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Abstract

Background High tibial osteotomy (HTO) has long been

accepted as an effective treatment for unicompartmental

osteoarthritis of the knee in young, active adults. For varus

knees, the two most commonly performed valgus-produc-

ing HTOs are the lateral closing wedge and the medial

opening wedge. Regardless of technique, some HTOs fail

and are converted to TKA. To our knowledge, no studies

have directly compared TKAs done after lateral closing-

wedge osteotomies to those done after medial opening-

wedge osteotomies.

Questions/purposes We compared pain- and function-

related outcomes and survivorship of TKAs in patients who

previously underwent medial opening-wedge and lateral

closing-wedge HTOs.

Methods We reviewed our institutional database to

identify all patients having undergone a HTO with sub-

sequent conversion to TKA and identified 188 lateral

closing-wedge HTOs and 77 medial opening-wedge HTOs.

Mean followup was 88 months (range, 3–264 months) for

the lateral closing-wedge HTO cohort and 59 months

(range, 3–180 months) for the medial opening-wedge

cohort. SF-12, WOMAC, and Knee Society Scores, as well

as survivorship at 5 years, were compared between the two

groups. Statistical analysis was completed using the inde-

pendent-samples t-test.

Results No differences were found between groups in

postoperative SF-12 scores (p = 0.77 for the mental

component summary score and p = 0.21 for the physical

component summary score), WOMAC scores (p = 0.67),

or Knee Society Scores (p = 0.80). No difference was

found in survivorship between groups at 5 years.

Conclusions Our results suggest there is no difference in

functional outcomes or survivorship of TKA in patients

having previously undergone medial opening-wedge and

lateral closing-wedge HTOs.

Level of Evidence Level III, therapeutic study. See

Instructions for Authors for a complete description of

levels of evidence.

Introduction

Valgus-producing high tibial osteotomy (HTO) is an

accepted treatment option for young, active patients with

varus gonarthrosis. By changing the mechanical axis of the

lower limb, the arthritic medial compartment of the knee is

unloaded, providing patients with reliable pain relief. The
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two most common approaches to valgus-producing HTOs

are the lateral closing wedge and the medial opening

wedge. Traditionally, lateral closing-wedge HTOs were

more common; however, in the late 1990s and early 2000s,

medial opening-wedge HTOs became much more pre-

valent at our institution [2]. Advantages of this approach

include greater control over degree of deformity correction,

preservation of proximal tibial bone stock, less extensive

soft tissue dissection, sparing of the proximal tibiofibular

joint, lower reported incidence of compartment syndrome,

and lower incidence of peroneal nerve injury [5]. Today,

our center performs an average of 35 medial opening-

wedge HTOs per year [1].

A study from our institution by Naudie et al. [8] demon-

strated excellent long-term survivorship of HTOs in carefully

selected patients. Unfortunately, degenerative changes in the

knee tend to progress despite initially successful realignment

procedures and some HTOs are converted to TKA. However,

given that the mechanical and anatomic axes of the tibia have

been altered in these patients, performance of arthroplasty

after HTO has been extensively reviewed in the literature

[1, 3, 4, 6, 7, 9, 10]. The vast majority of these data deal with

outcomes of TKA after conversion from lateral closing-

wedge HTOs. Although somewhat conflicting, recent data

indicate lateral closing-wedge HTOs converted to TKA

perform as well as primary TKAs [4, 10]. Only one study

exists comparing short-term functional outcomes of con-

verted medial opening-wedge HTO to primary TKA. These

results suggest inferior performance of arthroplasty after

osteotomy at 2 years [1]. This is somewhat disconcerting

given the volume of medial opening-wedge HTOs performed

at our center with an estimated cumulative rate of conversion

to TKA of 10% [1]. To our knowledge, no published data

currently exist directly comparing functional outcomes of

converted medial opening-wedge HTOs to converted lateral

closing-wedge HTOs. Survivorship of TKA after conversion

from HTO has also come into question in the literature. A

study by Haslam et al. [4] suggested a trend toward poorer

survivorship of converted lateral closing-wedge HTOs at

12 years when compared to primary TKA. However, no

statistically significant difference was found. No data exist

comparing survivorship of converted lateral closing-wedge

HTOs to medial opening-wedge HTOs.

We therefore compared (1) pain- and function-related

outcome scores and (2) survivorship of TKA between

patients with TKA who were previously treated with either a

lateral closing-wedge HTO or medial opening-wedge HTO.

