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Obesity does not impact complications and conversion
to total knee arthroplasty after high tibial osteotomy:
A systematic review
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INTRODUCTION

High tibial osteotomy (HTO) is an operative option that
can provide symptomatic relief and delay the progres-
sion of early-onset knee osteoarthritis (OA) in patients
with unicompartmental disease. HTO is utilized to
correct coronal misalignment and restore neutral
biomechanics of the knee [7, 19]. However, patient
selection for HTO remains dependent on specific
patient criteria, such as age, gender, body mass index
(BMI) and preoperative varus angles and has been
utilized primarily in young, active, nonobese patients
with isolated medial compartmental OA [7, 19].

While studies have shown that obesity (BMI>
30 kg/m?) may be associated with inferior outcomes
after HTO, with several reporting postoperative compli-
cation rates up to 10 times higher in obese patients
[2, 8], it is unclear if obesity should be a strict
contraindication to HTO and what effect it has on
outcomes across multiple studies [8]. With the increas-
ing incidence of obesity worldwide, determining its
influence on outcomes will lend itself to improving
decision-making regarding appropriate surgical inter-
ventions for this patient population.

The purpose of this study is to perform a systematic
review investigating the effect of patient obesity on
HTO surgical outcomes and complication rates. While
the role of obesity has been previously investigated for
orthopaedic operations [8], there has not been a
systematic review that specifically investigates obe-
sity's impact on HTO outcomes. Investigating whether
obesity impacts surgical outcomes will allow surgeons
to better consider the suitability of obese patients for
HTO operations. It was hypothesized that obese
patients would have worse long-term outcomes in
patient-reported outcome measures (PROMSs), higher
rates of complications and greater percentages of
patients requiring revision to total knee arthroplasty
(TKA) following HTO than nonobese patients.

METHODS

This review was performed according to the PRISMA
guidelines for reporting systematic reviews.

Search strategy

Prior to beginning the literature search, a search protocol

was created and published online at the PROSPERO
International Prospective Register of Systematic Reviews

(CRD42023418155). A search strategy was used to query
three electronic databases: Medline, Embase and Co-
chrane Library from database inception until April 2023.
The search strategy aimed to identify all studies that
investigated the role of BMI in HTO outcomes, and the
reference lists of selected articles were also screened to
identify other relevant studies. Search terms including
‘obesity’, ‘BMI’, ‘osteotomy’ and ‘HTO’ were included to
identify all relevant articles. The exact search strategy can
be sourced in the supplement (Appendix 1). There was no
restriction on years of publication. Inclusion criteria were as
follows: (1) primary studies of high tibial osteotomies in
humans (level of evidence I-1V), (2) published in a peer-
reviewed journal, (3) full text available and (4) published in
English. Exclusion criteria were (1) less than 6-month
average follow-up, (2) lack of differentiation between
obese and nonobese patient groups and (3) lack of
clinically reported outcomes.

Eligibility and study selection

Titles, abstracts and full text of retrieved studies were
screened by two reviewers (C. H. and F. N.) following
the establishment of search criteria. Disagreements at
the title and abstract stages were automatically
included. Full-text evaluation was independently per-
formed by two reviewers who selected relevant studies
based on pre-determined selection criteria. Full-text
stage discrepancies were resolved by reaching a
consensus between reviewers. If an agreement could
not be reached regarding inclusion, the discrepancy
was resolved by a third senior reviewer (C. C.). In
addition, relevant reference lists of included studies
were analysed to add articles that had not yet been
reviewed. Inclusion criteria were as follows: patients
who have undergone an HTO to treat medial compart-
ment OA of any severity reported BMI of included
patients, the inclusion of any reported patient outcome
measure or biomechanical outcome, and written in the
English language. Only studies that explicitly reported
outcomes for obese patients were included. A PRISMA
flowchart of the search strategy is illustrated in
Figure 1. After screening and full-text evaluation,
nine studies were included (Figure 1).

Three primary outcomes were analysed: PROMs,
postoperative complications and conversion to TKA.
The PROMSs for knee function included the following:
Knee society score, Lysholm knee score, Oxford knee
score (OKS), hospital for special surgery (HSS) knee
score and the Western Ontario and McMaster Uni-
versities (WOMAC) OA index. All postoperative and
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Identification of studies via databases and registers

Studies included in review
(n=9)

FIGURE 1
osteotomy (HTO) outcomes between obese and nonobese patients.

surgical complications were included, along with the
incidence and timeline of conversion to TKA. Second-
ary outcomes compiled included mechanical tibiofe-
moral angle (mTFA) angle, operative angle correc-
tion and osteoarthritic grading.

Data extraction

Data was extracted from the included studies by two
authors (C. H. and F. N.). These data were cross-
checked, and incongruencies were discussed and
reviewed by the two reviewers discussed. The following
data were extracted: (1) study information: author,
publication year, country, study design, level of evi-
dence; (2) follow-up period; (3) study population:
number of participants, sex, BMI and age; (4) surgical
technique (medial opening- or lateral closing wedge),
knee operated on; (5) results of primary and secondary
outcome measures: clinical outcomes, radiographic
outcomes and mechanical outcomes; (6) complications
reported. Authors were contacted if data were missing.

