
Valgus producing high tibial osteotomy (HTO) is an
effective treatment option for medial compartment
osteoarthrosis with varus deformity in young
patients. The most common complications of conven-
tional high tibial osteotomy techniques are related to
accuracy of correction. Major angle correction of
more than 15º with an osteotomy proximal to the tib-
ial tuberosity may cause significant change in
patellofemoral mechanics and patellar height. Valgus
HTO was performed in 11 lower limbs of 9 patients
with gradual correction of the varus deformity using
an Ilizarov external fixator, with the osteotomy at the
distal border of the tibial tuberosity. The mean age of
the patients was 38.5 years. The average correction
was 17°. They were followed up for an average of
25 months. The mean preoperative “Hospital for
Special Surgery” (HSS) score was 68 and improved to
a mean of 90 at follow-up. Nine limbs had excellent or
good HSS scores. Disadvantages of this technique
were mainly pin tract infection and poor patient
acceptance and noncompliance.
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INTRODUCTION

The concept of high tibial osteotomy (HTO) to
treat unicompartmental osteoarthritis with varus or
valgus deformity is credited to Jackson and
Waugh (19). They described in 1961 a ball and sock-
et tibial osteotomy just below the tibial tuberosity
and osteotomy of the fibula at its middle third for

correction of these deformities. Then came the pop-
ular Coventry technique, with a lateral closing
wedge osteotomy proximal to the tibial tuberosity
for treatment of varus gonarthrosis (7). This osteoto-
my was for many years the “knee jerk response“ to
medial compartment osteoarthrosis (MCOA) (30). 
Maquet (26) described in1976 the barrel vault

osteotomy above the tibial tuberosity. This dome
osteotomy allowed some postoperative adjustability
for the correction. Hernigou et al (16) described the
medial opening wedge osteotomy proximal to the
tibial tuberosity. Half closing half opening neutral
wedge osteotomy proximal to the tibial tuberosity
was also reported (29). 
The common goal for all HTO techniques is to

shift the mechanical axis of the knee from the medi-
al to the lateral compartment. This will unload the
medial compartment and redistribute stresses across

Acta Orthopædica Belgica, Vol. 75 - 6 - 2009 No benefits or funds were received in support of this study

Acta Orthop. Belg., 2009, 75, 784-791

Ilizarov gradual correction of genu varum deformity in adults

Anis SHIHA, Mohamed ALAM EL-DEEN, Abdel Rahman KHALIFA, Mohamed KENAWEY

From, Sohag Faculty of Medicine, Sohag, Egypt

ORIGINAL STUDY

� Anis Shiha, MD, Professor of Orthopaedic Surgery.
� Mohamed Alam El-Deen, MD, Assistant professor of
Orthopaedic Surgery.

� Abdel Rahman Khalifa, MD, Lecturer of Orthopaedic
Surgery.

� Mohamed Kenawey, MSc, Assistant Lecturer of
Orthopaedic Surgery.
Correspondence : Anis Shiha, Orthopaedic Department,

Sohag Faculty of Medicine, 82524 Sohag, Egypt. E-mail :
anis.shiha@yahoo.com
© 2009, Acta Orthopædica Belgica.



the knee joint. The most favourable results are
obtained with overcorrection into valgus alignment.
However the amount of overcorrection is a matter
of controversy. Many authors favor overcorrection
of 3-6° as the optimal postoperative alignment (16,
24,26). Fujisawa et al (11) recommended that the
mechanical axis should pass between 30-40% later-
al to the center of tibial spines, a point which is
called Fujisawa’s point.
The main criticisms against conventional HTO

techniques are the uncertain achievement of optimal
correction, the effect of osteotomies proximal to the
tibial tuberosities on the patellofemoral mechanics,
and lastly difficulties with conversion of failed
HTO into total knee replacement. We aimed in this
study to present advantages and disadvantages of
using Ilizarov gradual correction through percuta-
neous corticotomy distal to the tibial tuberosity in
management of varus gonarthrosis.

