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Background In neuromuscular diseases, limb length-
ening and foot deformity correction are associated with
a high risk of complications associated with distraction
callus and joint contracture. We have found no pub-
lished articles of tibial lengthening and concomitant foot
deformity correction using the Ilizarov method or tradi-
tional methods. To compare result of gradual distraction
with triple arthrodesis for foot deformity combined with
tibial lengthening, we investigated healing index and
complications of two methods.

Patients and methods We reviewed 14 patients with
permanent deformity after poliomyelitis who underwent
tibial lengthening and concomitant foot deformity cor-
rection using the Ilizarov external fixator. Tibial length-
ening over an intramedullary nail was performed in 3
patients and lengthening without a nail was performed
in 11 patients.

Results The mean external fixation time was 6 (3.6
10) months without nail and 1.6 (1.5-1.7) months with
nail, whereas the mean healing index was 1.8 (0.8-3.1)
months/cm without nail and 2 (1.8-2.3) months/cm
with nail. Concomitant foot treatments included triple
arthrodesis in 7 patients, pantalar arthrodesis in 2
patients with flail ankle, and gradual foot frame distrac-
tion without bony foot procedures in 5 patients. Delayed
consolidation and recurrent equinus contracture of the
ankle requiring additional lengthening of the Achilles
tendon were the most common bone and joint complica-
tions during tibial lengthening.

Interpretation The gradual foot frame distraction
method was associated with major complications, such
as recurrent foot deformity, joint luxation, and arthritis.

We therefore recommend triple arthrodesis as a con-
comitant procedure during tibial lengthening

In patients with neuromuscular diseases, limb
lengthening is associated with a high frequency of
complications including joint contracture, delayed
consolidation, and refracture because of neuro-
muscular imbalance, muscle atrophy, and osteo-
porosis (Aldegheri 1999). Leg shortening and
complex foot deformity are common in patients
with deformity after poliomyelitis. These condi-
tions require leg lengthening and correction of the
foot deformity to obtain a plantigrade foot. Some
investigators have performed tibial lengthening
as a separate operation, before or after correction
of the foot deformity using traditional methods
(Macnicol and Catto 1982, Huang 1997, Eralp et
al. 2004). In these reports, patients experienced
decreased walking speed due to weakness of the
leg muscle, and equinus contracture of the ankle
was the most common complication after tibial
lengthening. The use of the Ilizarov method, with
or without osteotomy of the tarsal bone, has been
reported only for correction of foot deformity
resulting from poliomyelitis (Paley 1993, Ogane-
syan et al. 1996, Kocaoglu et al. 2002, Kucukkaya
et al. 2002). Here we report the outcome of simul-
taneous tibial lengthening and foot deformity cor-
rection using the Ilizarov external fixator.
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Figure 1. A. Lengthening over intramedullary nail. B. Triple arthrodesis with 3 staples and llizarov foot frame extended from
the lengthening frame. C. After removal of external fixator. D. After removal of external fixator.

Patients and methods

We reviewed 14 patients with permanent deformity
after poliomyelitis. All patients had foot deformi-
ties and leg length discrepancy. The average patient
age when the symptoms occurred and poliomyelitis
was diagnosed was 9 (4-15) years, and age at oper-
ation was 33 (14-52) years The average leg length
discrepancy was 3.7 (3—4.5) cm. Tibial lengthening
over an intramedullary nail with Ilizarov fixator

was performed in 3 patients, and without nail in 11
patients. In the proximal metaphysis, corticotomy
was performed with multiple cortical drill holes and
then the cortical bone was cut using an osteotome.
In the no-nail group, 4 full rings were assembled
with 2 proximal rings and 2 distal rings above and
below the corticotomy site. Each ring was fixed by
two Ilizarov wires or one wire and one half-pin. In
the nail group, 3 rings were used, including 1 proxi-
mal ring and 2 distal rings (Figure 1). The proximal
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ring and the most distal ring were fixed with two
wires and one half-pin. The middle ring was not
fixed to the bone by wires because it was difficult
to maintain a space of more than 2 mm between the
wire and the intramedullary nail due to the narrow
medullary canal at the diaphysis. This space was
necessary to avoid deep intramedullary infection
resulting from wire/pin tract infection. We used an
intramedullary nail with a diameter 2 mm less than
that of the reamed medullary canal. Before surgery,
we measured the diameter of the intramedullary
cavity using plain radiography. Distraction was
started 2 weeks after corticotomy at a rate of 0.75
mm/day (0.25 mm x 3).