)
_E Records identified from™:
‘:«; -Articles from PubMed n = 3,146 Records removed before screening:
= -Articles from Embase n = 1,016 > Duplicate records removed (n = 329)
c -Articles from Cochrane Library
3 n=109
—
\ 4
)
Records screened >
(n = 3833) Records excluded**
(n = 3420)
- Notrelevantn= 3125
- Non-Articles n =274
- Non-English Studies n = 21
o
£
c
1}
o
7}
(77}
Reports assessed for eligibilit .
n 2413) gibility »| Reports exclu.ded. .
Reason 1: Not target population (n = 156)
Reason 2 : Did not indicate obese patient
enrolment (n = 231)
Reason 3 : Lack of selected reportable
outcomes (n =17)
—

PRISMA flow diagram demonstrating the selection process of the nine included studies that investigated differences in high tibial

Data that was only available in graphs were read off the
graphs.

Quality assessment

The methodological quality assessment was indepen-
dently conducted by two authors using SPSS version
23 (SPSS Inc.). The included studies were assessed by
two authors (C. H. and F.N.) using interclass correlation
coefficient (ICC) with 95% confidence intervals (Cl).
The Methodological Index for Non-Randomized Stud-
ies (MINORS) tool was used for quality assessment
[25]. ICC scores were based on previously published
standards [16]. Full-text peer-reviewed studies of all
included studies were obtained and graded according
to a ‘levels of evidence’ rating (Table 1) [30]. Each of
the included studies was reviewed by each of the
authors independently and assigned a level of evi-
dence. If there was disagreement on the level assigned
to a paper, this was discussed with the senior author
(A. C.) and resolved.

ASUAIIT suowwo) dAnear) a[qesridde ay) £q paUIIAOS 1B SIONIR Y (SN JO SA[NI 10] KIRIQIT AUITUQ AJ[TA UO (SUONIPUOI-PUB-SULIA) /W0 KA[1M” TRIqI[ouT[uo//:sdNy) SUONIpUO) pue S, ) 39S “[$707/€0/+0] U0 Areiqr aurjuQ A9[ip\ ‘weySururg eweqely JO AIs1oatun £q $807 1 BSY/Z001°01/10p/wod K3[im K1eiqjaurjuo-syeurnoleyssay/:sdny woiy papeoumod ‘0 ‘LFSLEEHT



4
—‘—W] L E Y—Knee Surgery, Sports Traumatology, Arthroscopy

REVIEW OF COMPLICATIONS AFTER HIGH TIBIAL OSTEOTOMY

TABLE 1 Pertinent data about the papers eligible for inclusion in this systematic review.

Author Year Type of study Comparison type Mean MINORS score Level of evidence Study quality
Can [3] 2018 Retrospective Noncomparative 11 1l Moderate
Floerkemeier [8] 2013 Multicenter Comparative 15 ] Moderate
Huang [13] 2022 Retrospective Noncomparative 10 1l Moderate
Herbst [11] 2021 Prospective Comparative 15 ] Moderate
Howells [12] 2014  Prospective Noncomparative 10 Il Moderate
Majeed [17] 2020 Prospective observational Noncomparative 9 ] Moderate
Siboni [24] 2018 Prospective cohort Noncomparative 9.5 Il Moderate
Tuhanioglu [28] 2018 Prospective Noncomparative 9 Il Moderate
Wu [31] 2023 Retrospective cohort Comparative 13.5 1l Poor

Abbreviation: MINORS, methodological index for non-randomized studies.

TABLE 2 Patient demographics and surgical data.

Obese Number of Number of Mean
Total patients obese obese Mean Mean BMI follow-up

Author patients (BMI >30) males (%) females (%) age (kg/m?) (years)
Can [3] 138 65 - - 53.0 28.5 8.0
Floerkemeier [8] 386 79 - - 49.0 27.2 3.6
Huang [13] 34 34 9 (26.5) 25 (73.5) 64.0 34.6 1.9
Herbst [11] 85 30 22 (73.0) 8 (27.0) 54.6 28.6 6.7
Howells [12] 95 34 - - 50.0 - 10.0
Majeed [17] 53 - - - 55.2 28.1 6.0
Siboni [24] 41 17 - - 59.0 30.3 0.5
Tuhanioglu [28] 18 18 5 (27.8) 13 (72.2) 53.1 36.4 2.6
Wu [31] 123 36 14 (38.9) 22 (61.1) 58.6 32.7 2.0
Average 108 39 13 (41.6) 17 (58.5) 52.7 29.0 438

Abbreviation: BMI, body mass index.
Statistical analysis

Patient demographics were analysed using descriptive
statistics. For continuous variables, the mean difference
and standard deviations (SD) were calculated. The
selected data from studies describing knee function
scores, pain scores, conversion to TKA, osteoarthritic
grading and mechanical angles were pooled. If SD was
not reported or obtainable through study data, the SD was
calculated based on utilizing the range rule that the SD of a
sample is approximated by one-fourth of the maximum
value minus the minimum value (range). To calculate the
SD of the mean difference, the formula from the Cochrane
Handbook (Sect. 16.1.3.2) with a correlation of 0.5 was
used. For conversion to TKA, studies describing conver-
sion to TKA were pooled.

