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Objective: High tibial valgus osteotomy (HTO) is a widely accepted procedure indicated for varus knee with symptom-
atic osteoarthritis of the medial compartment. However, there is a lack of studies evaluating long term results of this
procedure. The primary aim of this study was to evaluate the long-term survival of opening wedge high tibial osteotomy
(HTO) for isolated osteoarthritis in the medial compartment of the knee. The secondary objective was to identify inde-
pendent predictors of conversion to total knee arthroplasty (TKA).

Methods: This is a long term retrospective study of 296 cases of open wedge HTOs performed at a single center
(level of evidence IV) between January 2005 and August 2015. Opening wedge medial HTO was always performed
after diagnostic arthroscopy. Eighty-three percent of the population (233 patients, 247 procedures) was followed up at
a mean 11.6 years (6–17) by telephone interview, to evaluate the possible conversion to TKA. Mean age at the index
operation was 42.8 years (range 15–70) and most patients were male (70%). Associated procedures (e.g., platelet
rich plasma supplementation, microfractures, meniscectomy, etc.) were carried out at the time of the HTO in 80 (32%)
cases. Survival of HTO and its association with age, sex, body mass index, smoking habit, preoperative severity of
varus deformity, cartilage status at surgery, and associated procedures were evaluated. Kaplan–Meier and Cox regres-
sion analyses were performed.

Results: Thirty-three of the 247 HTOs (13.4%) were converted to knee replacement, with 86.6% of the original proce-
dures surviving at a mean 12-year follow-up. Kaplan–Meier survival estimates at 17 years for HTO were 75.5% (95%
confidence interval [CI] 66.7–84.3). There was significant difference (P < 0.001) in the 17-year survival rate between
obese (55.5%; 95% CI 35.3–75.6) and non-obese (79.7%; 95% CI 70.1–89.2) patients. The determinants of conver-
sion to knee arthroplasty detected at multivariate Cox regression analysis were body mass index, severity of cartilage
degeneration in the medial compartment (Outerbridge grade), and age.

Conclusion: The long-term survival of open wedge HTO for osteoarthritis in the medial compartment of the knee is sat-
isfactory. The risk of conversion to TKA is significantly increased in obese patients. Advanced age and severity of pre-
existing cartilage damage may also contribute to the risk of conversion to TKA.
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Introduction

The treatment of osteoarthritis (OA) in the medial com-
partment of the knee in young, active patients is chal-

lenging. Varus malalignment implies an increased risk of

progression of medial OA.1 High tibial valgus osteotomy
(HTO) is a widely accepted procedure indicated for varus
knee with symptomatic OA or overload (e.g., after medial
meniscectomy) of the medial compartment.2 Although the

Address for correspondence Massimo Mariconda, MD, Full professor of Orthopaedics and Trauma, Department of Public Health, Section of
Orthopaedics, Federico II University, Via S. Pansini 5, Bd. 12, Naples, Italy 80128; Email: maricond@unina.it
Level of evidence: Retrospective case series (level IV).
Received 14 October 2022; accepted 13 January 2023

1
© 2023 THE AUTHORS. ORTHOPAEDIC SURGERY PUBLISHED BY TIANJIN HOSPITAL AND JOHN WILEY & SONS AUSTRALIA, LTD.

Orthopaedic Surgery 2023;9999:n/a • DOI: 10.1111/os.13674
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

 17577861, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/os.13674 by U

ni Federico Ii D
i N

apoli, W
iley O

nline L
ibrary on [07/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-9906-5124
mailto:maricond@unina.it
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fos.13674&domain=pdf&date_stamp=2023-02-13


widespread use of total knee arthroplasty (TKA) has led to a
decline in HTO, this procedure has been recently shown to
be cost-effective compared to knee arthroplasty in patients
aged 40–60 years with medial OA of the knee.3 Indeed, the
revision rate of TKA in younger, active patients is higher in
comparison with older patients4–7 due to high mechanical
stress on the implant. Moreover, a significant number of
younger patients reports dissatisfaction with the functional
outcome after TKA.8–11 HTO and unicompartmental knee
arthroplasty (UKA) are two surgical options for medial uni-
compartmental knee OA. However, HTO is more indicated
for younger patients with high physical activity requirements.
Basic surgical techniques of HTO include lateral closing
wedge osteotomy and medial opening osteotomy. Lateral
closing wedge osteotomy is the historical approach, but it
has been associated with a high complication rate in long-
term follow-up.12 HTO with medial opening has several
advantages, including better collateral ligament tension, eas-
ier control of the degree of correction, minimal soft tissue
dissection, and lower risk of nerve injury. However, it is
unclear whether these advantages are reflected in a higher
long-term survival rate and what factors may influence the
outcome of this procedure.8,9,12,13 Indeed, the number of
studies regarding the long-term survivorship of open-wedge
HTOs is smaller than that of closing wedge HTOs because
closing wedge HTOs were introduced earlier.14 Furthermore,
while there has been growing interest in the literature in
identifying factors influencing the outcome of trauma sur-
gery15 and elective orthopedic surgery,14,16 few data are avail-
able on determinants of long-term survivorship of opening
wedge HTO in large series of patients.17–19

