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Abstract
Purpose The aim of this study was to review our experiences
with tibial lengthening over an intramedullary nail in
comparison to the conventional Ilizarov method.
Methods We performed a retrospective comparison of tibial
lengthening using the conventional Ilizarov method (group
A: 23 limbs in 13 patients) versus over a nail (group B: 51
limbs in 26 patients). The percentage increase in tibial
length, lengthening index, external fixation index, consol-
idation index and complications were assessed.
Results The mean gain in tibial length was 7.4 cm, which
represents a mean increase of 26.0%. There was no difference
in lengthening index or consolidation index; however, the
patients in group Awore the external fixator longer than those
in group B (281.5 versus 129.0 days), which represents a
larger external fixation index (40.0 versus 17.4 day/cm).
Group A had a higher complication rate (1.0 versus 0.47 per
tibia) than group B.
Conclusions Tibial lengthening over an intramedullary nail
confers advantages over the conventional Ilizarov method,
including shorter time needed for external fixation and
lower complication rates.

Introduction

Distraction osteogenesis using the conventional Ilizarov
method is an excellent option and is widely used for limb
lengthening and correction; however, such treatment
requires a long period of external fixation in a frame during
both distraction and consolidation phases [1–3]. Patients
often tolerate the consolidation period poorly, and compli-
cations such as pin-tract infections and stiffness of the
joints may develop. Moreover, if the external fixator is
removed too early, it may result in axial deviation or
refracture. Since Paley et al. first described it in 1997 [4],
the surgical technique of lengthening over an intramedul-
lary (IM) nail has gained wide acceptance because it
reduces the duration required for external fixation and
offers considerable improvements in patients’ comfort [5].
However, Watanabe et al. have reported that they encoun-
tered such a high rate of serious complications in patients
treated with lengthening over an IM nail, including cases of
deep infection and breakage of nails or locking screws, that
they abandoned this technique and returned to the classic
Ilizarov method [6].

The purpose of this study was to retrospectively compare
tibial lengthening over an IM nail (group B) with the
conventional Ilizarov method (group A) in individuals with
leg-length discrepancy or short stature. We evaluated a
variety of parameters including percentage increase, length-
ening index, external fixation index, consolidation index
and associated complications. To our knowledge, few
studies on tibial lengthening over an IM nail involving
large number of cases with same aetiology have been
reported. We present here the results with regard to
distracted bone formation and details of complications.
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Materials and methods

This study was designed as a retrospective review and was
approved by our hospital’s institutional review board.
Between May 1996 and May 2006, 115 individuals (202
limbs) underwent tibial lengthening in our centre for
different reasons. Patients with immature bone, soft tissue
compromise, bone deformity of a severity that required
gradual deformity correction, and currently active or history
of infection or trauma at the site of lengthening were
excluded. An Ilizarov external fixator (Yian lifang, Beijing,
China) was used in both groups, and an additional
intramedullary nail (Trauson, Changzhou, Jiangsu, China)
was used in group B.

This study included 74 tibiae in 39 individuals (35 short
stature, four congenital leg-length discrepancy), of whom 13
individuals (23 leg-lengthening procedures) were in group A
and 26 (51 lengthening procedures) in group B. There were
ten patients with short stature in group A and 25 in group B;
there were three patients with congenital leg-length discrep-
ancy in group A and one in group B. There were eight males
and 31 females. The average age at the time of surgery was
22.7 years (range, 18–42 years) in group A and 25.4 years
(range, 19–47 years) in group B. The mean preoperative
length of the tibiae was 27.3±2.5 cm in group A and 29.3±
2.3 cm in group B. The average duration of follow-up was 3.2
years (range, 2.2–4.3 years) in group A and 3.4 years (range,
1.8–5.0 years) in group B. All patient clinical and demo-
graphic data can be seen in Table 1.