Primary outcome measures were the determination of
statistical risk factors comparing BMI among patients.
Studies that measured qualitative rather than quantitative
data were included for discussion purposes but were not

included in the pooled means data set. For data
measurement, the standardized mean difference with a
95% CI was pooled using SPSS (Statistical Package for
the Social Sciences) (IBM SPSS Statistics for Mac; Version
28.0.: IBM Corp.).

RESULTS

Methodological quality

Included papers are denoted with the mean MINORS
score, level of evidence and study quality (Table 1).
Study characteristics

The initial search yielded 336 studies, of which

nine met the inclusion criteria for this review. The
nine included studies were published between 2013
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TABLE 3 Radiographic data from included studies.
Author Operation BMl/group Pre-op mTFA Post-op mTFA Correction Pre-op OA grade (I/II/III/IV)
Majeed [17] CW-HTO and OW-HTO  Total - - 7.1 -
Wu [31] OW-HTO BMI <25 189+2.6 176+£2.7 = 0/0/24/12
25-30 189.3+£2.9 176.9+2.6 = 0/0/41/18
30 190.2+3.2 176.3+3.5 = 0/0/23/5
Can [3] CW-HTO Obese 184.5+4.6 176.5+3.9 - -
Nonobese 185.3+3.9 176.7+3.6 - -
Herbst [11] OW-HTO Total 184.9+£22 179.6+£2.6 6.9£3.2 =
Obese 184.7+2.1 179.3+2.7 7.3+3.8 =
25-30 184.9+2.1 180.0+2.6 6.3£2.9 =
<25 185.3+£2.6 179.0+£2.3 75+0.8 =
Huang [13] DTT-HTO >30 181.7+1.7 171.3+£1.5 - 0/15/11/8
Tuhanioglu [28] OW-HTO >30 190.4+2.2 181.4 S 0/3/11/4
Siboni [24] OW-HTO Total - 182.9+2.5 10.7+£2.7 -
Howells [12] CW-HTO Total 186.0+3.4 - - -
Abbreviations: BMI, body mass index; HTO, high tibial osteotomy; mTFA, mechanical tibiofemoral angle.
(a)
B Effect size of each study Confidence interval of effect size
@ Estimated overall effect size
I Estimated overall confidence interval
=
&
0.50 0.25 0.00 025 050 075
Model: Random-effects model
Heterogeneity: Tau-squared = 0.05, H-squared = 2.17, I-squared = 0.54
Homogeneity: Q = 4.35, df = 2, p-value = 0.11
Test of overall effect size: z = 0.04, p-value = 0.97
(b)
B Effect size of each study Confidence interval of effect size
<@ Estimated overall effect size
I Estimated overall confidence interval
&
H
=
-0.8 06 -04 0.2 0.0000 0.2 0.4 06

Model: Random-effects model

Heterogeneity: Tau-squared = 0.00, H-squared = 1.00, I-squared = 0.00
Homogeneity: Q = 1.43, df = 2, p-value = 0.49

Test of overall effect size: z = -0.05, p-value = 0.96

FIGURE 2 Forest plots measuring the (a) preoperative and (b) final postoperative mechanical tibiofemoral angle.
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and 2023 and consisted of 973 patients who under-
went HTO with a median 3.6-year follow-up (range:
0.5-10 years). The mean age was 52.7 £4.2 years
and 38.4% were male (Table 2).

Radiographic outcomes

Three of the included studies utilized osteoarthritic
grading scales (Table 3). Two of the studies only
included obese patients, while the others also
included nonobese patients. The presurgical angle
was not significantly different (n.s.) among obese
and nonobese patients (Figure 2a). The final follow-
up angle (minimum of 2 years) was also not
significantly different among the two groups
(Figure 2b). All included studies showed signifi-
cance between preoperative and final follow-up
mTFA angle.

Patient reported outcomes
All but one study included at least one PROM score

(Table 4). There was no significant difference
between obese and nonobese patient WOMAC

TABLE 4 Patient reported data from included studies.

REVIEW OF COMPLICATIONS AFTER HIGH TIBIAL OSTEOTOMY

scores (Figure 3a) (n.s.), HSS scores (Figure 3b)
(n.s.) or OKS scores (Figure 3c) (n.s.). These
statistics were evaluated at various time points
postoperatively (18, 24 and 72 months, respectively).

Conversion to TKA

Of the 973 patients included in this review, 30
underwent conversion to TKA within 10 years
(Table 5). Notably, many studies did not have a
follow-up interval where TKA conversion would be
likely. There was no significant difference in revision
rates at 6 years between obese and nonobese
patients (Figure 4) (n.s.).

Complications

Ninety-eight total complications were noted among
the nine studies, accounting for a complication rate of
11% (range: 5.9%-22%) (Table 6). When provided, it
was indicated whether the compilation occurred in
obese patients. No significant difference was found
between the incidence of complications in obese and
nonobese patients (Figure 5) (n.s.).