The aim of this study was precisely to evaluate the
long-term survival of opening wedge HTO for isolated OA
in the medial compartment of the knee in a large series of
patients. The secondary objective was to identify indepen-
dent predictors of conversion to TKA. We hypothesized that
multiple factors including age, the severity of cartilage

damage in the medial compartment, and the degree of cor-
rection obtained with surgery may influence the long-term
survivorship of HTO.

Methods

Design, Participants, and Interventions
This retrospective study was based on 296 opening wedge
HTOs performed between January 2005 and August 2015 at
the institution of three of the authors (C.Z, V.I, S.N.), a large
tertiary care hospital specialized in knee surgery. The local
ethical committee confirmed that no ethical approval is
required for this observational study. Inclusion criteria were:
(i) medial compartment pain; (ii) varus angle between 5 and
15 degrees; and (iii) grade II-III OA of the medial compart-
ment as assessed by the Kellgren–Lawrence classification20

on weight-bearing anteroposterior radiographs. Exclusion
criteria were: (i) bicompartmental or tricompartmental knee
OA; (ii) abnormal anatomy of tibia; and (iii) previous knee
or osteotomy surgery. Forty-five patients (49 procedures)
could not be followed up. Of these, 36 patients could not be
traced and nine refused to participate in the study. Hence,
the study group was limited to 233 patients and 247 proce-
dures (83% of the total population). Patients’ preoperative
and operative data were obtained from surgical records and
hospital files. Patients with a body mass index (BMI) over
30 were considered obese.

Radiographic Measurements
For preoperative planning, a full-length anteroposterior
radiograph of the weight-bearing lower extremity was
obtained. We used the Miniaci method21 to plan the correc-
tion angle. The preoperative hip-knee angle (HKA) was cal-
culated on preoperative and postoperative radiographs. The
aim of surgery was to achieve 5� tibiofemoral mechanical
valgus in a one-leg standing radiograph postoperatively.22

Follow-up Assessment
Telephone interviews were conducted to collect follow-up
data from all patients or, when necessary, from their rela-
tives. All patients gave informed consent to participate in the
study. Information was obtained on any operations on their
knee after the HTO procedure, their nature, and the time
interval since the index procedure. The mean length of
follow-up in the responders was 11.6 years (6–17). Table 1
summarizes the characteristics of patients.

Surgical Technique
Diagnostic arthroscopy of the knee was routinely performed
before tibial osteotomy to assess the severity of cartilage
damage. Cartilage lesions were classified according to the
Outerbridge classification.23 After diagnostic arthroscopy,
opening HTO was performed through a 6–8 cm skin inci-
sion, 2 cm medial to the tibial tuberosity and 2 cm below the
joint line. The anterior fibers of the medial collateral
ligament were detached. Guided by a Kirschner wire, a

TABLE 1 Characteristics of the patients (n = 247)

Mean � SD
or n (%) Range

Age at operation, years 42.8 � 14.1 15–70
Age at follow-up, years 54.4 � 15.0 21–86
Sex
Female 74 (30)
Male 173 (70)

BMI, kg/m2 26.6 � 4.3 19–47
Smoking
No 213 (86)
Yes 34 (14)

Follow-up, yr 11.6 � 3.5 6–17
Preoperative radiographic HKA, degrees 173.3 � 2.0 170–178

Abbreviations: BMI, body mass index; HKA, hip knee angle; SD, standard
deviation.
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monoplanar opening wedge osteotomy was subsequently
performed with an ascending bony cut starting at the medial
edge of the tibia and directed toward the tibiofibular joint.
The osteotomy was opened gradually using chisels and a
spreader device. After reaching the expected tibial opening,
the osteotomy was secured with a locking plate. The plates
used in the study group included 197 VS Osteotomy Systems
(Zimmer-Biomet, Warsaw, IN, USA), 46 Puddu plates
(Arthrex, Naples FL, USA), and 4 Tomofix plates (DePuy
Synthes, Johnson & Johnson, New Brunswick, NJ, USA). An
above-the-knee brace was prescribed at discharge, and full
weight-bearing was allowed at 4 weeks postoperatively.