All 14 feet had severe equinovarus deformity
and 2 of the 14 feet had flail ankle. The axial defor-
mity of the tibia was defined by the CORA (center
of rotation angulation) method with the malalign-
ment test (Paley et al. 1994). Torsional deformity
of the tibia was measured during physical exami-
nation in the sitting position with the knees in 90°
flexion by using a transmalleolar angle formed by
the horizontal projections of the longitudinal axis
of the thigh and the line perpendicular to the line
connecting the medial malleolus and the lateral
malleolus.

External fixation was removed when radiographs
showed union (formation of 3 intact cortices at the
distraction of the tibia) in the no-nail group. After
removal of the external fixation, a long-leg cast or
lower-leg bracing was applied for 4-6 weeks to
prevent stress fracture. In the patients with nail,
external fixation was removed after insertion of the
interlocking screws and a long-leg cast was applied
until union was achieved to avoid breakage of the
interlocking screws, which would result in loss of
length.

Union time at the lengthening site was evalu-
ated using external fixation time (EFT) and healing
index (HI). The HI was obtained by dividing the
EFT by the amount of lengthening in the no-nail
patients. In the nail patients, the HI was obtained
by dividing the union time (between corticotomy
and formation of 3 intact cortices) by the amount
of lengthening. The results were divided into bone
and function categories, according to a modifica-
tion of the evaluation system previously reported
by Paley (1990).

Results

The average follow-up time was 5.5 (3—10) years.
The mean amount of tibial lengthening was 3.7
(3.0-4.5) cm and the mean proportion of tibia
lengthened was 12% (9—15%). The mean EFT was
6 (3.6-10) months in no-nail patients and 1.6 (1.5—
1.7) months in patients with nail. The mean HI was
1.8 (0.8-3.1) months/cm in no-nail patients and 2
(1.8-2.3) months/cm in nail patients.
Preoperatively, 6 of the 14 patients had an aver-
age varus deformity of 8.3° (3—12°) at the proximal
tibia which was corrected with asymmetrical dis-
traction during tibial lengthening. Axial rotational
deformity of the tibia was corrected at the final
stage of tibial lengthening with derotation of the
Ilizarov frame distal to the corticotomy site. The
amount of derotation was decided by the thigh-
foot angle in prone position after correction of foot
deformity. The average external torsion of the tibia
was 41° (35-50°) before surgery and 21° (15-30°)
after surgery. The foot deformities were simultane-
ously corrected with an extended foot frame con-
nected to the leg-lengthening frame. Surgical pro-
cedures for foot deformity were triple arthrodesis
in 7 patients, pantalar arthrodesis in 2, and gradual
soft tissue distraction with external fixator in 5.
Inthe 7 patients who underwent triple arthrodesis,
the varus deformity of the hindfoot was corrected
with closing wedge osteotomy of the calcaneus,
the talus, the cuboid, and the navicular. The severe
equinus deformity was partially corrected to avoid
resection of large amounts of bone. Closing wedge
osteotomy was performed instead of opening wedge
osteotomy with callotasis technique, because the
unstable triple joints required rigid fixation to pre-
vent resubluxation (which would result in recurrent
deformity). The triple arthrodesis was performed
to treat instability of the triple joints, even though
the patients were young and had no osteoarthrotic
change. Residual equinus deformity was gradually
corrected by the extended foot frame distal to the
tibial frame after tenotomy of soleus and gastroc-
nemius muscles at the musculotendinous junction
(tendo achilles lengthening; TAL). The foot frame
was composed of the calcaneal half-ring with two
wires and one half-pin and the metatarsal half-ring
with two wires. The triple joints were fixed with
staples. At the removal of the Ilizarov fixator, the
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Observations

