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Abstract High tibial osteotomy has been established as

an effective surgical intervention in patients with uni-

compartment osteoarthritis of the knee associated with

varus deformity and abnormal load through the medial

compartment. The aims of this study were to report the

result of open-wedge osteotomy performed with allograft

bone and also to evaluate the postoperative clinical results

in a series of patients. There are still little medical litera-

tures regarding the use of an allograft bone transplant in

open-wedge osteotomy. 37 consecutive cases that had

undergone opening wedge osteotomy using allograft bone

were studied. They were followed each 2 months after

surgery until 6 month. There were 7 men and 30 women,

aged ranging from 16 to 66. All patients were followed

6 months after surgery until clinical and radiographic

healing of the osteotomy site. All patients could stand and

walk on operated limb 6 months after operation, but 11 of

them had still pain after this duration. There were no cases

of non-union or osteotomy site collapse associated with the

use of allograft. Moreover, no significant complication has

been detected in these patients with choosing appropriate

patients and performing good surgical technique, and the

proximal tibial wedge allograft is a satisfactory choice that

provides effective clinical and radiographic bone union.

Keywords High tibial osteotomy � Allograft �
Osteoarthritis

Introduction

Unicompartment osteoarthritis of the knee is associated

with varus deformity and abnormal load through the medial

compartment. An osteotomy for the proximal aspect of the

tibia can correct the abnormal loading stresses on the knee

caused by an altered femorotibial angle. High tibial oste-

otomy has been established as an effective surgical inter-

vention in these patients and for unloading the medial

compartment after cartilage restoration that could improve

quality of life and cause high patients satisfaction rate

[1–3].

In surgical procedure of the medial compartment, good

long-term results depend on the ultimate correction, which

is ideally 2–8 degree of valgus of the tibiofemoral angle [2,

4]. There are two known surgical methods for this proce-

dure. The first one is the lateral closing wedge osteotomy

of the proximal tibia that provides a stable construct for

earlier weight-bearing and bone union; however, problem

related to fibular osteotomy, disruption of the tibiofibular

joint, detachment of the extensor muscle, proneal nerve

injuries, and shortening of the limb have been reported

with this procedure [2, 5]. Today medial opening wedge as

the second type of the procedure is becoming more popular

because it is simpler and avoids these problems [6, 7]. It

can be combined with an anterior cruciate ligament

reconstruction through the same incision and has length-

ening effect. Despite these benefits, longer union time and
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need for the bone graft are associated with this method.

Patients’ selection, surgical technique, type of fixation, use

of supplement for fixation, and the choice of material or

bone graft to fill the osteotomy defect are the important

factors that are related to these complications [8]. With

regard to the use of bone graft, autogenous iliac crest has

been the preferred graft because of its structural charac-

teristics [9]. Autogenous bone graft harvest from the iliac

crest has been associated with morbidity and potential

complications such as deep wound infection, gluteal artery

injury, and sciatic nerve injury [7, 10–16]. The use of an

allograft bone wedge could eliminate these problems.

There are still little medical literatures regarding the use of

an allograft bone transplant in open-wedge osteotomy.

The aim of this study was to report the result of open-

wedge osteotomy performed with allograft bone. We also

aimed to evaluate the postoperative clinical results in a

series of patients.

Materials and methods

Cases

We studied 37 consecutive cases that had undergone

opening wedge osteotomy using allograft bone between

July 11, 2006, and November 18, 2009. We also followed

these patients prospectively each 2 months after surgery

until 6 month. There were 7 men and 30 women, aged

ranging from 16 to 66. None of patients had bi- or tri-

compartmental arthritis, inflammatory disease, BMI [ 40,

or joint line obliquity more than 10�. We also excluded

patients with insulin-dependent diabetes mellitus, heavy

cigarette smoking, and exogenous steroid use. All patients

were followed 6 months after surgery until clinical and

radiographic healing of the osteotomy site.

Clinical and radiographic assessment

The surgeon performed clinical and radiographic evalua-

tion of each patient. Preoperative measurement obtained

from full-length standing radiograph that gives a correct

estimation of axial alignment of lower extremity. Follow-

up was done each 2 months from the operation time to

evaluate the radiographic and clinical improvement. The

clinical indicators used to assess union were complaint of

pain as well as sign of tenderness, warmth, and swelling at

the osteotomy site. We also measured pain score in each

follow-up based on visual analogue scale (VAS).

Radiographic examinations involved anteroposterior

(AP) and lateral view of the osteotomy site. Indicators used

to assess bony union were bone bridging across the oste-

otomy site and disappearance of osteotomy line on serial

examinations. Non-union was consider for patients when

above indicators were absent after 6 months.

Surgical technique

Our goal was to obtain a tibiofemoral valgus angle of 6�–8�
or angle between mechanical axis of femur and tibia near 0.

We used classic operation technique [7], but in our pro-

cedure, tibial shaft allograft was chosen to fill the osteot-

omy defect.