Statistical Analysis
The Kaplan–Meier method was used to estimate the cumula-
tive survival at 17 years after HTO in non-obese and obese
patients and the study group. Intergroup comparison was
performed using a log-rank test. We performed age-adjusted
univariate and multivariate Cox regression analysis to assess
the effect of any explanatory variable on HTO survival. We
included in the multivariate regression models all the explan-
atory variables that showed significant association
(i.e., P ≤ 0.05) or a trend toward an association
(i.e., P ≤ 0.10) with the outcome of interest in the univariate
analysis. The following confounding or explanatory variables
were tested as predictors of outcome: age, sex, BMI, smoking
habit, postoperative varus correction, cartilage degeneration
(Outerbridge grade) of the medial compartment, type of
locking plate, and use of adjunctive procedures at surgery
(i.e., microfractures, platelet rich-plasma supplementation,
meniscectomy). A P value < 0.05 was considered significant.
Data were analyzed using SPSS (IBM SPSS, Chicago, IL,
USA) version 26.0 software.

Results

General Results and Survivorship
The surgical data of the patients are summarized in Table 2.
Thirty-three of the 247 HTOs (13.4%) were converted to
knee replacement during follow-up, with 86.6% of the origi-
nal procedures surviving at an average follow-up of
11.6 years. Reasons for conversion of HTO to TKA were
progression of knee osteoarthritis and/or loss of correction
angle associated with increasing pain. Conversion occurred
at a mean interval of 10.4 years (range, 4 to 16) from the
index procedure. Thirty-one HTO procedures were
converted to TKA and 2 to UKA. Kaplan–Meier survival
estimates at 17 years for HTO were 75.5% (95% confidence
interval [CI] 66.7–84.3) (Fig. 1). The log-rank test indicated
a significant difference (p < 0.001) in the 17-year survival
rate of HTO between obese (55.5%; 95% CI 35.3–75.6) and
non-obese (79.7%; 95% CI 70.1–89.2) patients (Fig. 1).

Outcome Predictors
When age-adjusted univariate Cox regression analysis was
used to examine the determinants of the conversion of HTO

to knee replacement, age (hazard ratio (HR) = 1.06; 95%
CI = 1.03–1.09; P < 0.001), BMI (HR = 1.12; 95% CI = 1.05
to 1.19; p = 0.001), and the severity of cartilage degeneration
(Outerbridge grade)(HR = 2.09; 95% CI = 1.28 to 3.41;
P = 0.003) were directly associated with this outcome. The
determinants of conversion to knee arthroplasty detected at
multivariate Cox regression analysis are shown in Table 3.
BMI was the most influential predictor in the model. In the

TABLE 2 Surgical data of patients

Factor
Mean (range)

or n (%)

Severity of cartilage degeneration in the medial
compartment (Outerbridge grade)
0 0 (0)
1 58 (24)
2 43 (17)
3 47 (19)
4 99 (40)

Associated procedures
None 167 (68)
PRP supplementation 32 (13)
Microfractures 16 (6)
Partial meniscectomy 10 (4)
PRP supplementation + microfractures 8 (3)
Autologous chondrocyte implantation 4 (2)
ACL procedures 4 (2)
Microfractures + partial meniscectomy 3 (1)
Partial meniscectomy + PRP supplementation 2 (1)
Autologous chondrocyte implantation + PRP 1 (0)
Postoperative radiographic HKA, degrees 183.1 (180–

190)
Surgical correction, degrees 9.8 (5–20)

Abbreviations: ACL, anterior cruciate ligament; HKA, hip knee angle; PRP,
platelet rich plasma.

