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Knee osteoarthritis (OA) is a prevalent condition
often accompanied by medial compartment arthrosis
and varus deformity. Varus deformity is a major
cause of medial arthrosis. Several procedures are
used to address medial compartment arthrosis,
including osteotomy, which aims to correct deformity,
redistribute joint load, and improve alignment and
joint survival.

The lateral closing wedge high tibial osteotomy
(HTO), popularized by Coventry,? was historically
used for varus knees. In 1987, Hernigou et al.”
introduced the medial opening wedge technique.

Received: September 19, 2024
Accepted: November 12, 2024
Published online: December 14, 2024

Correspondence: Ibrahim Bozkurt, MD. Ankara $ehir Hastanesi,
Ortopedi ve Travmatoloji Klinigi, 06800 Cankaya, Ankara, Turkiye.

E-mail: dr.bozkurtibrahim@gmail.com
Doi: 10.562312/jdrs.2025.1985

Citation: Bozkurt I, Bulut M, Oktem U, Yilmaz S, Uysal OS, Bingdl |, et
al. Is there a relationship between recurrence and obesity in the
three-year mid-term follow-up of patients who underwent high
tibial osteotomy due to medial gonarthrosis? Jt Dis Relat Surg
2025;36(1):119-128. doi: 10.52312/jdrs.2025.1985.

©2025 All right reserved by the Turkish Joint Diseases Foundation

This is an open access article under the terms of the Creative
Commons Atftribution-NonCommercial License, which permits use,
distribution and reproduction in any medium, provided the original
work is properly cited and is not used for commercial purposes
(http://creativecommons.org/licenses/by-nc/4.0/).

ABSTRACT

Objectives: This study aimed to radiologically evaluate the
possible relationship between the body mass index (BMI) and
recurrence of varus deformity during the mid-term follow-up of
patients treated for medial gonarthrosis.

Patients and methods: Fifty-six patients (11 males,
45 females; mean age: 53.8+7.2 years; range, 29 to 64 years)
who underwent medial opening wedge osteotomy for the
treatment of isolated medial varus gonarthrosis between
January 1, 2020, and June 1, 2021, were retrospectively
reviewed. Patients were categorized according to BMI
values as having a healthy weight (18.5-24.9 kg/m?), being
overweight (25.0-29.9 kg/m?), or being obese (=30 kg/m?).
Mechanical medial proximal tibial angle, hip-knee-ankle
angle, joint line convergence angle, and knee adduction
moment calculations were performed based on radiographs.

Results: Among the 56 patients, the mean age of those with
healthy weight was 42.5+13.2 years, that of the overweight group
was 53.3+6.4 years, and that of the obese group was 54.0+5.8
years. Radiological evaluations were statistically improved
postoperatively compared to preoperative scores across BMI
groups (p<0.05). There were no correlations between age and
radiological scores or BMI (p>0.05). Similarly, no correlation
was found between BMI and radiological scores (p>0.05).

Conclusion: Body mass index is not of significance in medial
opening wedge osteotomy radiological scores in short- and
mid-term follow-up.

Keywords: Body mass index, high tibial osteotomy, recurrence, varus
gonarthrosis.

Medial opening wedge HTO (MOWHTO) is
now widely used to preserve the knee joint and
correct varus alignment.*” High tibial osteotomy
reduces pain, facilitates physical activity, and is
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cost-effective.”! Although primarily used for young,
active patients, its application in cases of knee
medial compartment arthrosis is growing, aided
by advances in plate-screw technology.”! Despite
significant functional and clinical improvements,
mid- to long-term recurrences are reported.!
Factors such as obesity, surgical technique, sex, and
plate-screw type may influence clinical outcomes and
varus deformity recurrence. There are also studies
indicating that obesity is a risk factor for revision
surgery in HTO.!® We believe that obesity does
not increase the risk of varus deformity recurrence
after HTO. Therefore, this study aimed to evaluate
the relationship between body mass index (BMI)
and recurrence of varus deformity in mid-term
follow-up.