PATIENTS AND METHODS

During the period from August 2005 to April 2008, 11
lower limbs of 9 patients had a medial opening wedge
osteotomy distal to the tibial tuberosity and gradual cor-
rection of the genu varum deformity using Ilizarov’s
device. The mean age of the patients was 38.5 years (16-
60 years). Six were males and three females. The mean
weight was 78 kg (range : 60-90 kg). The average body
mass index (BMI) was 29.8 (range : 22-37.8). 
We used the “Hospital for Special Surgery” (HSS)

knee scoring system (18) for the clinical evaluation of our
patients pre- and postoperatively. Ahlbäck’s radiograph-
ic grading system (3) was used to assess the grade of
ostearthritis in the medial compartment. Our indications
for surgery were either disabling medial compartment
osteoarthritis (MCOA) in a patient of 60 years or
younger who wishes to continue an active life style, or in
a young adult who has disfiguring genu varum deformi-
ty without ostearthritic changes. 
Preoperative planning was done using full length

weight bearing radiographs. Varus stress radiographs
were also obtained. For the magnitude of correction, the
aim in patients with MCOA was to overcorrect the defor-
mity till the mechanical axis passed through Fujisawa’s
point. In patients without evidence of MCOA, we
planned to correct the deformity till the mechanical axis
passed through the center of the knee joint (no over -
correction). 
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Operative technique

Patients were positioned supine on a standard radio-
translucent operating table. A tourniquet was applied to
the thigh but was not inflated during assembly of the
Ilizarov frame. Smooth Kirschner wires 1.8 mm in dia -
meter were the only hardware used for frame application. 
The first step was to drive a K-wire through the head

of the fibula into the tibia parallel to the knee joint line.
Rubber stoppers were put at each end of the wire. An
Ilizarov ring of suitable diameter was then mounted to
that K-wire and secured using two slotted bolts. The wire
was tensioned to 110-130 kg using a dynamometer. A
second wire was then advanced on the same ring with an
angle of about 90º to the first wire and was mounted to
the ring and tensioned in the usual way. Using two hinges
and a threaded motor rod, a second Ilizarov ring was
attached to the first one and then secured to the bone
using two tensioned 1.8 mm K-wires. The angle between
those two rings was equal to the magnitude of the
planned correction. The hinges were adjusted to lie just
opposite the lateral tibial border (one anterior and one
posterior hinge) to allow for pure correction without
lengthening. A third ring was attached to the second one
using 4 threaded rods and was adjusted to be just proxi-
mal to the ankle joint and was secured to the bone using
two tensioned 1.8 mm K-wires. 
The tourniquet was then inflated. Through a 1.5-2 cm

skin incision, an oblique osteotomy was done in the mid
shaft of the fibula. Another small incision of 1.5-2 cm
was made at the lower border of the tibial tuberosity. The
periosteum of the tibia was incised and raised carefully.
Multiple drill holes were made in the tibia with a 3.2 mm
drill bit. Using a 10 mm osteotome, the medial and later-
al cortices were osteotomised. The threaded rods were
then disassembled from the first and second rings. The
posterior tibial cortex was fractured indirectly by twist-
ing the proximal two rings. The two rings were attached
to each other again and a compression was applied to the
corticotomy site to increase its stability. The periosteum
was carefully sutured again and subcutaneous tissue and
skin were closed in layers. 

Postoperative management

Starting from the first postoperative day, patients were
allowed weight bearing as tolerated on crutches with full
range of motion of the knee and ankle. Straight leg
 raising and quadriceps strengthening and ankle dorsi-
flexors and plantar flexors strengthening exercises were
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encouraged. Patients were discharged on the second
postoperative day after careful instruction about daily pin
site care. 
Correction of the deformity was started gradually on

the 7th postoperative day at a rate of 0.25 mm / 6 hours.
Follow-up radiographs were obtained weekly during the
correction phase. Fine tuning of the correction was
achieved by adjusting the positions of the hinges and the
motor. Near the end of correction, another full length
weight bearing radiograph was ordered to assess the cor-
rected mechanical axis and fine tuning of the correction
was again checked with another full length standing
radio graph. The construct was then left in place and fol-

low-up radiographs were obtained monthly to follow the
consolidation of the new regenerate. With radiographic
consolidation, the construct was removed gradually by
removing one K-wire from each ring every week. The
last 3 K-wires (one on each ring) were removed at once.
During this dynamisation, the patients were fully weight
bearing on the extremity. 
Another full length weight bearing radiograph was

obtained following frame removal (fig 1). Vigorous
physiotherapy was not usually needed, because patients
had already maintained a good range of knee and ankle
motion. They were followed up every 6 months for a
year, then yearly. 

