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Abstract 
Eighteen patients (20 bony segments) who had shortening and/or angular deformities were 

treated by distraction osteogenesis using AO-tubular external fixator. The mean angular correction 
was 18.9 degrees (range, 8-40 degrees). Of the group in whom shortening and angulation was corrected, 
the mean length gained was 4.2 em (3-6 em). The mean treatment time was 4.9 months (range, 2-13 
months) and the mean follow-up was 12 months after removal of the fixator (range, 3-30 months). 
Delayed union with loosening of the fixator occurred in one patient which resulted in residual shorten­
ing of 1.5 em. The author's technique of distraction osteogenesis using AO-tubular fixator with the 
new distraction rate of I mm/48 h (I mm/step) could adequately correct shortening and/or angular 
deformities. No extra equipment was needed other than the readily-available AO-tubular fixation sys­
tems. No serious complications such as neurovascular injury were encountered. 
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Ilizarov demonstrated that controlled dis­
traction of a well-vascularised corticotomy produced 
bone in the distraction gapO ). In conjunction with 
the circular frame he developed, Ilizarov used this 
concept to provide an elegant method for correction 

of bony and soft tissue deformity as well as limb 
lengthening(2). De Bastiani et al developed a similar 
technique by distraction through callus (callotasis) 
using a monolateral lengthening device (Orthofix)® 
(3). Both of these lengthening devices can correct 
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angulation by eccentric distraction and regain length 
by linear distraction using the distraction rate at 0.25 
mm every 6 h(4,5). Although the Ilizarov ring fixator 
and (Orthofix)® are available in Thailand, their costs 
remain high. To reduce the medical expenses the 
author sought a new lengthening technique, which 
was accidentally discovered. In April 1990 an 8-year­
old-girl with 4-cm shortening of the left tibia secon­
dary to congenital posteromedial bowing was treated 
in author's clinic. The tibia was lengthened with AO/ 
ASIF unilateral external fixator because Wagner 
lengthening device for children was not available. 
Firstly, it had been planned to correct the shortening 
by Wagner' technique, that was daily lengthening of 
about I mm and an autologous iliac bone grafting 
after achieving the desired length. Because the patient 
had to go to her school, she was, therefore, managed 
on an outpatient basis, by distraction of about 1 mm 
on alternate days (every 48 hours). After the desired 
length had been gained, the author observed a new 
bone forming spontaneously in the distraction gap. 
The author hypothesized that with the distraction rate 
at I mm on alternate days or every 48 hours the new 
bone could have been formed in the distraction gap 
without neurovascular injury. One year later, a 32-
year-old-policeman who had sustained an infected 
open fracture with bone loss of 6.5 em was treated in 
the author's clinic by autogenous iliac bone graft and 
stabilized with an AO/ ASIF external fixator. Unfortu­
nately. the bone gap still remained because of inade­
quate bone grafts. Two surgical options were offered 
to the patient: allograft versus the author's own tech­
nique. The patient gave informed written consent that 
he preferred to have distraction osteogenesis, using 
the author's own technique. With this technique the 
healthy bone was osteotomized and transported with 
the distraction rate at I mm every 48 hours to fill the 
gap (Bone transportation). Finally, the author suc­
ceeded in closing the bone gap with his own tech­
nique in this patient and the patient resumed his work 
again as policeman. The result of this treatment has 
encouraged the author to continue its use and so far 
more than one hundred cases with limb deformity or 
length discrepancy have been treated with the author's 
own technique of distraction osteogenesis. To the 
best of the author's knowledge, there have been no 
reports describing the use of AO-conventional external 
fixator for correction of angulation and shortening. 
The purpose of the study was to evaluate the clini-

cal results of treatment of shortening and/or angular 
deformity of lower limbs using the author's own 
technique of distraction osteogenesis. 

PATIENTS AND METHOD 
From February 1993 to September 1996, 20 

procedures for correction of shortening and/or angular 
deformities were performed on 18 patients using the 
author's own technique (12 femur, 8 tibia). Five femur 
and six tibia had angular deformities. Seven femur 
and two tibia had both angulation and shortening 
(Table I). The average age of the patients at the time 

of operation was 23 years (range, 6-45 years). 