PATIENTS AND METHODS

Records of patients who underwent MOWHTO
for isolated medial varus gonarthrosis at the
Orthopedics and Traumatology Department
of Ankara Bilkent City Hospital by a single
surgeon between January 1, 2020, and June 1,
2021, were retrospectively reviewed. A total of
103 patients were operated during this period, and
47 patients who did not comply with the follow-up
period were excluded. Consequently, 56 patients
(11 males, 45 females; mean age: 53.8£7.2 years;
range, 29 to 64 years) were included in the analyses.
Patients were categorized according to BMI as
healthy weight (HW; 18.5-24.9 kg/m?), overweight
(OW; 25.0-29.9 kg/m?), or obese (OB; =30 kg/m?).
The inclusion criteria were a diagnosis of isolated
medial gonarthrosis without joint instability,
varus alignment disorder, age <65 years, flexion
contracture <15° knee range of motion =120°
and three years of follow-up. Patients with other
diagnoses (e.g., inflammatory arthritis or traumatic
OA), graft applications, incomplete data, or
follow-up of less than three years were excluded.
No patients required total knee arthroplasty
(TKA) during the three-year follow-up. The study
protocol was approved by the Ankara Bilkent
City Hospital Ethics Committee (date: 28.08.2024,
no: TABED 1-24-209). Written informed consent was
obtained all participants. The study was conducted
in accordance with the principles of the Declaration
of Helsinki.

All surgeries were performed by a single surgeon
using biplanar MOWHTO. The opening wedge angle
of the tibia was determined intraoperatively by
fluoroscopy at the Fujisawa point."™ The osteotomy
was stabilized with a 4.5-mm locking compression
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plate (TomoFix™, TriS; Olympus Terumo Biomaterials,
Tokyo, Japan).

Active and passive range of motion exercises
and muscle-strengthening exercises began the
day after surgery. Joint range of motion exercises
continued until at least 130° of flexion was achieved
within three weeks. Partial weight-bearing walking
started on the first postoperative day, with full
weight-bearing allowed in the second week. Return
to sports was permitted once full bone union was
observed.

Standing long-axis radiographs were taken
preoperatively and one month, three months,
six months, one year, two years, and three years
after MOWHTO. Measurements of the mechanical
medial proximal tibial angle (mMPTA), joint line
convergence angle (JLCA), hip-knee-ankle angle
(HKA), and knee adduction moment (KAM) were
performed by two researchers. The researchers made
a single measurement by jointly deciding on the same
radiograph at the same time (Figure 1).

Statistical analysis

Statistical analyses were conducted using IBM
SPSS version 24.0 software (IBM Corp., Armonk,
NY, USA). Descriptive statistics included frequency,
mean =+ standard deviation (SD) and min-max.
The Shapiro-Wilk and Kolmogorov-Smirnov tests
were used to check normality. One-way analysis of
variance was used to compare group means, and
Student’s t-test was used for repeated measures.
The Mann-Whitney U test was used for pairwise
comparisons when normality assumptions were not
met. Pearson’s correlation was used to test age and
BMI correlations. A p-value <0.05 was considered
statistically significant.

RESULTS

The mean age was 42.5+13.2 years in the HW group,
53.316.4 years in the OW group, and 54.0+5.8 years
in the OB group. Mean ages differed significantly
between the groups (p=0.010). There were more
female patients in the OW and OB groups (p=0.008).
The HW group had four (7%) patients (2 males,
2 females). In the OW group, 22 of 32 patients were
female, and all 21 patients in the OB group were
female. The mean BMI values were 24.35+0.37 kg/m?
for the HW group, 28.00+1.32 kg/m? for the OW
group, and 33.06+1.71 kg/m? for the OB group
(p=0.000). The mean correction values were
9.25°+2.22 for the HW group, 9.58°+1.49 for the OW
group, and 9.24°t1.14 for the OB group (p=0.674).
Thirty-four patients were operated on the left
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FIGURE 1. Preoperative and three-year postoperative standing long axis radiographs.
(a) preoperative mMPTA, (b) preoperative HKA, (c) preoperative JLCA, (d) preoperative
KAM, (e) three-year postoperative mMPTA, (f) three-year postoperative HKA, (g) three-year
postoperative, (h) three-year postoperative KAM.

mMPTA: Mechanical medial proximal tibial angle; HKA: Hip-knee-ankle angle; JLCA: Joint line convergence angle;
KAM: Knee adduction moment.

side, with no significant difference by BMI groups
(p=0.674; Table I).