Surgical technique and postoperative protocol

All operations were performed under regional anaesthesia and
tourniquets were not used. With the multiple-drill-hole
technique, careful corticotomy was performed at the proximal
meta-diaphyseal junction of tibia, and at the distal one third
junction of the fibula. An Ilizarov frame (composed of five full
rings and four distraction rods, an additional 1/2 “U”-shaped
ring for the calcaneus when the anticipated lengthening was
more than 20%) was used. The wires with diameters of

2.0 mm were typically tensioned to 1000–1200 N, and the
crossing angles were 60º or more to increase the stability [7].
At least one wire was used to fix the proximal or distal
tibiofibular joint. In group A, each bone segment was
mounted with four wires. In group B, the tibial intra-
medullary canal was at least 8 mm and unreamed nails were
used. The nail was inserted carefully until it reached the
distal metaphysis; then two proximal interlocking screws
were inserted with the aid of a jig. A preconstructed Ilizarov
frame was mounted with at least six wires.

Lengthening was started on day seven to ten postoper-
atively at a rate of 0.25 mm four times daily or with minor
adjustments. The patients were encouraged to exercise and
to perform gait training with a walker after surgery.
Prophylactic intravenous antibiotics were administered for
48 hours. In the outpatient clinic, the individuals were
examined every four weeks and screened for local signs of
infection. In group A, the fixators were removed when the
individual was fully weight-bearing, and after confirmation of
complete radiographic consolidation. In group B, after the
desired length was achieved, the Ilizarov fixators were
removed and two distal interlocking screws were inserted
(typical tibial lengthening over a nail seen in Fig. 1).

Outcome measures

Four indices were used, namely, percentage increase, length-
ening index, external fixation index and consolidation index.
The percentage increase was defined as the length gained
divided by the original length; the lengthening index as the
duration of distraction phase divided by the length gained in
centimetres; the external fixation index as the duration of
external fixation divided by the length gained; and the
consolidation index as the time of consolidation (from the
operation day to the confirmation of consolidation) divided by
the length gained. Consolidation was considered to be
complete when anteroposterior and lateral radiographs con-
firmed at least three of four cortices were intact.

The independent Student’s t-test or the Mann-Whitney
U-test was used to analyse the differences with regard to the
radiographic parameters, gain in length, age and sex.
Differences in the number of complications were assessed
with the Pearson χ2 test. A P value of <0.05 was regarded
as significant.

Results

Themean gain in tibial length was 7.4 cm (range, 3.6–11.0 cm),
which represented a mean increase of 26.0% (range, 11.3–
43.1%). An increase in length of 7.2 cm (range, 5.0–9.0 cm), or
26.9% (range, 14.3–33.3%), was achieved in group A, and an
increase of 7.4 cm (range, 3.6–11.0 cm), or 25.6% (range, 11.3–

Table 1 Patient clinical and demographic data

Parameter Group Aa Group Bb

Number of patients 13 26

Number of tibiae 23 51

Age in years (range) 22.7 (18–42) 25.4 (19–47)

Gender (female/male) 10/3 21/5

Bilateral (short stature) 10 25

Congenital leg-length discrepancy 3 1

a Conventional Ilizarov method
b Lengthening over a nail
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43.1%) in group B (P>0.05). The mean lengthening index
was 14.4 d/cm (range, 9.7–20.7 d/cm) in group A and 13.3 d/
cm (range, 8.2–18.5 d/cm) in group B (P=0.371). The mean

duration of external fixation was 281.5 days (range, 198–384)
in group A and 129.0 days (range, 52–184) in group B,
resulting in a mean external fixation index of 40.0 d/cm
(range, 24.8–58.6 d/cm) in group A and 17.4 d/cm (range,
14.0–22.8 d/cm) in group B (P<0.001). The mean consoli-
dation index was 40.6 d/cm (range, 27.1–58.4 d/cm) in
group A and 40.7 d/cm (range, 28.7–54.5 d/cm) in group B
(P=0.957) (shown in Table 2).

According to Paley's classification system [1, 2], 23
complications occurred in group A, including 20 problems
and three obstacles; whereas 24 complications occurred in
group B, including 19 problems and five obstacles. No
sequelae occurred in either group. The average number of
complications was 1.0 per tibia in group A and 0.47 per
tibia in group B (P<0.001) (complication details shown in
Table 3).