A B CD E F G H I J

R S T UV

Pre Post Pre Post
1 27 MR VR12 N 40 20 3 10 12 L
RC15 PC5

2 37 ML N N 35 15 4 95 05 L

3 37 FL VRS N 35 20 3 10 1 N
PC8

4 20 MR VR10 N 45 20 4 10 O N

5 3 MR N N 40 20 3 9 0 N

6 47 FL VRS N 45 20 45 115 0 N

7 52 F R VR10 N 50 30 45 16 1.5 N
PC25

8 31 FL VRIO N 45 25 3 11 07 N
PC12

9 23 MR N N 35 25 4 10 1 N

1025 FR N N 40 20 4 17 05 N

1114 MR N N 30 30 4 115 1 N

1232 FR N N 50 15 35 11 0 N

1331 FL N N 45 20 4 10 1 L

14 47 ML N PC1540 20 4 10 1 N

23 DCT MI NO 30 23 T E25 MJ SO P F
VL20
1.8 PI Ml PR 27 20 T KF20 MI PT E G
DCT MI NO
16 VL7 Ml AKC 28 22 T E10 MI - F G
PC8
1.8 DCT MI NO 20 20 T E E
1.6 25 22 T E G
1.7 PI Ml PR 20 30 T KF40 MJ GC G F
3 PC25 MJ NO 25 30 T KF50 MJ GC P F
DCT MJ IMN
Pl Ml PR
1.5 PC12 MI NO 40 27 G AS M GC P F
E23 MJ TA
VR20
1.5 35 18 G E10 MI - G G
19 DCT Ml - 30 15 G AS M GC G G
0.8 PMC MJ ROF 30 13 G E10 F P
EPF FTT MJ -
KF20 Ml PT
1.8 VLi2 MI AKC 60 30 G E20 MJ - P P
DCT MI - DA MJ -
AS Mi GC
2 DCT MI - 25 18 P P G
MU  MJ SOT
3.1 PC15 Ml - 20 20 P P G
DCT MI CD
NTN MJ BG

posterior tibial tendon was transferred to the dorsal
aspect of the third cuneiform in 4 patients with
triple arthrodesis who had absence of active foot
dorsiflexion. The tendon transfer was performed
during the removal of the external fixator because
it was easier to perform at that time, in the absence
of the wire/pins at the distal tibia, instead of at the
end of distraction. Also, the general anesthesia
induced for the tendon transfer permitted painless
removal of the wires/pins.

In the 5 patients who underwent gradual soft
tissue correction with external fixator, the equin-
ovarus deformity was gradually corrected using the
hinge system between the tibial and foot frames
after TAL. The hinge was placed at the anteroin-
ferior area to the center of the talar dome in the
sagittal plane for translational effect, to prevent the
anterior subluxation of the talus and to avoid com-
pression of the anterior part of the talar dome. The
talus was not fixed with wire or pin because pain
might occur at the medial aspect of the hindfoot

due to stretching of the soft tissue structure that is
tethered by the wire.

Complications were classified as minor or major
(Table). Minor complications required nonop-
erative treatment or a minor operative procedure.
Major complications required a more complex
operative procedure. There were 5 major and 14
minor bone complications in 12 patients. Com-
plications included 5 cases of axial deviation, 3
pin-tract infections, 8 delayed consolidations of
the tibia, 1 premature consolidation of the fibula, 1
malunion of the ankle, and 1 nonunion of the talo-
navicular joint. 2 of the 5 cases of axial deviation
were deformations of the callus at the lengthening
site of the proximal tibia after removal of the exter-
nal fixator, and were treated using an above-knee
cast after manipulation. Additional surgeries were
pin removal, intramedullary nailing, reosteotomy
of the fibula, supramalleolar osteotomy of the tibia,
and bone grafting. Delayed consolidation of the
tibia was defined as an HI of more than 1.7 months/
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Table abbreviations

