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Soft tissue contractures of the knee or ankle 
treated by the llizarov technique 
High recurrence rate in 26 patients followed for 3-6 years 

Shier-Chieg Huang 

We used llizarov frames in 26 patients for correction 
of severe contractures in 10 knees and 19 ankles. All 
patients had good initial correction. 2 patients de- 
veloped posterior subluxation of the knee and 2 pa- 
tients developed anterior subluxation of the ankle. 
At a minimum of 3 years' follow-up, 11 contractures 
had recurred. All patients except 1 had persistent re- 
striction of motion. Considering the final position, 

improvement of motion and complications, we ob- 
tained an excellent result in 1 patient, good in 13, fair 
in 11, and a poor result in 1. Better results were ob- 
tained in patients with posttraumatic contractures 
than with other etiologies. There were also better re- 
sults in correcting equinus contracture of the ankle 
than in knee flexion contracture. 
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Trauma, neuromuscular disorders, congenital anoma- 
lies, burns and other diseases can cause contracture of 
the lower extremities. In mild cases, serial casting, 
corrective bracing (Bonutti et al. 1994), or soft tissue 
release (Heydarian et al. 1984) are effective. In severe 
cases, the use of tissue expander (Bassett et al. 1993), 
extensive soft tissue release (Porat et al. 1995), cor- 
rective osteotomy (Leong et al. 1982, Hang 1983), 
shortening osteotomy (Saleh et al. 1989), and even 
microvascular free tissue transfer (Ohmori 1982) 
have been used. 

The Ilizarov technique can be used to correct joint 
contractures and deformities, but the technique, re- 
sults and complications are not well known (Grill and 
Franke 1987, Ilizarov 1990, Calhoun et al. 1992, 
Grant et al. 1992, Hagglund et al. 1993, Paley 1993, 
Herzenberg et al. 1994, Damsin and Ghanem 1996). 
We report our experience with correction of severe 
soft tissue contractures of the knee and ankle by the 
Ilizarov technique. 

Patients and methods 

Between 1988 and 1991, we used the Ilizarov tech- 
nique in 26 patients with severe contracture of the 
knee and/or ankle joint (Table 1). 3 patients had con- 
tmctures of both the knee and ankle. The patients had 
no gross deformities of bone or joint surfaces. 

Knee contractures 
10 patients (cases 1-7,2626) had flexion contracture 
of the knee. Their median age was 13 (2-31) years. 
The etiologies were congenital anomalies in 4 
patients, tumor resection in 3, trauma in 1, polio- 
myelitis in 1, and burns in 1. The degree of flexion 
contracture of the knee was measured clinically along 
the middle plane of the lateral femorotibial axis, with 
full extension of the knee as zero degree. The median 
flexion contracture was 55" (40'-135"). The total 
motion was measured from maximal extension to 
maximal flexion of the knee and was preoperatively a 
median of 50" (10"-100"). Muscle power was graded 
from 0 to 5 degrees. All patients had various degrees 
of muscular imbalance, with stronger flexion than 
extension. Associated problems included leg-length 
discrepancy in 6 patients, femoral fracture in 1, flex- 
ion contracture of the hip in 1, malunion of the other 
hip in 1, hip dislocation in 1, hemangiolymphangioma 
of the thigh in 1, and patellar subluxation in 1. The 
duration of the contracture ranged from 7 months to 
more than 20 years. 

