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Abstract We have investigated, in a prospective study, the
outcome of a valgus osteotomy of the tibia in patients less
than 60 years of age with arthrosis of the medial
compartment and a varus angle of no more than 177.7°.
Included in the study were 44 high tibial osteotomies
(HTO) performed in 42 patients from 1981 until 1996.
There were 35 females (2 bilateral) and 7 males, with an
average age of 51 years (range: 30–60 years). Only patients
in the first three grades, according to Ahlback’s classifi-
cation, were included. During a mean follow-up period of
10 years (range: 5–17 years), all but 2 patients experienced
pain relief. The average loss of postoperative correction at
10 years was 2.4°. The average postoperative Hospital for
Special Surgery Knee Rating System score (HSSK) for
patients with excellent or good results was 83.5 points.
Survivorship analysis showed a success rate of 80% and
66% at 10 and 15 years respectively, and over 52.8% at
17 years of follow-up. HTO results in redistribution of the
main stresses towards normal levels, although normal
values are never attained. This is probably the reason why
patients experienced good results only in the medium term.

Résumé Nous avons réalisé une étude prospective sur le
devenir des ostéotomies tibiales de valgisation chez les
patients de moins de 60 ans, présentant une arthrose du
compartiment médial du genou et un varus qui était
toujours inférieur à 177,7°. Nous avons inclus dans cette
étude 44 ostéotomies tibiales proximales, réalisées chez 42
patients de 1981 à 1996 (35 sujets féminins don’t 2
ostéotomies bilatérales et 7 sujets masculins). L’âge moyen
était de 51 ans (entre 30 et 60). Seuls les patients présentant

une lésion classée dans les trois premiers grades de la
classification d’Ahlback ont été inclus. Après un suivi
moyen de 10 ans (entre 5 et 17 ans), tous les patients ont été
revus sauf deux. La perte de correction à 10 ans était de
2,4°. Le score HSSK était de 83,5 points (excellents et bons
résultats), la courbe de survie a été de 80% à 10 ans et 66%
à 15 ans, 52,8% à 17 ans. L’évolution de l’ostéotomie
tibiale proximale montre qu’avec le temps se produit une
récidive de la déformation ce qui explique de bons résultats
uniquement à moyen terme.

Introduction

Proximal tibial osteotomy remains the treatment of choice
for patients suffering from medial compartment degener-
ative arthritis. Mayer (1853) was the first to report tibial
osteotomy for the correction of a valgus knee. The use of
tibial osteotomy for the treatment of degenerative arthrosis
of the knee was initially described in 1958. The osteotomy
was “cup shaped,” below the tibial tubercle, and it was
combined with osteotomy of the fibula. Some years later,
the same technique was performed above the tibial tubercle
[16]. The technique was subsequently popularised through
the successful use of the Gariepy osteotomy, a closed-
wedge osteotomy with excision of the fibula head [9, 11].
Open-wedge osteotomy for the treatment of degenerative
arthritis of the medial compartment did not have similar
favourable results [2]. In this series, only cases falling into
the first three categories of Ahlback’s classification were
included, thus representing, a more homogenous group of
patients than those so far published. The proximal tibio-
fibular syndesmosis was dissected, with excision of its
articular cartilage. After removal of the osseous wedge, a
valgus stress was applied to the knee and the gap was
closed. The osteotomy was fixed securely with one or two
staples. Following the first 10 years, a definite functional
and radiological deterioration was noticed, indicating that
high tibial osteotomy (HTO), for patients under 60 years of
age suffering from early arthrosis, gives good results only
in the medium term.
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Materials and methods

Forty-two patients were selected at random for the
prospective study. These patients suffered from medial
compartment degenerative arthritis, and underwent prox-
imal tibial osteotomy during the period 1981–1996. There
were 35 female (2 bilateral) patients and 7 male patients,
and the average age was 51 years (range: 26–60 years). The

main preoperative symptoms were increased pain asso-
ciated with daily activities (use of stairs, sitting and rising
from a chair), intermittent swelling of the knee (related to
activity), and, in some cases, bowing of the affected leg.
The duration of symptoms before the operation ranged
from 1 to 4 years. None of the patients had pain at rest. On
clinical examination, the mean flexion of the knee was
100°. The mean varus deformity of the knee, as measured