Patients and Methods

Institutional ethics approval was obtained for a retrospec-

tive cohort study design to compare most recent functional

outcomes (WOMAC score, Knee Society Score [KSS], and

SF-12 score) and 5-year survivorship of patients having

undergone TKA in the setting of previous lateral closing-

wedge or medial opening-wedge HTO at our institution.

We then conducted a retrospective review of our institu-

tion’s database to identify all patients having undergone an

HTO that required subsequent conversion to TKA from

1996 to 2011. Only valgus-producing HTOs were eligible

for inclusion in our study. Our study population was then

divided into lateral closing-wedge and medial opening-

wedge cohorts. Electronic and physical chart review was

carried out for all participants to assess clinical outcomes

and survivorship of TKA.

Only patients with sufficient data sets were eligible for

inclusion in the study. Patients were excluded for insuffi-

cient data if one of the outcome measures was absent from

the database and physical chart. Review of the database

revealed 294 patients who had undergone conversion of

HTO to TKA. Two hundred fifteen patients had a con-

verted lateral closing-wedge HTO, with the remaining 79

having a converted medial opening-wedge HTO. The

choice between lateral closing-wedge HTO versus a medial

opening-wedge HTO was made by the treating surgeon at

the time of the index procedure. Twenty-seven patients

(12.5%) from the lateral closing-wedge cohort were elim-

inated due to insufficient data whereas only two (2.6%)

from the medial opening-wedge cohort were eliminated for

this reason (p \ 0.001). There was also a statistically sig-

nificant difference in the loss to followup between the two

groups: 22% for the lateral closing-wedge cohort versus

10% in the medial opening-wedge cohort (p \ 0.001).

Unsuccessful attempts were made to contact these patients

for further followup. Nonetheless, their most recent data

were included in the analysis. Thus, we were left with 188

patients in the lateral closing-wedge cohort and 77 in the

medial opening-wedge cohort for data analysis (Fig. 1).

Demographic analysis of the two cohorts revealed no dif-

ference in male to female ratio or average BMI. However,

statistically significant differences were found for average

age at conversion to TKA (p \ 0.001) and average length

of followup (p \ 0.001) (Table 1). Mean followup was

88 months (range, 3–264 months) for the lateral closing-

wedge HTO cohort and 59 months (range, 3–180 months)

for the medial opening-wedge cohort. Comparison of pre-

operative scores for functional measures (WOMAC score,

KSS, and SF-12 score) showed no differences, indicating

the two cohorts were similar in terms of the subjective and

objective performance of their knees before conversion of

HTO to TKA (Table 2).

Clinical outcomes were assessed using the WOMAC,

KSS, and SF-12 questionnaires. The most recent scores

available in the patients’ charts were used for comparison.

Patients at our institution are asked to fill out these
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assessment tools at all followup clinic visits (at 3 months,

6 months, 1 year, 2 years, and every 2 years thereafter).

The physician portion of the KSS was completed by the

attending surgeon, clinical fellow, resident, or research

nurse who assessed the patients during their followup

visits.

Student’s independent t-tests were used to compare the

mean functional scores for each variable (WOMAC score,

KSS, and SF-12 score) between our two study cohorts, with

p values of less than 0.05 considered statistically signifi-

cant. Survivorship of TKA was calculated using the length

of time elapsed from conversion of the HTO to revision of

the TKA. Mean survivorship was plotted for the two

cohorts on Kaplan-Meyer survivorship curves with 95%

CIs. Curves included data points until 5-year followup and

were performed for both all-cause and aseptic revisions.

Results

Comparison of the most recent functional outcome scores

after conversion to TKA revealed no differences between

the lateral closing-wedge and medial opening-wedge

cohorts. SF-12 scores were not different for either the

mental component summary score (p = 0.77) or the

physical component summary score (p = 0.21) (Fig. 2).

Comparison of WOMAC scores revealed no differences for

294 patients with 
failed HTO 

converted to TKA

215 lateral 
closing-wedge 

HTOs

79 medial 
opening-wedge 

HTOs

27 patients 
excluded due to 
insufficient data

2 patients 
excluded due to 
insufficient data

188 converted 
lateral closing-
wedge HTOs 

included in data 
analysis

77 converted 
medial opening-

wedge HTOs 
included in data 

analysis

7 patients 
deceased before 
revision of TKA

42 patients
lost to 

followup

1 patient 
deceased before 
revision of TKA

8 patients 
lost to 

followup

Fig. 1 A flowchart demonstrates the

distribution of patients between the

medial lateral-closing and medial open-

ing-wedge cohorts, mortality, and loss

to followup.

