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Abstract
Purpose The purpose of this prospective study was to analyze the impact of obesity on the clinical and radiological outcomes 
6 years after open-wedge high tibial osteotomy (HTO).
Methods A total of 120 prospectively recorded patients with medial compartment osteoarthritis underwent open-wedge HTO 
between 2008 and 2011. The study cohort was frequently examined over a minimum of a 6-year follow-up. The cohort was 
divided into three groups according to body mass index (BMI): normal weight patients (BMI < 25 kg/m2), pre-obese patients 
(BMI 25–30 kg/m2) and obese patients (BMI > 30 kg/m2). Clinical and functional outcomes (Oxford Knee Score, Hospital 
for Special Surgery Score, Lequesne Score, Tegner Activity Scale), subjective health-related quality of life (SF-36), change 
in mechanical limb alignment (mTFA) as well as conversion to unicompartmental or total knee arthroplasty (TKA) were 
evaluated. To compare clinical scoring between the groups, univariate variance analysis was applied. Changes in outcome 
variables over time were analyzed with dependent t tests.
Results From 120 patients, 85 were followed-up over a 6.7-year period on average (6–11.8 years) after HTO. The mean BMI 
was 28.6 ± 4.6 kg/m2. Each group showed a significant pre- to postoperative increase in all recorded scores (p < 0.05). In 
absolute terms, both mental and clinical scores of overweight patients did not reach the peak values of the normal weighted 
population during the period of observation. There was a conversion to TKA in 10.5% after an average of 50.1 ± 25.0 months 
following surgery. A total of five complications occurred without significant differences (BMI < 25: n = 1, BMI 25–30: n = 2, 
BMI > 30: n = 2; n.s.). There was a mean pre- to postoperative (six weeks after surgery) correction difference of 6.9° ± 3.2° 
(mTFA) with higher loss of correction over time in overweight patients.
Conclusion In terms of clinical outcome and health-related quality of life, overweight patients may receive a benefit from 
open-wedge HTO to the same extent as patients with normal weights and show similar complication rates. However, they 
have inferior preoperative clinical and functional results and mid-term results after open-wedge HTO compared to patients 
with normal weights.
Level of evidence Level III.
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PCS  Physical component summary score
TKA  Total knee arthroplasty

Introduction

Medial open-wedge HTO using an angular locking plate sys-
tem as described by Staubli et al. [35] as well as Lobenhoffer 
and Agneskirchner [23] has been reported to achieve good 
to excellent mid- to long-term results with low complication 
rates [4, 35].

Several studies have investigated the potential risk factors 
that lead to inferior subjective and functional outcomes after 
HTO surgery. Female sex [12, 37], mental illness, impaired 
psychological situation, and previous surgeries were found 
to be risk factors for poorer surgical outcome [20, 27, 31, 
37]. The impact of an older age on surgical outcomes [7, 10, 
21, 37] remains controversial. Additionally, low preopera-
tive values for the subjective health-related quality of life 
(HRQL) are associated with poor postoperative functional 
results [13].

Obesity is known as a major risk factor for complications 
and impaired clinical outcome following different types of 
knee surgery [1, 15]. Registry-based data have indicated 
higher complication rates in overweight patients after total 
knee arthroplasty and particularly in frequent periprosthetic 
joint infections [1, 36]. Studies on unicompartmental knee 
arthroplasty have found a fivefold increase in failure rate in 
morbidly obese patients due to disease progression in other 
compartments or mobile bearing instability [26].

Open-wedge HTO is most frequently recommended for 
young and active patients with unicompartmental varus 
gonarthritis [7, 24]; however, data regarding the association 
between body weight and functional outcomes following 
this procedure remain limited. Studies investigating short-
term outcomes have revealed inferior clinical and func-
tional results for overweight patients [2, 6, 34]. However, 
no detailed analysis regarding mid-term outcome following 
HTO in overweight patients has been done. This analysis is 
essential given that obesity leads to a faster progression of 
knee osteoarthritis [3, 5].

The purpose of this study was to analyze the impact of 
obesity on mid-term outcomes following open-wedge HTO 
surgery. Therefore, the following outcome measures were 
used: conversion to knee arthroplasty (TKA), general peri-
operative complications, and change in mechanical limb 
alignment as well as clinical and functional outcomes. Spe-
cial attention was paid to subjective HRQL, which is used 
to describe the success of treatment after surgery for degen-
erative joint disease [13, 16, 27]. The main hypothesis was 
that a high body mass index (BMI) leads to poor functional 
outcome.

Materials and methods

Between 2008 and 2011, 120 consecutive and prospec-
tively assessed patients underwent medial open-wedge 
HTO surgery. Inclusion criteria included symptomatic 
varus malalignment and medial compartment osteoarthri-
tis or articular cartilage lesion of the knee. All patients 
underwent clinical and radiological examinations pre-
operatively and at three postoperative visits (6th month, 
12th month, 18th month). A fourth follow-up was done at 
least 6 years after the open-wedge HTO. Exclusion crite-
ria included patients’ rejection of study participation and 
missing contact information, as well as a change in BMI 
of more than 15% during the study period. Patients with 
traumatic, focal osteochondral lesions were also excluded 
from clinical and radiological evaluation. The study was 
approved by the local ethics committee (488/2014BO2).