Table 1 Age and sex of the patients, preoperative and postoperative angle, follow-up time, loss of angle correction, and revisions

Age and sex of patients Preoperative angle Postoperative angle Follow-up (years) Loss of correction Outcome

1 51, female 185 191 17 5°
2 54, female 182 187 17 2°
3 52, female 183 188 16 3°
4 56, male 182 187 15 7° Revision
5 48, female 184 190 15 3°
6 60, male 184 189 14 4°
7 40, female 180 186 14 6° Revision
8 52, female 183 189 14 3°
9 59, female 184 190 13 5°
10 57, female 184 191 13 4°
11 57, female 185 192 13 5°
12 51, male 180 187 12 5° Revision
13 45, female 184 189 12 3°
14a 51, female 177 183 12 3° Bilateral
14b 176 185 12 2° Osteotomy
16 53, female 175 185 11 2°
17 54, female 177 186 11 2°
18 55, female 176 182 11 3°
19 53, female 175 185 10 2°
20 55, female 178 184 10 2°
21 49, female 176 186 10 3°
22 38, male 175 187 10 4°
23 32, female 175 181 10 2°
24 49, male 177 187 9 3°
25 50, female 176 185 9 1°
26 54, female 175 180 9 2°
27a 55, female 176 187 9 1° Bilateral
27b 175 186 9 2° Osteotomy
29 52, female 175 181 9 4° Revision
30 52, female 177 186 9 3°
31 53, female 175 184 8 3°
32 48, female 176 182 8 2°
33 47, male 178 187 8 1°
34 50, female 175 180 8 2° Revision
35 30, female 176 186 8 4°
36 58, female 175 188 8 3°
37 51, female 175 182 7 5° Revision
38 53, female 174 185 7 3°
39 55, female 172 180 7 4° Revision
40 47, female 170 181 7 2°
41 50, female 173 186 5 5° Revision
42 49, male 174 180 5 6° Revision
−43 52, female 178 186 0.6 0° Failure
−44 60, female 179 187 0.6 0° Failure

7,821: 44=177.7° 8,176: 44=185.8° Average correction angle 8.1°
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on plain roentgenograms in the weight-bearing position,
was 177.7°. Only patients in the first three grades of
Ahlback’s classification [3] were included in the study. The
involvement of the medial compartment of the knee joint is
an important factor for the inclusion criteria and irrelevant
to the degree of varus deformity or the loss of valgus angle.
Fourteen knees were grade 1, 10 were grade 2, and 20 were
grade 3. In 13 knees, the average preoperative varus angle
was 2°, in 24 knees 3.3°, and in 7 knees 7.4°. The mean
varus deformity of knees, as measured on plain roentgen-
ograms in the weight-bearing position, was 4.2°.

A lateral incision was used, and the insertions of the
patellar tendon and the proximal tibio-fibular syndesmosis
were identified. The proximal cut of the osteotomy was
0.5 cm above the insertion of the patellar tendon, and
parallel to the knee joint. The distal cut of the osteotomy
was done at the same angle as the desired angle of
correction. At this level of osteotomy, 1 cm at the base of
the wedge was almost equivalent to 10° of correction.

The anterior cortex was cut with a saw and the posterior
cortex with an osteotome. The medial cortex remained
intact. The proximal tibio-fibular syndesmosis was dis-
sected, with excision of its articular cartilage. After
removal of the osseous wedge, a valgus stress was applied
to the knee, which caused a fracture of the medial cortex,
and closed the gap. This resulted in anatomical valgus
correction of 5–7°. The osteotomy was fixed securely with
one or two staples.

Starting from the first postoperative day, the patients
were encouraged to perform strengthening exercises for the
quadriceps muscle, and partial weight-bearing (with the use
of crutches) was allowed. The fragments of the osteotomy
healed in a mean time of 7 weeks postoperatively.

