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Abstract. The Ilizarov method for limb lengthening is 
rapidly gaining popularity in North America. Use of this 
new technique has necessitated modifications in radio- 
graphic protocol. Initial imaging problems gained from 
our experience with twenty children are detailed includ- 
ing accurate centering for the plain films, correcting for 
magnification to accurately measure the distraction gap 
and the expected radiographic appearance of the regener- 
ate bone. Ultrasonography has potential value in accu- 
rately measuring the distraction gap and in imaging the 
new bone prior to radiographic appearance. Since overly 
fast distraction inhibits bone formation and overly slow 
distraction leads to premature consolidation, ultrasound 
may serve a useful role in the qualitative evaluation of new 
bone formation in Ilizarov limb lengthening, enabling the 
orthopedic surgeon to tailor the distraction rate to the par- 
ticular child. 

The Ilizarov apparatus and method have recently been in- 
troduced in North America and are rapidly gaining popu- 
larity as the method of choice for lengthening acquired 
and congenitally short limbs. The technique was devel- 
oped in the Soviet Union over the past 30 years by Gavriil 
A. Ilizarov. The Ilizarov apparatus consists of a circular 
external fixator frame which maintains the position of the 
long bone by tensioned thin transfixion wires (Fig. i a). 
Distraction and compression are achieved by threaded 
rods connected to the circular external frame. Angular de- 
formities are corrected by hinge mechanisms. Ilizarov de- 
vised a percutaneous osteotomy ("corticotomy") where 
care is taken to leave the periosteum intact and avoid 
damage to the medullary canal [1-5]. After an initial 
latency period of 5-15 days, distraction is begun at a rate 
of 0.25 mm four times daily. Once the desired lengthening 
has been achieved, the frame is left in place until the re- 
generate bone is sufficiently ossified to support the limb 
[5]. 

Imaging of the distraction gap is required to measure 
the lengthening and to document new bone formation. 
Distraction can be slowed or advanced in proportion to 
the new bone formation. Overly fast distraction will in- 
hibit new bone formation while overly slow distraction 
will lead to premature consolidation. The child's age, 
underlying bony pathology, and anatomic location of the 
corticotomy affect the potential rate of new bone forma- 
tion. The rate of distraction must be adjusted according to 
the radiographic appearance of new bone in the distrac- 
tion gap. 

Plain film documentation of the new bone formation is 
the current standard utilized. It is usually possible to iden- 
tify the new bone as linear streaks appearing between 3 
and 9 weeks after distraction is initiated [6]. However, the 
surgeon must often continue distraction for several weeks 
without visual documentation of new bone formation. 
This can be worrisome. 

The distraction gap can be measured accurately on 
plain film, provided the radiographic beam is centered to 
the distraction site and magnification is taken into con- 
sideration. The actual bulk of the apparatus lifts the limb 
10-15 centimeters away from the film. Our early experi- 
ence at the University of Michigan with Ilizarov limb 
lengthening in children has drawn our attention to many 
problems in radiographic imaging and interpretation. In 
addition, we have studied the potential usefulness of 
sonography to assess the developing new bone and accu- 
rately determine the corticotomy gap length [6-8]. 

Materials and methods 

Twenty children aged 4 19 years (mean 12.6 years) underwent Iliza- 
rov limb lengthening. A total of 26 corticotomies (distraction gaps) 
were created, and five children were lengthened simultaneously in 
two anatomic locations. The underlying etiologies of limb length dis- 
crepancy were post-traumatic growth arrest in eight children, 
multiple enchondromatosis in two children, congenital pseudar- 
throsis of the tibia in three patients (two with neurofibromatosis), bi- 
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Fig.la, b. a The line diagram demonstrates the apparatus in posi- 
tion. There are 2 rings proximal and 2 rings distal to the corticotomy. 
Plain threaded rods are shown between rings # 3 and # 4. Graduat- 
ed telescopic rods are illustrated between rings # 2 and # 3. b The 
cross-sectional view shows the orientation of these connecting posts 
or rods 

lateral Blount's disease in one patient, unilateral Blount's in another, 
congenitally short tibia in three patients, proximal femoral focal 
deficiency in one patient and one patient had multiple congenital 
anomalies with shortening and contractures. Real-time ultrasound 
utilizing a 5 MHz transducer in linear array was performed at various 
times during the lengthening and compared to the plain radiographs. 