For correction of the contracture, 4 levels of fixa- 
tion were set up across the knee joint. At the thigh, a 
120" femoral arch with 2 half-pins or a full ring with 2 
olive wires was used proximally, while a full ring 
with 2 olive wires was used distally. At the lower leg, 
2 full rings with 2 olive wires or 1 half-pin and 1 olive 
wire in each ring were used. Medial and lateral hinges 
connecting the femoral and tibia1 rings were set at ap- 
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Table 1. Clinical data of all patients 

A B C D E F G H I  J K L  M N O P Q R S T U V  

1 1 2 3 1 50 20 1.3 
2 1 26 6 1 50 100 4:5 
3 1 11 5 1 135 20 2:4 
4 1 3 3 1 60 50 1:3 
5 2 12 5 1 45 75 1:4 
6 2 14 5 1 80 20 1.4 
7 1 25 1 1 70 10 3:4 
8 1 10 1 2 50 0 0:l 
9 1  6 1  2 5 0  0 1.4 
10 1 9 1 2 50 0 1:4 
1 1  2 32 7 2 50 0 0:O 
12 1 9 1 2 30 20 1.4 
13 1 29 1 2 30 20 1:4 
14 1 6 1 2 20 10 2:2 
15 1 21 1 2 40 10 1:3 
16 1 21 1 2 20 20 1.4 
17 2 46 1 2 20 30 1:4 
18 1 34 1 2 25 30 1.4 
19 2 27 2 2 30 30 2:4 
20 2 56 1 2 30 20 2:4 
21 1 26 2 2 20 30 1:4 
22 2 28 1 2 50 0 1:4 
23 2 22 2 2 30 40 1.4 
24 1 31 2 1 95 55 1.3 

1 31 2 2 35 30 1.3 
25 2 9 4 1 40 50 1:4 

2 9 4 2 50 0 1.4 
26 2 15 3 1 50 70 2:4 

2 15 3 2 50 0 2:4 

1 1 . 8 2 0  2 3  
1,  8 1.3 2 9 0.8 1 
0 1 . 0 3 0  6 1  
0 2 . 9 2 0  4 2  
1,  10 4.0 2 0 2 2 
1 2.6 2 0 3.5 4 
4 0 . 6 2 4  1 1  
3 1 . 0 3 0  2 4 
2 1.0 3 3 2.5 4 
0 5 . 0 3 0  2 4  
3 4 . 1 3 0  2 2 
0 1 . 5 2 0  1 2  
4 1.0 1 4 4.5 1 
3 0 . 6 1 0  2 2  
1,2 1.0 1 1 2  2 1 
2 0 . 6 1 1  2 1 
2 0 . 6 1 1  2 1  
2 0 . 6 1 1  3 1  
1 2 0 + 1 2  2 1 
5 0.6 2 3 2.5 1 
1 20+ 1 2 2.5 1 
6 1 . 8 3 6  2 2  
1 2 0 + 1 2  3 1 
1, 7 20+ 2 5,7,8 3 4 
1, 7 20+ 2 5.7.8 3 4 
1. 1 1  8.9 2 0 2 4 
1. 1 1  8.9 2 0 2 4 
9 14.9 3 0 2.5 4 
9 14.9 3 0 2.5 4 

A Case 
B Sex 

1 male 
2 female 

C Age (years) 
D Etiology 

1 trauma 
2 sequel of poliomyelitis 
3 arthrogryposis 
4 nail-patellar syndrome 
5 tumor resection 
6 burn 
7 paraplegia 

E Type of contracture 
1 flexion of knee 
2 equinus of ankle 

F Preop. position (degrees) 
knee: flexion contracture 
ankle: contracture in plantar flexion 

G Preop. total arc of motion (degrees) 
H Muscle balance (muscle power: 

grade 0-5) 
knee: extension:flexion 
ankle: dorsif1exion:plantar flexion 

I Associated problems 
0 no associated problems 
1 leg-length discrepancy 
2 tibial defect 
3 severe Scar 

4 femoral fracture 
5 tibial fracture 
6 peroneal nerve injury 
7 flexion contracture of hip 
8 malunion of other hip 
9 hip dislocation 
10 hemangiolymphangioma 
1 1  patellar subluxation 

