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Abstract

Purpose High tibial osteotomy is a well-established

method for the treatment of medial unicompartmental

osteoarthritis of the knee.

Methods We analysed retrospectively the long-term out-

come of open and closing wedge valgisation high tibial

osteotomies. Out of 71 patients, 54 (76%) were available for

the study. Survival rates and the influence of the osteotomy

type were investigated. Secondary outcome measures were

the course of radiological leg axis and osteoarthritis as well

as score outcomes.

Results During a median follow-up of 16.5 years (IQR

14.5–17.9; range 13–21), 13 patients (24%) underwent

conversion to total knee arthroplasty; the other 41 patients

(76%, survivor group) were studied by score follow-up as

well as clinical and radiological examinations. Osteotomy

survival was of 98% after 5 years, 92% after 10 years and

71% after 15 years. Comparison between open and closing

wedge high tibial osteotomy showed no significant differ-

ence in survival and score outcome. The median Visual

Analogue Score (VAS) was 0 (IQR 0–1; range 0–4), the

Satisfaction Index was 80% (IQR 63–89; range 30–100),

the median Knee Injury and Osteoarthritis Outcome Score

was 71 (IQR 49–82; range 9–100) and the median Western

Ontario and McMaster Universities Osteoarthritis index

was 84 (IQR 66–96; range 9–100). Radiological evaluation

showed only a slight progression of the degree of

osteoarthritis following the Kellgren and Lawrence classi-

fication. In each case, the axis passed through the healthy

compartment or at least through the centre of the knee.

Conclusion Open and closing wedge high tibial osteoto-

mies are a successful choice of treatment for unicompart-

mental degenerative diseases with associated varus in

active patients. Survival of both techniques is comparable

in our series and is associated with low pain scores, high

satisfaction and high activity levels of the survivors.

Keywords High tibial osteotomy � Long-term � Survival �
Knee osteoarthritis

Introduction

High tibial osteotomies are safe, effective and well-estab-

lished surgical techniques for the treatment of medial

unicompartmental osteoarthritis of the knee with associated

varus alignment. The aim of these procedures is to transfer

the mechanical load axis from the damaged knee com-

partment to the intact knee compartment. Different surgical

techniques for osteotomies have been described, whereas

during the period of the present study (1980s and 1990s)

mainly high tibial closing wedge osteotomies were carried

out for valgisation [7]. Correction of the mechanical load

axis leads to a regenerative process of the involved com-

partment, with reduction of subchondral sclerosis [2, 32],

and spontaneous regeneration of cartilage [8, 10, 17, 24,

25, 35].

There is a broad consensus that clinical results

5–10 years after osteotomy are good but that they deteri-

orate with time, as reported by Bonnin in a literature

analysis [6]. Coventry et al. reported osteotomy survival of

87% after 5 years and 66% after 10 years [8], and Naudie
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reported osteotomy survival of 73% after 5 years, 51%

after 10 years, 39% after 15 years and 31% after 20 years

[23]. The fact that results tend to deteriorate with time

(particularly after 15 years) has been confirmed in other

studies [3, 5, 18, 26, 29, 37].

The aim of the present retrospective study is to present

the long-term osteotomy survival and outcome for a con-

secutive series of patients with valgus osteotomies that

were fixed with stable implants around the knee for medial

unicompartmental osteoarthritis. We investigated whether

survival of open and closing wedge high tibial osteotomies

differ from each other and if the outcome in our series was

comparable to the literature.

Materials and methods

The present study was conducted as a retrospective clinical

and radiographic review for a consecutive series of patients

who underwent surgery at the University Hospital of Berne

(Switzerland) by the senior author (RPJ) from 1984 to

1992. Each patient who underwent a frontal plane valgi-

sation osteotomy of the proximal tibia during this

period was included; none were excluded. Indications for

osteotomies were symptomatic medial unicompartmental

degenerative diseases of the knee with an associated varus

alignment.

Seventy-one patients with 72 valgisation osteotomies

were identified. Fifty-four patients were available for

telephone survey of which 13 (13 knees) were converted to

total knee arthroplasty. The 41 osteotomy survivors were

available for score follow-up and 29 subjects were addi-

tionally available for radiological and clinical examination

(Fig. 1).

