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The treatment of anterolateral bowing with an intact
tibia is directed toward prevention of the fracture
and subsequent pseudoarthrosis. Patients with
anterolateral bowing of the tibia are usually treated
with an ankle-foot orthosis until the deformity is
improved. There is no documentation that an ortho-
sis can prevent the fracture or correct the deformity,
and if the deformity is not corrected, it will result in
different mechanical problems. 
In this study, 6 legs in 6 patients with anterolateral
bowing of the tibia with a narrow sclerotic medullary
canal (Crawford type II) were treated using
Ilizarov’s method. The average age was 6.8 years. All
patients underwent correction of the anterolateral
bowing by excision of the affected part. If the gap
was less than 4 cm, acute shortening followed by
bone lengthening was done. If the gap was more than
4 cm, bone transport was preferred. 
The mean duration of follow-up was 3.2 years. The
anterolateral bowing was corrected in all patients.
Complications such as pin track infection, premature
consolidation and delayed union at the docking site
were encountered. 
We believe that Ilizarov’s method offers a more effi-
cient solution for this type of deformity than prophy-
lactic orthotic treatment or prophylactic bypass bone
graft. 

Keywords : tibial bowing ; Ilizarov ; distraction osteo-
genesis.

INTRODUCTION

Congenital angular deformities of the tibia and
fibula are uncommon. Anterior and anterolateral

angulation or bowing is the most common form
and is usually associated with other congenital
anomalies, such as congenital pseudarthrosis (7, 8).
Children born with prominent bowing of the tibia
are an obvious concern to parents and physicians.
Managing these congenital angulations requires
early and accurate diagnosis (1). 

Crawford (2) classified anterolateral bowing into
four anatomical groups : type I : Anterolateral bow
with a normal medullary canal, type II :
Anterolateral bow with a narrow, sclerotic
medullary canal, type III : Anterior bowing with a
cystic lesion, type IV : Anterolateral bowing with a
fracture, cyst, or frank pseudarthrosis. 

Crawford’s type I lesion has the best prognosis
(the resolving form) and does not require treat-
ment. The remaining three types demonstrate pro-
gressive worsening (the nonresolving forms) (3).
Once the diagnosis of nonresolving anterolateral
bowing of the tibia has been made, the first step is
to prevent fracture if possible.
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Patients with anterolateral bowing of the tibia
are usually treated with an ankle-foot orthosis.
There are many disadvantages of this form of
orthotic prophylactic treatment. The orthoses have
to be worn for years until the bowing improves, and
residual shortening and bone deformity are
unavoidable. Furthermore, there is no documentat-
ed evidence that orthoses can prevent the fracture
or correct the deformity, and if the deformity is not
corrected, it will result in mechanical problems (9).

In this study we evaluate the treatment of
Crawford’s type II anterolateral bowing with exci-
sion of the affected part and correction of the short-
ening with Ilizarov’s method.

PATIENTS AND METHODS

Six legs in 6 patients (3 boys and 3 girls) with antero-
lateral bowing were treated in the Orthopaedic
Department, Mansoura University Hospital, Mansoura,
Egypt from 1997 to 2004 (table I). The average age at
time of Ilizarov application was 6.8 years (range : 4 to
15 years). All patients were classified as Crawford
type II. The anterolateral bowing angles were measured
in both AP and lateral radiographs through drawing the
intersection of the mechanical axis of the proximal frag-
ment of the tibia and the mechanical axis of the distal
fragment. The average lateral bowing was 52.5° (range :
45 to 60) while the anterior bowing was 31.7° (range :
20 to 40). Leg length discrepancy averaged 5 cm (range :
3 to 10). 

All patients underwent correction of the anterolateral
bowing by excision of the affected part. If the defect
after excision was less than 4 cm, acute shortening fol-
lowed by bone lengthening was done (4 patients). The
gap was more than 4 cm in 2 patients (6 cm and 10 cm),
and bone transport was therefore preferred. Monofocal
tibial osteotomy was done in all patients after excision

of the affected segment, and distraction was performed
using the Ilizarov external fixator. Distraction was begun
5 days after the operation at a rate of 0.25 mm, four
times daily.

The mean duration of fixator application was
6.4 months (range : 5.5 to 11.0). The ring fixator was
removed after clinical and radiological union at both dis-
traction sites and the docking site. An orthosis (polymer
tibial brace) was used for all patients after removal of the
apparatus.

Three indices were used to evaluate the results, an
external fixation index, a distraction index and a matu-
ration index.

