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Abstract
Purpose The goal of this article was to present the clinical
and radiological results of 42 severe genu varum operated
on between August 2001 and June 2010 using computer
navigation.
Methods All the osteotomies were navigated using the
Orthopilot® device (B-Braun-Aesculap, Tuttlingen, Germany).
The procedure was performed such that after inserting
the rigid bodies and calibrating the lower leg, we first
made the femoral closing wedge osteotomy (from four to
seven mm) which was fixed by an AO T-Plate, and then, after
checking the residual varus, the tibial opening wedge
osteotomy was made using a Biosorb® wedge (Tricalcium
phosphate, SBM, Lourdes, France) and a plate (AO T-plate or
C-plate).
Results All the patients were assessed at a mean follow-
up of 46±27 months (range, 12–108). The mean
Lyshölm-Tegner score was 83.3±7.5 points (62–91)
and the mean KOOS score was 95.1±3.2 points (89–
100). Forty patients were satisfied (22) or very satisfied
(18) with the result. Regarding the radiological results,
the goal was reached in 92.7% of cases and the mean
HKA angle was 181.83°±1.80° (177–185°). At that
mid-term follow-up no patient had revision to a total
knee arthroplasty.
Conclusion Computer-assisted double level osteotomy in
severe genu varum is a reliable, reproducible, and accurate
technique. This procedure, which is very delicate, especial-
ly in reaching pre-operative objectives, is simplified by
computer-assistance.

Introduction

Medial knee osteoarthritis is not uncommon and high
tibial osteotomy (HTO) was described for the first time
more than 50 years ago [7, 9, 13]. Nowadays, HTO
remains a good option [3–5, 8, 11, 17, 24, 27] despite the
large expansion of total knee replacement (TKR) or the
revival of unicompartmental knee prosthesis boosted by
the less-invasive surgery concept. It is well indicated for
"young" and active people (less than 65 years of age) with
moderate arthrosis (narrowing joint line up to 100%
without any bone wear or instability). Nevertheless, it is
a demanding surgery with the risk of excessive over or
under correction which can quickly lead to failure [8, 24,
26] or an oblique joint line leading to more difficulties
in performing TKR (Fig. 1). This oblique joint line
corresponds to an excessive valgus of the tibial mechan-
ical axis [1]. It is all the more frequent when varus is
substantial to have to decide whether to have to perform a
femoral or a femoral and tibial correction. The desirable
overcorrection to achieve a good clinical result (3–6°)
increases the oblique joint line even more. When it
reaches 10° of valgus one must often perform an
osteotomy to set the tibial mechanical axis back to 90°
[14] before implanting the prosthesis.

We thought for a long time that combined femoral
and tibial osteotomy was a suitable procedure to avoid
this drawback, but, because of the difficulty in obtaining
an accurate lower leg axis without any reproducible
assistance, we had performed it in only a few cases.
Drawing on our experience with TKR and HTO
navigation [15, 19, 20], we used the principles of
computer-assisted surgery for double level osteotomy
(DLO) hoping to increase the accuracy of this difficult
procedure. Our experience is based on 42 DLO performed
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between August 2001 and June 2010 from 370 personal
computer-assisted knee osteotomies for genu varum
deformities (11.3%).

The objective of this article was to present the clinical
and radiological results of these patients at a mean follow-
up of 46±27 months.

Material and methods

The series was composed of 38 patients (four bilateral),
with nine females and 29 males aged from 39 to
64 years (mean age, 50.9±7.1 years). We operated on
22 right knees and 20 left ones. The mean BMI was
29.3±4.3 for a mean height of 171 cm and a mean
weight of 85.8 kg. For functional assessment, we used
the Lysholm-Tegner score [25] to evaluate patients, both
pre-operatively and post-operatively. We felt this scoring
system was better adapted than the IKS score which is
usually used to evaluate surgical treatment for knee
osteoarthritis. The mean score was 41.2±8.9 points (22–
69). According to the modified Ahlbäck criteria [21], we
operated on nine stage 2, 25 stage 3, seven stage 4 and one
stage 5. We measured HKA (hip-knee-ankle) angle using
Ramadier’s protocol [16] and we also measured the medial
distal femoral mechanical axis (MDFMA) and the medial
proximal tibial mechanical axis (MPTMA) to ensure the
right indication [23]. These measures were respectively:
167.7°±3.5° (159–172°), 87.28°±1.41° (83–90°) for the
MDFMA and 83.51°±2.7° (78–88°) for the MPTMA.