Open and closing wedge technique osteotomy was per-

formed proximally to the tibial tuberosity. Closing wedge

osteotomy was done by a modified Weber technique with a

step cut osteotomy to the proximal fibula. Fixation is

assured with a bent one-half tubular plate and two screws

[22, 36]. Open wedge osteotomy was performed by a

release of the medial collateral ligament. An autologous

tricortical bone graft from the iliac crest was inserted into

the osteotomy gap and stabilised with a plate. An addi-

tional knee arthroscopy was not systematically carried out.

Postoperatively, the patients were allowed full motion with

partial weight bearing (15 kg) in a removable splint for six

to eight weeks until osteotomy consolidation.

By means of a telephone survey, patients were inter-

viewed and divided into two groups: osteotomy survivors

and patients converted to total knee arthroplasty. For the

latter group, the length of time between the osteotomy and

the conversion was recorded. The survival analysis

according to the Kaplan–Meier method was considered to

be the primary endpoint, with conversion to total knee

arthroplasty as the endpoint. All remaining patients (sur-

vivors) were invited to a clinical and a radiological

investigation.

Survivors were scored according to the Knee Injury

and Osteoarthritis Outcome Score (KOOS) at follow-up

[27]. KOOS includes the Western Ontario and McMaster

Universities Osteoarthritis index (WOMAC) [4] and can

therefore be calculated. Further outcome measurements

were the Visual Analogue Scale (0–10) [14] and the Satis-

faction Index (0% = minimal satisfaction, 100% = maxi-

mal satisfaction). Patients were asked about their activity

during work and sport and were divided into six activity

groups (Table 1), and their body mass index (BMI)

calculated.

The range of motion and effusion were determined on

clinical examination.

Radiological investigation at the time of review con-

sisted of standard weight-bearing anteroposterior radio-

graphs and lateral radiographs of the knee, as well as a

weight-bearing full-leg length view. These images were

compared with preoperative and postoperative radiographs,

and the degree of osteoarthritis according to the classifi-

cation of Kellgren and Lawrence determined and compared

[16]. The passage of the mechanical load axis in the knee

was evaluated according to Fujisawa, whereby 0% repre-

sents the centre of the knee and 100% the medial or lateral

Fig. 1 Patient flow-chart
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border of the tibia [10]. Measurements have been taken by

three of the authors independently. Maximal intraobserver

measurement deviation was for the Fujisawa scale 5% and

for the Kellgren and Lawrence classification one degree.

The average value was taken in these cases.

Statistical analysis

Data are the median with interquartile range (IQR) and

range. Survival analysis was calculated according to the

Kaplan–Meier method with confidence intervals of 95%.

Significance was calculated with the Mann–Whitney test or

the Log-rank test, considering P \ 0.05 as significant.

Calculations and illustrations were done with MedCalc�

Software (version 10.4.8.0; Mariakerke, Belgium).

Results

The median age of the osteotomy survivors at surgery was

40 years (IQR 31–58; range 15–68) and at follow-up

58.5 years (IQR 50–73; range 35–87). Thirty-seven

patients were men and 17 were women; 29 knees were left-

sided and 26 were right-sided. The median period of

follow-up after surgery of the 54 available patients was

16.5 years (IQR 14.5–17.9; range 13.0–21.1). The indica-

tion for osteotomy was a degenerative disease in 29 cases,

instability associated with osteoarthritis of the knee in 15

cases and a previous fracture around the knee with con-

secutive osteoarthritis in 10 cases.

Primary outcome was defined as survival of the osteot-

omy without conversion to total knee arthroplasty. Oste-

otomy survival after 5 years was 98% (CI, 95–100%), 92%

(CI 86–99%) after 10 years and 71% (CI 58–85%) after

15 years. Figure 2a shows the Kaplan–Meier survival

analysis. One patient received the total knee arthroplasty

within 2 years, three between 6 and 9 years and the others

(nine) between 10 and 15 years after osteotomy. Compar-

ison between open and closing wedge HTO showed no

significant difference in survival (P = 0.76; Log-rank test;

Fig. 2b). Indication for TKR was in all cases progressive

pain in association with progression of osteoarthritis on the

radiograph. The case revised after a year had an initial

undercorrection of the osteotomy with persisting varus

alignment and therefore no pain relief. The three cases

revised between 6 and 9 years were borderline indications,

one with associated chondrocalcinosis and two with asso-

ciated instability of the anterior cruciate ligament.

