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Abstract The objective of this work was firstly to evaluate
the long-term results of medial opening wedge high tibial
osteotomy (HTO) and secondly to evaluate the tolerance
and integration of a Biosorb® wedge (β Tricalcium
Phosphate, SBM Company, Lourdes, France). The series
consisted of 124 knees in 110 patients, 74 men and 36
women, with mean age of 53.23±10.68 years (range 32–74)
and treated between June 1995 and November 2000 for
medial compartment knee osteoarthritis by the senior
author. The mean preoperative Lysholm and Tegner
functional score was 65.44±13.32 (range 27–80) and the
preoperative HKA angle was 172.51°±3.8° (range 162–
179°). According to the modified Ahlbäck classification
there were 27 stage I, 42 stage II, 44 stage III and 11 stage
IV knees. All patients were reviewed clinically and
radiologically with a mean follow-up of 10.39±1.98 years
(range 8–14 years). Immediate postoperative complications
consisted of nine undisplaced lateral tibial plateau fractures
of no clinical significance, two deep vein thromboses and
three pulmonary emboli which resolved with appropriate
treatment. At a later stage, there were seven delayed unions
without development of pseudarthrosis, and three screw
breakages when the AO T-plate was used, leading to a
secondary angulation in one case, requiring revision by
femoral osteotomy. Postoperative mean weightbearing
HKA angle was 182°±1.8° (range 178–186°) and 73.4%

of axes were 184°±2°. Fifteen knees (12.1%) underwent
total knee arthroplasty (TKA) after a mean delay of 8.87±
3.04 years and were excluded from the final analysis.
Concerning the long-term results (n=107 knees), the mean
Lysholm-Tegner score was 88±12.7 points (51–100) and
the KOOS score was 86±14.6 points (25–100) with 94
patients satisfied or very satisfied (87.85%). In terms of the
HTO survivorship curve, with failure consisting of revision
to TKA or another operation, survival was 88.8% at
five years and 74% at ten years. Concerning Biosorb®,
this was completely integrated in 100% of cases and there
was complete resorption in 12.1% of cases and greater than
50% resorption in 52.3% of cases.

Introduction

Medial opening wedge high tibial osteotomy was first
described in the 1950s [15, 17] for the surgical treatment
of osteoarthritis of the knee with varus deformity. Since
then, several publications have shown consistently pleasing
results [1, 2, 6, 8, 11, 13, 16, 19, 22, 26, 31]. Lateral closing
wedge osteotomy, popularised by Coventry in the Anglo-
American literature [5] and by Judet in France [17] was the
technique of choice for many surgeons. However, although
this technique seems easy to perform, it carries with it a
number of issues such as the need to perform a fibula
osteotomy, the risk of compartment syndrome or injury to
the common peroneal nerve, malunion of the proximal tibia
and the potential of inaccurate bony resection resulting in a
failure to achieve the preoperative objective of correcting
the deformity with acceptable precision [35]. The opening
wedge medial osteotomy, described in France by Debeyre
and Artigou in 1972 [7], avoids the majority of the issues
associated with closing wedge osteotomy. However, its
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popularity was limited for a long time by the need to fill the
osteotomy site with bone graft harvested from the iliac crest
with its associated morbidity. To address this problem,
Goutallier et al. [10] proposed a wedge of bone cement to
fill the osteotomy, but this modification of the technique
has not gained the support of many surgeons. In the 1990s,
plates with integrated metal wedges [9] and biomaterials
designed to fill the osteotomy site became available. We
performed lateral closing wedge osteotomies for many
years but then started to use Biosorb® wedges (β tricalcium
phosphate, SBM Company, Lourdes, France) in 1993,
initially intermittently, then routinely from 1995. To date,
in our department, we have used these wedges in nearly
600 cases with much success.

Following this experience, the objective of this work was
firstly to evaluate the long-term results of medial opening
wedge high tibial osteotomy (HTO) and secondly to
evaluate the tolerance, integration and resorption of
Biosorb® wedges.