A Patient
B Age (years)
C Sex
D Side
E Angular deformity of the tibia (degree)
Pre preoperative
Post postoperativ
VR Vvarus
VL valgus
PC procurvatum
RC recurvatum
N neutral
F External torsion of the tibia (degrees)
G Amount of tibial lengthening (cm)
H Percentage of lengthening (%)
| Residual leg length discrepancy (cm)
J Lengthening method
N lengthening without nail
L  lengthening over nail
K Healing index (months/cm)
L Bone complications
Pl pin tract infection
PC procurvatum
DCT delayed consolidation of the tibia
VL valgus
PMCpremature consolidation of the fibula
EPF epiphyseal searation of the proximal fibula
MU malunion of the talonavicular joint
NTN nonunion of the talonavicular joint
M Degree of bone complication
Ml minor complication
MJ  major complication
N Treatment of bone complication
NO no treatment
PR pin removal

cm or 50 days/cm (Aldegheri 1999). Of 8 patients
with delayed consolidation, 2 patients with HI of
more than 3 months/cm required treatments. Of
the 2 patients with high HI, 1 52-year-old patient
was treated with acute compression and insertion
of an intramedullary nail. Ilizarov ring assembly
was changed to monofixator after removal of wires
and insertion of half-pins. The unreamed intramed-
ullary nail was inserted while keeping the mono-
fixator to maintain the length and correction of
the deformity. Acute compression of 1.5 cm after
insertion of proximal interlocking screws was done
to treat delayed consolidation and then distal inter-
locking screws were inserted. Unfortunately, the
patient had procurvatum deformity of 25° at the
lengthening site after removal of the monofixator.
Previously, she had had severe knee flexion con-
tracture which was treated with the tibial Ilizarov
frame and extended femoral frame. The interlock-

AKC above knee cast after manipulation
IMN intramedullary nail insertion
ROF re-osteotomy of the fibula
SO supramalleolar osteotomy of the tibia
CD compression-distraction
BG bone grafting
O Preoperative equines of the foot (degrees)
P Preoperative varus of the foot (degrees)
Q Treatments
T  triple arthrodesis
G gradual distraction
P pantalar arthrodesis
R Joint complications
E  equinus of foot (degrees)
VR varus of foot (degrees)
VL valgus of foot (degrees)
AS anterior subluxation of the talus
DA degenerative arthritis of the ankle
KF knee flexion contracture (degrees)
FTT flat top talus
S Degree of joint complication
MJ  major complication
Ml minor complication
T Treatment of joint complications
SO supramalleolar osteotomy of the tibia
PT physical therapy
—  no treatment
GC gradual correction with hinge system
TA triple arthrodesis
U Bone result
V' Functional result

P poor
F fair
G good

E excellent

ing nail could not resist rebounding tightness of
knee flexor muscles and led to procurvatum defor-
mity. The second patient, aged 47 years, was treated
with the compression-distraction method using
the Ilizarov fixator. He had another complication,
which was nonunion at the talonavicular joint after
triple arthrodesis, and required bone grafting.
There were 7 major and 7 minor joint complica-
tions in 10 patients. Complications included 6 cases
of equinus contracture of the foot, 4 knee flexion
contractures, 3 cases of anterior subluxation of the
talus, 1 arthritic change of the ankle (Figure 2), and
1 flat top talus that led to stiff ankle with equinus
deformity. Of the 6 cases of equinus contracture,
1 required supramalleolar osteotomy of the tibia
(Figure 3), and 1 required triple arthrodesis. Of the
4 cases of knee flexion contracture, 2 were treated
with gradual correction with extended Ilizarov
frame above the knee with hinge system (which
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Figure 2. A case of severe equinocavovarus deformity and

tibial shortening.

A. Preoperative photograph.

B. Preoperative radiograph.

C. Radiograph showing anterior subluxation of the talus
during correction of equinus deformity with the llizarov
apparatus.

D. Photograph after tibial lengthening and correction of the
foot, showing plantigrade foot.

E. Radiograph of the foot at 10-year follow-up, showing
degenerative arthritis of the ankle and recurrent equi-
nus deformity.

was located at the center of the rotation axis of the
knee), and 2 required aggressive physiotherapy for
knee extension, which started when the external
fixation was removed. Anterior subluxation of the
talus was treated with the translation system of the
Ilizarov frame.