Table 1 Activity levels 13–21

years after high tibial

osteotomies

Level Activity Patients (%)

0 Immobile, wheelchair 0

1 Mobile with crutches or other walking aid or limited walking 0

2 Mobile without walking aid 29

3 Light sporting activity such as hiking, cycling, swimming or

comparable professional activity

52

4 Intense sporting activity such as skiing, jogging, tennis or

soccer or comparable professional activity

19

5 High competition sporting activity 0

Fig. 2 a Kaplan–Meier survival curve after osteotomy with total

knee arthroplasty as the endpoint and 95% confidence intervals.

b Kaplan–Meier survival curve comparing open and closing wedge

HTO with total knee arthroplasty as the endpoint
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The median Visual Analogue Scale (0–10) at follow-up

was 0 (IQR 1–0; range 0–5). The median Satisfaction Index

(0–100%) at follow-up was 80% (IQR 63–89; range

30–100). On clinical examination, the median range of

motion was 130� (IQR 116–139; range 85–145) flexion and

0� (IQR 0–6; range 0–10) extension. Effusion was absent

in 69% (20) of patients and slight in 31% (9). No marked

instability was recorded, including for the remaining

patients with initial associated instability. The median BMI

at follow-up was 25 (IQR 21–29.5; range 19.5–36.7).

KOOS and WOMAC scores are presented in Fig. 3. The

median KOOS score was 71 (IQR 49–82, range 9–100) and

the median WOMAC score 84 (IQR 66–96; range 9–100).

Comparison between patients with open and closing wedge

osteotomy in terms of KOOS and WOMAC showed no

significant difference (P = n.s.).

On the activity scale, 29% of osteotomy survivors were

at level 2, 52% at level 3 and 19% at level 4. None of the

survivors were at level 0, 1 or 5 (Table 1).

Radiological evaluation showed slight progression of the

degree of osteoarthritis following the Kellgren and Law-

rence classification [16] from osteotomy until follow-up

from grade 2 (IQR 1–2.25; range 1–3.5) to 3 (IQR 2–3; range

1–3) in the medial compartment and grade 0 (IQR 0–0.75;

range 0–1) to 1.25 (IQR 1–2; range 0–4) in the lateral

compartment. In each case, the axis before surgery passed

through the diseased compartment, whereas in the follow-up

control the axis passed in each case through the healthy

compartment or at least through the centre of the knee

(Fig. 4). The median correction was 10� (IQR 9.25–13.5;

range 7–18) from an anatomical femorotibial angle of 178�
(IQR 175–181; range 171–184) preoperatively to 190�
(IQR 188–190; range 184–190) postoperatively. The mean

loss of correction till follow-up was -2� (IQR -2 to 0;

range -3 to 1).

Discussion

The most important finding of the study is the high survival

rate of HTO after 5 (98%), 10 (92%) and 15 (71%) years.

This is slightly superior to other reports from Western

countries [5, 8, 12, 23, 26, 29, 34]. Only two Japanese and

one French reports show higher osteotomy survival after

15 years (90–93%) [3, 9, 18]. This demonstrates that os-

teotomies around the knee can have a similar survival as

joint arthroplasties.