J Duration of contracture (years) 
K Hinge 

1 natural 
2 rotating 
3 rotating with wire 

L Concomitant procedures 
0 no concomitant procedure 
1 bone transport 
2 leg lengthening 
3 tibial fracture fixation 
4 femur fracture fixation 
5 osteotomy of hip 
6 tenotomy of toe flexor 
7 hamstring release 
8 Tendo Achilles lengthening 
9 femoral lengthening of other 

limb 
M Correction period (months) 
N Fixation after correction 

1 llizarov 

1,2 0 6.0 20 20 30 0 3 
0 0 3.7 0 150 50 50 1 
1 0 3.4 60 10 75 -10 4 
2 0 3.2 0 40 60 -10 3 
4 0 3.3 0 20 45 -55 3 
1 0 3.6 20 20 60 0 3 
1 0 3.6 20 10 50 0 3 

0 0 3.8 0 10 50 10 2 
0 0 3.2 0 20 50 20 2 
0 0 3.2 0 20 50 20 2 
1 0 3.2 20 20 10 0 3 
0 0 4.5 0 30 40 10 2 
0 0 3.2 0 20 30 10 2 
0 0 4.5 0 10 40 0 2 
0 0 3.9 0 20 20 0 2 
0 0 3.7 0 30 20 0 2 
1 0 3.9 20 20 5 -10 3 
0 0 4.7 0 30 30 0 2 

1 1 3.2 O(20) 30 20 0 3 
0 0 3.5 0 20 50 20 2 
1 1 3.6 O(30) 40 30 0 3 
0 0 3.2 0 55 95 0 2 
0 0 3.2 0 30 35 0 2 
0 0 3.2 0 50 40 0 2 
0 0 3.2 0 20 50 20 2 

1 0 4.0 20 20 30 20 3 

1.3 2 3.9 0120) o 50 o 3 

o o 3.2 o 20 30 a 2 

1.5 0 4.0 20 20 30 -50 3 

2 cast 
3 brace 
4 cast and brace 

0 no complication 
1 recurrence of contracture 
2 subluxation 
3 fracture of tibia 
4 instabrlity of knee 
5 pin tract infection 

P Subsequenl operation 
0 no subsequent operation 
1 Tendo Achilles lengthening 
2 ankle fusion 

Q Follow-up period (years) 
R Final position (degrees) 

knee: flexion contracture 
ankle: wntracture in plantar flexion 
( ): before subsequent operation 

S Final total arc of motion (degrees) 
T Improvement in position (degrees) 
U Improvement in total arc of motion 

V Result 

0 Complication 

(degrees) 

2 good 
1 excellent 

3 fair 
4 poor 

proximately the axis of rotation of the knee joint (Fig- 
ure 1). The center of rotation was determined by tem- 
porary insertion of a wire at the intersection of the 
posterior cortex of the femoral shaft and intercondylar 
notch, and confirmed by fluoroscopy. This kind of 
hinge allows rotation only (rotating hinge). 2 patients 

retained the wire, which was tensioned and fixed to 
the hinges, for better control of stability and motion 
(rotating hinge with wire). 1 or 2 distraction rods at 
the posterior aspect of the knee were used (Figure 2). 
Over-distraction (0.5 cm) of the joint space was done 
acutely. Concomitant treatments included femoral 
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Figure 1. Types of hinge. Figure 2. Case 2.26-year-old man with severe burn of right 
lower extremity and fracture of left hip after a fire accident. 

Because of leg-length discrepancy and scarring of right knee, 
a flexion contracture of 50" developed. There was thick keloid 
tissue in the popliteal area. 

The llizarov frame with a rotating knee hinge. The knee was 
corrected to full extension 3 weeks later and the keloid tissue 
behind the right knee disappeared. 3 years and 8 months after 
treatment, the patient had a straight knee and normal motion. 

A. Natural hinge: The axis of rotation of the joint is used as 
hinge. 

B. Rotating hinge: Hinges connecting the upper ring of the tibia 
and lower ring of the femur are located at the axis of the 
rotation of the knee joint. 