Author Operation BMl/group Final HSS score Final WOMAC score Final LKS Final OKS
Majeed [17] CW-HTO and OW-HTO Total - - 77.81 -
Wu [31] OW-HTO <25 = 83.0+18.8 (2 years) = =
25-30 = 85.3+ 14.8 (2 years) = =
30 = 79.9+14.6 (2 years) - -
Can [3] CW-HTO <30 75.3+10.8 - 84.5+11.3 -
>30 76.9+10.6 - 87.3+9.8 -
Herbst [11] OW-HTO Total 88.5+11.8 - - 39.7+9.1
<25 90.6+9.2 - - 41.5+8.2
25-30 90.0+12.4 = = 39.0+9.4
30 85.2+12.2 = = 39.5+9.3
Huang [13] DTT-HTO 86.1+2.8 - - -
Tuhanioglu [28] OW-HTO - - - -
Floerkemeier [8] OW-HTO <25 . - - 41572
25-30 - - - 40.1+8.6
>30 - - - 37.5+9.1
Howells [12] CW-HTO <30 - 86+ 14 = =
>30 - 80+ 16 - -

Abbreviations: BMI, body mass index; HSS, hospital for special surgery; HTO, high tibial osteotomy; OKS, Oxford knee score; WOMAC, Western Ontario and

McMaster Universities.
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(a) B Effect size of each study | Confidence interval of effect size
<@ Estimated overall effect size

I Estimated overall confidence interval

Model: Random-effects model

Heterogenehty: Tau-squared = 0.00, H-squared = 1.00, I-squared = 0.00
Homogeneity: Q = 0.15, df = 1, p-value = 0.70

Test of overall effect size: z = -0.74, p-value = 0.46

(b) B Effect size of each study
<@ Estimated overall effect size
I Estimated overall confidence interval

] Confidence interval of effect size

-1.0 05
Model: Random-effects model
Heterogeneity: Tau-squared = 0.12, H-squared = 3.94, I-squared = 0.75
Homogeneity. Q = 3.94, df = 1, p-value = 0.05
Test of overall effect size: 2 = -0.43, p-value = 0.67

(C) B Effect size of each study Confidence interval of effect size
<@ Estimated overall effect size

T Estimated overall confidence interval

Model Random-effects model

T Q. d = 0.02, Q d = 1.69, I-squared = 0.41
HomogeneRy. Q = 1.69, df = 1, p-value = 0.19
Test of overall effect size: z = -1.59, p-value = 0.11

-
N
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P
.
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0.75 0.50 023 0.00 02s 050

FIGURE 3 Forest plots measuring: (a) Western Ontario and McMaster Universities arthritis index (WOMAC) at 2 years follow-up,
(b) hospital for special surgery knee score (HSS) at 6 years follow-up and (c) Oxford knee score (OKS) at 18 months follow-up.

DISCUSSION

The most important finding of this systematic review was
that obesity did not appear to be associated with increased
complications or worsened patient-reported outcomes
after HTO. Furthermore, tibiofemoral mechanical angles
and incidence of surgical complications were not signifi-
cantly affected by patient obesity status. These findings

were valid for both closing wedge and opening wedge
procedures, as seen in recent studies [29]; however, the
sample size for closing wedge was limited. Overall, most
PROMs did not vary significantly between obese and
nonobese patient groups. Furthermore, delineation of
patients between an ‘overweight' group with a BMI of
25-30 versus ‘obese’ (BMI>30) did not significantly alter
these results. All studies included in the review showed
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TABLE 5 Revision outcomes.

REVIEW OF COMPLICATIONS AFTER HIGH TIBIAL OSTEOTOMY

BMI/ # of Number of Time to conversion Mean follow-
Author Operation group patients revisions (months) up (months)
Wu [31] OW-HTO Total 123 0 (0%) None 24
Herbst [11] OW-HTO Total 85 9 (10.6%) 50.1£25.0 72
Obese 30 4 (13.3%) 48.3 =
25-30 37 3 (8.1%) 49.7 =
<25 18 2 (11.1%) 57.0 =
Floerkemeier [8] OW-HTO <25 111 1(1.0%) - 43
25-30 191 - - -
>30 79 - - -
Howells [12] CW-HTO <30 61 6 (9.8%) at 5 = 120
years, 10
(16.4%) at 10
years
>30 34 6 (17.6%) at 5 = =
years, 10
(29.4%) at 10
years
Abbreviations: BMI, body mass index; HTO, high tibial osteotomy.
B Effect size of each study I Confidence interval of effect size
<@ Estimated overall effect size
I Estimated overall confidence interval
ds gOF d. Err Lower Upper p
b 0. 82 &
e 4 €8 8 8
e 48 0 I <> {
<2 -1 0 1 2 3

Model: Random-effects model

Heterogeneity: Tau-squared = 0.00, H-squared = 1.00, I-squared = 0.00
Homogeneity: Q = 0.17, df = 1, p-value = 0.68

Test of overall effect size: z = 1.03, p-value = 0.30

FIGURE 4 Forest plot measuring revision rate to total knee arthroplasty (TKA) at 6 years.

significant differences between preoperative and post-
operative PROMs.