The body weight and height of the patients were meas-
ured to calculate the preoperative BMI. Based on the 
calculated BMI, the cohort was divided into subgroups 
according to the World Health Organization international 
classification of adults’ body weight index [22]. The first 
group (group 1) was composed of all patients with normal 
weight (BMI < 25 kg/m2). The second group was com-
posed of all pre-obese patients with a BMI between 25 and 
30 kg/m2 (group 2), and the third group was composed of 
obese patients with a BMI > 30 kg/m2 (group 3).

Clinical outcome

Body height, body weight, BMI, complications, and con-
version to TKA were recorded at each follow-up. Addi-
tionally, the following established clinical scores were 
assessed: Oxford Knee Score (OKS), Hospital for Special 
Surgery Score (HSS), Lequesne Score (LEQU), and Teg-
ner Activity Scale (TEG). Moreover, the SF-36 question-
naire was used to evaluate the patients’ subjective HRQL. 
Complications were defined as arthrofibrosis, thrombosis, 
pulmonary embolism, implant failure, and surgical-site 
infection as well as hematomas that required additional 
surgery.

The SF-36 questionnaire is used to determine HRQL 
and has been adjusted for age and gender. It allows the 
comparison of each patient to a person with similar demo-
graphic characteristics in the general population [25]. 
The norm-based evaluation requires transformation of 
the raw values. An individual result beneath 50 complies 
with a score beneath the specific national general popula-
tion (GP), whereas results above 50 demonstrate a score 
above the specific national general population. In detail, 
the SF-36 questionnaire provides eight subscales for each 
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element of the subjective HRQL, from which two sum-
mary scores can be formed. First, the physical component 
summary score (PCS) can be interpreted as the physical 
health, and, second, the mental summary score (MCS) can 
be interpreted as the mental health.

Radiological evaluation

Anteroposterior and lateral radiographs of the knee as well 
as weight-bearing anteroposterior long-leg radiographs were 
taken at each follow-up, including the final follow-up after 
6 years. The anatomical landmark-based digital planning 
software mediCAD® (Hectec, Landshut, Germany) was 
used to measure the mechanical tibiofemoral angle (mTFA). 
High test–retest reliability for mTFA using mediCAD has 
been previously proven [30]. The change in the mechanical 
limb alignment was expressed in absolute values and was 
calculated from the difference between the initial postopera-
tive mTFA and the mTFA at the 6th-year follow-up.

Surgical therapy

A landmark-based deformity analysis using mediCAD pre-
ceded the procedure. Biplanar osteotomy as described by 
Staubli et al. as well as Lobenhoffer and Agneskirchner was 
performed in each case using the TomoFix™ MHT plate 
fixator (DePuySynthes, Solothurn, Switzerland) [23, 35]. 
All patients received partial postoperative weight-bearing 
from 11 days to 6 weeks based on the individual protocol of 
the surgeon. Postoperative management and further details 
concerning the performed procedure have been described in 
previous publications [28, 29].

Statistics and data analysis

The statistical analysis was performed with IBM SPSS® 
Version 24 (Armonk, New York, USA). A normal distribu-
tion could be assumed according to the central limit theorem 
due to the sample size of n = 85. Consequently, parametric 
tests were used. Univariate variance analyses were applied 
to compare HRQL and clinical scores between the groups. 
The comparisons of the means were preceded by Levene’s 
tests for equality of variances. Post hoc tests with alpha-
adjusted Bonferroni corrections or post hoc tests according 
to Games-Howell were applied, depending on the results 
from the Levene’s test. Chi-square tests were used to com-
pare the groups in terms of conversion to TKA and periop-
erative complications. For frequencies smaller than five, the 
Fisher-Yates-exact test was applied. Differences between the 
groups regarding changes in outcome variables over the fol-
low-up period were analyzed by dependent t tests as well as 
univariate variance analysis. Post hoc tests were calculated 
as stated above. Changes in the mechanical limb alignments 

after 6 years were analyzed in regard to the BMI group-
ings. To compare the means between postoperative mTFA 
and mTFA at the 6th-year follow-up, dependent t tests were 
used. The statistical significance level was set at p ≤ 0.05 
for all tests.

Results

Study cohort characteristics

Of 120 patients, 85 had at least a 6-year follow-up (mean 
6.7 years, range 6–11.8 years) after open-wedge HTO. Addi-
tionally, 19 patients were excluded for all further exami-
nations according to the defined exclusion criteria (Fig. 1). 
The mean age was 54.6 years, while the average BMI was 
28.6 ± 4.6 kg/m2. No significant differences were observed 
between the BMI groups for the recorded characteristics 
(age, affected side, sex, mTFA preOP, mTFA surgical cor-
rection, mTFA 6 years; n.s.). Further details of the study 
cohort characteristics and the study protocol are shown in 
Fig. 1 and Table 1.

BMI and HRQL

Mental aspect of HRQL

Patients in groups 2 and 3 showed lower preoperative val-
ues as compared to the referenced GP (Table 2). During 
the follow-up period, patients of all groups improved up to 
the 18th month follow-up in regard to the mental aspects 
but only group 1–2 patients were able to maintain high val-
ues over time (Fig. 2b, Appendix). After 6 years, a reduced 
mental condition was found for obese patients (group 3) as 
compared to the GP (Table 2).

