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Abstract

Background The primary aim of this study was to identify independent predictors of long-term survivorship after high tibial
osteotomy (HTO). The secondary aims were to describe the functional outcome of surviving HTO 10-20 years after surgery.
Methods A retrospective cohort of 223 HTO that were performed for the treatment of medial osteoarthritis was identified.
Details were recorded from the patient notes. All surviving patients were contacted and asked to complete a Tegner Activity
Scale, Lysholm Knee Score and rate pain using the Visual Analogue Scale (VAS). Survival analysis was performed, using
conversion to arthroplasty as the definition of failure.

Results The mean age was 54 years (2480 years). There were 123 (55.2%) in males and 100 (44.8%) in females. The mean
BMI was 27.2 (SD 3.9). Twenty (9%) patients were lost to follow-up. The mean follow-up was 12 (SD 4) years. Survival at
10 years was 75 and 55% at 15 years and less than 40% at 20 years. Cox regression analysis demonstrated age of 50 years
or more, female gender and surgical technique to be significant independent predictors of failure. The median Tegner score
was 3 (inter-quartile range (IQR) 1-3). The mean Lysholm score was 75.5 (SD 18.4). The median VAS was 5 (IQR 0-6).
Conclusions The medium- to long-term survival and functional outcome after HTO was good to excellent at 10-20 years of

follow-up. Age, gender, surgeon and surgical technique were identified as independent predictors of failure.
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Introduction

High tibial osteotomy (HTO) is an accepted treatment for
physically active patients with symptomatic isolated medial
compartment osteoarthritis of the knee [1]. The medialisa-
tion of the mechanical axis of lower limb through the medial
compartment of knee, due to progression of osteoarthritis
in the medial compartment, is thought to result in overload-
ing of the medial compartment with acceleration of symp-
toms and disease. The goal of a HTO is to overcorrect the
mechanical axis of the lower limb in order to unload the
medial compartment and load the non-diseased lateral com-
partment [2]. Successful osteotomy has been demonstrated
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to reduce pain and improve function [1]. A review by Bona-
sia et al. [3] reported survival rates at 5 years (75-94%),
10 years (51-95%) and 15 years (30-90%) of follow-up,
using different techniques. HTO has become less popular in
recent years possibly because of the gaining popularity of
the unicompartmental knee arthroplasty (UKA), although
UKA has not been shown to offer better outcomes than a
HTO [2].

The current evidence for survivorship and functional out-
come after HTO and independent predictors of these are
limited, and the current evidence is generally composed of
relatively small retrospective case series assessing one or
two methods of HTO. Identification of independent predic-
tors of survival and functional outcome after HTO, in addi-
tion to assessing the techniques used, would enable patients
with the longer survivorship and improved functional out-
come to be identified.

The primary aim of this study was to identify independent
predictors of long-term survivorship after HTO performed
for medial compartment osteoarthritis of the knee. The
secondary aims were to describe the functional outcome
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of surviving HTO and identify independent predictors of
outcome 10-20 years after surgery.

Patients and methods
Cohort

The patient cohort was retrospectively identified from a
patient database held at the study centre. All patients under-
going a HTO between January 1992 and July 2002 for the
treatment of symptomatic medial compartment osteoarthri-
tis of the knee were included. HTO performed in patients
with post-traumatic malalignment of the knee or age under
18 years was excluded. Patient demographics, body mass
index (BMI), date and side of operation, surgeon and opera-
tive technique were recorded from the patient notes. Stand-
ardised pre- and postoperative radiographs of the knee were
assessed by an independent observer (AFYWP), and tibi-
ofemoral angles were measured. During the study period,
there were 223 consecutive osteotomies in 223 patients
that met the inclusion criteria. The mean age was 54 years
(range 24-80 years). There were 123 (55.2%) in males and
100 (44.8%) in females. The mean BMI was 27.2 (standard
deviation (SD) 3.9).

Operative techniques

During the study period, there were five different HTO tech-
niques employed to correct the varus alignment. All proce-
dures were performed by one of 13 consultant orthopaedic
surgeons.