Table II presents radiological measurement
values preoperatively and at one month and three
years postoperatively. Postoperative scores showed
significant improvement compared to preoperative
scores for radiological evaluations across BMI groups.

There was a partial regression in three-year results
compared to one-month results, but it was not
statistically significant (p=0.747 for JLCA, p=0.754
for KAM, p=0.912 for HKA, and p=0.808 for mMPTA;
Figures 2-5).

Table III indicates no statistically significant
difference between the groups in mMPTA values
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TABLE |
Comparison of demographic data according to BMI

BMI (kg/m?)
Normal Overweight Obese
18.5-24.9 25.0-29.9 >30
n % Mean+SD n % MeantSD n % Mean+SD P
Number of patients 4 7.0 32 56.1 21 36.8
Age (year) 42.5+13.2 53.3+6.4 54.0+5.8 0.010
Sex
Female 2 4.4 22 48.9 21 46.7 0.008
Side-left 3 8.8 21 61.8 10 29.4 0.345
Correction 9.25+£2.22 9.58+1.49 9.24+1.14 0.674
Body mass index (kg/m?) 24.35+0.37 28.00+1.32 33.06£1.71  0.000
SD: Standard deviation.
TABLE Il 4.00 Estimated marginal means of obesity
Radiological measurements
Mean+SD Min-Max @ 350
mMPTA g
Preoperative 82.47+2.68 76.2-87.0 E 3.00
o
1 month 88.141+2.28 82.4-93.0 g \\
3 years 87.62+2.43 81.6-92.0 é 2.50 \_/_,
HKA £
. w200
Preoperative 171.47+2.94 163.0-176.64 \/
1 month 177.69+1.97 173.14-183.0
3 years 177.56+1.84  173.1-182.0 1 2 3
Surgery
KAM BMI Groups
Preoperative 69.761£12.27 51.1-99.0 === Healthy weight === Overweight === Obese
1 month 48.79+10.21 28.31-71.20 FIGURE 2. Relationship between JLCA and OB preoperatively
(1), in the first postoperative month (2), and in the third
3 years 49.29+11.46 32.43-92.28 postoperative year (3).
JLCA JLCA: Joint line convergence angle; OB: Obese; BMI: Body mass index.
Preoperative 3.19+1.28 0.27-8.0
1 month 2.5615.36 0.11-4.2 7500 Estimated marginal means of obesity
3 years 2.61+5.22 0.20-4.1
SD: Standard deviation; mMPTA: Mechanical medial proximal tibial angle; 70.00 A\
HKA: Hip-knee-ankle angle; KAM: Knee adduction moment; JLCA: Joint line @
convergence angle. 3 \
E 65.00
g \
<4
g 60.00
preoperatively and at one month and three years % \
postoperatively. Patient sex did not significantly £ 5500
affect mMPTA scores (p=0.570, p=0.590, and u -
p=0.342 for the respective time points). Similarly, 5000 \\/\"
HKA values showed no significant difference by : : .
1 2 3

BMI groups or sex preoperatively and at one month
or three years (p>0.05 for all). Additionally, KAM
values showed no significant difference by BMI
groups (p=0.795, p=0.767, and p=0.656, respectively)
or sex (p=0.053, p=0.891, and p=0.544, respectively)
preoperatively and at one month or three years.
Finally, JLCA values showed no significant

Surgery
BMI Groups
=== Healthy weight

= Overweight === Obese

FIGURE 3. Relationship between KAM and OB preoperatively
(1), in the first postoperative month (2), and in the third

postoperative year (3).
KAM: Knee adduction moment; OB: Obese; BMI: Body mass index.
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FIGURE 4. Relationship between HKA and OB preoperatively
(1), in the first postoperative month (2), and in the third

postoperative year (3).
HKA: Hip-knee-ankle angle; OB: Obese; BMI: Body mass index.

Estimated marginal means of obesity

90.00
o //s‘
€ s8.00 .
()
1S
©
=
O
< 86.00
£
el
[
©
£
I.I(:I’ 84.00 /
82.00 : : :
1 2 3

Surgery

BMI Groups
=== Healthy weight  ===== Overweight === Obese

FIGURE 5. Relationship between mMPTA and OB
preoperatively (1), in the first postoperative month (2), and in

the third postoperative year (3).

mMPTA: Mechanical medial proximal tibial angle; OB: Obese; BMI: Body
mass index.

difference by BMI groups or sex preoperatively
and at one month or three years (p=0.186, p=0.332,
p=0.352, respectively). Table 4 shows no significant
correlations between age, radiological scores, and
BMI (p>0.05; Table IV).