Physical aspect of HRQL

In each group, a significant increase between the preop-
erative and 6th-year follow-up was found (p < 0.01 for 
all groups). The preoperative PCS differed significantly 
between groups 1 to 3 and the GP (p < 0.01 for all groups; 
Table 2). At the 6th-year follow-up, the PCS of group 3 dif-
fered from that of the GP, while the PCS of groups 1–2 was 
similar to that of the GP (Table 2). Analyzing the change in 
PCS between the follow-ups revealed differences between 
the groups (Fig. 2a, Appendix): Up to 6 months, group 1 
showed a higher improvement compared to groups 2–3. The 
highest values for groups 1 and 2 were found 18 months after 
surgery, whereas group 3 patients demonstrated their peak 
physical situation as soon as at the 12th-month follow-up. 
After reaching the peak value, all groups decreased in physi-
cal aspects until the 6th-year follow-up (Fig. 2a, Appendix). 
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In total, patients of group 3 showed the best improvement 
from before the procedure to 6 years after the procedure, 
but showed inferior results compared to the highest peak 
values of groups 1 and 2 (preOP to 6 years: + 11.9 ± 17.2 
for group 1, + 9.9 ± 14.1 for group 2 and + 13.7 ± 14.7 for 
group 3). Moreover, a significant benefit was found in all 
groups after 6 years as compared to preoperatively (p < 0.01 
for all groups).

BMI and clinical outcome

The whole cohort as well as each BMI group showed a sig-
nificant increase in all recorded scores from before the pro-
cedure to the 6th-year follow-up (p < 0.01; Fig. 3a and b, 

Table 3). At the last follow-up, no significant difference was 
found between groups 1–3 in all clinical scores but a ten-
dency toward inferior results in overweight patients (group 
3) can be observed (n.s.). However, overweight patients 
have already started from a lower level in all clinical scores 
(Fig. 3a and b, Table 3).

Conversion to TKA and general complications

Out of 85 patients, 9 (10.5%) converted TKA 
50.1 ± 25.0 months following HTO surgery. These included 
2 from the 18 patients in group 1 (11.1%; 57.0 months 
after surgery), 3 of the 37 in group 2 (8.1%; 49.7 months 
after surgery), and 4 of the 30 patients in group 3 (13.3%; 

Fig. 1  Flow chart showing the 
follow-up rate and the reasons 
for lost to follow-up and exclu-
sion from the study

Preopera�ve
Examina�on

6-year
Follow-up

Prospec�vely recorded (n=120) 

Followed-up (n=104)

Lost to follow-up (n=16)

• Pat. not contactable (n=7)
• Pat. rejected (n=3)
• Pat. missed out appointment

several �mes (n=2)
• Pat. lives abroad/in care home (n=4)

Excluded from clinical scores (n=19)

• BMI change > 15% (n=7)
Group 1 (n=1)
Group 2 (n=4)
Group 3 (n=2)

• Trauma�c car�lage lesion (n=12)
Group 1 (n=4)
Group 2 (n=5)
Group 3 (n=3)

Study collec�ve (n=85) 

Table 1  Detailed characteristics 
of the study collected from the 
BMI groupings

All metric values are arithmetic means ± SD
mTFA mechanical tibiofemoral angle, mTFA surgical correction the difference between the preoperative 
mTFA and the initial postoperative mTFA
a 5 patients were not followed-up radiologically at the final follow-up

Characteristics Total Group 1 (BMI  
< 25 kg/m2)

Group 2 (BMI  
25–30 kg/m2)

Group 3 (BMI > 
 30 kg/m2)

Age [years] 54.6 ± 6.4 54.3 ± 7.4 54.8 ± 6.0 54.6 ± 6.5
Affected side
 Left (%) 37 (44) 8 (44) 17 (46) 12 (40)
 Right (%) 48 (56) 10 (56) 20 (54) 18 (60)

Sex
 Male (%) 60 (71) 11 (61) 29 (78) 22 (73)
 Female (%) 25 (29) 7 (39) 8 (22) 8 (27)

mTFAa

 mTFA preOP [°] − 4.9 ± 2.2 − 5.3 ± 2.6 − 4.9 ± 2.1 − 4.7 ± 2.1
 mTFA surgical correction [°] 6.9 ± 3.2 7.5 ± 2.8 6.3 ± 2.9 7.3 ± 3.8
 mTFA 6 years [°] 0.4 ± 2.6 1.0 ± 2.3 0.0 ± 2.6 0.7 ± 2.7
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48.3 months after surgery). However, there was no signifi-
cance regarding frequency of conversion to TKA between 
groups 1 to 3 (n.s.). Patients with conversion to TKA 

(29.0 ± 4.6 kg/m2) had a slightly higher, but not significantly 
different BMI compared to patients without conversion to 
TKA (28.5 ± 4.6 kg/m2; n.s.). In total, five complications 

Table 2  BMI groups and their respective deviation from the general population at two points in time

Preoperative values minus values of the general population (preOP–GP) and values of the 6th-year follow-up minus values of the general pop-
ulation (6  year–GP). PCS corresponds with the physical dimensions, while MCS corresponds with the mental dimensions of the subjective 
health-related quality of life
All values are arithmetic means ± SD
GP general population (adjusted for age and sex differences), PCS physical component summary score, MCS mental component summary score, 
preOP preoperative recording, 6 year 6th-year Follow-up
a Paired differences are significant at the 0.05 level (2-sided)

preOP—GP 6 year—GP

Total BMI < 25 BMI 25–30 BMI > 30 Total BMI < 25 BMI 25–30 BMI > 30

MCS − 3.2 ± 13.3a − 0.1 ± 13.3 − 4.4 ± 13.8 − 3.7 ± 12.8 − 0.32 ± 12.3 1.7 ± 10.5 2.4 ± 10.1 − 5.1 ± 14.7
p value 0.025 n.s n.s n.s n.s n.s n.s n.s
PCS − 17.6 ± 14.5a − 18.6 ± 17.5a − 14.2 ± 13.9a − 21.1 ± 12.5a − 3.2 ± 13.4a − 2.2 ± 13.1 0.4 ± 11.5 − 8.6 ± 14.6a

p value  < 0.001  < 0.001  < 0.001  < 0.001 0.050 n.s n.s 0.010
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0

n.s.
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n.s.

n.s. n.s.