Table 1. Patient demographics

Variable Lateral closing-

wedge HTO

cohort

Medial opening-

wedge HTO

cohort

p value

Number of

patients

188 77

Mean age at

conversion

(years)

61.4 57.9 \ 0.001

Mean followup

(months)

88 59 \ 0.001

Mean BMI 32.7 32.2 0.52

Females (%) 43.1 39.5 0.59

Males (%) 56.9 60.5 0.59

HTO = high tibial osteotomy.

Table 2. Preoperative functional scores

Scoring system Lateral closing-

wedge HTO

cohort

Medial opening-

wedge HTO

cohort

p value

Mean SF-12 score (points)

Mental

component

summary

51.56 51.84 0.87

Physical

component

summary

30.50 30.27 0.86

Mean WOMAC score (points)

Pain 42.92 43.21 0.92

Stiffness 38.35 38.84 0.88

Function 44.30 46.69 0.39

Total 42.57 43.58 0.67

Mean Knee Society Score (points)

Pain 14.79 15.45 0.64

Function 48.56 48.96 0.86

Knee 41.51 40.45 0.65

Total 90.02 89.20 0.83

HTO = high tibial osteotomy.
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pain, stiffness, function, and total scores (p = 0.71,

p = 0.36, p = 0.86, and p = 0.67, respectively) (Fig. 3).

There were no differences in ROM between groups

(Fig. 4). Finally, no differences were found between groups

in the KSS (pain, function, knee, and total scores: p = 0.45,

p = 0.1, p = 0.95, and p = 0.18, respectively) (Fig. 5).

For all-cause revisions, 5-year survivorship for TKAs in

the lateral closing-wedge cohort was 95% (95% CI:

94%–97%) compared to 95% (95% CI: 93%–98%) for the

medial opening-wedge cohort (Fig. 6). For aseptic revi-

sions, average 5-year survivorship for the lateral closing-

wedge cohort was 97% (95% CI: 96%–98%) compared to

97% (95% CI: 94%–99%) for the medial opening-wedge

cohort (Fig. 7). No significant differences were found for

any of the above-mentioned comparisons.

Discussion

Valgus-producing HTO has long been considered an

accepted treatment option for young, active patients suf-

fering from varus gonarthrosis. The medial opening-wedge

HTO has gradually taken the place of the lateral closing-

wedge HTO as the osteotomy of choice at our center [2].

Some HTOs fail from progression of the arthritic process

and are converted to TKAs. To our knowledge, no studies

have compared TKAs done after medial opening-wedge

osteotomies to TKAs done after lateral closing-wedge

osteotomies. We therefore compared pain- and function-

related outcomes and survivorship of TKAs in patients

having previously undergone medial opening-wedge and

lateral closing-wedge HTOs.

The most important limitation to our study is the

potential selection bias introduced at the time of the index

surgery (valgus-producing HTO). The choice of lateral

closing-wedge versus medial opening-wedge HTO was

made by the treating surgeon based on personal experience

and comfort level. Many of the HTOs included in this study

were performed during a time period where a shift from

Fig. 2 A graph shows latest SF-12 scores in patients converted to

TKA from lateral closing-wedge and medial opening-wedge HTOs.

Dark gray and white bars represent the lateral closing-wedge and

medial opening-wedge cohorts, respectively. SF-12 scores were not

different between groups for either the mental component summary

score (MCS) (p = 0.77) or the physical component summary score

(PCS) (p = 0.21).

Fig. 3 A graph shows latest WOMAC scores in patients converted to

TKA from lateral closing-wedge and medial opening-wedge HTOs.

Dark gray and white bars represent the lateral closing-wedge and

medial opening-wedge cohorts, respectively. WOMAC scores

revealed no differences between groups for pain, stiffness, function,

and total scores (p = 0.71, p = 0.36, p = 0.86, and p = 0.67,

respectively).

Fig. 4 A graph shows latest knee ROM in patients converted to TKA

from lateral closing-wedge and medial opening-wedge HTOs. Dark

gray and white bars represent the lateral closing-wedge and medial

opening-wedge cohorts, respectively. No difference between groups

was found for this outcome measure.