Fig. 1 Kaplan–Meier survival curve and 95% Confidence Intervals

comparing non-obese (n = 207) with obese (n = 40) patients after

HTO, with conversion to TKA being defined as failure
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Outerbridge group 4, 23/99 knees (23.2%) were converted to
knee arthroplasty, with a significantly higher failure rate than
in the groups with less severe cartilage involvement
(i.e., Outerbridge grade ≤3), where conversion occurred in
10/148 knees (6.8%) (P < 0.001). Only patients with an Out-
erbridge grade of 2 or greater required TKA, but no patient
in Outerbridge group 1 was converted. Furthermore, only
patients with an age at operation greater than 39 years and
an age at follow-up greater than 55 years were converted to
TKA. No influence of sex, additional procedures performed
at the time of surgery (microfracture, supplementation with
platelet-rich plasma, or meniscectomy), type of locking plate,
or postoperative angle correction on HTO survival was
detected.

Discussion

This study demonstrated that opening wedge HTO in the
treatment of medial knee OA has an actual survival of

87% at a mean follow-up of about 12 years and an estimated
survival of 76% at 17 years. To the best of our knowledge, no
previous study has reported the survival rate of opening
wedge HTO in such a large cohort of patients with compara-
ble long-term follow-up. Independent predictors for failure
of HTO included older age, higher BMI, and the severity of
cartilage deterioration in the medial compartment of the
knee at surgery. The likelihood of conversion to knee
replacement was higher in obese (i.e., BMI > 30) than in
non-obese subjects.

Long-Term Survivorship
Long-term survival rates for HTO have been highly variable
in previous studies. Koshino et al.24 conducted a 15- to
28-year follow-up study of 75 closing wedge HTOs and
found a survival of 95.1% at 10 years and 86.9% at 15 years.
In another long-term study, conducted by Akizuki et al.,25 a
total of 94 patients were available for revision at an average
of 16.4 years after lateral closing wedge osteotomy. The
authors reported survival of 98% at 10 years and 90% at
15 years. Subsequent studies have shown lower long-term
survival rates for HTO. Hui et al.26 evaluated 394 patients
with a mean follow-up of 12 years and estimated a survival

probability of 79% at 10 years and 56% at 15 years for lateral
closing wedge HTO. Also the comparative study by Polat
et al.27 reported a lower survival probability for HTO, 71.2%
at 10 years and 60.1% at 15 years, regardless of the different
surgical technique adopted. In contrast, a meta-analysis by
Kim et al.14 indicated that the pooled survival rate was
higher in opening wedge HTO than in closing wedge HTO
at 10 years. Overall, the number of long-term survival studies
of opening wedge HTO and their sample size and follow-up
duration are notably lower than those of closing wedge HTO
because closing wedge HTO was introduced earlier. Keenan
et al.,17 in a retrospective study of 111 opening wedge HTOs,
reported a conversion rate to TKA of 36% at a mean follow-
up of 6.3 years and a survival rate of 65% and 55% at 10 and
15 years, respectively. Primeau et al.19 showed that the con-
version rate of opening wedge HTO to TKA was 21% at
10 years. The multicenter study by Bouguennec et al.28

reported a survival probability of 74% and 61% at 10 and
12 years, respectively, in HTO. Lastly, a small study by Lau
et al.29 with a median follow-up of 13 years found a 87%
10-year survival rate for medial opening wedge HTO. This
wide range of different results can be explained by differ-
ences in the sample size and surgical technique of the stud-
ies, but mainly by their design and completion. However,
although data in the literature on the survival rate with a
follow-up of more than 10 years for medial opening wedge
HTO are limited,14 our results concur with studies with
shorter follow-up that reported a 10-year survival rate of
72% to 100%.30

Outcome Predictors

Obesity
In the current study, obesity was the main independent pre-
dictor of HTO failure. Previous studies also indicated that
BMI may affect cartilage regeneration after HTO22 and rep-
resents an independent risk factor for reduced survivorship
of the procedure.18,19,25,26,28 In addition to the excessive and
altered joint load transmission in subjects with high BMI,
the effect of altered lipid metabolism and low-grade inflam-
mation and adipokines on the joint tissues of obese patients
could play a pivotal role in the progression of OA, thus lead-
ing to reduced HTO survival.31

Cartilage Damage
In our cohort of patients, the preoperative damage of articular
cartilage was examined by arthroscopy at the time of osteo-
tomy and the severity of involvement of medial compartment
of the knee predicted failure of the procedure. Previous studies
have indicated that the radiographic degree of OA in the
medial compartment is a predictor of poor outcome.18,19,28,29

One prior study that related the severity of cartilage damage
assessed arthroscopically to the long-term outcome of opening
wedge HTO found that patients older than 40 years of age
with advanced cartilage damage (Outerbridge 3–4) have a
higher incidence of conversion to TKA.32