Material and methods

The series consisted initially of 132 knees in 118 patients
operated upon by a single surgeon (DS) between June 1995
and November 2000. Eight knees were excluded (two died
and six were lost to follow-up) such that our series was
reduced to 124 knees (110 patients). It consisted of 74 men
(87 knees) and 36 women (37 knees) with mean age of
53.23±10.68 years (range 32–74). We operated on 57 right
knees and 67 left knees. Mean body mass index (BMI) was
27.1±4.37 (range 19.47–44.44).

For functional assessment, we used the Lysholm–Tegner
score [34] to evaluate patients, both preoperatively and
postoperatively. We felt this scoring system was better
adapted than the IKS score usually used to evaluate surgical
treatment for knee osteoarthritis. Preoperative mean score
was 65.44±13.32 points (range 27–80).

For radiological evaluation, we routinely used AP and
lateral standing views, a Schuss view (single leg flexed
standing view), a patella skyline view and weight-bearing
long-leg alignment views. We measured the angle of axial
deformity (HKA angle) and evaluated the degree of arthritis
according to the modified Ahlbäck staging system [29]. We
operated on 27 stage I knees (22%), 42 stage II (34%), 44
stage III (35%) and 11 stage IV knees (9%). The mean HKA
angle using the Ramadier protocol [25] was 172.51°±3.8°
(range 162°–179°).

The Biosorb® wedges used in this series are com-
posed of beta tricalcium phosphate with purity of greater
than 95%, porosity of 30% total volume and with pores
of diameter between 140 and 400 microns. The load to
failure in compression is 80 MPa. They are wedge

shaped (Fig. 1) with a base width ranging from 6 to
17 mm.

With regard to operative technique, the objective was to
obtain an HKA angle of 184°±2°. To attain this goal, we
routinely simulated the medial opening with tracing paper
superimposed over long-leg alignment radiographs (100%
magnification was used at the time of the study), which
permitted us to estimate the size of the wedge required. In
addition, we were able to monitor the correction intra-
operatively having identified the position of the centre of
the femoral head using an image intensifier and marking it
by placing an adhesive ECG electrode on the overlying
skin. This allowed us to control the axis relatively easily, by
holding a large suture proximally over the electrode
palpable through the drapes, stretching down across the
knee to the distal end overlying the centre of the ankle joint.
In general, we used a wedge which corresponded to the
degree of opening required; for example, a wedge of base
6 mm to create 6° opening or a 10 mm wedge to open 10°.
The technique of the opening osteotomy itself is still the
same as we use today and we have described this in detail
previously [28, 29]. In addition to the Biosorb® wedge, we
used a two- or three-hole AO T-shaped plate and screws to
stabilise the osteotomy.

All patients were contacted by telephone and asked to
complete a questionnaire to establish a postoperative
Lysholm–Tegner score and a KOOS score [27]. In addition,
they all had AP and lateral knee radiographs to evaluate the
integration and resorption of the Biosorb® wedge. We
considered the wedge to be completely integrated when
there was no lucency between the wedge and the bone and
the impression of bone penetration into the wedge (Fig. 2).
With regard to its resorption, we tried to quantify it by
comparing the state of the wedge in comparison to the
immediate postoperative film. Thus, we have been able to

Fig. 1 Biosorb® wedges
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define six stages of resorption: stage 1, with less than 20%
resorption; stage 2, with between 20 and 40% resorption;
stage 3, with between 40 and 60% resorption; stage 4, with
between 60 and 80% resorption; stage 5, with between 80
and 100% resorption; and stage 6, for 100% resorption.

For statistical analysis, we used the chi-squared test or
Fisher’s exact test to compare the qualitative variables and
the Mann-Whitney test to compare quantitative variables.
The level of significance (p value) was 0.10. Statistical
analysis was performed using SPSS (version 13.0; SPSS
Inc., Chicago, IL, USA) including analysis of long-term
survivorship. Univariate survivorship analysis was done
according to the Kaplan-Meier method. We considered all
surgical revisions either by total knee arthroplasty (TKA) or
another operation (e.g. new osteotomy) as failures.

Results

In terms of complications, per-operatively there were
nine lateral tibial plateau fractures without impact on
either the postoperative rehabilitation or final result. We
had no infection in this series. Two patients developed
postoperative deep vein thrombosis (DVT) and three
patients, a pulmonary embolism (PE). These complica-
tions resolved after appropriate treatment with antico-
agulation. Three other patients had failure of fixation
(screw breakage) following premature weight-bearing.
One of them had a secondary loss of angulation (high
BMI) and required revision two years later with a new
osteotomy at the femoral level to correct the deformity.