A transfixing wire broke in one case in each group;
substitution of a new wire augmented to the ring meant that
effective distraction was not jeopardised. Inferior subluxa-
tion and distal migration of the fibular head due to cutting
out of wire was seen once in group A and twice in group B;
once identified they were treated by reinsertion of a
transfixing wire. Pin-track infections occurred in 11 tibiae
(47.8%) in group A and eight (15.6%) in group B. No deep
intramedullary infection occurred. A broken interlocking
screw was found in three (5.9%) cases during the
consolidation phase in group B, but none required further
intervention. A broken intramedullary nail occurred in one
case (1.9%) because of a motor vehicle accident; further
surgery was required to exchange the nail.

One patient required repeat tibial osteotomy for prema-
ture consolidation in group A, and one required repeat
fibular osteotomy in group B. In group A two cases had
delayed consolidation with prolonged fixation; one case in
group B required auto-iliac bone graft and exchange of
intramedullary nail and both eventually achieved good
consolidation.

In group A two knee (8.7%) and four ankle (17.4%)
flexion contractures occurred, two of which were combined
with ankle valgus, and full range of movement was
regained with physiotherapy in knee and two ankles, the
other two lacking 5° motion (no limitation of daily life) at
the latest follow-up. In group B three knee (5.9%) and four
ankle (7.8%) flexion contractures developed, one combined
with ankle valgus, and all resolved fully with physiother-
apy. No surgical lengthening of the Achilles tendon was
required.

Discussion

Distraction osteogenesis by the Ilizarov method is a well-
established technique for leg lengthening and deformity

Fig. 1 Serial radiographs of tibial lengthening (length gained, 9 cm;
percentage lengthening, 26.4%) in a 24-year-old woman. A Ante-
roposterior (AP) radiograph taken before operation. B Immediate
postoperative AP radiograph showing nailing and external fixator
application had been performed. C AP radiograph taken at completion
of the lengthening phase. D, E AP and lateral radiographs taken after
the completion of new bone maturation
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correction. However, the overall process of distraction and
consolidation in a frame involves a high risk of complica-
tions. Moreover, early frame removal can induce secondary
axial deformity and risk of fracture. In this retrospective
study we found that, compared with the conventional
Ilizarov method, tibial lengthening over an IM nail reduces
the time required for external fixation, maintains the length
gained and prevents refracture of newly formed bone.

We found that the mean external fixation index differed
significantly between the two groups; however, the consol-
idation index was similar. Lengthening over a nail has
gained wide acceptance, because it improves patients’
comfort and provides additional axial and rotational
stability. Earlier removal of external fixation makes it easier
for patients to exercise the surrounding joints fully before
contractures become irreversible. Some authors have
expressed concern that intramedullary nailing might com-
promise the endosteal blood supply and thus affect the
quality of newly formed bone [8, 9]. We used unreamed
nails and found no difference between the two groups in
consolidation, which is similar to other results [10, 11].

We found that the overall rate of complications was
relatively low, and differed significantly between the two
groups. It has been noted that a greater lengthening
percentage correlates well with a higher complication rate
[12]. Mehmet et al. set a lengthening rate of 21.5% and a
total lengthening of 6 cm as cut-off points, above which
complications were more likely to occur [13]. In our group,
the mean percentage of lengthening was 26.9% in group A,
and 25.6% in group B, whereas the average number of
complications was 1.0 per tibia and 0.47 per tibia,
respectively. This is relatively low and satisfactory com-
pared with the results of Hui et al., who reported an average
number of complications of 2.56 per tibia for the
conventional Ilizarov method, and 1.24 per tibia for
lengthening over a nail [10]. They suggested that compli-
cations related to joint stiffness were the rule rather than the
exception, even with lengthening over an IM nail. No
obstacle or sequel affected surrounding joints in our group.
We think that the strong structure composed of five full
rings makes ambulation possible with the assistance of a
walker, even during the distraction phase. Moreover, the

Complications Group A Group B

Total Problems Obstacles Total Problems Obstacles

Pin-tract infection 11 11 0 8 8 0

Wire breakage 1 0 1 1 1 0

Interlocking screw breakage 0 0 0 3 3 0

Intramedullary nail breakage 0 0 0 1 0 1

Premature consolidation 1 0 1 1 0 1

Delayed consolidation 2 2 0 1 0 1

Distal migration of fibula 1 0 1 2 0 2

Knee flexion contracture 2 2 0 3 3 0

Ankle flexion contracture 4 4 0 4 4 0

Axial deviation 1 1 0 0 0 0

Total 23 20 3 24 19 5

Rate of complication 1.0 0.47

Table 3 Details of complications

Values are given as the number of
tibiae. There were 23 tibiae in
group A and 51 in group B