TABLE 3 Determinants of conversion to total knee arthroplasty
at the multivariate Cox regression analysis

Factor HR (95% CI)
Chi-square
difference p

Body mass index 1.08 (1.01–1.15) 17.27 0.024
Severity of cartilage
degeneration in the
medial compartment
(Outerbridge grade)

1.84 (1.11–3.06) 11.45 0.018

Age 1.04 (1.01–1.08) 5.39 0.028

Abbreviations: CI, confidence interval; HR, hazard ratio.
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Age
In the current study, older patients were significantly more
likely to require conversion to TKA than younger patients.
This result is in line with most previous long-term studies
that have shown a negative effect of increasing age on HTO
survival.17–19,26,32,33 Articular cartilage undergoes age-related
changes that increase the risk of knee OA and may limit tis-
sue repair that occurs following HTO.34

Associated Procedures
This study did not find significant effect of concomitant car-
tilage restoration techniques, including microfractures and/or
platelet-rich plasma supplementation, in increasing HTO
survival. Theoretically, the improved load transmission
through the knee achieved by osteotomy should allow for
enhanced cartilage restoration in the medial compartment of
the knee. In this context, the combination of biological pro-
cedures could stimulate post-operative regeneration of artic-
ular cartilage or at least prevent the progression of medial
OA. Cartilage restoration techniques and platelet-rich plasma
used in combination with HTO have been shown to be effec-
tive in improving function and relieving pain after sur-
gery.35,36 A previous literature review35 also found that
performing concomitant microfractures can potentially delay
the need for TKA after HTO in the medium term. However,
the analysis was limited by the heterogeneity of techniques
used for HTO and cartilage restoration, as well as inconsis-
tency of outcome measures in previous studies. Furthermore,
long-term survival has not been previously evaluated.35 Fur-
ther high-quality data are needed to determine whether carti-
lage restoration procedures may actually be helpful in
improving the long-term HTO survival.

Other Factors
No effect of different locking plates on HTO survival was
observed in this study. There are no data in the literature on
the influence of different fixation devices on the long-term
outcome and survival of opening wedge HTO. However, bio-
mechanical studies have shown that different locking plates
have similar biomechanical properties and sufficient strength
to ensure the healing of open wedge HTO.37,38 In the current
study, sex was not a risk factor for conversion of HTO to
TKA. Previous studies have suggested that women have a
higher risk for this event,17,19 while others have not con-
firmed the relationship with sex26 or even found that osteo-
tomy failure is less frequent in the female sex.28 The
influence of sex on HTO survival requires further
investigation.

Strength and Limitations
The most important strength of the present study is the
survival analysis carried out in a large cohort of patients who
had undergone opening wedge HTO many years earlier. The
Kaplan–Meier analysis enabled meaningful calculation of

failure rates despite different follow-up times, while the Cox
regression methodology allowed us to evaluate the effect of
several factors on failure of HTO. The present study also has
several shortcomings. First, it is limited by the retrospective
nature of its design. In addition, the choice of using conver-
sion to TKA as the only indicator of failure of HTO may
have underestimated the rate of poor outcomes of the proce-
dure. In fact, some patients, especially in older age, may
refuse knee replacement despite the progression of knee OA
after HTO. However, the conversion to TKA has been con-
sidered the primary endpoint in virtually all published
papers reporting HTO survival. Furthermore, knee replace-
ment is an unambiguous event that all patients may accu-
rately recall. Another limitation of this study is that some
potential predictors for survival of HTO, including duration
of osteoarthritis and the patient’s daily activity and physical
demand, were not included in the Cox regression analysis.
However, it would be difficult to retrospectively establish
with sufficient accuracy what is the real ‘beginning’ of osteo-
arthritis, since symptoms usually do not reflect the severity
of the degenerative process and patients are generally unable
to recall precisely when symptoms started. We also recognize
that physical demand might influence failure of HTO, but
unfortunately our study protocol did not include any patient
reported outcome neither specific information about
patient’s daily activity level.

Conclusion
The long-term survival of open wedge HTO for OA in the
medial compartment of the knee is satisfactory. However,
the risk of conversion to TKA is significantly increased in
obese patients. Advanced age and severity of pre-existing
cartilage damage may also contribute to the risk of conver-
sion to TKA. These prognostic factors should be considered
and discussed with patients when planning surgery for iso-
lated medial compartment OA.
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