We present one of the longer follow-up periods after

valgisation osteotomies of the knee for unicompartmental

degenerative diseases. Similar long-term follow-up studies

have also been done by other authors [3, 5, 8, 18, 23, 26,

29, 37]. However, 24% of our patients were unavailable for

follow-up: six died, six moved abroad and six were lost to

follow-up. This may compromise evaluation but is often

unavoidable in a long-term follow-up of up to 21 years. In

the present study, this was associated with low levels of

pain as indicated in the Visual Analogue Scale, a high

Satisfaction Index and good scores in the KOOS and

WOMAC evaluations. These data also showed that oste-

otomy survivors, despite having a mean age of 61 years,

had a high level of activity. Patients showed good average

joint mobility, no marked instability and none or minor

effusion. In radiological evaluations, the mechanical axis

passed through the opposite (lateral) compartment for all

patients and the loss of correction was minimal. To achieve

the exact planned correction during operation may be one

of the key factors for good long-term results. Only a

moderate increase of osteoarthritis was observed in the

radiographic evaluation. Given that an additional knee

Fig. 3 KOOS and WOMAC scores at follow-up for osteotomy

survivors. The KOOS subscales are pain, other symptoms, function in

daily living (ADL), function in sport and recreation (Sport) and knee-

related quality of life (QOL). The WOMAC subscales are pain,

symptoms/stiffness and function in daily living

Fig. 4 Load axis distribution of valgisation osteotomy survivors:

preoperative, postoperative and at follow-up based on knee crossing

point of the Fujisawa scale
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arthroscopy was not performed on a regular basis, an

evaluation of the preoperative condition of the cartilage

and its role as a possible predictor for clinical outcome is

not possible. To determine the severity of preoperative

osteoarthritis, the classification of Kellgren and Lawrence

was used [16].

Looking at patients converted to TKA, most operations

were performed more than 10 years after HTO. Generally,

osteoarthritis progressed and increasing symptoms led to

indication for surgery. As full-leg radiographs are only

done occasionally and not all files were available, a pro-

found analysis is not possible. We therefore could not draw

predictable reasons for failure out of this data.

We investigated the differences between open and

closing wedge HTO and found similar results with respect

to survival and functional outcome of the survivors.

However, these results must be approached with caution as

the case number of patients with open wedge HTO was

small. Literature comparing clinical outcome after open

versus closing wedge HTO is very limited and long-term

comparisons are completely lacking [13].

Our results not only confirm the long-term effectiveness

of valgisation high tibial osteotomy as treatment for medial

compartment osteoarthritis, but there is also evidence that

the open wedge technique can have a similar long-lasting

effect as the traditional closing wedge high tibial osteot-

omy. This has a high clinical relevance as nowadays an

increasing percentage of HTO are done using the open

wedge technique, and long-term experiences are very

limited.

After the ‘success story’ of total knee arthroplasty in the

1980s and 1990s, a revival of osteotomies around the knee

is occurring. The osteotomy technique has significantly

improved since patients in the present study underwent

surgery [1, 15, 19, 30, 31]. New plates with angular sta-

bility allow open wedge osteotomies without bone grafting

[30]. A more aggressive rehabilitation programme with a

reduced risk of secondary dislocation is possible. Arthro-

plasties have shown their limitations with respect to inex-

plicable persisting pain, unsatisfactory flexion, chronic

synovitis (polyethylene debris) and infections with multi-

resistant germs [20, 28, 33]. From our viewpoint, osteot-

omies around the knee are an ideal surgical treatment of

unicompartmental degenerative diseases with associated

varus for active patients. Activity demands are more cru-

cial than the chronological age of the patient, so the age of

65 years should not be considered to be the upper limit.

Unicompartmental arthroplasties are, in the case of main-

tained ligamentous stability and minor varus alignment, a

potential alternative. Total knee arthroplasties should be

reserved for unicompartmental or bicompartmental dis-

eases in older and/or lower-demanding patients.

The success of osteotomies depends primarily on correct

indication. Patients should have good pain tolerance

because a low pain threshold is often a negative factor in

the outcome of the treatment of musculoskeletal disease.

Precise planning as stressed by Fujisawa (who showed the

importance of correct positioning of the mechanical axis)

as well as appropriate surgical technique achieving the

desired correction are fundamental [10, 11, 21].

Our study has some limitations. Firstly, it is a retro-

spective study with the innate shortcomings of such a

design. Despite scrupulous efforts, data collection is not

complete. Up to 21 years after surgery not all patients’ files

were entirely available and patient history was often clip-

ped, making a coherent list of complications impossible.

Furthermore, the different subgroups such as patients with

an additional instability are too small to permit evident

conclusions.

Conclusion

In summary, we found open as well as closing wedge high

tibial osteotomies to be a successful and long-lasting

method of treatment for unicompartmental degenerative

diseases with associated varus in active patients. Survival

of both techniques is comparable in our series and is

associated with low pain scores, high satisfaction and high

activity levels of the survivors.
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