Results

The mean follow-up time was 10 years (range: 5–17 years).
Two osteotomies were considered failures, as these patients
experienced continuous pain after the procedure. Two
patients had a superficial postoperative infection and 1
patient had a pulmonary embolism; these cases were

successfully managed. In 2 patients, an undisplaced
fracture of the medial tibial plateau was fixed with one
cancellous screw. In 37 out of 42 patients marked pain
relief was obtained, and they were satisfied with the results
of the operation. Despite the obvious elongation of the
lateral elements during the closure of the osteotomy, no
lateral thrust was noticed. The lack of lateral thrust is
probably due to the shrinkage of these structures during the
postoperative period, providing sufficient support for the
lateral part of the knee joint. The average loss of correction
for the 42 knees was 3.2°. Nine patients subsequently had
successful knee arthroplasty.

The majority of patients regained almost normal func-
tion at an average of 6 months after osteotomy, and were
pain-free. At 6 months’ follow-up, 2 patients (4.5%)
continued to have constant pain and decided to seek advice
from another orthopedic unit. At 5 years’ follow-up, 25
patients (27 knees, 61.3%) were classified as having
excellent outcomes, 9 patients (9 knees, 20.4%) good, 3
patients (6.8%) fair, and 3 patients (6.8%) poor results. At
10 years’ follow-up, 12 patients (27.2%) had excellent
results, 4 patients (9.09%) good, 2 patients (4.5%) fair, and
3 patients (6.8%) poor results. At 10–15 years’ follow-up, 2
patients (4.5%) had excellent results, 6 patients (7 knees,
15.9%) had good results, 5 patients (11.3%) had fair results,
and 2 patients (4.5%) had poor results (Table 1).

The Hospital for Special Surgery Knee Rating System
(HSSK) was used for evaluation of the patients. The
average preoperative score (HSSK) was 52 points, the
average postoperative score for patients with excellent or
good results was 83.5 points, and the average score for
patients with fair or poor results was 58.83 points.

With regard to the radiological results (Figs. 1, 2, the
mean varus preoperative deformity of knees, as measured
on plain roentgenograms in the weight-bearing position,
was 4.2°. The average preoperative angle was 177.7° and
the average postoperative angle was 185.8°, achieving an
average correction angle of 8.1°. Nine knees were over-
corrected, with an average angle of 189.8°. The average
loss of postoperative correction for 24 knees (23 patients),
with a follow-up of 10 years, was 2.8°, and the average loss
of postoperative correction for 18 knees (17 patients), with

Fig. 1 Preoperative X-rays of a
varus knee due to medial com-
partment arthritis. Postoperative
X-rays of the correction at
12 years’ follow-up. Note the
enormous osteophytes at the
upper and lower patella poles.
Nevertheless, the medial com-
partment is still functioning and
the patient is pain-free on
walking
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a follow-up of more than 10 years, was 3.7°. Average loss
of correction in the series was 3.2°.

Statistical analysis was carried out using GraphPad
Software (San Diego, CA, USA, http://www.graphpad.com).

– Average preoperative angle = 177.7°
– Average postoperative angle = 185.8°
– Average correction = 8.1°

The preoperative and postoperative means are mean ±
SEM 177.8±0.5880, n=44 and mean±SEM 185.6±0.4837,
n=44 respectively. The difference between the means is
−7.841±0.7614, the 95% confidence interval 6.325 to
9.357, with a p value of <0.0001.

– Over-correction in 9 knees with average angle = 189.8°
– Average loss of correction = 3.2°
– Average loss of correction in patients with follow-up

over 10 years = 3.7°

The survivorship analysis showed a success rate of 80%
and 66% at 10 and 15 years respectively, and over 52.5% at
17 years’ follow-up (Fig. 3).

