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Abstract

Background: Genovarum is the most common knee deformity for which a variety of surgical techniques have been proposed.
Objectives: We decided to share our experiences through a detailed presentation of a new and simple method called proximal tibia
osteotomy using M-W method.
Methods: In this study, 68 patients (128 knees) with proximal tibia osteotomy with an average age of 34 years, who had undergone
W-M osteotomy surgery in a community hospital during 2001 and 2014, were studied using knee society score (KSS) and functional
KSS questionnaires, and their clinical results were analyzed.
Results: No significant difference was obtained between patients undergoing surgery by this method in KSS before (78.8) and after
(89.6) the surgery. Although the mean score was improved, functional KSS improved significantly after surgery. None of the patients
had peroneal nerve complication, infection, osteomyelitis, or postoperative nonunion. Moreover, no recurrence was detected in a
mean of 2.7 years follow-up.
Conclusions: Considering the advantages of this method, it is recommended that knee varus deformity be treated using this
method, as its rate of complications is low. However, further studies should be conducted on the effectiveness of this method in
the future.
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1. Background

The most common deformity of the knee is geno-
varum. As a result of unbalanced distribution of weight
on knees, this deformity leads to increased pressure on me-
dial compartment of the knee, and thus damages the artic-
ular cartilage, which finally causes osteoarthritis (1, 2).

High tibia osteotomy was first proposed by Jackson
in 1958 for treatment and prophylaxis of medial compart-
ment osteoarthritis of the knee (3). Valgus osteotomy of
proximal of tibia is still used as a common method to re-
duce pressures on the medial compartment of the knee.
This clinical method is mostly used for young and active pa-
tients, who are affected by premature medial osteoarthri-
tis of the knee (3). In this osteotomy, the mechanical axis of
the knee is shifted to the lateral compartment, and there-
fore the pressure to medial compartment is reduced.

Several methods have been suggested and evaluated
for proximal tibia osteotomy including closed-wedge os-
teotomy, open-wedge osteotomy, and dome-shape os-
teotomy. Increased quality of life and reduced pain in daily
functions have been reported in all the above methods (4).

Each of these methods has its own advantages and dis-

advantages. In medial open-wedge osteotomy, a wedge-
like segment of the proximal part of tibia bone is opened
and corrected on the medial side of the affected knee. This
method needs internal fixation. The main benefit of open-
wedge method is that the lateral cortex remains intact and
fibula osteotomy is not needed, thus no complications as-
sociated with fibular osteotomy such as peroneal nerve
palsy were reported. On the other hand, limb shortening
did not occur in this technique.

However, the disadvantages of this method include the
possibility of delayed union, patella Baja at the site of os-
teotomy, and infection (5).

Another osteotomy technique, which is based on fibula
osteotomy, is lateral closed-wedge high tibia osteotomy. In
this method, a wedge- like segment of proximal tibia is re-
moved from the lateral side of the tibia. The benefits of this
method, compared with open wedge, are a better control
on posterior tibia slope and a more rapid union. Non-rigid
fixation devices are used in classic closed-wedge method
(Coventry technique). In addition, if the patella Baja is cre-
ated as a result of increased length of patella tendon before
surgery, this problem would be corrected (4, 6).
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Considering the aging of the population and the ris-
ing rate of knee osteoarthritis, which in turn burdens
enormous costs on the health system, finding a surgi-
cal method to prevent or treat this disease would be of
paramount importance. Thus, we decided to implement
a detailed evaluation of our experiences on proximal tibia
osteotomy through W-M technique. A similar technique
was explained in blunt disease in shaft of tibia in 1995 (7).

2. Objectives

The present study aimed at explaining M-W osteotomy
technique and evaluating the radiographic and clinical re-
sults and complications of this method in patients with
genovarum deformity, who underwent surgery in a refer-
ral community hospital in Mashhad, Iran.

3. Methods

From 2001 to 2014, we evaluated 74 patients of prox-
imal tibia osteotomy, of whom 4 were prepubertal with
congenital diseases and rickets and 70 (42 females and 28
males) were pubertal, with a mean age of 34 years. Of these
patients, 2 had patellofemoral osteoarthritis, and there-
fore were excluded from the study. Thus, 68 patients under-
went high tibia M-W osteotomy (8 underwent unilateral
osteotomy and others had bilateral in a 2-stage surgery).
All patients were physically examined before the surgery
to assess their knee condition. In this study, 68 patients
had a completely stable knee without any contracture or
limitation in range of motion, and no patient with varus
trust was included in this study. All patients filled out an
informed consent form.

The degree of varus angulation was measured before
the surgery and at least after a 2-year follow-up. X-ray
imaging of the knee was performed before and after the
surgery, moreover, the degree of deformity correction after
the surgery and the recurrence of deformity at least after 2
years were assessed.