These improvements also appeared consistent over
time, as studies show significant improvements from
within 2 years [13] to up to 10 years postoperatively [12].
These findings align with previous work [18, 26],
showing a significant increase in long-term PROM
scores regardless of BMI status; however, these
improvements may deteriorate faster for patients with

risk factors such as older age at the time of surgery,
female gender and higher BMI. Although BMI has
been implicated as a risk factor for a faster decline in
PROM scores previously [21], this study's results did
not reflect this, even with a limited long-term sample
size. The similarities in improvement in PROMs in
obese and nonobese patients may demonstrate that
obese patients can significantly benefit from these
procedures.
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TABLE 6 Reported complications.
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BMI/
Author Operation group Patients Total
Majeed [17] CW-HTO and Total 53 5 Implant site pain
OW-HTO
Wu [31] OW-HTO <25 28 2 One donor site morbidity, one soft tissue
irritation
25-30 59 9 Three donor site morbidity, two soft tissue
irritation, three wound infections, one
nonunion
>30 36 1 One soft tissue irritation
Can [3] CW-HTO >30 65 11 Five infection, four delayed union,
two nerve palsy
<30 73
Herbst [11] OW-HTO Total 85 5 One haematoma, four surgical site
infections
>30 30 2
25-30 37 2
<25 18 1
Huang [13] DTT-HTO >30 34 2 Impaired wound healing
Tuhanioglu [28] OW-HTO >30 18 4 One plateau fracture, one broken screw,
two superficial infections
Siboni [24] OW-HTO Total 41 5 Five union, all obese
Howells [12] CW-HTO Total 95 8 One pulmonary embolus, two superficial
wound infections, three delayed
union, one nonunion, one nerve palsy
Floerkemeier [8] OW-HTO Total 533 32 One implant breakage, 8 pseudo

arthrosis, 11 haematoma, 11 infection,
3 infected haematoma, 2 impaired
wound healing, 3 other soft tissue,

1 thromboembolic complication

Abbreviations: BMI, body mass index; HTO, high tibial osteotomy.

Another critical factor to consider was the time to
conversion to TKA. It is anticipated that the vast
majority of patients undergoing HTO will eventually
undergo conversion to TKA [5], so longevity and time to
conversion from HTO to arthroplasty are important.
There is disagreement in the existing literature as to
whether survivorship of HTO in obese vs. nonobese
patients differs before conversion to TKA [11, 12]. In
our analysis, pooled results also did not show a
significant difference, but it is notable that obese
patients have been shown to have a faster onset to
conversion in some studies [23]. Therefore, clinicians
should consider the possibility of a shorter lifespan
before TKA conversion when deciding on suitability for
HTO for obese patients. A thorough consideration of
the patient's age, activity level and likely timeline for
TKA should be a part of operative discussions to
determine if HTO is an appropriate choice.

While obesity has also been implicated in many
studies as being associated with higher rates of
surgical complications [22, 27], obese patients in this
review did not have a higher rate of postoperative
complications. These findings align with similar stud-
ies that investigated HTO complication rates, which
determined the rate of postsurgical complications is
not higher in obese patients [10, 14]. This suggests
that patients with increased BMIs do not appear to be
at greater risk of postoperative complications, and
they should not be disqualified due to obesity alone.
However, a lack of specific investigation into morbid
obesity's (BMI>40) effect on complications is
acknowledged by the authors, and orthopaedic sur-
geons should exhibit caution when treating these
patients.

Correction angle has previously been identified as a
critical indicator of surgical outcome [15]. This study
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B Effect size of each study Confidence interval of effect size
<@ Estimated overall effect size

I Estimated overall confidence interval

Model: Random-effects model

FIGURE 5 Forest plot measuring complication rates between obese and nonobese patients.

included OW-HTOs and CW-HTOs, which have shown
mixed results regarding long-term survival and correc-
tion [4, 6], but did not differ in the studies included in
this review. Compared to nonobese patients, obese
patients' preoperative, operative correction and final
follow-up angles did not differ significantly. While the
potential loss of postoperative correction in obese
patients has been previously investigated, this phe-
nomenon was not seen in this review [11, 12, 17].

The effect of obesity on other procedures to address
medial knee OA, such as unicompartmental knee
arthroplasty and TKA, have been investigated with
mixed results [1, 20]. Regarding the studies included in
this systematic review, the lack of significant difference
in outcomes for obese patients undergoing HTO may be
due to patient selection. Patients who are considered
good candidates for an HTO are generally younger and
more active [9], which may positively influence out-
comes. While some recent studies have shown worse
outcomes for obese patients in unicompartmental knee
arthroplasty [32], obesity should be considered as one of
multiple factors in determining operative suitability rather
than an absolute contraindication.

A strength of this study is that multiple studies and a
large number of patients were pooled to directly
investigate the role obesity plays in outcomes after
HTO. Given the more comprehensive evidence on
HTO outcomes in obese patients, this provides data for
surgical decision-making and enables surgeons to
serve patients more effectively. Another strength is
the ability to consider multiple factors, including
PROMs, operative complications and survival rates.