Open wedge osteotomy

Open wedge osteotomy was performed medially approxi-
mately 4 cm below the joint line using the image intensifier.
The osteotomy was gradually opened to preserve a bony
bridge laterally in line with the joint line. The amount of
opening of the osteotomy was calculated preoperatively
using the radiographs. The osteotomy gap was filled with
calcium phosphate and was then fixed with a locking plate.
Full weight bearing was permitted.

Closed wedge osteotomy

After releasing the extensor muscles at the level of the proxi-
mal fibula, an oblique osteotomy of the head of the fibula
was performed, thus preserving the proximal tibiofibular
joint. The transverse tibial osteotomy was made approxi-
mately 2 cm below the joint line. A second cut was made,
creating a wedge with a pre-calculated size. The wedge
was then resected, and the osteotomy was fixed with a
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conventional compression plate. Full weight bearing was
permitted.

Dome osteotomy

A dome-shaped osteotomy was achieved by drilling multiple
holes from anterior to posterior in a dome-shaped fashion in
the proximal metaphysis of the tibia. These were connected
using a chisel. Re-alignment was achieved using preopera-
tive radiographs and the image intensifier during surgery.
Postoperatively, a leg cylinder cast was applied in which full
weight bearing was permitted.

Hemicallotasis

Using the preoperative AP radiographs of the weight bear-
ing leg, the length of callotasis and the period of elongation
were calculated. Under an image intensifier, the first pin was
inserted 7 mm below the joint line, parallel to the tibia pla-
teau and the posterior cortex of the plateau. The distal pins
were inserted utilising a template, and two other pins for the
proximal group were inserted. After all pins were set, the
medial cortex of the tibia was cut with a chisel at the middle
of the tibial tuberosity leaving the lateral cortex intact. After
checking that a mild valgus stress opened the osteotomy
site under an image intensifier, a hemicallotasis device was
applied. The patients were allowed to fully weight bear post-
operatively. After 2 weeks, the hemicallotasis was started at
a speed of 0.25 mm over 4-6 h. During elongation, weight
bearing on the leg was not allowed.

Chevron transfixation

First, using an oscillating saw, an oblique osteotomy of the
fibula was performed through a lateral incision at the level
of the lower one third of the fibula.

Through a small incision at the lateral side of the knee, a
pin was placed parallel to the joint surface of the proximal
tibia using the image intensifier. A second pin was drilled
5-10 cm distal to the first pen, also with a lateral starting
point. This second pin was aimed distally at a predetermined
angle in order for it to run parallel to the first pen after the
osteotomy and correction were performed.

An S-shaped incision over the anterior aspect of the
proximal tibia was utilised to approach the proximal tibia.
With the oscillating saw, an inverted V-shaped osteotomy
was made, with the apex of the osteotomy proximal to the
tibial tuberosity. The knee was then forced into valgus until
the desired axis was achieved. An external compression
device was applied to the Steinman pens, and compression
was applied. Patients were allowed to fully weight bear. The
external compression device and the pins were removed
6 weeks postoperatively.
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Survival analysis

Failure was defined as a conversion to an arthroplasty of the
treated knee, either unicompartmental or total knee arthro-
plasty (TKA). The patients’ notes were reviewed to identify
failures, and all were contacted to ensure no case of failure
was missed.

Functional outcome

All patients were contacted and asked to complete a Tegner
Activity Scale, a Lysholm Knee Score and their subjective
current pain level in the knee. The Tegner Activity Scale is a
validated score which ranges from O (sick leave or disability)
to 10 (competitive sports) [4]. The Lysholm Knee Score is
an accepted knee score in active patients where 0 is the worst
score and 100 in the best, which can be categorised into:
0-64 bad, 65-83 reasonable, 84-94 good, 95-100 excellent
[4, 5]. Pain at the time of follow-up was recorded using the
Visual Analogue Scale (VAS) from 0 to 10 (0 no pain, 10
worst possible pain), rounded off to the nearest single digit.