The inclusion criteria were a patient younger than
65 years old with a severe varus deformity (more than
8°; HKA angle≤ to 172°) and a MDFMA at 91° or less
(Fig. 2a, b). All the osteotomies were navigated using
the Orthopilot® device (B-Braun-Aesculap, Tuttlingen,
Germany). The procedure was performed as described
previously [23]; after inserting the rigid-bodies and calibrat-
ing the lower leg, we first made the femoral closing wedge
osteotomy (from 4 to 7 mm) which was fixed by an AO T-
Plate (Fig. 3a, b), and then, after checking the residual varus,
the tibial opening wedge osteotomy was made using a
Biosorb® wedge (β Tricalcium phosphate, SBM, Lourdes,
France) and a plate (AO T-plate or C-plate). The goals of the
osteotomy were to achieve an HKA angle of 182°±2° and a
MPTMA angle of 90°±2°. The functional results were
evaluated not only according to the Lyshölm-Tegner score
[25] but also to the KOOS score [18]. The patients answered
the questionnaire at revision or by phone, and the radiolog-
ical results were assessed by plain radiographs and standing
long leg X-rays between three and six months post-
operatively.

Results

We had no complications in this series but one case of
recurrence of the deformity related to an impaction of
the femoral osteotomy on the medial side (heavy
patient). Two patients were lost to follow-up after
removal of the plates (24 months) but were included
in the results because the file was complete at that date.
All the patients were assessed at a mean follow-up of
46±27 months (12–108).

The mean Lyshölm-Tegner score was 83.3±7.5 points
(62–91) and the mean KOOS score was 95.1±3.2 points
(89–100). Forty patients were satisfied (22) or very satisfied
(18) of the result. Only two were poorly satisfied.

Regarding the radiological results, if we exclude the
patient who had a loss of correction not related to
navigation, the goals were reached in 39 cases (92.7%)
for the HKA angle and in 36 cases (88.1%) for the
MPTMA with only one case at 93°. The mean angles
were 181.83°±1.80° (177–185°) for HKA, 89.71°±
1.72° (85–93°) for MPTMA and 92.76°±2.02° (89–
97°) for MDFMA.

At that mid-term follow-up no patient had revision to
a total knee arthroplasty.

Discussion

Combined distal femoral and proximal tibial osteotomy in
the treatment of genu varum is technically difficult. Little

Fig. 1 Severe oblique joint line after high tibial osteotomy. Notice the
extreme tibial valgus
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has been said about this technique in the literature and
we could find only one paper reporting on it [1]. It
seems that this technique was first described by Benjamin
[2] in 1969 for the treatment of rheumatoid arthritis of the
knee, but at the time, he did not mention any HKA angle
or joint line obliquity. In their paper, Babis et al. [1]
reported on 24 patients (29 knees) operated on with a
conventional technique (two closing wedge osteotomies).
The mean pre-operative HKA angle was 193.3° (that is
13.3° of varus), and they used a computer-aided
analysis of the mechanical status of the knee for pre-
operative planning. This was limited to pre-operative
evaluation, and the reliability of the pre-operative
radiographic evaluation was not assessed. The results
showed a mean post-operative HKA angle of 176.9°
(169.4–184.9°). They had a residual varus in two cases
(4.6–4.9°) and an over correction of more than 4° in ten
cases and more than 6° in five. One knows that an under
correction may lead to failure of the operative procedure and a
too much overcorrection to cosmetic discomfort.

The difficulty of the technique comes from the fact
that once the first osteotomy is performed, whether
femoral or tibial, landmarks change and the ability to
achieve a satisfactory alignment with the second
osteotomy becomes challenging in the absence of
reliable intra-operative landmarks. Martres et al. [12]
suggested performing this operation in two different stages
to improve its accuracy and reproducibility. It is also
justified to consider that complication occurring at both
osteotomy sites could lead to disastrous results. In our
series we had no non-union and only one mal-union

related to a secondary medial impaction of the femoral
osteotomy in a heavy patient. Currently, we use a
locking plate in spite of an AO T-plate, which could
avoid this complication. On the other hand, every
surgeon operating osteoarthritic knees should be aware
of the risk of mal-union in the proximal tibia, for a
procedure that is often considered temporary. In fact
every osteotomy in a young adult is susceptible to lead
subsequently to a TKR, and thus it is essential to plan
ahead for the iterative surgery called revision.