BMI

MCS

< 25 25-30 > 30 < 25 25-30 > 30 < 25 25-30 > 30 < 25 25-30 > 30 < 25 25-30 > 30

preOP 6-month 12-month 18-month 6-year

70

60

50

40

30

20

10

0

n.s.

n.s. n.s.

0.039

n.s. n.s.

n.s.

n.s. n.s.

n.s.

n.s. n.s.

n.s.

n.s. 0.047

BMI

PCS

< 25 25-30 > 30 < 25 25-30 > 30 < 25 25-30 > 30 < 25 25-30 > 30 < 25 25-30 > 30
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Fig. 2  Total scores of PCS (a) and MCS (b) during the period under review for the BMI graduated groups. PCS physical component summary 
score, MCS mental component summary score, preOP preoperative recording, n.s. not significant
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occurred (one hematoma and four infections on the surgi-
cal site). The hematoma required a second intervention, but 
subsequently healed without consequence. The infections 
were subcutaneous infections that did not require further 
surgery and also healed without consequence. No significant 
difference between BMI groups was found (BMI < 25: n = 1, 
BMI 25–30: n = 2, BMI > 30: n = 2; n.s.).

BMI and loss of correction

A mean correction difference of 6.9° ± 3.2° (mTFA) com-
pared to the preoperative value was documented six weeks 
after the open-wedge HTO (Table 1). The correction dif-
ference throughout the groups was relatively constant and 
showed no significant differences (n.s.). The change in 
mechanical limb alignment showed a significant difference 
between the initial postoperative values and the 6th-year 
follow-up in each group (p = 0.033 for group 1, p < 0.001 for 
group 2, p = 0.012 for group 3). Patients in group 3 showed 
significantly higher changes in mTFA than the patients with 

normal weights during the follow-up period over 6 years 
(mTFA: 0.9° ± 1.5° for group 1, 1.8° ± 1.5° for group 2, 
2.2° ± 3.7° for group 3; p = 0.032).

Discussion

The most important finding was that overweight patients 
achieved inferior clinical and functional mid-term results 
after open-wedge HTO. However, obese patients dem-
onstrated an improvement after open-wedge HTO to the 
same extent as patients with normal weights. In overweight 
patients, mental and clinical scores did not reach the peak 
values of the normal weight population. A higher frequency 
in conversion to TKA as well as a significantly higher loss of 
correction over time was demonstrated (p < 0.05). Consider-
ing the inferior preoperative clinical scores and HRQL of 
obese patients, the present study revealed an improvement 
after open-wedge HTO to the same extent as the patients 
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b

Fig. 3  Total scores of OKS (a) and HSS (b) during the period under review for the BMI graduated groups. OKS Oxford knee score, HSS hospi-
tal for special surgery score, preOP preoperative recording, n.s. not significant
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with normal weights. Consequently, overweight patients can 
benefit from open-wedge HTO.

In accordance with our results, several studies have also 
reported inferior clinical and functional short- to mid-term 
results for obese patients following open-wedge HTO [2, 6, 
9, 34]. Nevertheless, no previous study has described the 
effect of being overweight on clinical, radiological, and psy-
chological parameters based on a large and prospectively 
assessed clinical trial 6 years after open-wedge HTO. The 
analysis of BMI as a risk factor for poor clinical outcomes 
has to take into account that, in general, obese patients show 
a reduced quality of life, particularly regarding the physi-
cal dimensions [8]. This can explain the remaining differ-
ences after surgery between obese patients and the GP in 
physical dimensions of the SF-36. However, significant 
improvements in clinical scoring for obese patients were also 
demonstrated (p < 0.05). These pre- to postoperative results 
were comparable or even superior to patients with normal 
weights. Therefore, HTO is a suitable treatment option for 
overweight patients; however, a detailed patients’ education 
prior to surgery is mandatory to set realistic expectations 
for the patients. Our results were in accordance with the 
3-year results described by Floerkemeier et al. [6]. Their 
study revealed favorable results with similar complication 
rates even in smokers and obese patients. Quality of life, 
conversion to TKA, and loss of correction over time were 
not assessed. A limitation in the study protocols in both our 
and their studies is that no morbidly obese patients (morbid 
obesity corresponds with obesity class II and higher, with 
a BMI ≥ 35 kg/m2 as well as experiencing obesity-related 

health conditions [22]) were evaluated in detail. In our study, 
morbidly obese patients were also included in the group 
BMI > 30 kg/m2 without a separate group for patients with 
BMI ≥ 35 kg/m2. A potential tendency for clinical results 
to be inferior as well as higher complication rates has to be 
considered for this group for this reason.