Statistical analysis

Statistical Package for Social Sciences version 17.0 (SPSS
Inc., Chicago, IL, USA) was used to analyse the data. An
unpaired Student’s t test and analysis of variance (ANOVA)
were used to compare linear variables between groups. Pear-
son’s correlation was used to assess the relationship between
linear variables. Dichotomous variables were assessed using
a Chi-square test. Kaplan—-Meier methodology and a life
table were used to investigate survival [6, 7]. Cox regres-
sion analysis was used to identify independent predictors
of survival, entering all variables that were significant or
demonstrated a trend towards on univariate analysis. Linear
regression was used to identify independent predictors of
functional outcome at final follow-up using enter methodol-
ogy. A p value of <0.05 determined statistical significance.

Results

The majority of the osteotomies were performed using the
Chevron transfixation technique (n =119, 53%). There was
a relatively even distribution of patients undergoing the
other four techniques [open wedge osteotomy (n= 14, 6%),
closing wedge osteotomy (n=35, 16%), dome osteotomy
(n=24, 11%) and hemicallotasis (n=31, 14%)]. The mean
preoperative tibiofemoral angle was 178.6 (SD 3.3) degrees,
which was significantly (difference 8.7, 95% confidence
interval (CI) 7.6-15.1, p <0.001, ¢ test) changed to 187.3
(SD 4.0) degrees postoperatively. During the follow-up
period, 18 patients had died, of which 3 had been converted

to arthroplasty prior to their death. Twenty (9%) patients
were lost to follow-up. There was no significant difference
in age, gender, BMI or preoperative radiographic severity of
those lost to follow-up and the study cohort (p>0.1). The
mean follow-up was 12 (SD 4) years.

Survival

There were 98 conversions to TKA during the follow-up
period; the main indication was increasing pain. The sur-
vival rate at 10 years was 75 and 55% at 15 years (Fig. 1,
Table 1). The survival rate was less than 40% at 20 years, but
this may be skewed due to the limited numbers of patients
followed up at this time point (n < 50). There was no point
in time at which the rate of conversion to total knee arthro-
plasty increased, with a gradual diminishing survival rate
being observed (Fig. 1).

Univariate analysis demonstrated female gender, surgeon
and surgical technique to be significant predictors of failure
(Table 2). There was also a trend towards significance dem-
onstrated for older age (patients > 50 years) to be associated
with conversion. BMI and pre- and postoperative anatomi-
cal axis were not associated with conversion to total knee
arthroplasty. Cox regression analysis demonstrated age of
50 years or more, female gender and surgical technique
to be significant independent predictors of failure when
adjusting for confounding variables (Table 3). There was a
trend towards early conversion in the patients 50 years old
or more during the first 5 years after surgery, after which
the annual revision rate remained comparable for both age
groups (Fig. 2). Female patients were significantly more
likely to undergo conversion, with a survival rate of 61 and
46% compared to 72 and 61% for males at 10 and 15 years
of follow-up, respectively (Fig. 3). Chevron transfixation
technique had an observed superior survival rate compared
to all other techniques (Fig. 4); however, only callus distrac-
tion and opening wedge techniques demonstrated a signifi-
cantly worse survival when compared to chevron technique
(Table 3).