Parameter Group A Group B P value

Length gaineda (cm) 7.2±1.2 7.4±1.3 0.571

Length gaineda (%) 26.9±5.4 25.6±6.0 0.387

Lengthening indexa (d/cm) 14.4±3.4 13.3±2.6 0.371

External fixation indexa (d/cm) 40.0±10.7 17.4±2.4 <0.001

Consolidation indexa (d/cm) 40.6±8.3 40.7±6.5 0.957

Complications b

Problems 20.0 (0.87) 19.0 (0.37) <0.001

Obstacles 3.0 (0.13) 5.0 (0.10) 0.678

Sequelae 0.0 0.0

Total 23.0 (1.0) 24.0 (0.47) <0.001

Table 2 Comparisons of clinical
result between two groups

There were 23 tibiae in group A
and 51 in group B
a The values are given as the mean
and standard deviation
b The values are given as the number
of complications with the mean
number per tibia in parentheses
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special spring apparatus provided around the ankle joint
allows rehabilitation during the whole procedure, thus
preventing Achilles tendon contracture. Fat embolism is a
major concern with combined intramedullary nail and
external fixation, especially with simultaneous bilateral
procedures. No fat embolism was observed in our group.

We found that pin-site infection differed significantly
between the two groups (47.8% in group A, 15.7% in group
B). The most serious potential disadvantage of lengthening
over an IM nail is deep infection; however, no deep infection
occurred in our groups. This is good compared with the deep
infection rates of 5%, 14% and 15% previously reported by
Silberg et al. [14], Song et al. [15] and Simpson et al. [16],
respectively. We performed the surgery according to Paley’s
recommendation to avoid contact between the pin and the
nail [4]. We believe that earlier and more aggressive local
medical intervention for pin site infection contributed to
preventing deep infections.

Lengthening over an IM nail can easily be performed
with the tibia, where the mechanical and anatomical axes
coincide, as opposed to the femur, where the two axes are
different and would cause additional translation [4, 17].
Axial deviation was not observed clinically or radiograph-
ically in group B. Angulation at the lengthening site
occurred in only one tibia (4.3%) in group A, partly
because of imbalanced distraction. It was treated by
adjustment of the distraction rods and additional tightening
of the wires and nuts. Our result is more acceptable than the
16% rate of secondary axial deviation that occurred in the
series of Hui et al., in which an unstable two-ring Ilizarov
frame was used [10]. We believe that the structure
composed of five full rings is more effective to strengthen
the stability.

Premature consolidation occurred in one case in each
group during the distraction phase—one because of
imbalance distraction and the other due to mechanical
problems related to the external fixator (the lengthening
index was 20.71). Delayed consolidation was observed
twice in group A and once in group B, which might be due
in part to a relatively large percentage of distraction (more
than 33%). Further study is necessary to identify other
factors that could be responsible for delayed consolidation.
Distal migration of the fibula occurred in one case in each
group, it seems that single-wire fixation of the proximal
tibiofibular joint is inadequate and more secure fixation
might be indicated [18].

The major limitation of our study is that it was retrospective
and did not allow direct comparison of all aspects. Although
there were no differences with respect to the sex, age and
aetiology, decisions such as percentage lengthening and
selection of lengthening method were based in part on the
patients’ aims and economic background. Furthermore, it was
difficult to assign a point of bony union. We assessed the time

as corresponding to the patient’s ability to bear full weight and
the presence of bridging of three of four cortices on
radiographs. We do not think this compromised our con-
clusions, since we chose a consistent practical time point for
healing. A prospective, randomised, controlled trial, which
would eliminate the variable of patient selection, would be the
best study to undertake next. Our results show that tibial
lengthening over an IM nail provides advantages including a
lower complication rate, shorter times needed in external
fixation, more comfort and earlier rehabilitation.
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