To differentiate between the influence of BMI on the sur-
gical outcome and the inferior function of patients with high 
BMI in general, a prospective study design that compares 
the mid-term surgical outcomes with the initial preoperative 
baseline is needed. Our prospective study was focused on 
the impact of BMI on outcome measures following open-
wedge HTO to treat unicompartmental varus osteoarthritis 
of the knee. The difference between the preoperative score 
and that of the 6th-year follow-up is an important measure 
to evaluate treatment success in this specific cohort. In the 
patient group with a BMI > 30 kg/m2, OKS, HSS, LEQU, 
and TEG improved similarly to patients with lower BMI. In 
PCS, the group with a BMI > 30 kg/m2 achieved the great-
est improvement from all groups until the 6th-year follow-
up. Moreover, the evaluation of subjective outcomes and 
mental health in patients with degenerative joint diseases 
is important [16, 27]. In our study, the MCS, as a score for 
mental health, was compared to the scores of the GP. The 
groups with a BMI < 25 kg/m2 and between 25 and 30 kg/
m2 were already similar to the GP preoperatively, such that 
significant improvement was not expected. Obese patients 
had constant values over the observation period, but they 
were lower compared to the GP. This could be explained 
by a longer postoperative duration of increased pain levels 

Table 3  Total scores of the LEQU and TEG for the BMI groups

All values are arithmetic means ± SD
Significance level p ≤ 0.05 (2-sided)
LEQU lequesne score, TEG tegner activity score, preOP preoperative recording, n.s. not significant

Score Follow-up Total BMI < 25 BMI 25–30 BMI > 30 p value (significance between groups)

BMI < 25 vs. 
BMI 25–30

BMI < 25 vs. 
BMI > 30

BMI 25–30 vs.  
BMI > 30

LEQU
preOP 8.7 ± 4.4 8.5 ± 4.0 8.0 ± 5.0 9.8 ± 3.6 n.s n.s n.s
6-month 4.8 ± 4.2 3.6 ± 3.8 3.9 ± 4.2 6.7 ± 3.9 n.s 0.031 0.015
12-month 3.0 ± 3.6 2.3 ± 3.1 2.3 ± 2.5 4.3 ± 4.7 n.s n.s n.s
18-month 3.1 ± 4.0 1.9 ± 3.0 2.2 ± 3.5 4.7 ± 4.7 n.s n.s 0.029
6-year 3.8 ± 3.7 3.6 ± 3.8 3.3 ± 4.1 4.5 ± 3.2 n.s n.s n.s

TEG
preOP 2.9 ± 1.1 3.0 ± 1.9 3.0 ± 1.0 2.8 ± 0.7 n.s n.s n.s
6-month 3.4 ± 1.1 3.6 ± 1.0 3.6 ± 1.2 3.1 ± 0.9 n.s n.s n.s
12-month 3.5 ± 0.9 3.6 ± 0.8 3.7 ± 1.0 3.2 ± 0.6 n.s n.s 0.050
18-month 3.6 ± 1.0 4.1 ± 0.9 3.8 ± 1.0 3.2 ± 1.0 n.s 0.024 n.s
6-year 3.8 ± 1.2 3.9 ± 1.1 3.9 ± 1.5 3.5 ± 1.0 n.s n.s n.s
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and delayed clinical and functional improvements. This can 
result in dissatisfaction and emphasizes the importance of 
realistic and individualized patient education to prevent dis-
satisfaction caused by false expectations [11, 13, 16].

The influence of patients’ BMI on perioperative and post-
operative complications following HTO or similar proce-
dures, has been discussed controversially in previous litera-
ture [2, 6, 24]. The results of our study showed no significant 
relationship between BMI and the complication rate (n.s.). 
However, the primary aim of this study was not to assess 
the specific complications in obese patients, and only major 
complications were recorded.

Since being overweight has been shown to lead to faster 
progression of osteoarthritis [3, 5], outcomes of obese 
patients following HTO surgery in the long-term may be 
affected. Thus, earlier and more frequent conversion to TKA 
should be observed in the long-term. Previous studies are 
limited to those with a retrospective study design, small 
sample sizes, short follow-up period, or low follow-up rate 
[2, 6, 18], and the numbers of patients with a conversion to 
TKA are often too small to calculate risk factors reliably 
[24]. Therefore, more prospective studies are needed. In our 
study, only nine patients underwent TKA over the follow-up 
period. Consequently, conclusions regarding the relationship 
between BMI and conversion to TKA cannot be drawn.

The influence of BMI on postoperative changes in the 
mechanical limb alignment was illustrated by the study’s 
results. This underlines the resounding suggestion of previ-
ous publications to use iliac crest bone grafts in high-risk 
patients [14, 24]. For example, Siboni et al. reported obesity 
as a risk factor for the non-union of open-wedge HTO with 
large correction greater than 10° without filling the osteotomy 
gap [32]. They recommended grafting of a systematic bone 
or bone substitute in overweight patients in cases with a > 10° 
mechanical correction. Further research is needed to analyze 
the impact of mechanical limb alignment changes in clinical 
and functional outcomes and earlier conversion to TKA.

Besides analyzing the clinical scores, complication rates, 
or radiographic outcomes in obese patients, concurrent ther-
apy options for obese patients with unicompartmental varus 
gonarthritis have to be considered. The gradual approach to 
treat unicompartmental varus gonarthritis includes medial 
open-wedge HTO as well as unicompartmental knee arthro-
plasty as the possible preliminary stages on the way to TKA 
(total knee arthroplasty) [13]. As demonstrated by our 
results, obese patients with unicompartmental varus gonar-
thritis can benefit from open-wedge HTO. There may be 
differences in the outcome to the normal weight population 
but acceptable treatment alternatives for obese patients are 
limited, given that obese patients treated with unicompart-
mental knee arthroplasty have a significantly inferior surgi-
cal outcome and a higher risk of developing an adverse event 
[26]. Moreover, inferior outcomes in patients with obesity 

following primary TKA have been shown by many previous 
studies [17, 19, 33].