Functional outcome and pain

Functional outcome and pain data were available for 82
patients of the 125 that had not undergone conversion to
arthroplasty at a median follow-up of 13 years (range 9-19).
The median Tegner score was 3 (inter-quartile range (IQR)
1-3). The mean Lysholm score was 75.5 (SD 18.4). The
median VAS for pain was 5 (IQR 0-6). Univariate anal-
ysis for predictors of functional outcome, according to
the Lysholm score, demonstrated no significant variable
(Table 4). On entering all variables into a linear regression
model, no variable demonstrated significance (p > 0.23)
when adjusting for confounding.
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Fig. 1 Kaplan—-Meier survival
curve for the study cohort 1.0
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Table 1 Life table for the cohort
Years Number at start Withdrawn Number at risk Failure Proportion Proportion Survival 95% CI
terminating surviving S EEEEE—
Upper Lower
0-1 223 0 223 1 04 99.6 99.6 100.0 97.6
1-2 222 0 222 2 0.9 99.1 98.7 100.0 96.3
2-3 220 0 220 8 3.6 96.4 95.1 97.4 92.7
34 212 0 212 6 2.8 97.2 92.4 94.8 90.0
4-5 206 0 206 2 1.0 99.0 91.5 94.2 88.8
5-6 204 0 204 4 2.0 98.0 89.7 92.5 86.9
6-7 200 0 200 7 35 96.5 86.5 89.3 83.8
7-8 193 0 193 6 3.1 96.9 83.9 86.6 81.1
8-9 187 0 187 7 3.7 96.3 80.7 83.4 78.0
9-10 180 8 176 12 6.8 93.2 75.2 77.8 72.6
10-11 160 15 152.5 16 10.5 89.5 67.3 69.6 65.0
11-12 129 12 123 4 33 96.7 65.1 67.5 62.8
12-13 113 21 102.5 8 7.8 922 60.0 62.2 57.9
13-14 84 10 79 3 3.8 96.2 57.8 60.0 55.6
14-15 71 9 66.5 3 4.5 95.5 55.2 57.3 53.0
15-16 59 7 55.5 1 1.8 98.2 54.2 56.6 51.8
16-17 51 9 46.5 4 8.6 91.4 49.5 51.7 473
17-18 38 25 255 3 11.8 88.2 43.7 45.7 41.7
18-19 10 3 8.5 1 11.8 88.2 38.5 40.5 36.6
19-20 6 6 3 0 0.0 100.0 38.5 40.6 36.5
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Table 2 Patient demographics,

. Predictor Survived Odds ratio 95% CI p value
surgeon and technique
according to survival No (n=125) Yes (n=98) Lower Upper
Age (n)
<50 years 47 25 1.76 0.98 3.15 0.06
>50 years 78 73
Gender (n)
Male 78 45 1.96 1.14 3.35 0.01
Female 47 53
BMI (mean, SD) 27.4 (4.0) 27.1 (3.9) 0.2 —-15 2.0 0.79
Tibiofemoral angle
Pre-op 178.4 (3.2) 178.4 (3.2) 0.7 -03 1.8 0.18
Post-op 187.9 (5.1) 186.6 (5.5) 1.3 -0.8 34 0.21
Surgeon (1)
1 15 20 - - - 0.008
2 17 10
3 8 15
4 17 7
5 11 2
6 1 0
7 1 6
8 15 5
9 25 18
10 2 0
11 12 11
12 1 3
13 0 1
Technique (n)
Chevron 74 45 Reference
Callus 12 19 2.60 1.16 5.87 0.03
Dome 13 11 1.39 0.57 3.37 0.46
Closing 19 16 1.38 0.65 2.96 0.40
Opening 7 7 1.64 0.54 5.00 0.40
Table 3 Cox regression analysis to identify independent predictors of Discussion

survival after HTO for the cohort

Variable Hazard ratio 95% C1 p value
Lower Upper
Age
<50 years Reference
>50 years 1.61 1.00 2.58 0.049
Gender
Male Reference
Female 1.67 1.11 2.52 0.013
Surgeon 0.99 0.93 1.05 0.811
Technique
Chevron Reference
Callus 4.22 2.34 7.62 0.000
Dome 1.68 0.85 3.32 0.137
Closing 1.63 0.91 2.92 0.098
Opening 2.57 1.13 5.86 0.025