C. Rotating hinge with wire: The wire passing through the axis 
of rotation is connected by a rod with a slot to the rotating 
hinges and tensioned. 

fracture fixation, osteotomy of the hip, hamstring 
release, Tendo Achilles lengthening, and femoral 
lengthening of the other limb. 6 patients had an asso- 
ciated leg-length discrepancy that was not treated, 
either because the patients were too young for such an 
operation or they desired a shorter treatment time. 

Distraction was started as soon as the postoperative 
pain subsided, at the rate of 1 mm per day at the level 
of the knee, which corresponded to 3-4 mm per day at 
the distraction rod, with the rate modified according 
to the patient's comfort. The median duration of cor- 
rection was 2.3 (0.8-6.0) months. The Ilizarov device 
was kept in place for 1-2 months after the contracture 
had been corrected, if the patient tolerated the device. 
After removal of the device, additional maintenance 
was provided by casting in 2 patients, by bracing in 1 ,  
and by casting and bracing in 4. 3 patients had no fur- 
ther immobilization. The duration of casting was 4-6 
weeks and for bracing 2-3 months. The patients were 
encouraged to walk on the treated limb with the help 
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of bilateral axillary crutches. Range-of-motion exer- 
cise was begun after removal of the Ilizarov device 
and cast, and during brace immobilization. 

Ankle contractures 
19 patients (cases 8-26) had equinus contracture of 
the ankle. Their median age was 22 (6-56) years. The 
etiologies were trauma in 12 patients, poliomyelitis in 
4, congenital anomalies in 2, and paraplegia in 1. The 
degree of equinus contracture of the ankle was mea- 
sured clinically along the middle plane of the lateral 
aspect of the leg and plantar surface of the foot, with 
neutral position of the foot as zero degree. The 
median equinus contracture of the ankle was 30" 
(20"-50"). Total motion was measured clinically from 
maximal dorsiflexion to maximal plantar flexion of 
the ankle and the preoperative median was 20" (0"- 
40'). All patients also had various degrees of muscu- 
lar imbalance, with stronger flexion than dorsiflexion. 
Associated problems included a tibial bone defect in 5 
patients, leg-length discrepancy in 6, moderate or se- 
vere scarring of the leg in 3, femoral fracture in 1, tib- 
ial fracture in 1, peroneal nerve injury in 1, flexion 
contracture of the hip in 1, hip dislocation in 1, and 
patellar subluxation in 1. The history of disease 
ranged from 7 months to more than 20 years. 

For correction of the contracture, 2 full rings with 2 
olive wires or 1 half-pin and 1 olive wire in each ring 
were used at the tibia. At the foot, 2 half rings con- 
nected by 2 plates were used, with 2 wires transfixing 
the calcaneus and I wire transfixing the metatarsals. 
In 9 patients, no hinge was used. In these patients, the 
ankle joint of the patient was used as the hinge (natu- 
ral hinge). In the remaining 10 patients, medial and 
lateral hinges connecting the tibial and foot rings 
were set at the axis of rotation of the ankle, which was 
located in the talar body near its inferior aspect. In 6 
of these 10 patients, the hinge wire was retained (Fig- 
ure 1). Pull constructs with 1 or 2 rods were set at the 
anterior aspect of the ankle joint. The pulling rods ex- 
erted the main correcting force. One distraction rod 
was also set at the posterior aspect of the ankle joint to 
help correction. Over-distraction (0.5 cm) of the joint 
space was done acutely. Concomitant treatments in- 
cluded bone transports in 4 patients, leg lengthenings 
in 4, fracture fixations in 3 (1 in femur, 2 in tibia), 
tenotomy of the toe flexors in 1 ,  osteotomy of the hip 
in 1, hamstring release in 1, and Tendo Achilles 
lengthening in 1. In these cases, the frames were mod- 
ified for the specific purpose. Correction was started 
as soon as postoperative pain subsided with the rate of 
correction set at 1 mm per day at the level of the ankle 
joint, which corresponded to 3-4 mm per day at the 
pulling rod and 2 mm per day at the distraction rod, 