This study has some limitations. First, it was a post hoc 
analysis of prospectively collected data. The initial sample 
size calculation was based on the comparison of two differ-
ent postoperative treatment protocols. Non-significant differ-
ences between the three BMI groups could be a result of low 
power and a type II error. Moreover, the study had no control 
group with an alternative treatment, such as unicompartmen-
tal knee arthroplasty. Furthermore, all patients were rand-
omized to two postoperative treatment protocols, which may 
result in biased results, as randomization was not stratified to 
BMI. Early weight-bearing may cause early correction loss, 
especially in overweight patients. However, the different 
post-treatment protocols had no influence on surgical accu-
racy (absolute mTFA deviation of the postoperative achieved 
correction from the intended correction), and also not to the 
loss of correction in the entire observation period. Addition-
ally, a significant difference in clinical scores between the 
treatment groups was found 6 months after surgery. After 
twelve months, no significant difference was observed [28]. 
Besides our outcome parameters, further parameters should 
be considered in obese patients. For example, the time to 
union and non-union rates was not reported in our study, but 
should be critically assessed in these patients [32]. Moreo-
ver, we did not stratify between the BMI groups in regard to 
the preoperative degree of osteoarthritis and area of cartilage 
defects. However, we excluded patients with bone-related 
posttraumatic osteoarthritis.

Despite these limitations, the study is of particular clini-
cal relevance because overweight patients achieve the same 
clinical and functional improvements as to that in patients 
with normal weights within the first 6 years. An open-
wedge HTO should therefore not be excluded for overweight 
patients in general. The overall clinically and functionally 
lowered level in overweight patients must be communicated 
to them through individualized patient education. The devel-
opment of a treatment concept along with a realistic expecta-
tion horizon together with the patient is mandatory.

Conclusion

Overweight patients have lower clinical and functional pre-
operative and mid-term results after open-wedge HTO com-
pared to normal weight patients. Mental as well as clinical 
scorings did not reach the postoperative peak values of the 
normal weighted population. A higher frequency in conver-
sion to TKA may be possible, while a higher loss of correc-
tion over time is to be expected. Nevertheless, in terms of 
clinical outcomes and HRQL, overweight patients can benefit 
from open-wedge HTO to the same extent as patients with 
normal weights and demonstrate similar complication rates.
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Table 4  Total scores of the PCS, MCS, OKS and HSS for the BMI groups

All values are arithmetic means ± SD
Significance level p ≤ 0.05 (2-sided)
PCS physical component summary score, MCS mental component summary score, OKS Oxford knee score, HSS hospital for special surgery 
score, preOP preoperative recording, n.s. not significant

Score Follow-up Total BMI < 25 BMI 25–30 BMI > 30 p value
(significance between groups)

BMI < 25 vs. 
BMI 25–30

BMI < 25 vs. 
BMI > 30

BMI 25–30 vs.  
BMI > 30

PCS
preOP 32.4 ± 14.5 31.4 ± 17.5 35.8 ± 13.9 28.9 ± 12.5 n.s n.s n.s
6-month 41.7 ± 14.6 46.9 ± 10.7 43.4 ± 13.6 36.2 ± 16.4 n.s 0.039 n.s
12-month 47.7 ± 13.3 46.7 ± 12.1 50.3 ± 12.0 44.9 ± 15.1 n.s n.s n.s
18-month 48.5 ± 13.6 52.1 ± 13.9 50.6 ± 13.0 43.9 ± 13.5 n.s n.s n.s
6-year 46.8 ± 13.4 47.8 ± 13.1 50.4 ± 11.5 41.4 ± 14.6 n.s n.s 0.047

MCS
preOP 46.8 ± 13.3 49.9 ± 13.3 45.6 ± 13.8 46.3 ± 12.8 n.s n.s n.s
6-month 49.4 ± 12.1 52.7 ± 8.0 50.1 ± 12.0 46.4 ± 14.0 n.s n.s n.s
12-month 51.2 ± 11.2 52.0 ± 8.4 52.1 ± 11.4 49.5 ± 12.4 n.s n.s n.s
18-month 50.7 ± 11.0 54.6 ± 6.8 51.6 ± 9.9 47.4 ± 13.3 n.s n.s n.s
6-year 49.7 ± 12.3 51.7 ± 10.5 52.4 ± 10.1 44.9 ± 14.7 n.s n.s n.s

OKS
preOP 29.8 ± 9.4 31.3 ± 9.4 30.2 ± 8.9 28.7 ± 10.4 n.s n.s n.s
6-month 35.7 ± 8.8 42.8 ± 2.0 35.2 ± 8.3 33.3 ± 9.9 n.s n.s n.s
12-month 38.8 ± 8.2 41.4 ± 4.0 39.1 ± 8.8 37.5 ± 8.9 n.s n.s n.s
18-month 39.7 ± 10.3 43.3 ± 10.4 40.5 ± 10.5 37.5 ± 10.0 n.s n.s n.s
6-year 39.7 ± 9.1 41.5 ± 8.2 39.0 ± 9.4 39.5 ± 9.3 n.s n.s n.s