All osteotomies united completely. However, seven knees
had delayed union which required deferring weight-
bearing for a few weeks. Full weight-bearing was
allowed, in general, on or around the 60th postoperative
day (mean delay of 8.3±2.2 weeks; range 3–17).

Fifteen knees (12.9%) were revised by total knee
arthroplasty (TKA) at a mean of 8.87±3.04 years postop-
eratively. This secondary intervention was uneventful and
the wedge did not hinder the implantation of the prosthesis
(Fig. 3).

In terms of postoperative radiological results at
three months, the mean HKA angle was 182.03°±1.8°
(range 178°–186°) such that the objective of 184°±2° was
achieved in 73.4% of cases.

At mean follow-up of 10.39±1.98 years (range 8–14 years),
the mean KOOS score of unrevised patients (n=107 knees)
was 86±14.6 points (range 25–100) and the Lysholm–Tegner
score was 88±12.7 points (range 51–100). Thus, 94 patients
were either very satisfied or satisfied with the intervention
(87.85%).

As for the fate of the Biosorb® wedge, its tolerance and
integration was perfect in all cases. The resorption was
complete in 12.1% of cases and less than 20% in 23.4% of
cases (Table 1).

The survivorship curve, with surgical revision as failure,
demonstrated 88.6% survival at five years and 74% survival at
ten years.

Fig. 2 Integration and resorption of the Biosorb® (D+7 years)

Fig. 3 Total knee arthroplasty (TKA) after failure of OWHTO using
Biosorb®
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Discussion

Medial opening wedge high tibial osteotomy (HTO)
represents the gold standard treatment for medial compart-
ment osteoarthritis of the knee in a young person. The
alternative is arthroplasty, most notably unicompartmental
knee arthroplasty (UKA). In our opinion, the choice
between HTO and UKA is not competitive but rather
complementary. In effect, for the same stage of arthritis, we
would offer an HTO to patients less than 65 years old,
while offering, with some exceptions, a UKA in older, more
sedentary patients. Our ten year results are inferior to some
[2, 8, 19], similar to some [1], or better than other series
published in the literature [6, 11, 13, 14, 16, 22, 24, 26].
The satisfactory outcome rate varies from 45% to 95% [19],
which poses a problem for outcome analysis. In practice, it
is difficult to compare different series, firstly because they
are not matched, secondly because the evaluation criteria
are not the same and finally because the principal outcome
measure is level of pain which is very variable on both an
individual and cultural level. On the other hand, the five-year
results in all the series describe a satisfaction rate of around
90% regardless of evaluation method used, which corrobo-
rates our results (88.6%).

We have used surgical revision as the criterion of failure
for osteotomy as in the evaluation of TKA. This end-point
is disputable, as certain patients will have started to suffer
with their knee again without considering further interven-
tion. With this in mind, the postoperative Lysholm–Tegner
and KOOS scores used to evaluate patients who had not
undergone revision are certainly impressive (86±14.6 points
[range 25–100] for the KOOS, and 88±12.7 points [range 51–
100] for the Lysholm–Tegner) and put the disputable nature of
this choice of end-point into perspective. We have used these
scores previously, as they are much more sensitive than the
IKS score in the evaluation of moderate osteoarthritis (in the
absence of stiffness, instability, or major contractures, etc.) as
is the case when one considers HTO. As is to be expected, our
study, despite showing very encouraging ten-year results, also
confirms, as with the majority of other studies, a worsening
outcome with time.