The external fixation index was obtained by dividing
the entire duration of external fixation by the length of
bone regeneration, the distraction index was obtained by
dividing the duration of distraction by the length of bone
regeneration, and the maturation index was calculated
by dividing the duration of external fixation measured
from the completion of distraction to the removal of
external fixation by the length of bone regeneration.
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Table I. — Pre-operative details of 6 patients with anterolateral bowing of the tibia

Case Sex Age Side Anterior bowing Lateral bowing Shortening Crawford
(degrees) (degrees) (cm) classification

1 M 3 L 40 50 3 II
2 M 15 L 20 60 10 II
3 F 4 R 30 50 3 II
4 M 6 L 40 50 4 II
5 F 8 R 30 60 6 II
6 F 6 L 30 45 4 II

Ext. ind. = external fixation index ; Mat. ind. = maturation
index ; Dist. ind. = distraction index.

Fig. 1. — The average results of different indices
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Fig. 2. — A 15 year-old-boy with anterolateral bowing of the left tibia ; a-b) Pre-operative photograph of the patient’s leg ; c-d) AP and
lateral radiographs demonstrate anterolateral bowing of the left tibia, Crawford's type II lesion ; e) A complete excision of the affected
bone segment was done ; f) Follow-up radiograph at final follow-up ; g-h) The deformity is corrected radiologically ; i-j) Clinically.
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RESULTS

The average follow-up period for the 6 patients
was 3.2 years (range : 2 to 7). Correction of the
deformity was achieved in all patients. The average
external fixation index was 37.5 days/cm (range :
35 to 42). The average distraction index was
10 days/cm (range : 9 to 12). The average matura-
tion index was 25 days/cm (range : 20 to 30)
(fig 1). Leg length discrepancy was corrected in all
cases to less than 0.5 cm, except in one patient, in
which the discrepancy was more than 2 cm (the
segmental defect was 10 cm). 

At the final follow up, there was nearly a full
range of knee flexion and extension. The ankle
movement ranged from 15° dorsiflexion to 25°
plantar flexion. The gait was normal in all patients
except in one who had leg length discrepancy of
2.4 cm. No patients complained of pain when walk-
ing. Only one patient had occasional aching after
strenuous activities. The other five patients had no
limitation of their activities and could play sports
without discomfort.

There were 3 complications : pin tract infection,
premature consolidation and delayed union at the
docking site. Pin tract infection in one patient was
treated conservatively with antibiotics with com-
plete resolution. Premature consolidation occurred
in a patient aged 3 years as we began distraction
5 days after application of the external fixator and it
was managed by a further percutaneous osteotomy,
resulting in excellent bone regeneration. Delayed
union at the docking site in another patient was
successfully treated with an iliac crest bone graft.

DISCUSSION

The natural history of anterolateral bowing of
the tibia is extremely unfavourable (except for the
resolving form), and once fracture occurs there is
little tendency for the lesion to heal spontaneously
(12). Sponseller (9) claimed that once the diagnosis
of nonresolving anterolateral bowing of the tibia
has been made, prophylactic bracing should be
attempted, although there is no documented
evidence that such prophylaxis can prevent frac-

ture. According to Tachdjian, protection of the
unfractured bowed tibia should be continued
indefinitely until fracture occurs or the patient
approaches skeletal maturity (11). In this study,
we observed that spontaneous correction of the
deformity did not occur in patients with Crawford
type II anterolateral bowing. The deformity became
more severe with age, and subsequent ankle defor-
mity with ankle pain and knee pain developed
owing to the disturbance of the mechanical axis of
tibia.

Prophylactic bone grafting has been used for the
deformed tibia before a pathologic fracture occurs.
This was thought to strengthen the deformed tibia
and decrease the risk of pathologic fracture. The
results of prophylactic bypass bone grafting are
controversial. LIoyd-Roberts and Shaw (4) reported
success in only three of their seven patients, while
Tachjian (11) reported success in all five children
treated. Recently, Strong and Wong-chung (10)

prevented fractures in six of nine children with a
pre-pseudarthrosis secondary to neurofibromatosis.
Many authors, however, reported that bypass 
grafting has two unattractive features ; the normal
leg is disturbed, and no attempt is made to correct
the deformity (4, 6). In this study, excision of the 
affected soft tissue and bone extended well into
healthy soft tissue and bone. Distraction osteogen-
esis using Ilizarov’s method compensated for the
defect, while also correcting the deformity and
restoring the mechanical axis of the tibia. 

In this study, the external fixation index
appeared to be similar to the index reported in the
literature for lengthening of healthy bone (5, 13),
suggesting that after removal of the affected tissue,
the remaining bone is normal.

CONCLUSIONS

Based on our experience, we believe that the
technique used offers a more efficient solution to
treat Crawford type II anterolateral bowing of the
tibia than prophylactic orthotic treatment or pro-
phylactic bypass bone grafting. Few studies have
been published on this subject and further research
is needed.
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