HSS
preOP 74.0 ± 10.2 78.7 ± 10.1 73.6 ± 10.7 71.5 ± 9.0 n.s 0.046 n.s
6-month 88.1 ± 9.2 90.8 ± 6.9 89.5 ± 7.9 84.6 ± 11.0 n.s n.s n.s
12-month 91.6 ± 8.6 94.4 ± 5.9 93.4 ± 7.2 87.6 ± 10.4 n.s 0.022 0.016
18-month 91.2 ± 10.7 94.8 ± 5.7 92.4 ± 9.6 87.6 ± 13.2 n.s n.s n.s
6-year 88.5 ± 11.8 90.6 ± 9.2 90.0 ± 12.4 85.2 ± 12.2 n.s n.s n.s



916 Knee Surgery, Sports Traumatology, Arthroscopy (2022) 30:907–917

1 3

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Abdulla I, Mahdavi S, Khong H, Gill R, Powell J, Johnston KD 
et al (2020) Does body mass index affect the rate of adverse out-
comes in total hip and knee arthroplasty? A retrospective review 
of a total joint replacement database. Can J Surg 63:142–149

 2. Bonasia DE, Dettoni F, Sito G, Blonna D, Marmotti A, Bruzzone 
M et al (2014) Medial opening wedge high tibial osteotomy for 
medial compartment overload/arthritis in the varus knee: prog-
nostic factors. Am J Sports Med 42:690–698

 3. Coggon D, Reading I, Croft P, McLaren M, Barrett D, Cooper C 
(2001) Knee osteoarthritis and obesity. Int J Obes Relat Metab 
Disord 25:622–627

 4. Cotic M, Vogt S, Hinterwimmer S, Feucht MJ, Slotta-Huspenina J, 
Schuster T et al (2015) A matched-pair comparison of two differ-
ent locking plates for valgus-producing medial open-wedge high 
tibial osteotomy: peek-carbon composite plate versus titanium 
plate. Knee Surg Sports Traumatol Arthrosc 23:2032–2040

 5. Felson DT, Anderson JJ, Naimark A, Walker AM, Meenan RF 
(1988) Obesity and knee osteoarthritis. The Framingham Study. 
Ann Intern Med 109:18–24

 6. Floerkemeier S, Staubli AE, Schroeter S, Goldhahn S, Loben-
hoffer P (2014) Does obesity and nicotine abuse influence the 
outcome and complication rate after open-wedge high tibial oste-
otomy? A retrospective evaluation of five hundred and thirty three 
patients. Int Orthop 38:55–60

 7. Floerkemeier S, Staubli AE, Schroeter S, Goldhahn S, Lobenhof-
fer P (2013) Outcome after high tibial open-wedge osteotomy: a 
retrospective evaluation of 533 patients. Knee Surg Sports Trau-
matol Arthrosc 21:170–180

 8. Fontaine KR, Barofsky I (2001) Obesity and health-related quality 
of life. Obes Rev 2:173–182

 9. Giagounidis EM, Sell S (1999) High tibial osteotomy: factors 
influencing the duration of satisfactory function. Arch Orthop 
Trauma Surg 119:445–449

 10. Goshima K, Sawaguchi T, Sakagoshi D, Shigemoto K, Hatsuchi Y, 
Akahane M (2017) Age does not affect the clinical and radiologi-
cal outcomes after open-wedge high tibial osteotomy. Knee Surg 
Sports Traumatol Arthrosc 25:918–923

 11. Grunwald L, Angele P, Schroter S, Dickschas J, Harrer J, Hinter-
wimmer S et al (2019) Patients’ expectations of osteotomies 
around the knee are high regarding activities of daily living. Knee 
Surg Sports Traumatol Arthrosc 27:3022–3031

 12. Gstottner M, Pedross F, Liebensteiner M, Bach C (2008) Long-
term outcome after high tibial osteotomy. Arch Orthop Trauma 
Surg 128:111–115

 13. Herbst M, Kuwashima U, Ahrend MD, Gueorguiev BG, Schröter 
S, Ihle C (2020) Health-related quality of life: an underestimated 
factor to evaluate the treatment success after open wedge HTO 
surgery: prospective 6-years follow-up. Z Orthop Unfall. https ://
doi.org/10.1055/a-1098-8894

 14. Hernigou P, Ma W (2001) Open wedge tibial osteotomy with 
acrylic bone cement as bone substitute. Knee 8:103–110

 15. Hui C, Salmon LJ, Kok A, Williams HA, Hockers N, van der Tem-
pel WM et al (2011) Long-term survival of high tibial osteotomy 
for medial compartment osteoarthritis of the knee. Am J Sports 
Med 39:64–70

 16. Ihle C, Ateschrang A, Grunwald L, Stockle U, Saier T, Schroter 
S (2016) Health-related quality of life and clinical outcomes fol-
lowing medial open wedge high tibial osteotomy: a prospective 
study. BMC Musculoskelet Disord. https ://doi.org/10.1186/s1289 
1-016-1076-x

 17. Jackson MP, Sexton SA, Walter WL, Walter WK, Zicat BA (2009) 
The impact of obesity on the mid-term outcome of cementless 
total knee replacement. J Bone Jt Surg Br 91:1044–1048

 18. Keenan OJF, Clement ND, Nutton R, Keating JF (2019) Older 
age and female gender are independent predictors of early con-
version to total knee arthroplasty after high tibial osteotomy. 
Knee 26:207–212

 19. Kerkhoffs GM, Servien E, Dunn W, Dahm D, Bramer JA, 
Haverkamp D (2012) The influence of obesity on the com-
plication rate and outcome of total knee arthroplasty: a meta-
analysis and systematic literature review. J Bone Jt Surg Am 
94:1839–1844

