements in pain and function after TKA. Therefore, obesity should be

viewed as a modifiable risk factor rather than an absolute contraindication to surgery.
Recommendations

Based on the synthesized evidence, the following recommendations are proposed for clinical

practice and future research:

1. Risk-Stratified Patient Counselling: Preoperative counselling must be individualized and
reflect the stratified risk. Patients with BMI >35 kg/m?, and especially >40 kg/m?, should be
explicitly informed of their significantly elevated risk for infection and revision surgery as

part of the shared decision-making process.

2. Preoperative Optimization Mandate: A formal preoperative optimization pathway is
essential for patients with obesity, particularly those with BMI >35 kg/m?. This should

include:

o Weight Management: Strongly encourage and support weight loss through
multidisciplinary programs. For patients with BMI >40 kg/m?, referral for bariatric
surgery evaluation should be considered, as it has been shown to reduce

postoperative complication risks (Dowsey et al., 2022; Sattari et al., 2020).

o Comorbidity Management: Aggressive control of diabetes, optimization of
nutritional status, and management of other obesity-associated comorbidities
(Murvai et al., 2020).

3. Enhanced Intraoperative and Perioperative Strategies: For high-BMI patients (>35

kg/m?), surgeons should consider:

o Employing meticulous surgical technique with emphasis on soft tissue handling and

hemostasis.
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o Utilizing available technologies like computer navigation to ensure precise

alignment.

o Considering implant selection carefully (e.g., potential use of stems, rotating

platforms) based on patient anatomy and bone quality.

o Implementing enhanced infection prophylaxis protocols, which may include the use
of antibiotic-loaded bone cement, dilute povidone-iodine irrigation, and negative
pressure wound therapy for incision management (Keeney et al., 2019; Lygrisse et
al., 2022).

4. Standardized Reporting and Future Research: The orthopaedic research community
should adopt standardized reporting of BMI using WHO categories and clear definitions of
complications. Future high-quality prospective studies and RCTs are needed to directly
compare the effectiveness of different surgical techniques, implants, and perioperative

bundles specifically in obese patient cohorts to establish definitive best-practice guidelines.
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