This study shows good to excellent survival rates for HTO at
10-20 years of follow-up. There was a gradually diminishing
survival of 75% at 10 years to 55% at 15 years and 40% at
20 years. Patient age, gender, surgeon and surgical technique
were demonstrated to be independent predictors of failure.
Chevron transfixation technique showed superior survival
rates, but a statistical significant difference was only found
when compared to dome osteotomy and open wedge oste-
otomy. BMI and pre- and postoperative anatomical axis were
not associated with conversion to arthroplasty. Early conver-
sion to arthroplasty was observed in the age group under
50 years. Tegner score, Lysholm score and pain were found
to be reasonable at follow-up. No statistical significance was
identified after univariate analysis or regression analysis.
The main limitation of this study is the uneven distri-
bution of patients over five different techniques; most
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Fig.2 Kaplan—Meier survival
curve for patients <50 years old 1.0+
(dashes line) and 50 years old or
more (solid line) after HTO
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Fig.3 Kaplan—Meier survival
curve for female (dashed line) 1.0
and male (solid line) patients
after HTO
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operations were performed using one technique (Chevron  the opening wedge osteotomy gaining more recent popu-
transfixation). Although this technique was favoured by  larity. The operations in this study were performed by 13
many surgeons, the use of an external compression device  different surgeons. This is due to the fact that we recorded
and the subsequent necessity of removal of this device and  data from a large time frame in which the members of staff
the pins made that this technique has been abandoned with ~ changed. However, we present a very large cohort of 223
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Fig.4 Kaplan—-Meier survival
curve according to surgical 1.0+
technique after HTO: chevron
(black), dome (green), closing
wedge (grey), opening wedge
(purple) and callus (blue) (col- 06
our figure online) ’
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Table 4 Lyshoqu score at ﬁnal Predictor Mean (SD)? P Difference 95% CI p value
follow-up according to patient
demographics, surgeon and Lower Upper
technique used for HTO
Age
<50 years 77.8 (19.2) 4.0 —-42 12.2 0.34
>50 years 73.8 (17.8)
Gender
Male 77.6 (16.4) 4.5 -32 12.2 0.25
Female 71.3(21.4)
BMI -0.19 0.12
Tibiofemoral angle
Pre-op 0.09 0.49
Post-op 0.05 0.86
Surgeon
n=12 0.79
Technique
Chevron 76.5 (18.2) 0.84
Callus 74.4 (20.7)
Dome 67.6 (24.7)
Closing 76.3 (17.9)
Opening 76.3 (14.3)
#Unpaired ¢ test
PPearson correlation
operations with an acceptable 9% of patients lost to follow- Predictors of conversion to TKA are severe arthritis

up and 18 patients who died. This is one of the largest cohort ~ (Ahlbeck > 3), advanced age (> 65), patellofemoral arthri-
studies reporting the medium- to long-term survival and tis, decreased ROM, previous arthroscopic debridement’s,
functional outcome of HTO in the literature. joint instability, lateral tibial thrust, undercorrection,
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overcorrection and loss of correction [3]. Howells addition-
ally found that WOMAC scores above 45 and BMI under
30 were predictors of improved survivorship [8]. However,
other studies found no association between BMI and survi-
vorship [9]. Therefore, the indications for a HTO are young
age (< 65 years), an active patient with isolated medial knee
arthritis (less than III Ahlbeck), good range of motion and
no ligamentous instability. The goal of the osteotomy should
be to overcorrect the mechanical axis to 1-8 degrees of val-
gus [2, 3, 10]. The current study has shown that age above
50 years or more, female gender, surgeon and surgical tech-
nique were predictors of failure. BMI and pre- and postop-
erative anatomical axis were not associated with conversion
to total knee arthroplasty in our study.