 20. Khoshbin A, Sheth U, Ogilvie-Harris D, Mahomed N, Jenkinson 
R, Gandhi R et al (2017) The effect of patient, provider and 
surgical factors on survivorship of high tibial osteotomy to total 
knee arthroplasty: a population-based study. Knee Surg Sports 
Traumatol Arthrosc 25:887–894

 21. Kohn L, Sauerschnig M, Iskansar S, Lorenz S, Meidinger G, 
Imhoff AB et al (2013) Age does not influence the clinical out-
come after high tibial osteotomy. Knee Surg Sports Traumatol 
Arthrosc 21:146–151

 22. WHO (2000) Obesity: preventing and managing the global epi-
demic. Report of a WHO consultation. World Health Organ. 
Tech Rep Ser 894:1–253 (i-xii)

 23. Lobenhoffer P, Agneskirchner JD (2003) Improvements in surgi-
cal technique of valgus high tibial osteotomy. Knee Surg Sports 
Traumatol Arthrosc 11:132–138

 24. Meidinger G, Imhoff AB, Paul J, Kirchhoff C, Sauerschnig M, 
Hinterwimmer S (2011) May smokers and overweight patients 
be treated with a medial open-wedge HTO? Risk factors for 
non-union. Knee Surg Sports Traumatol Arthrosc 19:333–339

 25. Morfeld M, Kirchberger I, Bullinger M (2011) Fragebogen zum 
Gesundheitszustand (SF-36), 2nd edn. Hogrefe, Göttingen

 26. Nettrour JF, Ellis RT, Hansen BJ, Keeney JA (2020) High fail-
ure rates for unicompartmental knee arthroplasty in morbidly 
obese patients: a 2-year minimum follow-up study. J Arthro-
plasty 35:989–996

 27. Saier T, Minzlaff P, Feucht MJ, Lammle L, Burghoff M, Ihle 
C et al (2017) Health-related quality of life after open-wedge 
high tibial osteotomy. Knee Surg Sports Traumatol Arthrosc 
25:934–942

 28. Schroter S, Ateschrang A, Lowe W, Nakayama H, Stockle U, 
Ihle C (2017) Early full weight-bearing versus 6-week partial 
weight-bearing after open wedge high tibial osteotomy leads 
to earlier improvement of the clinical results: a prospective, 
randomised evaluation. Knee Surg Sports Traumatol Arthrosc 
25:325–332

 29. Schroter S, Ihle C, Elson DW, Dobele S, Stockle U, Ateschrang A 
(2016) Surgical accuracy in high tibial osteotomy: coronal equiva-
lence of computer navigation and gap measurement. Knee Surg 
Sports Traumatol Arthrosc 24:3410–3417

 30. Schröter S, Ihle C, Mueller J, Lobenhoffer P, Stöckle U, van Heer-
waarden R (2013) Digital planning of high tibial osteotomy. Inter-
rater reliability by using two different software. Knee Surg Sports 
Traumatol Arthrosc 21:189–196

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1055/a-1098-8894
https://doi.org/10.1055/a-1098-8894
https://doi.org/10.1186/s12891-016-1076-x
https://doi.org/10.1186/s12891-016-1076-x


917Knee Surgery, Sports Traumatology, Arthroscopy (2022) 30:907–917 

1 3

 31. Schuster P, Gesslein M, Schlumberger M, Mayer P, Mayr R, Ore-
mek D et al (2018) Ten-year results of medial open-wedge high 
tibial osteotomy and chondral resurfacing in severe medial osteo-
arthritis and varus malalignment. Am J Sports Med 46:1362–1370

 32. Siboni R, Beaufils P, Boisrenoult P, Steltzlen C, Pujol N (2018) 
Opening-wedge high tibial osteotomy without bone grafting in 
severe varus osteoarthritic knee. Rate and risk factors of non-
union in 41 cases. Orthop Traumatol Surg Res 104:473–476

 33. Sikorski JM, Sikorska JZ (2011) Relative risk of different opera-
tions for medial compartment osteoarthritis of the knee. Ortho-
pedics 34:847–854

 34. Spahn G, Kirschbaum S, Kahl E (2006) Factors that influence 
high tibial osteotomy results in patients with medial gonarthritis: 
a score to predict the results. Osteoarthritis Cartilage 14:190–195

 35. Staubli AE, De Simoni C, Babst R, Lobenhoffer P (2003) Tomo-
Fix: a new LCP-concept for open wedge osteotomy of the medial 
proximal tibia–early results in 92 cases. Injury 34:55–62

 36. Vahedi H, Ward DT, Lee YS, Shohat N, Chen AF (2020) Greater 
knee soft tissue thickness predisposes patients to subsequent 
periprosthetic joint infection after total knee arthroplasty. J 
Arthroplasty 35:1924–1927

 37. van Wulfften Palthe AFY, Clement ND, Temmerman OPP, Burger 
BJ (2018) Survival and functional outcome of high tibial oste-
otomy for medial knee osteoarthritis: a 10–20-year cohort study. 
Eur J Orthop Surg Traumatol 28:1381–1389

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Overweight patients benefit from high tibial osteotomy to the same extent as patients with normal weights but show inferior mid-term results
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Clinical outcome
	Radiological evaluation
	Surgical therapy
	Statistics and data analysis

	Results
	Study cohort characteristics
	BMI and HRQL
	Mental aspect of HRQL
	Physical aspect of HRQL
	BMI and clinical outcome
	Conversion to TKA and general complications
	BMI and loss of correction


	Discussion
	Conclusion
	References