Fig. 1.— The postoperative correction phase. 
i : Preoperative planning for the patient with full length standing radiograph. 
ii : After 12 days of correction, the mechanical axis passing in the medial compartment.
iii : After 20 days of correction, the mechanical axis passing in the lateral compartment. 
iv : Post removal full length weight bearing radiograph showing the new mechanical axis passing lateral to the center of the knee.
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Statistical Package for the Social Sciences (SPSS v.
9.0, SPSS Inc., Chicage, IL) was used for the statistical
analysis. Mann-Whitney U test was used for comparison
between HSS pre- and postoperative scores and statisti-
cally significant results were considered if p value was
< 0.05.

RESULTS

The follow-up period ranged from 10 to
43 months (mean 25 months). The Ilizarov frame

was removed at mean of 16 weeks (11-30 weeks).
According to Ahlbäck’s radiographic grading
 system, two patients had normal radiographic find-
ings (3 limbs), 2 patients had grade I (narrowing of
the joint space), 2 had grade II (obliteration),
2 patients (3 limbs) had grade III (minor attrition)
and one had grade IV (major attrition) osteo arthrit-
ic changes in the medial compartment. 
The average preoperative femorotibial angle FTA

was 193° (range : 181-212°). One case (case 4) had
hypochondroplasia and associated bilateral lateral
collateral ligament laxity with a joint line conver-
gence angles (JLCA) of 27° and 18° for the right
and left sides respectively (fig 2). The left side of
that patient was under corrected because of non-
compliance and loss of follow-up for one month
during the correction phase. A postoperative FTA
angle of 192° was the result with postoperative
JLCA of 16° and overall achieved correction of 18°. 
The average postoperative FTA (excluding the

patient who was undercorrected) was 171° i.e. 9° of
anatomical valgus (165-175°). The magnitude of
overall achieved correction ranged from 9° to 25°
(mean 17°) (table I). 
The mean preoperative HSS score of our patients

was 68.2 (range 31-96). Postoperatively the average
HSS knee score was 90.1 (67-100). The HSS score
was excellent in 7 limbs, good in 2, fair in 1 limb
and poor in 1 limb. Excellent or good results were
present in 82% of cases and fair or poor results
in 18%. HSS score improved by an average of
22 points (range : 4-51 points) and this improve-
ment was statistically significant (p = 0.01) (table I).
All patients in this study maintained near full

range of motion of the knee and ankle joint during
frame application. The range of motion of the knee
was not decreased in any patient at the latest follow-
up. In case 4, who had the bilateral lateral collater-
al ligament laxity, preoperative knee flexion was 70
and 90° for the right and left sides respectively. This
flexion range was improved to 130° for the right
side but the left side had persistent flexion to 90° at
the latest follow-up. 
Complications in this series were mainly grade 1

pin tract infection (6 limbs) and grade 2 infection
(3 limbs) (31). All of these pin site problems
responded well to local pin site care and oral

Fig. 2.— Case 4 in this study, the preoperative planning of the
left lower limb showing JLCA of 18°.
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 antibiotics. In no instance, did we have to remove or
change a K-wire. There were no cases of deep infec-
tion or persistent discharge, or infection following
frame removal. No cases had iatrogenic neuro -
vascular injury or intra-operative complication. 