Cortico-cancellus freeze-dried allograft prepared by

tissue regeneration corporation (processed in a sterile

calss1000 environment by using low-level gamma irradi-

ation below 2.5 Megarad). The surgeon shaped it in oper-

ation room to a desirable size to precisely fill the osteotomy

defect (Fig. 1a, b, c).

Fixation of osteotomy with T-plate and screws was

done. The knee protected in a brace that permits a full

range of motion. Partial weight-bearing allowed immedi-

ately and full weight-bearing allowed when we had X-ray

finding of bone union or the patient could tolerate it.

Statistical analysis

For the main variable, we generated descriptive statistics

such as mean and percentages. Pearson’s correlation

coefficient was used to find the relationship between dif-

ferent variables and pain improvement. All analyses were

carried out with the statistical package SPSS version 18.

Results

Table 1 shows basic characteristics of the study population.

Most of the patients were women (81.1%). The mean BMI

among patients was 28.28 (SD = 5.20).

Table 2 shows pre- and post-operation tibiofemoral

angle. All of the patients had more than 5 degree varus

before operation. Since the favorable degree after surgery

is 0–6 degree valgus, we categorize the different degree of

this angle based on the best correction after surgery.

Among all the patients who undergone surgery 20 (54.1%)

have the best correction of this angle. Although we mea-

sured severe varus in some patients before surgery, none of

them remain varus after the operation.

Table 3 shows bony bridge formation, ability of patients

for standing on operated limb, and pain in the operated site

in different follow-up times. All patients could stand and

walk on operated limb 6 months after operation, but 11 of

them had still pain after this duration. There were no cases

of non-union or osteotomy site collapse associated with the

use of allograft. Moreover, no significant complication has

been detected in these patients. There was a negative
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correlation between age of the patients and improvement of

pain.

Discussion

We found that using allograft in open-wedge osteotomy

would be a satisfactory method in the treatment of patients

with unicompartment osteoarthritis of the knee. Complete

clinical and radiographic improvement occurred within

6 month. The lower incidence of non-union and other

complication in addition of the long-term graft integrity in

our study group would support the use of this graft over

synthetic substitutes.

Previous report has suggested that bone allograft is

suitable substitute for autograft [8]. Although some reports

have suggested that synthetic graft accompanied with

appropriate union without important complications [17],

these synthetic grafts have not good availability in our

country. Moreover, other advantages should be taken into

account such as low cost, easy preparation and implanta-

tion at surgery, less complication and ability to shape the

allograft bone in operation room.

In line with other authors, we also believe that one of the

most important factors in using this procedure and using

Fig. 1 Open-wedge osteotomy technique

Table 3 Formation of bone bridge, stand on the operation limb and

pain in first, second, third, and fourth follow-up in 37 patients

Bone bridge

formation

Stand on

operated limb

Still pain

Firs follow-up 1 (2.7%) 5 (13.5%) 36 (97.3%)

Second follow-up 14 (37.8%) 26 (70.3%) 32 (86.5%)

Third follow-up 31 (34%) 34 (91.9%) 19 (51.4%)

Fourth follow-up 35 (94.6%) 37 (100.0%) 11 (29.7%)

Table 2 Tibiofemoral degree pre- and post-operation in 37 patients

underwent open-wedge osteotomy

Post-operation tibiofemoral angle

\0 0–6 [6

Pre-operation tibifemoral angle

-20 to -15 5 (31.3%) 5 (25%) 0 (0%)

-15 to -10 4 (25.0%) 6 (30.0%) 1 (100%)

-10 to -5 5 (31.3%) 9 (45%) 0 (0%)

[-5 2 (12.5%) 0 (0%) 0 (0%)

Total 16 (43.2%) 20 (54.1%) 1 (2.7%)

Table 1 Baseline characteristics of 37 patients who underwent open-

wedge osteotomy

N Mean ± SD

Age 37 44 ± 13.55

Female (%) 30 81.1%

BMI category

Normal 11 29.7%

Overweight 15 40.5%

Obese 11 29.7%

Operation duration (min) 37 88.78 ± 1.99
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bone allograft is proper patient selection [2, 9, 18]. The

factors that have effect on bone healing should be con-

sidered. Therefore, patients aged over 65 years, smokers,

exogenous steroid users, and bone mass index more than 40

are not appropriate for this procedure [8]. We also believed

that this graft compares favorably to the result obtained

with autogenous iliac crest graft. In this procedure, the

cancellous portion of allograft acts as an ideal osteocon-

ductive substitute in this situation [8].

One limitation of our study was the lack of a comparison

group. There was no possibility to compare these patients

with other patients who undergone other technique or other

material for open-wedge surgery. It should be also men-

tioned that in this study the clinical and radiographic

assessment of bone union during follow-up period and

subjective and objective evaluation of complications were

performed by a single examiner who had done the surgery.

In conclusion, with choosing appropriate patients, and

good surgical technique, the proximal tibial wedge allo-

graft is a satisfactory choice that provides effective clinical

and radiographical bone union.
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