with the rate modified according to the status of cor- 
rection and the patient's comfort. The median dura- 
tion of correction was 2.0 (1-4.5) months. The 
Ilizarov device was kept in place for 1-2 months after 
the contracture had been corrected, if the patient toler- 
ated the device. After removal of the device, addition- 
al maintenance was provided by casting in 4 patients, 
and casting and bracing in 6 patients. 9 patients had 
no further immobilization. The duration was 4-6 
weeks for casting and 2-3 months for bracing. The 
patients were encouraged to walk on the treated limb 
with help of bilateral axillary crutches. Range-of-mo- 
tion exercise started after removal of the Ilizarov de- 
vice and cast, and during brace immobilization. 

Evaluation 
Results were graded as excellent, good, fair and poor. 
An excellent result was considered as less than 5" of 
residual deformity, less than 10" difference in motion 
when compared with the contralateral normal limb, 
and no complications. A good result was defined as 
less than 15" of residual deformity, motion equal to or 
greater than before treatment, and only minor compli- 
cations which did not affect outcome or require exten- 
sive intervention. A fair result was defined as less than 
30" of residual deformity, motion equal to or less than 
before treatment, and serious complications. Compli- 
cations that were either major and temporary, or mi- 
nor and permanent, were considered to be serious. 
Those patients who needed subsequent operation to 
achieve satisfactory results were grouped in this class. 
A poor result was defined as more than 30" of residual 
deformity, decreased motion, and severe complica- 
tions requiring major surgery or resulting in a major 
permanent sequel. 

Statistics 
Since the sample size was small, nonparametric sta- 
tistics were chosen. The Shapiro-Wilk statistic was 
used to test the normality of continuous scaled vari- 
ables, i.e., age, duration of contracture, preoperative 
and final position and motion, correction period, im- 
provement in position and motion, and follow-up pe- 
riod. The Wilcoxon signed-rank test was used to eval- 
uate the median difference of preoperative and final 
position and motion among 2 types of contracture. 
Fisher's exact test was used to examine the associa- 
tion between recurrence of contracture and sex, types 
of contracture, kinds of fixation after correction, or 
etiologies of contracture, respectively. The Kruskal- 
Wallis test was used to detect the association between 
the explanatory variables and the result. The signifi- 
cance level of the hypothesis test was chosen as 0.05. 
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Results 
We obtained an excellent result in 1 patient, good in 
13, fair in 11, and poor in 1 patient. The etiology and 
type of contractures seemed to relate to the result. 
Better results were obtained in patients whose con- 
tractures were secondary to trauma (good in 9, fair in 
4). Sequel of poliomyelitis (good in 2, fair in 2), con- 
genital anomaly (good in 1, fair in 3), or tumor resec- 
tion (fair in 2, poor in 1) had less favorable results 
(Table 2). Patients with equinus contracture of the an- 
kle had better results (good in 13, fair in 6) than those 
with flexion contracture of the knee (excellent in 1, 
good in 2, fair in 6, poor in 1). The duration of con- 
tracture and the age showed no obvious association 
with the result of treatment. 

Knee contractures 
The median follow-up period was 3.5 (3.2-6.0) years. 
The flexion contractures in all 10 patients were ini- 
tially corrected to full extension with the Ilizarov de- 
vice. At final follow-up, median flexion deformity 
was 10" (0"-60"), with 5 patients having no recur- 
rence of the contracture. Median improvement of 
flexion deformity was 50" (30"-95") (p = 0.002). Me- 
dian motion was 20" (lOo-l5O0), and was improved 
in 1,  not changed in 5, and decreased in 4 patients. 
Median improvement of motion was 0' (-55"-50"). 
Only case 2 (bum patient) achieved and maintained 
full correction and full range of motion (Figure 2). 
This was the only excellent result in the series. 5 pa- 
tients with a median age of 12 (2-25) years had a re- 
currence of the flexion deformity. Case 3 could not 
attend the clinic regularly during correction. He also 
refused immobilization after removal of the device. 
Because of his fear of pain, he did not perform any 
stretch exercises, and the knee flexion contracture re- 
curred. This was the only poor result in the series. 
Cases 1 and 4 developed posterior subluxation of the 
tibia (three-quarters and half of the tibia1 plateau, re- 
spectively) during correction. The subluxations were 
not treated, while the devices were in place. After re- 
moval of the devices, the limbs were kept in cast and 
brace. At final follow-up, the subluxation had com- 
pletely resolved, although there was a recurrence of 
the flexion contracture. Case 5 had excessive posteri- 
or laxity of the knee that may have been due to over- 
distraction of the joint by misplacement of hinges too 
anteriorly. The patient feels pain in the knee which 
needs a brace for protection. 