Fig. 5 A graph shows latest KSSs in patients converted to TKA from

lateral closing-wedge and medial opening-wedge HTOs. Dark gray

and white bars represent the lateral closing-wedge and medial

opening-wedge cohorts, respectively. KSSs revealed no differences

between groups for pain, function, knee, and total scores (p = 0.45,

p = 0.1, p = 0.95, and p = 0.18, respectively).
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lateral closing-wedge HTOs to medial opening-wedge

HTOs was taking place. Thus, surgeons had less experience

with the medial opening-wedge HTO. Lack of experience

could have made preservation of slope and appropriate

tibial rotation more difficult, thereby negatively affecting

performance and survival of subsequent TKA in this

cohort. In addition, the differences in patient exclusion due

to missing data and loss to followup were substantial

between the lateral closing-wedge and medial opening-

wedge cohorts. Unfortunately, many lateral closing-wedge

HTOs were converted to TKA during a time when data

were less rigorously collected during clinical followup at

our institution. A shift toward medial opening-wedge

HTOs and their subsequent conversion to TKA coincided

with improvements in data collection. This is clearly

reflected in the number of incomplete data sets for the

lateral closing-wedge cohort, the effect of which on our

results cannot be determined at this time. The vast majority

of patients who were lost to followup ceased to attend

clinic visits later than 10 years after conversion to TKA.

An Internet search of obituaries and review of our hospital

records were undertaken to ensure that these patients had

not expired. Nevertheless, the most recent complete data

sets for these patients were included in our data analysis.

Finally, the lateral closing-wedge and medial opening-

wedge cohorts were unmatched at the time of data analysis.

The lateral closing-wedge HTO is a much older procedure

than its medial opening-wedge counterpart. Thus, lateral

closing-wedge HTOs have had more time to fail and

require conversion to TKA, resulting in much higher

numbers in this cohort. Given the fact that our center

currently performs medial opening-wedge HTOs almost

exclusively, more time would be required to obtain

matched cohorts without affecting patient numbers. This

would also allow us to extend our survivorship analysis

beyond 5 years for the medial opening-wedge cohort.

Functional outcomes as measured by the most recent

SF-12 score, WOMAC score, ROM, and KSS were not

different between the lateral closing-wedge and medial

opening-wedge cohorts. To date, no such comparisons exist

in published literature. Existing data comparing functional

outcomes and survivorship of converted lateral closing-

wedge HTOs to primary TKAs are somewhat mixed.

Karabatsos et al. [6] demonstrated that TKA in the setting

of a previous HTO is more technically demanding than

primary TKA. These authors demonstrated a trend toward

inferior functional scores in converted lateral closing-

wedge HTOs at 5 years, although no statistically signifi-

cant differences were found. In a similar comparison,

Nizard et al. [9] found a significant difference only in pain

scores in patients after conversion of lateral closing-wedge

HTO compared to primary TKA. Haslam et al. [4] dem-

onstrated significant differences in the number of poor

results, knee flexion, and failures at 12.6-year followup for

patients with converted lateral closing-wedge HTOs.

However, they found no significant differences in overall

Hospital for Special Surgery scores when these patients

were compared to a matched cohort of primary TKAs. In

addition, a systematic review of functional outcomes of

converted lateral closing-wedge HTOs compared to those

of primary TKA revealed no differences between these two

groups [10]. Conversely, the only study comparing the

results of converted medial opening-wedge HTOs to those

of primary TKA suggested converted HTOs performed

worse at 2-year followup [1]. However, that study included

only 34 knees at the time of data analysis.

Fig. 6 Kaplan-Meier survivorship curves with revision for any

reason as the end point are shown in patients converted to TKA

from lateral closing-wedge and medial opening-wedge HTOs. Aver-

age 5-year survival rates were 95% (95% CI: 94%–97%) for the

lateral closing-wedge cohort and 95% (95% CI: 93%–98%) for the

medial opening-wedge cohort.

Fig. 7 Kaplan-Meier survivorship curves with aseptic revisions only

as the end point are shown in patients converted to TKA from lateral

closing-wedge and medial opening-wedge HTOs. Average 5-year

survival rates were 97% (95% CI: 96%–98%) for the lateral closing-

wedge cohort and 96% (95% CI: 94%–99%) for the medial opening-

wedge cohort.
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Survivorship rates of TKAs in our lateral closing-wedge

and medial opening-wedge cohorts were also similar for

all-cause and aseptic revisions. To our knowledge, no

similar comparisons exist in the literature.

We found functional outcomes for TKA after conver-

sion from lateral closing-wedge HTO to be similar to those

after conversion from medial opening-wedge HTO.

Survivorship at 5 years also was similar between these two

cohorts. To our knowledge, this is the first study to directly

compare the results in these two groups of patients.

Nevertheless, further followup is required to obtain an

adequate sample size to draw meaningful conclusions

regarding long-term survivorship of TKA after conversion

from medial opening-wedge HTO.
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