This investigation is not without limitations. The
primary limitation of this article was the lack of

randomized controlled trials or comparative studies.
While this would have decreased additional bias, no
such studies were available for inclusion. Despite other
studies including obese patients, few could be used
due to the inaccessibility of data or lack of comparable
outcomes. However, the strict inclusion criteria for
direct comparison of outcomes only strengthens the
conclusions. Other limitations are inherent to system-
atic reviews, in that they are limited by the quality of the
available literature; studies had inconsistent follow-up
time points, and few articles had adequate length of
follow-up to truly determine implant survivorship and
long-term PROMSs. Obesity is also only one patient
characteristic that can potentially affect outcomes and
is often correlated with other health conditions. Despite
the limitations, this study provides a valuable resource
for clinicians managing obese patients with sympto-
matic joint degeneration and coronal malalignment and
helps to inform the surgical discussion regarding
postoperative expectations. Overall, there is a need
for additional long-term studies directly comparing
outcomes between obese and nonobese populations
due to the varying conclusions presented among the
included studies.

CONCLUSIONS

Obesity does not appear to carry a greater complication
risk or worse outcomes following high tibial osteo-
tomies, and surgeons should consider HTO a viable
option for young obese patients with symptomatic
unicompartmental chondral wear with coronal limb
malalignment.

a0 ‘LyELEEYT

:sdny wouy

ASULIIT SUOWWO)) dANEAI) a[qesridde ayy £q pauraA0S are sA[ONIE YO (AN JO SI[NI J0] AIRIQIT SUIUQ AJ[TAY UO (SUONIPUOI-PUB-SULIA) WO KA[IM° KIRIqI[auT[uo//:sd1N) SUONIPUO)) PUE SWLIS L, Y1 39S “[+T0T/€0/F0] U0 A1eIqr aurjuQ Ao[ip ‘ureySuruurg eweqe[y JO ANSIAUN £q $80Z 1 ESN/Z001 0/10p/wod" KafimAreiqr



REVIEW OF COMPLICATIONS AFTER HIGH TIBIAL OSTEOTOMY

AUTHOR CONTRIBUTIONS

All authors involved contributed to the design, imple-
mentation of the research and to the analysis of the
results as well as the writing of the manuscript.

ACKNOWLEDGEMENTS
The authors have no funding to report.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest.

ETHICS STATEMENT
This study does not involve human subject research.

ORCID
Aaron Casp @ http://orcid.org/0000-0002-7342-6948
REFERENCES

1.

Abhari S, Rhea EB, Arrington DD, Smith LS, Yakkanti MR,
Malkani AL. Is there a difference in PROMs between morbidly
obese patients and nonobese patients following primary total
knee arthroplasty? Arthroplast Today. 2023;22:101169. https://
doi.org/10.1016/j.artd.2023.101169

Bonasia DE, Dettoni F, Sito G, Blonna D, Marmotti A,
Bruzzone M, et al. Medial opening wedge high tibial osteotomy
for medial compartment overload/arthritis in the varus knee:
prognostic factors. Am J Sports Med. 2014;42:690-8. https://
doi.org/10.1177/0363546513516577

Can A, Erdogan F, Erdogan AO, Sarikaya IA, Yontar NS. What
determines the success of closed-wedge high tibial osteotomy:
severity of malalignment, obesity, follow-up period, or age? Sisli
Etfal Hastan Tip Bul. 2018;52:6-12. https://doi.org/10.14744/
SEMB.2017.38257

Cazor A, Schmidt A, Shatrov J, Algahtani T, Neyret P, Sappey-
Marinier E, et al. Less risk of conversion to total knee
arthroplasty without significant clinical and survivorship differ-
ence for opening-wedge high tibial osteotomies in varus knee
deformities at 10-year minimum follow-up compared to closing-
wedge high tibial osteotomies. Knee Surg Sports Traumatol
Arthrosc. 2023;31:1603-13. https://doi.org/10.1007/s00167-
022-07122-z

Chalmers BP, Limberg AK, Tibbo ME, Perry Kl, Pagnano MW,
Abdel MP. Total knee arthroplasty after high tibial osteotomy
results in excellent long-term survivorship and clinical out-
comes. J Bone Jt Surg. 2019;101:970-8. https://doi.org/10.
2106/JBJS.18.01060

Cheng X, Liu F, Xiong F, Huang Y, Paulus AC. Radiographic
changes and clinical outcomes after open and closed wedge
high tibial osteotomy: a systematic review and meta-analysis.
J Orthop Surg Res. 2019;14:179. https://doi.org/10.1186/
$13018-019-1222-x

Dawson MJ, Ollivier M, Menetrey J, Beaufils P. Osteotomy
around the painful degenerative varus knee: a 2022 ESSKA
formal consensus. Knee Surg Sports Traumatol Arthrosc.
2023;31:3041-3. https://doi.org/10.1007/s00167-022-07024-0
Floerkemeier S, Staubli AE, Schroeter S, Goldhahn S,
Lobenhoffer P. Does obesity and nicotine abuse influence the
outcome and complication rate after open-wedge high tibial
osteotomy? A retrospective evaluation of five hundred and thirty
three patients. Int Orthop. 2014;38:55-60. https://doi.org/10.
1007/s00264-013-2082-3

Goodell PB, Johansen PM, Bartels DW, Sherman SL,
Amanatullah DF. Comparing unicompartmental knee arthro-
plasty and high tibial osteotomy for isolated medial

1.