Surgical technique 
Only the standard elements of the AO/ ASIF 

tubular system were used(6). A special threaded rod 
designed by Alonso and Regazzni(7) was not used in 
this study. At the femur, where the lengthening and/ 
or angular correction were performed, the fixator was 
always applied to the lateral aspect of the limb. For 
lengthening and/or angular correction of the tibia, 
the fixator was always applied to the medial side. A 
corticotomy or osteotomy was performed in the sub­
metaphyseal area. In the femur this corresponded to 
the subtrochanteric region proximally and the level 
just above the supracondylar region distally, in the 
tibia to the level just distal to the insertion of the 
patellar tendon. When the lower limb was lengthened, 
an oblique fibulotomy was always done at the distal 
third together with tibiofibular transfixing screw (to 
keep the ankle mortise) before corticotomy was per­
formed. Distraction was begun between 5 and 7 days 
later at a rate of 1 mm/48 h (I mm/step). The AO/ 
ASIF tubular fixator lent itself for distraction, the 
fragment being pushed by the means of compression 
device. If the space between the two clamps over the 
osteotomy site was not long enough to place the 
compression device on the tube, a bone-spreader was 
used. When angular deformity in coronal plane was 
associated with shortened extremity, eccentric distrac­
tion was first performed to correct angulation and, 
when alignment was satisfactory, linear distraction 
was substituted to regain length (Fig. I). Linear dis­
traction was carried out by pushing the clamp of the 
near rod (to the bone) after the nuts of the four distal 
clamps locking the rods had been loosened (Fig. 2). 
Eccentric distraction was carried out by pushing the 
clamp of the far rod (from the bone) with the com-
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Fig. lA. Shortening of 9 em of the left lower extre­
mity in a girl (case 13) aged 13 years. Pre­
operative clinical appearance: Genu varum, 
15 degrees of external malrotation, shorten­
ing of left femur and tibia of 4.5 em and 3 
em respectively. (Only the tibia was included 
in the present study because there was both 
shortening and angulation. The femur was 
excluded because there was only shortening). 

Fig. lB. Pre-operative radiograph. Coxa vara with 
short neck deformity, secondary to malunion 
of left femoral neck fracture at the age of 
nine years. 

Fig. lC. Pre-operative radiograph: varus angulation 
of 26 degrees of the left knee with shortening 
of the left femur and tibia secondary to phy­
seal dysplasia around the knee. 

Fig. lD. Radiograph eighteen months post-opera­
tively revealing improved hip biomechanics 
after intertrochanteric valgus derotation 
osteotomy, inferolateral displacement of the 
femoral shaft and trochanteric lateralization. 
About 1 em of length was regained. 
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Fig. IE. Eleven months post-operatively, after linear 
distraction of the femur and initial eccentric 
distraction of the proximal tibia (to correct 
angular deformity) followed by linear dis­
traction. With these procedures lengthen­
ing of 4.5 em and 3 em were obtained at the 
femur and tibia, respectively. 

J Med Assoc Thai January 2003 

pression device after the nuts of the four clamps lock­
ing the rods and Schanz-screws had been loosened. 
With this manipulation, the two distal Schanz-screws 
were rotated in the plane of external fixator (coronal 
plane), resulting in opened wedge at the osteotomy 
site. A wedge with 1 mm-base was aimed for each 
distraction (Fig. 3). The distraction was performed by 
the surgeons. Correction of complex deformities or 
3-plane deformities was accomplished with acute 
correction by derotation in the transverse plane, closed 
wedge osteotomy in the sagittal plane, and then gra­
dually eccentric distraction in the coronal plane. (Fig. 
4) Post-operatively, the patients were encouraged to 
bear partial weight, using crutches. Daily range of 
motion exercises of the hip, knee and ankle began on 
the fifth post-operative day. Pain management was 
accomplished with narcotics on the first post-opera­
tive day, followed by oral acetaminophen during the 
remaining course. The amount of length gained, the 
angular correction and the quality of the regenerated 
bone were monitored radiographically. Angular defor­
mity in the sagittal plane that developed during 
lengthening was corrected by manipulation and 
adjustment of the pin under general anaesthesia. Dis­
traction was stopped when sufficient angular correc-

Fig. IF, G. Clinical appearance at two-year follow-up. No limb length discrepancy, full range of motion of the 
left hip, knee and normal gait. 
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Fig. 2A. For bone lengthening, linear distraction was Fig. 2B. After linear distraction the new bone was 
achieved by using the compressor/distractor created in the distraction gap. 
(circled), pushing the distal segment, after the 
nuts on the four distal clamps locking to the 
rods have been loosened. Note that the com-
pressor is mounted on the near (to the bone) 
rod. 

ti on and gain of length had been ac hieved. Pin removal 
was performed when roentgenographic ev idence of 
complete hea li ng of the growth area was shown. 