Results and observations 

During the early phases of distraction, it is important to 
center the radiographic beam to the corticotomy site, in 
order to "gun site" down the distraction gap. If the beam is 
not centered to the distraction gap it may be impossible to 
discern if the gap is indeed separating. Failure of a gap to 

separate after one-two weeks of distraction implies pre- 
mature consolidation or an incomplete corticotomy. 
While the patients can sometimes indicate the location of 
the distraction gap, the orthopedic clinicians have found it 
useful to include a line drawing on the radiographic con- 
sultation request form illustrating the exact location of the 
corticotomy in relation to the external fixator rings. Thus 
the request for a radiograph of the tibia in Figure 1 a might 
ask the technologist to center the beam 2-3 cm distal and 
parallel to the second ring from the top. 

Additional care should be taken to ensure the vertical 
connecting rods (either long threaded rods, or graduated 
telescopic distractors) are aligned to avoid superimposi- 
tion on the corticotomy gap (Fig l b). The technologist 
may slightly rotate the limb so as to allow the beam to pass 
through the distraction gap without interference from the 
vertical distraction rods. This is particularly true when the 
surgeon uses the graduated telescopic rods shown be- 
tween rings # 2 and # 3 in Figure la ,  because they are 
bulkier than the plain threaded rods shown between rings 
# 3 and # 4 in Figure i a. 

Calculating the magnitude of the distraction gap is im- 
portant confirmation for the clinician that the patient is fol- 
lowing the precise instructions governing the distraction 
rate. Towards the end of the distraction it is important to 
know the exact distance of the gap length in order to 
achieve the preoperative goal of length gain. Scanograms 
can be unreliable due to magnification problems from the 
bulky apparatus and the occasionalinability to straighten a 
joint. A radiopaque ruler can be fixed by Velcro bands to 
the limb at the level of the long bone for the radiograph. A 
commercially available triangular marker with three radio- 
paque points precisely 4 cm apart can also be placed on the 
limb for a standard (Fig. 2). Comparison of plain film mea- 
surement of the distraction gap, utilizing some method to 
correct for magnification, and ultrasound measurement in- 
dicates that accurate measurement of the distraction gap 
can be made when there is equal distraction on all sides. 
Asymmetric distraction is used to correct angular defor- 
mities. In unequal distraction the ultrasound measure- 
ments must be made in at least two locations corresponding 
to the maximum and minimum distraction gap sites. 

During the first few weeks of distraction, no bone is 
seen on the radiographs (Fig. 3 a). Linear streaks of calcifi- 
cation indicate early new bone formation on the plain 
films which typically appears near the cut ends of the bone 
(Fig. 3 b). A similar linear streaky appearance of increased 
echogenicity is noted on the ultrasound (Fig. 3 c, d, e). The 
new bone formation could be identified on ultrasound by 
2-3 weeks postoperatively (1-2 weeks after initiation of 
distraction) despite a variable appearance on plain radio- 
graphs from 2 weeks in two patients, 3 weeks in seven pa- 
tients, 4 weeks in three patients, 5 weeks in one patient to 
6 weeks in another three patients. In patients with ultra- 
sound studies prior to the radiographic appearance of the 
new bone formation, sonography revealed the linear 
streaks of new bone on the sonogram at least one week, 
and in two cases three weeks, prior to the plain film doc- 
umentation (Fig. 3). In no patient did the plain film ap- 
pearance of the new bone formation preceed the ultra- 
sound documentation, though ten patients did not have 
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Fig. 2. The frontal radiograph of this 14-year-old boy with the Ilizarov apparatus in 
place shows two measuring devices positioned along the limb for easier calculation 
of the distraction gap, top and bottom indicated by arrows. The linear streaks of new 
bone bridge the entire gap 