Ankle contractures 
The median follow-up period was 3.6 (3.2-4.7) years. 
The equinus contractures in all 19 patients were over- 

Table 2. Relationship between etiology and result of treat- 
ment 

Etiology Excellent Good Falr Poor 
~ 

Trauma 0 9 4 0 
Sequel of paliomyeiilis 0 2 2 0 
CMlgenRalanomaly 0 1 3 0 
T u r n  resection 0 0 2 1 
Bum 1 a 0 0 
Paraplegia 0 1 0 0 

Total (pts) I 13 11 1 

corrected to dorsiflexed position with the Ilizarov de- 
vice. At final follow-up, the median equinus contrac- 
ture was 0" (0"-20"). In 16 patients, the deformity had 
resolved completely (2 had received Tendo Achilles 
lengthening for recurrence of equinus deformity). The 
median improvement in the equinus deformity was 
30" (5"-50") (p = 0.0001). Motion was 20" (0"40"), 
and had improved in 8 patients, not changed in 10, 
and decreased in 1. The median improvement in mo- 
tion was 0" (-10"-20") (p = 0.02). 6 patients with a 
median age of 19 (9-34) years had a recurrence of the 
contracture. Case 8 suffered a fracture of the lower 
tibia when we attempted manual correction of recur- 
rent equinus contracture (Figure 3). The fracture 
healed in a posteriorly angulated position. The foot 
was plantigrade thereafter, but the patient underwent 
ankle fusion later due to a recurrence of the equinus 
contracture. 2 patients had subsequent Achilles ten- 
don lengthening to obtain plantigrade feet, but 3 pa- 
tients refused tendon lengthening. Cases 8 and 10 had 
anterior subluxation of the talus (one-fourth of the ta- 
lar dome), while 1 case showed mild narrowing of the 
joint space during correction. After removal of devic- 
es and immobilization of the ankles in the cast and 
brace, the subluxation gradually resolved. 

Discussion 

Equinus deformities of the ankle, especially those of 
traumatic etiology, were mostly related to faulty posi- 
tioning of the foot in equinus and subsequent contrac- 
ture of the calf muscles during the primary treatment. 
In these cases it was easy to stretch out the deformity 
and maintain the correction. 

The contractures of the knee and the ankle had im- 
proved, but the total motion was only slightly im- 
proved (ankle) or unchanged (knee). However, the 
range of motion of the joints was shifted to a more 
functional position. It is difficult to maintain joint 
motion during correction because of pain, poor com- 
pliance of the patient, and the complexity of design 
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Figure 3. Case 8.10-year-old boy, with severe avulsion injury 
to his left leg from a car accident. Multiple debridements 
and skin grafts have been performed. 

Equinus contracture of left foot developed with poor scar tissue 
over posterior heelcord area. 

Over-correction was achieved 2 months after application of an 
ilizarov frame with rotating ankle hinge and hinge wire. 

for concomitant correction, i.e., lengthening or bone 
transport. Patients should therefore expend much ef- 
fort and more time in rehabilitation after removal of 
the frame. Physiotherapy and cooperation of the pa- 
tients are important both during correction and after 
removal of the device. After prolonged illness and 
treatment, normal muscle strength and range of joint 
motion may not have been regained, even after vigor- 
ous exercise (Herzenberg et al. 1994). 