Discussion

The tibial lengthening has callus-related complica-

tions, including axial deviation, delayed consoli-
dation of the tibia, premature consolidation of the
fibula, and refracture.

The incidence of delayed consolidation can be
affected by the etiology of tibial shortening, the
age of the patient, the osteotomy technique, and
stability of the external fixation.

Delayed consolidation is common in poliomy-
elitis, infection, Turner syndrome, and metabolic
bone diseases (Huang 1997, Aldegheri 1999). After
poliomyelitis, the tibial lengthenings have longer
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Figure 3. Radiograph after removal of the external fixator,
showing pantalar arthrodesis of the foot deformity and
supramalleloar osteotomy for correction of residual equi-
nus deformity.

healing periods compared to other diseases because
of associated muscle atrophy and hypoplasia of the
bone. Huang (1997) reported that the mean HI was
2 (1-4.4) months/cm in 35 tibial lengthenings after
poliomyelitis. Aldegheri (1999) also reported a
mean HI of 1.5 (1.3-1.8) months/cm after polio-
myelitis and that 5 of 10 tibial lengthenings had
delayed consolidations. We found that 8 of 14
tibial lengthenings with a mean HI of 1.8 (0.8—
3.1) months/cm had delayed consolidation. These
results are compatible with the results of previous
studies. Delayed consolidation requires a longer
duration of external fixation, which is associated
with a high incidence of pin-tract infection, loos-
ening of the pin with concomitant loss of stability,
and joint contracture. The bifocal lengthening oste-
otomy can be used to avoid delayed consolidation
in poliomyelitis. Several authors have reported that
this procedure reduces HI (Saleh and Jamer 1993,
Fischgrund et al.1994, Staniski et al. 1996, Kris-
tiansen and Steen 2002). Choi et al. (1999) sug-
gested this procedure for tibial lengthening beyond
20%, to decrease EFT and to distribute distraction
force evenly throughout the entire muscle. They
recommended that the distraction rate of the distal
osteotomy site should be 75% of that at the proxi-

mal osteotomy site because of delayed consolida-
tion at the distal osteotomy site. Eralp et al. (2004)
reported that the Gigli saw technique for tibial
lengthening gave a shorter HI in 16 patients with
deformity after poliomyelitis compared with per-
cutaneous multiple drill hole osteotomy. Kristian-
sen and Steen (2002) suggested the bifocal oste-
otomy for tibial lengthening of more than 6 cm to
reduce HI. They found that equinus contracture of
the ankle was a common complication in double-
level lengthening, and recommended minimum
lengthening for deformity correction at the distal
tibia and prophylactic fixation of the foot with
extended frame to prevent equinus contracture of
the ankle. The ankle equinus occurred frequently
during or after the tibial lengthening and the inci-
dence depends on the distraction rate per day, the
amount of lengthening, the age of the patient, the
etiology of tibial shortening, and the technique
of wire or pin insertion. Previous investigators
have reported that the incidence of ankle equinus
after tibial lengthening ranged from 10% to 50%
according to the etiology of shortening (Yasui et al.
1997, Noonan et. 1998, Aldegheri 1999). Eldridge
and Bell (1991) and Lehman et al. (1991) recom-
mended prophylactic foot fixation with the foot
frame during the lengthening phase and removal
of the foot frame during the consolidation phase in
patients with tibial lengthening beyond 10% of the
original length or more than 6 cm, to avoid ankle
equinus. Huang (1997) reported that there were 11
cases of ankle equinus and 2 cases of knee flex-
ion contracture in 35 lengthenings of poliomyelitic
tibiae. He recommended prophylactic TAL as a
concomitant procedure during tibial lengthening.
Most poliomyelitic tibiae have foot deformities
and require simultaneous correction of the tibial
shortening and foot deformity. Poliomyelitic foot
deformity requires bony procedures such as triple
arthrodesis or V osteotomy, rather than soft tissue
procedures, when the foot deformity is complex
and rigid with incongruous tarsal joints due to long
duration of subluxation. The incongruous tarsal
joints cannot be congruous after reduction by soft
tissue release or soft tissue distraction with an
external fixator. Forceful reduction of the incon-
gruous joints may produce pain and lead to recur-
rent foot deformity after removal of the external
fixator. We found that using only the soft tissue
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distraction method for foot deformity was associ-
ated with more complications (including recurrent
foot deformity, anterior subluxation of the talus,
and arthritis of the ankle) than the triple arthrodesis
during tibial lengthening. There is a tendency for
anterior subluxation of the talus during correction
of severe equinus deformity when the direction of
the distraction force at the ankle is parallel to the
long axis of the tibia in the sagittal plane. There-
fore, posterior tilt of the distraction force along the
posterior capsule of the ankle or tendo achilles is
necessary to prevent anterior subluxation of the
talus. The direction of the distraction force can be
determined using the assembly of distraction rods
with posterior inclination of 15° and using the uni-
versal hinge between Ilizarov frames for the tibia
and foot. In our study, it was apparent in 3 patients
with equinus deformity of more than 40° that the
anterior part of the talar dome had been anteriorly
subluxated for a long period and had resulted in a
deformed talar dome with mild flattening and joint
incongruity before surgery. Even though the sub-
luxated anterior part of the talar dome was reduced
with the external fixator, there was resubluxation
anteriorly in all 3 feet because of an abnormally
remodeled joint with narrow ankle mortise during
growth.