DISCUSSION

Concerns regarding the conventional HTO tech-
niques proximal to the tibial tuberosity fall mainly
under one of three categories ; complications relat-
ed to HTO, the known fact that the results of HTO
deteriorate with time, and difficulties encountered
with revision of failed HTO into successful total
knee replacement (TKR) (2,10,20,25,32). The most
frequent complications with HTO are undercorrec-
tion, loss of correction resulting in recurrence of
varus deformity, and overcorrection (4,16,17,23,24).
Undercorrection had been linked to the persistence
(or early return) of symptoms. Overcorrection can
lead to a poor cosmetic result, persistent pain, tilt-
ing of the joint line, and considerable loss of bone,
a situation which is difficult to treat with another
osteotomy or arthroplasty (13,23).
Accuracy of correction is therefore an important

determinant for the postoperative results and the
longevity of pain relief. The accuracy of correction
is dependant mainly on the accuracy of preoperative

planning and how we will implement that planning
intraoperatively (27).
Preoperative planning may be a very difficult

task in patients with severe lateral collateral liga-
ment laxity and high joint line convergence angle
(JLCA) and associated bony varus deformity. The
presence of a high JLCA (as in case 4 in our study)
makes the calculations for correction a very diffi-
cult task and may even be the cause for over -
correction (8). Furthermore, manual methods for
preoperative planning in lower limb deformity may
have significant intra-observer variability (9,14,28). 
On the other hand, intra-operative assessment of

the lower limb mechanical axis is always the most
difficult step in tibial osteotomies. Many techniques
were used to assess the correction intraoperatively
such as visual inspection, cable method, or more
recently navigation systems and computer assisted
HTO techniques (15,22,27,29). Many authors recently
described how the navigation can be beneficial in
improving the results of HTO (27). Reported draw-
backs of the navigated HTO techniques include
longer operative time, problems related to implanta-
tion of the half pins for reference bases, as instabili-
ty or intra-operative deformation reduces the accu-
racy or may even stop the navigation procedure,
and pin tract infection or fracture through the tracts
of the half pins (15). Additionally, all techniques of

Table I. — Patients in this study

Case Age Sex BMI Grade of OA* Pre FTA Post FTA Pre HSS Post HSS Complications

1 23 F 25.7 0 189 175 96 100 G1 pin site infection 
1 25 F 25.7 0 189 175 96 100 G1 pin site infection
2 55 F 35.2 2 186 173 60 92 G1 pin site infection
3 52 M 26.1 3 185 167 67 97
4 43 M 37.8 3 212 172 31 82 G1 pin site infection
4 44 M 37.8 3 212 192 31 73 Undercorrected 

G1 pin site infection
5 16 M 33.3 1 197 172 96 100 G2 pin site infection
6 18 F 22.0 0 181 172 89 100 G1 pin site infection
7 60 M 24.7 4 189 173 54 67 G2 pin site infection
8 55 M 31.1 2 187 165 63 80 G2 pin site infection
9 32 M 28.4 1 192 167 67 100

* Grade of osteoarthritic changes in the medial compartment according to Ahlbäck’s system (3). BMI (Body Mass Index), FTA
(Femorotibial Angle), HSS (Hospital for Special Surgery score), G1 (Grade 1) and G2 (Grade 2).



intra-operative assessment of the lower limb
mechanical axis ignore the effect of weight bearing
on the mechanical axis (21). 
The effect on patellar height and tracking is also

another concern with osteotomies proximal to the
tibial tuberosity. Gaasbeek et al (12) recently
emphasized the significant changes in patellar
height and tracking, especially with large degrees of
correction (more than 15º). They found significant
increase in patellar height with closing wedge
osteo tomy and decrease with opening wedge
osteotomy. Both, opening and closing wedge osteo -
tomies led to significant changes in the patellar
tracking parameters, tilt and rotation. These effects
are more profound after medial opening wedge
osteotomy. 
Conflicting reports are present in the literature

concerning the results of total knee replacement
(TKR) done following failed proximal tibial
osteotomy. Most authors (20,23,25,32) agree that con-
verting failed HTO to TKR may be a technically
demanding procedure. Difficulties with revision of
failed HTO to TKR are mainly due to higher rates
of preoperative limb malalignment, presence of
patella infera, and instability. Periarticular scarring,
proximal tibial bone deficiency and retained hard-
ware cause difficulties in obtaining adequate expo-
sure. Difficulties with patellar eversion are also
encountered and may require tibial tubercle
osteotomy. 
In the current technique, three Ilizarov rings with