There are few descriptions of a hinge for correction 
of joint deformity (Volkov and Oganesyan 1987, 
Herzenberg et al. 1994, Damsin and Ghanem 1996). 
Usually, a rotating hinge or natural hinge is used. 
Since the instant centers of rotation of the knee and 
the ankle joints are not fixed (Hollister et al. 1993), 
there is unphysiological motion in the joint with the 

fixed axis of the hinge in an Ilizarov frame. Crushing 
of adjacent articular surfaces may occur and result in 
stiffness and degenerative joint changes. This can be 
avoided by slight over-distraction of the joint 
(Herzenberg et al. 1994, Damsin and Ghanem 1996). 
Volkov and Oganesyan (1987) have designed several 
types of hinges to try to imitate the gliding and rota- 
tion motion of the knee and rotation motion of the an- 
kle, and have reported good results. They used a hinge 
wire routinely together with the hinged distraction 
principle. Under such conditions, the joint may rotate 
more physiologically. We used hinges with wire in 2 
knees and 6 ankles. Erosion and infection around the 
pin were common in these patients, and we therefore 
do not recommend hinges with wire. Misplacement of 
the hinges can also cause subluxation of the joint, 
crushing of articular surfaces or over-distraction of 
ligamentous structures, which may result in excessive 
laxity and instability. In our series, 2 cases of posteri- 
or subluxation of knees and 2 cases of anterior sub- 
luxation of the ankles were noted, which could have 
been the results of inappropriate positioning of hing- 
es. The cases with subluxation of the ankle also had a 
hinge wire. After removal of the frame, the joints re- 
turned gradually to their anatomical position. In the 
remaining 8 cases, this did not happen, since we set 
the hinge more accurately and adjusted the position of 
the hinges more often during correction, in accor- 
dance with the radiogram of the joints. Subluxation 
did not occur in cases with natural hinges. With nor- 
mal joint structure, correction of the deformity may 
occur along the axis of rotation. 

A hinge that is suitable for the Ilizarov frame and 
mimicks the physiological joint motion should be de- 
veloped. Careful use of natural hinges may be another 
alternative. Ilizarov used a natural hinge or temporari- 
ly  removed the hinge during correction to allow resto- 
ration of the normal joint position. Once subluxation 
of the joint is detected during correction, it can be re- 
duced by means of the existing Ilizarov frame and ad- 
dition of a pull construct, or change of position of 
hinges (Damsin and Ghanem 1996). However, our 
observations show that the subluxation may sponta- 
neously reduce after removal of the fixation device. 

We did not experience nerve injury either intraop- 
eratively or during correction. We adjusted the rate of 
correction to 1 mm per day at the most critical point, 
e.g., neurovascular structures of the knee and ankle 
(Herzenberg and Waanders 1991 ). 

Recurrence of contractures was common. The 
causes could be inadequate stretch or regeneration of 
soft tissues, muscular imbalance, poor positioning of 
the limb, and growth. Low-load prolonged stretch is 
preferred to high-load brief stretch (Light et al. 1984). 
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In distractional neogenesis, the soft tissue will be 
stretched first and will then regenerate and remodel 
(Kochutina 1990). Nearly normal tissue may respond 
better than fibrotic or atrophic tissue. 

The method, time schedule, morbidity and compli- 
cations should be explained adequately to the patient 
before operation. Cooperation of the patients and 
their families is important. The possibility of muscle 
balancing and other procedures must also be pointed 
out to the patients before correction, to prepare them 
for an eventual secondary operation for complica- 
tions. Because the result is related to the etiology and 
location of the disease, the presence of associated 
problems, experience of the surgeons and cooperation 
of the patients, both the surgeons and the patients 
should have a realistic goal at the outset. According to 
our early experience, a satisfactory outcome is 
achieved in half of the patients. With better selection 
of patients, better design, adequate physiotherapy and 
bracing, the results can be improved. 
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