With regard to factors likely to influence the longevity of
the osteotomy, we recognise the importance of over-
correction rather than under-correction as is described in
the literature [11, 16, 31]. Patients who underwent revision
were statistically significantly more likely to have an HKA
angle less than 182° than those not revised (p<0.001).
However, excessive hypercorrection advocated by certain
authors [8, 31], even if contributing to a good result, is not
well tolerated in our present society, attributable mainly to
the non-aesthetic deformity it produces and also the
malunion that it leads to at the proximal tibia [30]. We
think that an HKA angle of 186° is the maximum that one
should tolerate and this is an argument for the routine use of
surgical navigation systems [28–30] to facilitate achieving
the preoperative goal of an HKA angle of 184°±2°. We also
recognise the importance of age in predicting longevity of the
osteotomy. This notion was previously raised by Flecher et al.
[8]. Essentially, the older the patient is at the time of the
osteotomy, the more likely the revision will be premature (p<
0.001). However, it is important to put this into perspective,
as the mean delay to revision in this series was 8.87±
3.04 years, which would justify an osteotomy in a very
active patient up to the age of 65 at least. On the other hand,
we have not found a correlation between the stage of
osteoarthritis and the longevity of the osteotomy. This is
contrary to the work of Jenny et al. [16], which showed that
the less developed the arthritis, the more durable the
osteotomy. This statement is certainly logical and has
previously influenced our practice. It would probably require
a much larger series with more failures to be able to
demonstrate a difference.

In this series we had 7.25% fractures of the lateral
plateau per-operatively without any consequences in terms
of union and stability of the osteosynthesis. This fracture
can occur when the osteotomy line is not extended up to the
lateral edge of the tibia. In this case, when one tries to open
the line with two Pauwel’s chisels the fracture can occur.
Usually, the risk is less when the surgeon is well trained
(less than 2% in the current experience of the senior author
based on 350 cases more).

As for the use of a Biosorb® wedge to fill the
osteotomy site, we have never regretted this choice, as
firstly the tolerance has been perfect in all cases, and
secondly the bony integration has not posed a problem
and finally resorption has been greater than 50% in more
than 50% of cases at ten-year mean follow-up. Similarly,
performing a TKA has never been a problem either for
performing the tibial cut or in the preparation for the
stem of the tibial component (Fig. 3), as has been equally
described by Kraal et al [19]. This good tolerance has
also been underlined by other authors [3, 12, 20, 21] who
have used either a plate and screws, or staples. Some
authors use hydroxyapatite wedges [18], porous alumina

Table 1 Stages of resorption of the Biosorb®

Stage of resorption Number of cases (N=107) Percentage

Stage 1 25 23.4%

Stage 2 13 12.2%

Stage 3 28 24.3%

Stage 4 20 20.5%

Stage 5 8 7.5%

Stage 6 13 12.2%
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ceramic wedges [4] or acrylic cement wedges [10]. In
principle, if hydroxyapatite wedges do not pose a problem
for revision to TKA (or new osteotomy), then the same
should apply for alumina ceramic and acrylic cement
wedges. Other authors use neither bone substitutes nor
bone graft and put their confidence in a relatively large,
rigid locking plate [32, 33] or a plate with an integrated
metal wedge built in [9, 23]. These alternatives could be
acceptable, provided they offer the same possibilities as
our technique, notably, a minimally invasive incision (5–6
centimetres), immediate rehabilitation, full weight-bearing
between 30 and 45 days, absence of collapse or pseu-
darthrosis and no problems following metalwork removal
at the request of the patient or following symptoms (pain,
infective problems, intolerance, etc). This does not seems
to be the case with some integrated metal wedge plates as
shown by Nelissen et al. [23].

In this series, we used AO T-plates with non-locking
screws, initially two-hole plates and subsequently three-
hole plates. We had three screw breakages, which in one
case (2 hole plate) was associated with a loss of
correction following premature weight-bearing in an
obese patient. Since 2002, we use a C-shaped relatively
rigid locking plate, which not only makes the construc-
tion more rigid, but also permits a very short incision,
similar to that required when using staples, and allows an
earlier return to full weight-bearing without collapse
(between 30 and 45 days).

Conclusion

Medial opening wedge high tibial osteotomy using a
Biosorb® wedge together with plate and screws is an
excellent alternative to iliac crest bone graft. Union of the
osteotomy occurs without problem, tolerance and integra-
tion of the bone substitute is excellent and revision to total
knee arthroplasty is straight-forward. The long-term results
are entirely satisfactory (74% good results at ten years post-
surgery) and provided the chosen operative technique is
reliable and reproducible in all hands, it should be
extensively used as treatment of choice for medial
compartment knee osteoarthritis in adults less than 65 years
old.
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