6 smooth 1.8 mm K-wires were the only hardware
used for frame application. The gradual postopera-
tive correction protocol, with assessment of the
mechanical axis directly by standing full length
radiographs results in high accuracy of correction.
Correction is also achieved through a corticotomy
made distal to the tibial tuberosity ; therefore no
effect on the patellar height and tracking parameters
is present. Lastly, percutaneous corticotomy and
gradual correction following a latency period makes
union an eventual expected event in all patients. 
Seven patients had pin tract infection which was

minimal and responded well to local pin site care
and oral antibiotics. For patient satisfaction with the
procedure, 9 limbs had an excellent and good post-
operative HSS score in the latest follow-up. One
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patient had poor postoperative HSS score (67) and
another patient with bilateral procedures had fair
HSS score (73) in the second procedure for his left
side. For the one poor result many factors con-
tributed : the osteoarthritis was an Ahlbäck’s grade
IV with complaints of more than 9 years duration.
Regarding the patient with a fair result, undercorrec-
tion was probably the cause of his fair HSS score. 
Fears about revision to a successful arthroplasty

are not present with this technique. The corticotomy
is made percutaneously at the lower border of the
tibial tubercle and so the area of the proximal part
of the tibia is left virgin for a possible revision to
TKR. No problems with patellar eversion, scarring,
soft tissue balancing, and retained hardware are
present. 
Schwartsman (33) advocated the use of circular

external fixation after percutaneous tibial osteoto-
my distal to the tibial tuberosity and gradual correc-
tion so that accurate adjustments can be made post-
operatively on the basis of standing weight-bearing
roentgenograms. He also cited as advantages, the
ability to translate the distal fragment to restore
mechanical alignment, improved stability of fixa-
tion, and immediate weight-bearing and knee
motion of 0° to 90° in the circular frame. For frame
application, he used only tensioned 1.8 mm K-
wires and olive wires. The goal of treatment was
achieved in all cases (30 osteotomies in 27 patients)
except one patient with advanced degenerative
changes who underwent uncomplicated revision to
total knee replacement after 3 years.
Catagni (5,6) described a technique for HTO dis-

tal to the tibial tuberosity using Ilizarov’s method
with either acute or gradual correction of genu
varum deformity. He concluded that the procedure
is simple, safe and well tolerated by the patient and
allows rapid return to weight bearing. 
Adili et al (1) compared Ilizarov’s method with

an osteotomy distal to the tibial tuberosity and
Coventry’s lateral closing wedge technique in a
matched pair of patients with varus gonarthrosis.
Patients who underwent Ilizarov HTO had a signif-
icantly greater decrease in pain and increase in
function at final follow-up. 
Good results were similarly reported by Sen et

al (34) when they compared two groups of patients,



26 patients with Coventry HTO technique and
27 patients with a percutaneous reversed dome
osteotomy distal to the tibial tuberosity and acute
correction using the Ilizarov device. Post -
operatively, there was a statistically significant dif-
ference between the two groups regarding medial
proximal tibial angle (MPTA) and mechanical axis
deviation, with increased accuracy of correction in
the Ilizarov group. 
Reported disadvantages of this technique are

mainly related to pin tract infection and pin loosen-
ing which may complicate later revision to total
knee arthroplasty (33). This is not a problem if only
1.8 mm tensioned wires are used with a good surgi-
cal technique. We do not use 5 mm half pins in the
proximal ring as described by Catagni et al (5,6),
and Adili et al (1) or 6 mm Schanz screws as in the
technique of Sen et al (34). Tensioned 1.8 mm wires
cause minor pin tract infection which resolve rapid-
ly after removal of the construct. Other disadvan-
tages are poor patient acceptance of the bulky exter-
nal fixator and the need for surgeons experienced in
the application of this fixator (1,33,34). 
In conclusion, Ilizarov HTO is an accurate and

reliable technique for correction of genu varum
deformity in adults. It is an important option in
cases with severe genu varum deformities, where
corrections of more than 15° are needed, in com-
plex deformities in more than one plane and finally
in cases with an associated severe lateral collateral
ligament laxity. The reliability and accuracy of cor-
rection, controlled directly by long standing radi-
ographs, is important prior to ligamentous recon-
struction. We think, however, that this technique
should be reserved for these strict indications, since
patients’ acceptance and compliance with the frame
can be a problem. 
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