DISCUSSION

The findings revealed that BMI did not affect
changes in radiological values over a three-year
follow-up period after MOWHTO. Obesity is
a controversial topic in the literature for HTO
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candidate patients. Although a BMI <30 kg/m? is
generally recommended, MOWHTO can be safely
performed for patients with BMI >30 kg/m? due
to increased mechanical stability at the osteotomy
site with the development of implant technology."
Although some studies have reported that patients
with BMI >30 kg/m? are more frequently converted
to TKA in mid- to long-term follow-up compared
to those with normal BMI values, there are also
studies supporting our finding that BMI has no
effect on mid-term results. Guarino et al.l! reported
more frequent TKA revision in patients with BMI
>30 kg/m? in their 17-year follow-up cohort study.
Herbst et al.'”! reported greater loss of correction
in patients with BMI >30 kg/m? in their six-year
follow-up cohort study. Mabrouk et al.’® reported
no effect of BMI on mid-term outcomes in their
retrospective cohort study. Tuhanioglu et al.
reported good results after MOWHTO applied for
OB patients in mid-term follow-up.

The HKA, mMPTA, and JLCA are frequently
used for frontal plane evaluations in radiological
assessments.” Although there is no consensus on
the optimal amount of correction according to the
HKA after HTO in the literature, Coventry et al.?!
stated that failure to correct the valgus angle by at
least 8° in OW patients is one of the reasons for the
failure of proximal tibial osteotomy. They reported
better outcomes in cases where the valgus angle was
corrected by 5° to 13° compared to cases with less
than 5° correction. Hernigou®? reported OA in the
lateral compartment in a 10-year follow-up study
of knees corrected to 6° of valgus postoperatively.
Kerimoglu et al.®® found no significant difference
in clinical and functional test results between
patients divided into three groups according to
HKA with overcorrection and those corrected
within normal reference ranges. Akamatsu et
al.P¥ compared patients with excessively corrected
MPTA (>95°) with those having normal MPTA
after HTO. They found no significant difference
between the groups in terms of medial cartilage
preservation and lateral cartilage degeneration
but reported lower clinical and functional scores
in patients with higher postoperative MPTA
values. The JLCA is defined as the angle between
the tangents of the femoral condyle and tibial
plateau, and it is important in evaluating soft
tissue correction. The amount of frontal plane
correction after MOWHTO depends on both
bone and soft tissue.® Joint line convergence
angle values calculated from preoperative
radiographs under varus stress are associated
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TABLE Il
Comparison of radiological outcomes according to BMI and sex

BMI Sex
Normal Overweight Obese Female Male
18.5-24.9 25.0-29.9 =30
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
mMPTA
Preoperative 83.37+3.64 82.37+2.49 82.44+2.88 82.53+2.75 82.24+2.48
p Ref. 0.579 0.415 Ref. 0.570
1 month 89.26+2.04 87.81+2.48 88.43+1.96 88.20+2.04 87.92+3.10
p Ref. 0.247 0.552 Ref. 0.590
3 years 88.51+1.71 87.31£2.52 87.92+2.43 87.75+2.33 87.15+2.83
p Ref. 0.406 0.941 Ref. 0.342
HKA
Preoperative 171.65+4.30 171.55£3.10 171.31+£2.56 171.70£2.62 170.61+3.95
p 0.880 0.824 Ref. 0.645
1 month 178.03+3.10 177.72+1.97 177.58+1.84 177.49+1.91 178.43+2.12
p Ref. 0.632 0.528 Ref. 0.394
3 years 51.75+14.66 177.62+1.80 177.55+1.77 177.44+1.73 178.02+2.22
p Ref. 1.00 0.911 Ref. 0.347
KAM
Preoperative 67.80+16.85 71.53+13.23 67.44+9.81 67.80+10.84 7711£14.89
p Ref. 0.687 0.795 Ref. 0.053
1 month 48.55+10.97 49.35+9.78 47.99+11.16 48.82+11.01 48.68+6.76
p Ref. 0.706 0.767 Ref. 0.891
3 years 51.75+14.66 50.11+11.86 47.57+10.58 49.09+12.30 50.05+7.93
p Ref. 0.920 0.656 Ref. 0.544
JLCA
Preoperative 3.36+2.37 71.54+13.23 3.50£1.00 3.27+1.03 2.91+£2.01
p 0.450 0.882 Ref. 0.186
1 month 2.32+0.43 2.89+7.17 2.09+0.70 2.78+6.02 1.72+0.82
p Ref. 0.059 0.374 Ref. 0.332
3 years 2.38+0.48 2.96+6.97 2.14+0.69 2.81+5.86 1.87+0.81
p Ref. 0.097 0.415 Ref. 0.352
BMI: Body mass index; SD: Standard deviation; mMPTA: Mechanical medial proximal tibial angle; HKA: Hip-knee-ankle angle; KAM: Knee adduction moment;
JLCA: Joint line convergence angle.