Computer-assistance allows controlling the femoro-
tibial axis (HKA angle) at every step of the procedure
and thus makes it more accurate. Our present results are
not far from a previous preliminary series [22] and

Fig. 2 Bilateral severe genu
varum. a Measurements of the
right knee: HKA angle,
MDFMA and MPTMA. b
Measurements of the left knee

Fig. 3 Bilateral DLO of the case of Fig. 2 (one year follow-up)
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argue in favour of a high reproducibility of this
procedure. From a clinical point of view, the mean
Lyshölm-Tegner score improved from 41.2±8.9 points
to 83.3±7.5 points and the mean KOOS score was of
95.1±3.2 points. These clinical results are remarkable
and the satisfaction of the patients is very high (95% of
the patients satisfied or very satisfied). At mid-term
follow-up no patient was revised to TKR or to another
osteotomy. This issue could be related not only to the
accurate correction—good over correction and no
oblique joint line—but also to the vascular effect of
double osteotomy at each side of the joint line.

When should double level osteotomy be performed?
If we consider the "normal" mechanical axis of the
lower limb as described by Kapandji [10] and later taken

up by Hungerford and Krackow [6] it should be 180° with
an MDFMA of 93° and an MPTMA of 87° resulting in a
joint line perfectly parallel to the ground. However, this
assumption is not confirmed in cases of osteoarthritis with
varus misalignment, because, in a personal unpublished
series of 89 TKR, we found an MDFMA of 93° in only
43.8% of cases, at 90° in 33.7% of the cases, below 90° in
13.5% and above 93° in 9%.

Thus, before performing high tibial osteotomy, it is
crucial to have high quality and reproducible full-length AP
radiographs of the lower limb, according to a specific
protocol [23]. The HKA angle, the MDFMA and the
MPTMA should be determined on this goniometry
(Fig. 4a, b). Lateral instability testing has become less
important than it once was, since the indications for
osteotomy in this setting have become rare. In cases of
femoral valgus (MDFMA>90–91°), it is illogical to
perform a femoral osteotomy because we do not want to
create in the femur, the error, we are trying to avoid in the
tibia. If the femur is in varus or at 90°, we believe that we
should proceed with a femoral osteotomy to achieve an
MDFMA of around 93° (93°±2°), and then complete it
with a tibial osteotomy to achieve an HKA angle of 182°±
2°. In our experience, it is useless to overcorrect more than
this to obtain satisfactory results (Fig. 5a, b, c). Over-
correction, whether femoral or tibial, can distort the
anatomy and lead to a much more complicated revision
TKR. Our mid-term results have a trend to confirm this
assertion. However, we think that a longer follow-up is
needed to prove that overcorrection by ±2° is enough for a
lasting good result. If the tibia is not in varus (MPTMA
over 88°), we should perform a femoral osteotomy
especially if the femur is at 90° or in varus, or contraindi-
cate any osteotomy if it leads to joint line obliquity of more

Fig. 5 Radiological result at
one year of the case of Fig. 4.
AP (a) and lateral (b) X-rays.
To notice the medial tibial
mechanical axis and the
absence of oblique joint line.
c Standing long-leg X-ray.
Note HKA angle (183°)

Fig. 4 A 48-year-old woman with severe genu varum deformity
(HKA angle=170°) associated with a stage 2 medial femoro tibial
osteoarthritis. a AP Rosenberg view. b Standing long leg X-rays
according to Ramadier’s protocol
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than 5°. If we stick strictly to these criteria, indications for
double level osteotomy will likely increase with the
development of navigation systems, especially since, as
we said before, femurs in varus are not rare, and more so,
those at 90°.

Finally, despite our trust in opening wedge osteotomies
[24], we think that, at the femoral level, one should perform
a closing wedge osteotomy to avoid excessive lengthening
of the limb (double opening).

Conclusion

According to these results, computer-assisted double level
osteotomy in severe genu varum is a reliable, reproducible,
and accurate technique. This procedure, which is very
delicate, especially in reaching pre-operative objectives, is
simplified by computer-assistance. The functional results
are satisfying and the satisfaction of the patients is very
high. Despite the difficulty of the procedure, complications
are, in our hands, very rare. We recommend DLO for severe
genu varum deformity in young patients to avoid oblique
joint line, which will be difficult to revise to TKR.
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