Thus, any attempt to reduce the deformed talar
dome into the narrow ankle mortise to correct
equinus deformity should be abandoned to avoid
degenerative arthritis or resubluxation. In this situ-
ation, bony procedures, including V osteotomy,
triple arthrodesis and pantalar arthrodesis, are
recommended. Kucukkaya et al. (2002) reported
that 4 patients who had had poliomyelitis got plan-
tigrade feet without recurrence after V osteotomy
for correction of pes calcaneocavovarus and simul-
taneous lengthening at the distal tibia. 3 of the 4
patients had delayed consolidation at the distal
tibial lengthening site after this method. In our
study, 6 of 7 patients with triple arthrodesis had
successful results and 1 patient required supramal-
leolar osteotomy for correction of recurrent foot
deformity. The triple arthrodesis was performed
using internal fixation with staples and the Ilizarov
foot frame instead of using only the Ilizarov foot
frame, because this combination method provided
more stability and allowed earlier removal of the
Ilizarov foot frame—with no need for additional

wire insertion when there was wire-tract infection
during follow-up.

During the tibial lengthening, knee flexion con-
tracture tended to occur instead of ankle equinus
contracture because of immobilization of the ankle
with the Ilizarov frame for foot deformity correc-
tion. Aggressive physiotherapy after removal of the
external fixator usually solved knee flexion contrac-
ture. However, residual tightness of the soleus-gas-
trocnemius-achilles tendon complex may produce
deformation of the callus during physiotherapy,
and lead to procurvatum deformity. There were 4
cases of knee flexion contracture in our study and
4 had procurvatum deformity at the proximal tibia
among 14 cases. Thus, knee flexion contracture
should be managed carefully during tibial length-
ening and after removal of the external fixator in
order to avoid procurvatum deformity.

Previous investigators have recommended
lengthening of the intramedullary nail to reduce
complications associated with long EFT (Huang
1997, Paley et al. 1997, Simpson et al. 1999).
The study of Huang (1997) and our own study
of patients after poliomyelitis have demonstrated
that EFT with nail can be reduced to 28-30% of
EFT without nail without affecting the healing
period. The advantage of the nail method is that
early removal of external fixation and cast applica-
tion are possible because the foot deformity can be
corrected quickly, or gradually within eight weeks.
Therefore, the nail method is recommended in
patients with poliomyelitis deformities to reduce
EFT and associated complications such as pin-tract
infection, axial deviation and refracture. However,
serious complications of the nail method should be
communicated to the patients, because previous
studies (Paley et al. 1997, Kristiansen and Steen
1999, Simpson et al. 1999) have reported fatigue
fractures of the intramedullary nail or interlocking
screws and a deep intramedullary infection, result-
ing in delayed consolidation and shortening which
required additional surgery.
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