RESULTS 
The patients were fo llowed for a mean of 

12 months after removal of the fixator (range, 3-30 
months). All the lengthened segments united success­
full y without the need for bone grafting. Average time 
in the fixa tor (healing time) was 4.9 months (range, 
2- 13 months) . In all instances except one, the desired 
amount of lengthening was achieved. Likewise, com­
plete correction of angular deformi ties was obtained 
in all cases , except one. The length of new bone varied 
from 3 to 6 em, with a mean of' 4.2 em. At the fe mur 
the mean was 4.5 em (range, 3-6. 1 em) and at the 
ti bia it was 3.4 em (range, 3-3.8 em). The percentage 
increase over the init ial length vari ed from 8.4 per 
cent to 30 per cent wi th a mean o f 13.4 per cent. At 

the femur the mean was 14.4 per cent (rane , 8.4-30%) 
and at the tibi a it was 10.1 per cent (range, 9.4-1 0. 7%). 

The mean correcti on of angul ar deform ities was 19.1 
degrees (range, 8-40 degrees) . At the fe mur the mean 
was 19 degrees (range, 8-40 degrees) and at the tib ia 
it was 19. 1 degrees (range, 10-29 degrees) . The mean 
Healing Index(8) (the number of days that ex tern al 
fi xator was required to obtain I em of di screpancy) 
in the lengthening group was 47.7 days/e m. In no 
case was the range of joint motion decreased com­
pared with that before treatment. 

Complications 
Complications are reported as reported by 

Paley(9) . Problems represent minor complications 
that were treated non-operati ve ly without resorti ng 
to general anaesthes ia. Obstacles were complications 
that were resolved by operative means. Compli ca­
tions were residual permanent deficits at the end of 
the treatment period . (Table 2). Delayed union with 
breakage of Schanz-screws occurred in one patient 
resulting in coll apse of the new bone. (case 19) . In 
thi s case furth er di strac ti on was discontinued because 
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Fig. 3A. Correction of angular deformity was accom­
plished by eccentric distraction, which was 
performed by loosening the nuts on the four 
distal clamps locking the rods and pins. 

of the patient' s desire . The fi xa tor wa removed and 
replaced with an AO/ASIF compression plate . Finally 
th e hone hea led and there was a limb-length di scre­
pancy of 1.5 em. Two fractures of new bone occurred 

after minor trauma following removal of the fix ator. 
One of these two fractures was treated with casting 
(case 9). The other one was treated with an AO/ASIF 

compress ion plate (case II ). Six cases of superficial 
pin-tract infection and one case of deep pin-tract 
infection were encountered (total infection rate 35%). 
All cases of superficial pin-tract infection responded 
to oral antibiotics and rel ease of tethered skin . In 
the case of deep pin-tract infection (case I 5) which 
occurred at the condylar region of the di stal femur, 
the infecti on spread to the knee joint. The fix ator 
was removed and the knee-toilet was performed. The 
knee was immobilized in a plaster cast, to maintain 
correction . This complication did not compromise the 
successful outcome and the knee had a good range 
of motion (Fig. 5) . Premature consolidation occurred 
in two patients. One of these two patients (case 4) 
was treated with osteoclasis and the other one (case 
5) was treated with osteoclasis and osteotomy. Varus 

J Med Assoc Thai January 2003 
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Fig. 38. The pins of the distal segment were rotated 
in the coronal plane or plane of the fixator by 
means of the compressor/distractor, mounted 
to the far (from bone) rod. 

angulation of 20 degrees at the proximal femur was 
encountered in one patient (case 18). He declined the 
advised corrective osteotomy because he was satisfied 

with the result. In no case was there no neurovas­

cular damage resulting from the treatment. 