Fig. 3 a-f. a The proximal distraction gap in an 11-year-old girl one week after 
initiation of distraction (2 weeks since surgery) is obvious (arrows) with no new 
bone formation, b Three weeks after initiation of distraction even on this oblique 
view there is no new bone. c Longitudinal sonography of the tibia also at 3 weeks. 
There are strong echos at the proximal (P) and distal (d) tibia with shadowing. 
The gap (arrows) is accurately measured and linear echogenicity of new bone 
(arrowheads) demonstrated, d Sonogram at five weeks demonstrates the new bone 
formation (arrowheads) in the gap (arrows). e At eight weeks the gap (arrows) is 
still seen and the new bone (arrowheads) is more solid, f Thirteen weeks into the 
lengthening the new linear streaks of bone bridge the entire gap 

sonog raphy  unti l  l a te r  in the i r  course  and  five pa t ien ts  d id  
no t  have  u l t r a sound  studies.  U l t r a s o u n d  of  the  cor t ico-  
t o m y  gap  also revea l s  fluid col lec t ions  which m a y  requ i re  
surgical  i n t e rven t ion  (Fig. 4). 

Smal l  c u b e - s h a p e d  dress ings  at the  site of  wire  en t ry  to 
the  skin a re  t r e a t e d  da i ly  wi th  1 -2  cc p o v i d o n e - i o d i n e  to  
p r e v e n t  infect ion.  The  d r i ed  accumula t i on  of  iod ine  is 
dense  enough  to be  r ad iog raph i ca l l y  ev iden t  on  p la in  
films. Care  mus t  be  t a k e n  to ensure  they  are  no t  m i s t a k e n  

for  new bone  f o r m a t i o n  in the  co r t i co tomy  si te when  they  
p ro jec t  over  this region.  

Discussion 

T h e  s t a n d a r d  t echn iques  for  l imb l eng then ing  are  difficult  
o r t h o p e d i c  p r o c e d u r e s  with high compl i ca t ion  ra tes  [5, 9]. 
The  newly  ava i lab le  I l izarov t echn ique  has  b e e n  ut i l ized 
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Fig. 4. The longitudinal 
sonogram of the tibia 
(P = proximal, D = 
distal) reveals the 
gap (arrows) and new 
linear streaks of bone 
(arrowheads') and a fluid 
collection (C) in the 
corticotomy gap 

in the Soviet Union since the early 1960's and in Western 
Europe since 1981. The incidence of serious complications 
has been reported to be significantly lower than other cur- 
rent techniques [1, 5, 9]. The Ilizarov method induces re- 
generate bone formation under controlled progressive 
tension-stress. This has been termed distraction histogen- 
esis [5] or callotasis [10]. This technique is unique in the 
method used to induce osteogenesis. Aronson and col- 
leagues, using a canine model to reproduce Ilizarov's 
model, evaluated the regenerate bone, and found several 
factors in this technique to be important: the latency peri- 
od, the rate of distraction, and the rigidity of the transfix- 
ing wires [11, 12]. 

Problems with imaging the Ilizarov lengthened limbs 
can be avoided. It is important that the plain films be cen- 
tered accurately to the distraction site and the connecting 
posts aligned outside the distraction gap. This involves 
making the technologists aware of the purpose of the 
films. In evaluating the distraction gap for the presence of 
new bone formation, the iodine soaked dressings should 
not be mistaken for regenerate bone formation. In provid- 
ing accurate measurement of the distraction gap some cor- 
rection must be made for the magnification since the ap- 
paratus lifts the limb away from the film. We have found 
that a ruler attached with a Velcro band along the side of 
the limb at the level of the gap provides an easy reference. 

Plain tim radiographic appearance of new bone forma- 
tion can be delayed [6]. Sonography provides earlier infor- 
mation on new bone formation in addition to accurate 
measurements of the distraction gap. In children, rate of 
bone formation is accelerated compared to adults. Overly 
fast distraction inhibits bone formation while overly slow 
distraction can lead to premature consolidation prior to 
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achieving new length. Sonography can play an important 
role in documenting new bone formation prior to its radio- 
graphic appearance and so guide the orthopedic surgeon 
on appropriate distraction rates to maintain good bridging 
of the regenerate bone in this new limb lengthening proce- 
dure [6-8]. In addition, ultrasound can be used to accu- 
rately measure the distraction gap without ionizing 
radiation and document fluid collections that may require 
surgical intervention [6, 7]. Thus a combination of alter- 
nating plain radiographs and ultrasound could be utilized 
to follow the progress in these children. 
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