The angles were determined using the mechanical and
anatomical axis of the lower extremity, which in normal
cases is about 6 to 8 degrees of valgus. In patients with me-
dial compartment osteoarthritis of the knee and varus de-
formity, the deformity was corrected up to 6 to 8 degree val-
gus as a normal knee.

The knee society score (KSS) and functional knee soci-
ety score (F-KSS) forms were completed for all patients to
evaluate the knee function (8). We evaluated patients for
peroneal nerve complications, union, and infection after
the surgery and follow- up. Statistical analysis was per-
formed using IBM SPSS for windows, Version 21. Paired t test

was used to evaluate patients’ satisfaction and functional
ability before and after surgery. P value < 0.05 was consid-
ered as significant.

This study was approved by the ethical committee of
Mashhad University of Medical Sciences, Mashhad, Iran.

3.1. Operation Technique

Preoperative evaluation consists of anteroposterior
and lateral knee radiography; and standing alignment
view and correction angle were measured before the
surgery.

Surgery was performed with the patients in the supine
position using a tourniquet. C-arm was set up at the op-
posite site of the surgeon. A curved oblique incision was
made extending from the tip of the fibula to the tibia
tuberosity anteriorly before descending for approximately
5 centimeters along the lateral border of the tibia tuberos-
ity. The anterior compartment musculature was taken
down by a large periostal elevator to expose the lateral
proximal tibia metaphysis and cortex. Fibula osteotomy
was done first at proximal part 4 centimeter below the ar-
ticular surface in a safe zone. A Bennett tibia retractor was
placed posterior to the proximal tibia to protect the pos-
terior structures during the osteotomy. Similarly, a right
angle retractor was placed posterior to the patellar tendon
to protect it during osteotomy. Osteotomy was then per-
formed using a 2.5 cm-wide thin osteotomy or a 10 mm-
wide power oscillating aw as follows. First-osteotomy was
started from the anterior of tibia metaphysis, 10 millime-
ters proximal to tibia tuberosity, and continued 15 millime-
ters distal and posterior to the tuberosity. Then, the second
route of osteotomy with the guide of C-arm was started
from this point at a 30- degree angle and extended to the
proximal and posterior of the starting point (20 mm to
the articular surface of knee). The third osteotomy was
then performed in parallel with the first osteotomy, and
the forth osteotomy was implemented parallel to the sec-
ond osteotomy up to the posterior cortex of tibia proximal
metaphysis, 2 cm to the articular surface. Medial cortex
osteotomy is not essential in pubertal age. However, it is
better to perform osteotomy of the medial cortex in post-
pubertal years due to the rigidity of the medial cortex. A
valgus load was then slowly applied using a large reduc-
tion clamp on the lateral side to close the osteotomy (im-
paction). The amount of necessary impaction was differ-
ent, depending on the required angle for correction. The
goal was to reach a final appropriate valgus angle, which
was evaluated using clinical and fluoroscopic aid. In older
ages, given the resistance to impaction, it is continued in
the distal end of V osteotomy up to 10 mm so that the os-
teotomy would resemble a Y (Figure 1).
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Figure 1. The Site of Osteotomy Started in proximal insertion of Patellar Tendon on
the Tuberosity of Tibia and Below the Articular Surface

4. Results

This study was performed on 68 patients (128 knees),
with a mean age of 34 (in the range of 16 to 60) and a mean
BMI (body mass index) 23.4 ± 6.3. In bilateral cases, the
mean time between the 2 surgeries was 8.3 ± 2.8 months.
The mean varus angle between tibia and femur in the
standing X-ray was 12.25 ± 6.42 before the surgery. After
the surgery, the mean valgus angle in the standing X-ray
caused by the M-W osteotomy, was 6.37 ± 3.13. The patients
were followed- up for 2 to 4 years after the surgery (mean
= 2.7 years), and a recurrence rate of about 1.9 degree varus
was found in these patients, which was very low. Peroneal
nerve complications were not observed in any of the pa-
tients, and neither in infection, osteomyelitis, and non-
union.

Two weeks after the surgery, patients had an X-ray,
which was not corrected in 8 cases, with femurotibial an-
gle remaining at 0 degree. In these cases, correction was
implemented using gipsotomy, and all patients reached an
8 degree valgus. No recurrence was detected in the next
follow- up.

On the other hand, 4 patients had over correction,
which was corrected with gipsotomy, but 2 patients had a
recurrence of valgus knee in the next follow- up.

To evaluate patients’ satisfaction, they were asked to
fill the KSS form before and after the surgery. The mean
score after the surgery was 89.6 ± 8.2, with a minimal and
maximal score of 54 and 92, respectively, which was higher
than a mean score of 78.8 ± 6.9 before the surgery. How-
ever, the difference was not significant among patients (P
value > 0.05).

KSS Functional Score was also calculated for patients
before and after surgery to assess the knee function. The
mean score of 95.4 ± 5.384 after the surgery indicated ap-
propriate knee motions and function after the surgery (P
value < 0.05). The difference was significant among pa-
tients. Even those patients with a severe varus and aesthet-
ics complaints before surgery were satisfied with the re-
sults of the surgery (Table 1).