Bonasia et al. [3] performed a review of the survival of
open wedge and closing wedge osteotomy in 2014. The
survival rates for open wedge osteotomy were found to be
73-92% at 10 years and 71% at 15 years. Survival rates for
opening wedge osteotomy in the current study were less than
this with only 64% survival at 10 years and 45% at 15 years.
The closing wedge osteotomy demonstrated survival rates
of 79-97.6% at 10 years and 56-92.8% at 15 years, which
again is greater than the current study of 77% at 10 years
and 44% at 15 years. Naudie et al. [11] showed survival
rates of 75% at 5 years, 51% at 10 years, 39% at 15 years
and 30% at 20 years for the dome osteotomy. Whereas the
current study found the survival rates to be greater than this,
with 92% surviving at 5 years, 79% at 10 years and 58% at
15 years. For opening wedge osteotomy with hemicallotasis,
Weale et al. [12] published survival rates of 89% at 5 years
and 63% at 10 years. Our survival rates for this technique
were 77% at 5 years and 41% at 10 years. The survival rates
presented in this study for opening wedge, closing wedge
and hemicallotasis are slightly lower compared to the rates
found in current literature. Also, observed survival rates for
the opening and closing wedge techniques showed a more
rapid decline. However, for the dome osteotomy the survival
rates were superior to what was found in current literature.
To our knowledge, our study is the first to report on survival
rates for the Chevron technique.

This study showed a median Lysholm score of 75.5 and a
median Tegner score of 3 at 13 years follow-up. Bode 2015
found the average Lysholm score to be 76.6 at 60 months
after high tibial osteotomy [13]. In the healthy population,
Lysholm score was found to be 94 (range, 43—100), and the
average Tegner activity level was 5.7 (range, 1-10) [14]. The
postoperative Lysholm and Tegner scores for the reported
cohort are in line with what is found in current literature.
Although these scores are lower than for normal knees, we
find these scores acceptable for the postoperative status. An
Ahlbeck grade 0 arthritis of the lateral compartment and
excellent preoperative Knee Society score are found to be
related to a good functional outcome. Age above 65 years
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and postoperative knee flexion less than 120° were related
to a poor functional outcome [3]. In current study, no inde-
pendent predictors of functional outcome were identified.
This probably due to the fact that those patients with symp-
toms went on to be revised to a TKA.

Numerous techniques of HTO have been described since
Coventry first introduced the concept of HTO 45 years ago,
describing his closing wedge osteotomy [15, 16]. According
to his technique, a wedge of bone is removed on the lateral
side in order to create a valgus correction for varus deform-
ity. The closing wedge osteotomy is the golden standard.
More recently, the opening wedge osteotomy has gained
popularity because it was thought to be an easier technique
with less complications [2]. To create valgus correction
using this technique, a medial sided osteotomy is opened and
fixed; augmentation can be used to fill the opened osteotomy.
Other techniques include dome osteotomy, hemicallotasis
opening wedge osteotomy and osteotomy ‘En Chevron’
[17-23]. Brouwer et al. [1] performed a systematic review
but found no significant difference between effectiveness
of different techniques of HTO in a systematic review. The
most popular techniques currently are opening wedge and
closing wedge osteotomies [2]. Duivenvoorden et al. [24]
found no clinical or radiological difference in a randomized
controlled trial comparing these techniques. However, they
did find a higher conversion rate to TKR in the closed wedge
group.

The current study is unique because of the size of the
cohort and the fact that five different techniques are com-
pared. Opening wedge, closing wedge and dome osteotomy
are common techniques, and to authors knowledge this is
the first study to present long-term follow-up data for hemi-
callotasis and Chevron transfixation. These techniques are
no longer commonly used, due to the fact that an external
distraction or compression device is necessary. The use of
external devices yields the risk of pin tract infections. Also,
in the case of hemicallotasis technique repetitive visits to the
hospital are necessary for device adjustment. It is therefore
understandable that opening- and closing wedge techniques
have gained popularity in the last decades. The current study
does show that the chevron technique, despite the use of an
external device, has excellent survival rates, even better than
opening or closing wedge at 10, 15 and 20 years.

Conclusion

Patients above 50 years old or more, of female gender, the
surgeon and surgical technique are predictors of failure. At
risk, patients should be made aware of their increased rate
of failure of a HTO during the preoperative consent process,
where alternative surgical options could be discussed. Sur-
vival rates were found to be in line with the rates found in the
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current literature. Functional outcome and pain levels were
found to be reasonable at long-term follow-up. This study
confirms that HTO is an acceptable treatment for sympto-
matic medial osteoarthritis and refutes the decline in popu-
larity of HTO that is seen nowadays.
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