12.

14.

16.

17.

18.

19.

20.

21.

22.

23.

"
Knee Surgery, Sports Traumatology, Arthroscopy—W] LEY—I—

compartment knee osteoarthritis. JBJS Rev. 2023;11(3):
€22.00127. https://doi.org/10.2106/JBJS.RVW.22.00127

Hartz C, Wischatta R, Klostermeier E, Paetzold M, Gerlach K,
Pries F. Plate-related results of opening wedge high tibial
osteotomy with a carbon fiber reinforced poly-ether-ether-
ketone (CF-PEEK) plate fixation: a retrospective case series
of 346 knees. J Orthop Surg Res. 2019;14:466. https://doi.org/
10.1186/s13018-019-1514-1

Herbst M, Ahrend MD, Grinwald L, Fischer C, Schréter S,
Ihle C. Overweight patients benefit from high tibial osteotomy to
the same extent as patients with normal weights but show
inferior mid-term results. Knee Surg Sports Traumatol Arthrosc.
2022;30:907-17. https://doi.org/10.1007/s00167-021-06457-3
Howells NR, Salmon L, Waller A, Scanelli J, Pinczewski LA. The
outcome at ten years of lateral closing-wedge high tibial
osteotomy: determinants of survival and functional outcome.
Bone Joint J. 2014;96-b:1491-7. https://doi.org/10.1302/0301-
620X.96B11.33617

Huang Y, Tan Y, Tian X, Wang J, Zhu G, Wang R, et al. Three-
dimensional surgical planning and clinical evaluation of the
efficacy of distal tibial tuberosity high tibial osteotomy in obese
patients with varus knee osteoarthritis. Comput Methods
Programs Biomed. 2022;213:106502. https://doi.org/10.1016/].
cmpb.2021.106502

Jia G, Sun C, Xie J, Li J, Liu S, Dong W, et al. Incidence and risk
factors for surgical site infection after medial opening-wedge high
tibial osteotomy using a locking T-shape plate. Int Wound J.
2023;20:2563-70. https://doi.org/10.1111/iwj.14124

Kim JI, Kim BH, Lee KW, Lee O, Han HS, Lee S, et al. Lower limb
length discrepancy after high tibial osteotomy: prospective
randomized controlled trial of lateral closing versus medial opening
wedge osteotomy. Am J Sports Med. 2016;44:3095—102. https://
doi.org/10.1177/0363546516659284

Koo TK, Li MY. A guideline of selecting and reporting intraclass
correlation coefficients for reliability research. J Chiropr Med.
2016;15:155-63. https://doi.org/10.1016/j.jcm.2016.02.012
Majeed AS, Thaha N, Varghese B. High tibial osteotomy in
medial compartment osteoarthritis of knee: functional outcome
of medial open wedge and lateral closing wedge osteotomies-
How does the outliers fare in the medium term? Musculoskelet
Surg. 2023;107(3):313-22. https://doi.org/10.1007/s12306-022-
00756-9

Niinimaki TT, Eskelinen A, Mann BS, Junnila M, Ohtonen P,
Leppilahti J. Survivorship of high tibial osteotomy in the
treatment of osteoarthritis of the knee. J Bone Joint Surg Br.
2012;94-B:1517-21. https://doi.org/10.1302/0301-620X.94B11.
29601

Ollivier M, An JS, Kley K, Khakha R, Fernandes LR, Micicoi G.
A significant rate of tibial overcorrection with an increased JLO
occurred after isolated high tibial osteotomy without considering
international consensus. Knee Surg Sports Traumatol Arthrosc.
2023;31:4927-34. https://doi.org/10.1007/s00167-023-07518-5
Plate JF, Augart MA, Seyler TM, Bracey DN, Hoggard A,
Akbar M, et al. Obesity has no effect on outcomes following
unicompartmental knee arthroplasty. Knee Surg Sports
Traumatol Arthrosc. 2017;25:645-51. https://doi.org/10.1007/
s00167-015-3597-5

Primeau CA, Birmingham TB, Leitch KM, Willts KR,
Litchfield RB, Fowler PJ, et al. Total knee replacement after
high tibial osteotomy: time-to-event analysis and predictors.
Can Med Assoc J. 2021;193:E158-66. https://doi.org/10.1503/
cmaj.200934

Ri M, Aikou S, Seto Y. Obesity as a surgical risk factor.
Ann Gastroenterol Surg. 2018;2:13-21. https://doi.org/10.1002/
ags3.12049

Sasaki E, Akimoto H, lio K, Fuijita Y, Saruga T, Kakizaki H, et al.
Long-term survival rate of closing wedge high tibial osteotomy
with high valgus correction: a 15-year follow-up study. Knee

a0 ‘LyELEEYT

:sdny woiy

[eu.