5. Discussion

Pressure on the medial compartment of the knee in-
duced by genovarum leads to articular cartilage degener-
ation at the articular surface and the development of knee
osteoarthritis, particularly at the medial surface (9). Proxi-
mal tibial osteotomy is an appropriate surgical treatment
for preventing the medial compartment osteoarthritis of
knee (10). Some studies have shown that patients managed
with high tibial osteotomy reported satisfactory outcomes
(knee society score > 80) after a mean follow-up of 8 years
(11). Consistent with the literature, the results of this study
showed the effectiveness of the surgery.

Coventry reported the outcome of 213 knee surgeries
and found that 60% of patients had no pain after 10 years
and had appropriate function (12). The most common com-
plication was recurrence of the deformity. He also noted
that the overcorrection increased the risk of recurrence
(13).

Recently, proximal tibia osteotomy by medial open-
wedge technique has also been the subject of considerable
attention due to its less neurologic complications such as
peroneal nerve paresis and possibility of internal fixation
without casting (5).

In this study, surgery was performed according to the
method Staheli (14) and Khermosh (15). M-W osteotomy,
which is a kind of proximal tibial osteotomy and is used
to correct varus deformity, has been introduced. Our expe-
rience showed that this technique was a relatively simple
surgical technique, which unlike open-wedge technique,
did not require fixation device, and thus did not pose any
risk of device infections or the need for a second surgery to
remove the hardware. It also allows angle correction after
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Table 1. Characteristics and Clinical Status of Patients Before and After Surgery

Variable under study Mean Minimum Maximum

Age (year) 34.34 16 60

BMI 23.4 20.2 30.4

Varus size before surgery 12.25 2 30°

The size of knee valgus after surgery 6.37 0 12°

Recurrence of knee angle after one year 1.9 0 5°

KSS before surgery 78.8 58 98°

KSS after surgery 89.6 54 92°

Functional KSS before surgery 89.2 74 96°

Functional KSS after surgery 95.4 80 100

Abbreviations: BMI, Body Mass Index; KSS, Knee Society Score.

the surgery with gipsotomy, which is one of its important
advantages.

Because in M-W osteotomy, the bone wedge is not re-
moved and the cut of osteotomy engage to each other, it
allows improved controlling of the posterior slope of tibia
compared to Coventry-closed wedge technique or open
wedge osteotomy (16).

Smith et al. in their meta-analysis of several studies re-
ported no significant difference in the outcomes of open-
wedge and closed-wedge proximal tibia osteotomy (4).

However, Bland found that in open-wedge osteotomy,
the posterior tibial slope and the mean correction was ob-
viously higher. It also indicated that the patella Baja com-
plication was more prevalent in this technique (17).

Moreover, the study of Van Egmond et al., reported
the progress of patellar Baja in open-wedge high tibial os-
teotomy technique (18); we did not have this complication
in our study.

One disadvantage of W-M technique is fibula os-
teotomy, which theoretically increases the risk of peroneal
nerve paresis. In this study, however, we did not have any
patients with this complication (Figure 2).

Considering all the above, we came to this conclusion
that the M-W osteotomy is a very helpful technique for
the correction of varus in patients who have not been yet
affected by the knee osteoarthritis and varus trust or are
at the early stages. Given the fact that complications are
trivial in this technique, patient’s satisfaction of surgery
is high, the cost of surgery is low, and angle correction is
available after surgery, we can recommend M-W high prox-
imal tibia osteotomy as a technique for osteotomy in se-
lected patients.

The results of this study led us to reach the following
conclusions about the advantages and disadvantages of
this procedure, which are as follow: not needing to place

a graft at the osteotomy site and having no concern about
the possibility of opposite cortex fracture, which is a main
problem in the open-wedge technique. Limb length dis-
crepancy was not observed in this method. One of the
disadvantages of this method is the need for fibular os-
teotomy, which increases the risk of peroneal nerve injury
and modification of the patella disorders. Another disad-
vantage of this technique is that it is not useful in patients
with varus trust, and in such a case, medial open wedge
osteotomy is strongly recommended. More accurate eval-
uations and more series comparisons with open wedge
osteotomy and other techniques are suggested for future
studies.

One main concern in this method is the possibility and
extension of osteotomy into the knee joint, which may
be catastrophic. However, this complication was not ob-
served in any of the patients treated with this technique.

This study had several limitations including a small
sample size and lack of a control group for comparison.
Thus, it is recommended to conduct similar studies with
a larger sample size and long-term follow-up. Also, using a
control group (other surgical procedures) can help obtain
more reliable clinical results.

Footnote
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Figure 2. Preoperative Radiograph (A), Postoperative Radiograph with Perfect Union (B) and Clinical Image of Bilateral Genu Varus Correction in Two Lower Limbs of Patients
with Clinical Union (C)
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