DISCUSSION 
To correct axial limb deformities with asso­

ciated length discrepancies , using distraction osteo­
genesis, the currently available lengthening devices 
in this country are Ilizarov' s ring fixator and Orthofix 
(monolateral device). Although these devices pro­
vide stability and a predictable result, the cost factor 
precludes its use. Today's current technique is based 
on the observation by Jlizarov that a rate of I mm/ 
day divided into four increments (4 x 0.25 mm) is 
necessary for regeneration of bone in the distrac­
tion gap(2) . Therefore, orthopaedic surgeons have to 
depend on these expensive, sophisticated instruments . 
It was observed in this study that with I mm distrac­
tion per 48 h (I mrnlstep), new bone formation was 
created in the distraction gap. This new distraction 
rate could be achieved with the AO/ ASIF conven-
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Fig. 4A. An eleven-year old boy (case 4) with malu­
nion of a subtrochanteric fracture of the left 
femur. He had 6 em of femoral shortening 
with 90 degrees external malrotation. 

Fig. 48. Radiograph showing severe coxa vara and 
proximal migration of the femoral shaft. 

Fig. 4C. At the time of osteotomy, acute derotation 
was done. An AO/ASIF external fixator 
applied for gradual correction. Eccentric 
distraction was performed first to correct 
angular deformity, followed by linear dis­
traction to increase length. 

Fig. 40. Three years and four months after surgery. 
Radiograph showing abundantly new bone 
formation and adequate correction of the 
deformity. The shaft-neck-angle of 115 
degrees and the femoral shaft lengthening 
of 5.5 em was achieved. 
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Fig. 4E, F. Photograph showing limb length equalization, no rotational deformity and full range of motion of 
the left lower extremity. 

Table 2. Complications. 

Case 2 
Case 4 

Case 5 

Problems 

Superficial pin-tract infection 
Superficial pin-tract infection 

Case 7 Superficial pin-tract infection 
Case 8 Superficial pin-tract infection 
Case 9 Superficial pin-tract infection 
Case 10 
Case II 
Case 14 Superficial pin-tract infection 
Case 15 

Case 18 
Case 19 

Obstackes 

2 X Osteoclasis 
I X Manipulation & adjustment of pin-site 

2 X Osteoclasis 
I X Manipulation & adjustment of pin- site 

I X Osteotomy 

2 X Manipulation & adjustment of pin- site 

I X Manipulation & adjustment of pin-site 
I X Manipulation & adjustment of pin-site 

Knee joint toilet (septic arthritis) 

Delayed union & broken pin-site 

Complications 

Fracture of new bone 

Fracture of new bone 

Varus angulation 20 degrees (proximal femur) 
Rest shortening ( 1.5 em) 

tiona! external fixator. Ilizarov showed, in his study 
that using a canine tibial model, that a distraction rate 
of 1 mm/day in one step failed to form a new bone 
in the distraction gap and caused focal swelling with 
damage of nerve fibers(2). However, clinically Wagner 
demonstrated that the bone could be lengthened at 
a rate of 1.5 mm/day in one step without nerurologic 
damage. In addition, in children, spontaneous regene-

ration of the bone may occur in the distraction site 
(10). In rabbit experiments Alho eta! had found that 
gradual distraction of the tibiofibular bone at the rate 
of 1 mm/week stimulated endosteal and periosteal 
callus formation which resulted in filling of the dis­
traction gap(ll). Similarly, Delloye eta! created bone 
regeneration in the distraction gap of osteotornized 
limbs of dogs with an average distraction rate of 0.8 
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Fig. SA. A 40 year-old-woman (case 15) with "wind­
swept deformity", secondary to multiple phy­
seal dysplasia. She could not stand upright 
and could only limp with support in her room 
for about 20 years. Notice that in this figure 
she has to lean against the wall to support 
her self while standing. 