Discussion

Proximal tibial osteotomy is the treatment of choice for
early degenerative arthrosis of the knee. The results are
more favourable if the level of the osteotomy is proximal to
the tibial tubercle; the cancellous bone heals rapidly and the
risk of nonunion or delayed union is low. Osteotomy was
once the only surgical regime giving reliable medium-term
results, mainly attributed to the correction of the leg axis
and the so-called biological factor. HTO for medial
compartment arthrosis has been described extensively [1,
6, 9, 11, 13, 15, 24] There are three types of osteotomy: the
open-wedge, the closed-wedge, and the dome-shaped [6].
To achieve the desired degrees of correction, osteotomy of
the fibula or detachment of the upper tibio-fibular syndes-
mosis must first be performed [19]. There is a possible risk
of damaging the peroneal nerve [5]. The osteotomy can be

fixed securely by staples, plates, and screws, by external
fixation or without internal fixation [1, 4, 10, 12, 18].

All operations in this study were performed by the senior
author (G.P.), using a lateral wedge excision osteotomy,
less than 1 cm above the tibial tubercle, with disruption of
the upper tibio-fibular joint. Following closure of the
osteotomy, stable fixation was accomplished with one or
two staples and the patients were encouraged to carry out
weight-bearing activities in order to increase the compres-
sion forces at the level of the osteotomy. No cast was used
for protection of the osteotomy site because of the security
and stability of this technique.

The success of an osteotomy has been attributed to the
following factors: correction of the malalignment and
unloading of the medial compartment [22], redistribution
of load [4], as has been shown by photoelasticity
experimental studies [21], and decongestion of the vascular
inflow of the area [14].

Some 5- to 10-year studies have shown a tendency to
deteriorate [9, 15, 24]. Long-term results of HTO show a
progressive deterioration, although there is a discrepancy
between good clinical function and a poor radiological
appearance [7, 15, 22, 24, 25].

Fig. 2 Preoperative X-rays of a
varus knee joint due to medial
compartment arthritis. Postoper-
ative correction at 15 years’
follow-up. Tri-compartmental
arthritis has developed. The pa-
tient complained of pain in his
daily activities

Fig. 3 Survivorship analysis with a success rate of over 52% at
17 years’ follow-up.
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The amount of correction remains a matter of con-
troversy. Overcorrection is recommended by a number of
investigators, who have observed better results [9, 17, 20,
25] but, overcorrection may create cosmetic problems or
difficulties with future revisions. Average loss of correction
in our study was 3.2° and at 10–15 years 3.7°. Overcor-
rection in our series favourably influenced the long-term
results.

Lowering of the patella [22, 23] was not observed,
probably because of the small amount of bone removed and
the immediate mobilisation of the patients.

Results in our study were correlated with the length of
follow-up. Excellent or good results were obtained with
81.7%, 38.6%, and 20.4% of the patients attending the
follow-up after 5, 10, and 15 years respectively. There is
also a correlation between clinical results and radiological
appearance. Patients with fair or poor results complain of
pain and reduced activity. The results of this prospective
study are similar to those of other studies [2, 4, 5, 8, 13, 22]
and demonstrate that the beneficial effects last 10–15 years
postoperatively.

What is questionable is the longevity of the good results
following osteotomy; in our opinion, good results were
fewer than expected in patients suffering early arthrosis.

In a medial compartment knee joint arthrosis, the
inclination of the leg axis increases the acting forces in
the medial condyles. HTO for knee medial compartment
arthrosis restores the axis of the leg and rearranges the
contact stresses in the articular cartilage; in fact, it
redistributes internal stresses in the condyles and reduces
the increased contact stresses in the articular surfaces but
does not achieve normal values [21]. This is probably the
reason why patients experienced only medium-term good
results following corrective osteotomies; in our view it also
explains why in cases without severe destruction of the
articular cartilage and in patients less than 60 years of age
with early return to continuous activities, the beneficial
results of the osteotomy do not last for a longer period of
time.

Conclusions

High tibial osteotomy is a safe procedure for patients under
60 years of age, suffering early arthrosis, and allows
immediate mobilisation. The successful medium-term
good results are attributed to the fact that corrective
osteotomy redistributes the main stresses toward normal
levels, but normal values are never attained. HTO buys
time for patients, and allows them to lead a normal life for
10–15 years.
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