ASULIIT SUOWWO)) dANEAI) a[qesridde ayy £q pauraA0S are sA[ONIE YO (AN JO SI[NI J0] AIRIQIT SUIUQ AJ[TAY UO (SUONIPUOI-PUB-SULIA) WO KA[IM° KIRIqI[auT[uo//:sd1N) SUONIPUO)) PUE SWLIS L, Y1 39S “[+T0T/€0/F0] U0 A1eIqr aurjuQ Ao[ip ‘ureySuruurg eweqe[y JO ANSIAUN £q $80Z 1 ESN/Z001 0/10p/wod" KafimAreiqr



12
—‘—W] LE Y —Knee Surgery, Sports Traumatology, Arthroscopy

24.

25.

26.

27.

28.

29.

30.

31.

32.

Surg Sports Traumatol Arthrosc. 2021;29:3221-8. https://doi.
org/10.1007/s00167-020-06128-9

Siboni R, Beaufils P, Boisrenoult P, Steltzlen C, Pujol N.
Opening-wedge high tibial osteotomy without bone grafting in
severe varus osteoarthritic knee. Rate and risk factors of non-
union in 41 cases. Orthopaedics Traumatol: Surg Res.
2018;104:473-6. https://doi.org/10.1016/j.0tsr.2018.01.014
Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J.
Methodological index for non-randomized studies (minors):
development and validation of a new instrument. ANZ J Surg.
2003;73:712-6. https://doi.org/10.1046/j.1445-2197.2003.02748.x
Song SJ, Bae DK, Kim KI, Park CH. Long-term survival is
similar between closed-wedge high tibial osteotomy and
unicompartmental knee arthroplasty in patients with similar
demographics. Knee Surg Sports Traumatol Arthrosc. 2019;27:
1310-9. https://doi.org/10.1007/s00167-019-05390-w

Tjeertes EEKM, Hoeks SSE, Beks SSBJC, Valentijn TTM,
Hoofwijk AAGM, Stolker RJRJ. Obesity—a risk factor for
postoperative complications in general surgery? BMC
Anesthesiol. 2015;15:112. https://doi.org/10.1186/s12871-015-
0096-7

Tuhanioglu U, Ogur HU, Seyfettinoglu F, Cicek H, Giiltekin A.
High tibial osteotomy in obese patients: is successful surgery
enough for a good outcome? J Clin Orthop Trauma. 2019;10:
S168-73. https://doi.org/10.1016/j.jcot.2018.09.004

van Haeringen MH, Kuijer PPFM, Daams JG, van Geenen RCI,
Brinkman JM, Kerkhoffs GMMJ, et al. Opening- and closing-
wedge high tibial osteotomy are comparable and early full weight
bearing is safe with angular stable plate fixation: a meta-analysis.
Knee Surg Sports Traumatol Arthrosc. 2023;31:3015-26. https://
doi.org/10.1007/s00167-022-07229-3

Wright JG, Swiontkowski MF, Heckman JD. Introducing levels
of evidence to the journal. J Bone Joint Surg-Am Vol. 2003;85:
1-3. https://doi.org/10.2106/00004623-200301000-00001

Wu CY, Huang JW, Lin CH, Chih WH. Preoperative overweight
and obesity do not cause inferior outcomes following open-
wedge high tibial osteotomy: a retrospective cohort study of 123
patients. PLoS One. 2023;18:€0280687. https://doi.org/10.
1371/journal.pone.0280687

Xu S, Lim WAJ, Chen JY, Lo NN, Chia SL, Tay DKJ, et al. The
influence of obesity on clinical outcomes of fixed-bearing
unicompartmental knee arthroplasty: a ten-year follow-up study.

REVIEW OF COMPLICATIONS AFTER HIGH TIBIAL OSTEOTOMY

Bone Joint JI. 2019;101-b:213-20. https://doi.org/10.1302/
0301-620X.101B2.BJJ-2018-0969.R2

How to cite this article: Harris C, Nadeem F,
Hargreaves M, Campbell C, Momaya A, Casp A.
Obesity does not impact complications and
conversion to total knee arthroplasty after high
tibial osteotomy: a systematic review. Knee
Surgery, Sports Traumatology, Arthroscopy.
2024;1-12. https://doi.org/10.1002/ksa.12084

APPENDIX 1
The search strategy was as follows:

—_

11.
12.
13.
14.
15.
16.
17.

. Osteotomy tiab] or

—
COXNIORWN

‘high tibial
‘HTO’ or ‘MWHTO’ or ‘OWHTO’
Osteotomy[mesh]

#1 or #2

Obesity [mesh]

Obesity [tiab]

#4 or #5

BMI [mesh]

BMI [tiab]

#7 or #8

Body mass index [mesh]

Body mass index [tiab]

#10 or #11

Weight

Weight

#13 or #14

#6 OR #9 OR #12 OR #15

#3 AND #16

osteotomy’ or
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