with overcorrection.??! Patients with JLCA =>4°
are more likely to experience overcorrection.?!
We observed that the mean preoperative and
postoperative one-month and three-year JLCA
measurements in our patients were 3.19°+1.28°
2.56°1£5.36° and 2.61°+5.22° respectively, indicating
sufficient correction in the frontal plane and
maintenance of correction during follow-up.

Knee adduction moment is an indicator of
dynamic mechanical load on the knee, and

it increases with varus. Although the reduction
in KAM after MOWHTO and its impact on the
reduction of OA is not universally agreed upon,
an increase in HKA with a decrease in KAM is
clinically desirable.” There is a positive correlation
between KAM and mechanical axis.’”! We found
no significant change in KAM and HKA according
to one-month and three-year follow-up data. This
could indicate an even distribution of the load on the
medial compartment since increased compressive
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loads on the medial compartment are one mechanism
of varus development in the knee. High KAM
indicates higher load and associated medial stress
on the medial compartment. The decrease in KAM is
crucial for the survival of MOWHTO, particularly in
short-statured patients.%%!

The HKA, mMPTA, and JLCA values are
important for preoperative planning and
postoperative prognosis follow-up. In our study,
we found no significant changes in radiological
measurements in early postoperative or three-year
follow-up data. Looking at the correlations of
values, we found no correlation between obesity
and radiological changes, and we observed similar
correction amounts in the HW, OW, and OB patient
groups without loss of correction.”? This suggests
that the surgical techniques and implants used have
greater impact on outcomes than obesity. We also
observed a significant decrease in postoperative
KAM values compared to preoperative evaluations
used for dynamic assessment.

While evaluating the frontal plane
measurements according to obesity groups
(HW, OW, and OB), we found partial regression
in three-year results compared to one-month
results, but this was not statistically significant.
We observed that the scores of the OB group
were better than those of the healthy group at
the end of the third year. This finding could be
attributed to the sample sizes of the respective
groups (Figures 2-5).

Guarino et al,' in their long-term study with
247 patients who underwent HTO, found that
obesity was a risk factor for conversion to TKA.
Floerkemeier et al.,® in their study involving
533 patients investigating the mid-term effects of
obesity and smoking on healing and complications,
reported that obesity had no negative impact on
complications or nonunion in the mid-term. A
recent publication concluded that BMI had no
significant impact on radiological corrections,
clinical outcomes, complications, or survival of
MOWHTO in short- to mid-term follow-up.™ Our
results also showed that obesity did not contribute to
the recurrence of varus deformity in the mid-term.
However, the need for larger patient series to
demonstrate long-term results remains.

The main limitations of this study included
the lack of postoperative three-year BMI data
for patients, the fact that all surgeries were
performed by a single surgeon, and the absence
of a subclassification for morbidly OB patients
(BMI 240 kg/m?) due to the retrospective nature of
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the research. The evaluation of only radiological
scores without «clinical scores was another
limitation of the study.

In conclusion, BMI did not have an effect on
radiological values during the three-year follow-up
period after MOWHTO. High tibial osteotomy
is a good treatment option for isolated medial
gonarthrosis, and we recommend its use even in OB
patients. However, our study should be supported by
larger case series with long-term results.
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