em every 36 hours02). From these experiments the 
author interpreted that if the osteotomized bone was 
distracted at the rate of 0.8 or 1 mm each time, the 
bone and soft tissue, including neurovascular struc­
tures might have at least 36 h for adaptation, to create 
the bone in the distraction gap without neurovascular 
damage. Based on this interpretation and the results of 
the present series the author's hypothesis has proved 
that the distraction rate of 1 mm/48 h in one step 
could create new bone in the distraction gap without 
neurovascular damage. The AO/ ASIF external fixator 
is a unilateral fixator which is simpler to apply and is 
better tolerated by patients compared with the Ilizarov 
ring fixator. In the femur, the unilateral fixator has 
proved to be superior to the Ilizarov ring system, 
which in this anatomical region is very uncomfortable 
for the patient and risky to apply03) . Comparing the 
Orthofix® fixator with the AO/ ASIF fixator, the former 
is more expensive and less versatile than the latter. 
The Orthofix® limb lengthener cannot correct angular 
deformities associated with shortening, it requires an 

Fig. 58. Radiograph revealing severe valgus defor­
mity of the left knee and varus deformity of 
the right knee. In addition to severe liga­
mentous laxity of the left knee, the lateral 
tibial plateau is also depressed. 

articulated body and a T-Ciamp(4,13). According to 
Grill's experience, the ball joint of the articulated 
body is unstable, resulted in loss of correction, even 
being locked with bone cement03). In contrast to thi s, 
the AO-ASIF conventional fixator can be used for 
correction of angular deformities and limb lengthen­
ing of the tibia without the need of any accessory and 
is stable to maintain the corrected axial angle during 
lengthening. In the author's study, once the correc­
tion was achieved, there was roentgenographically no 
loss of correction, as long as the fixator was mounted. 
With regard to the distraction rate, the di straction 
rate of 1 mm/48 h ( 1 mm/step) was more comfortable 
for the patient than the distraction rate of 0.25 mm 
every 6 h. With the latter, the patients cannot sleep for 
more than 6 h, and have to wake up for distraction . 
Although in the present series the distraction was 
performed by a surgeon, it was not a burden because 
the distraction was done once a day, on alternate 
days. Although during limb lengthening, the unilateral 
fixator did not allow as much gradual correction of 
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Fig. SC. Eccentric distraction was performed at both 
the left proximal tibia and distal femur, and 
tightening of the medial collateral ligament by 
proximal advancement of its insertion at the 
left femoral epicondyle (left). The depressed 
lateral tibial plateau was elevated with bone 
graft and stabilized with tension band wiring 
after consolidation of the distraction gap 
(right). 
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Fig. SD. Seventeen months after corticotomy. Radio­
graph showing the end-result of correction 
after posterior cruciate ligament reconstruc­
tion, using bone-patellar-tendon-bone graft. 

Fig. SE, F. Clinical appearance after correction of 
the deformities. Although during the treat­
ment period, she developed deep pin-tract 
infection and septic arthritis of the left 
knee this complication did not compro­
mise a successful outcome. She can stand 
independently and walk with a cane. 
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multiplanar deformity as the ring fixator04), distrac­
tion osteogenesis by the unilateral frame was possible 
after acute angular or rotational correction had been 
done, as seen in the present study. In animal experi­
ments, Kojimoto et al proved that even with osteo­
tomy there was no effect on bone regeneration, when 
the periosteum was preserved05). From clinical expe­
rience it was found that acute correction of the defor­
mity did not interfere with bone formation in children 
and adolescents03,16). The time needed for bone 
formation per I em or healing index in the present 
series was not different from that reported in other 
series. The healing or lengthening index in the other 
series lay between 32-51 daysfcm(9, 16, 17) and in 
the present series it was 47.7 days/em. Last but not 

least, the cost of AO/ ASIF is much lower than that 
of Ilizarov ring fixator and Orthofix® (I ,000 vs 2,500 
vs 2,000 US. dollars for an implant respectively). 

SUMMARY 
The author has developed a new technique 

for distraction osteogenesis, using an AO/ASIF con­
ventional external fixator for correction of limb 
shortening and/or angular deformities. With the new 
distraction rate of 1 mm/48 h (I mrnlstep), the new 
bone could be formed in the distraction gap without 
neurovascular damage. The technique is simple, safe, 
well tolerated and cost-effective. Moreover, AO/ASIF 
external fixators are readily available in most ortho­
pedic clinics. 

(Received for publication on February 24, 2002) 
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