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Abstract

Thirty patients (33 cases) underwent a secondary intramedullary
nailing during the consolidation phase after callus distraction
with an external device. Docking site non-union (17 patients),
angular deformity or fracture of the lengthened area (8 patients)
and intolerance of the external device (5 patients), in combina-
tion or not with a delayed distracted callus maturation, were
the main indications for this replacement. The femur was in-
volved in 13 cases and the tibia in 20. One-stage intramedullary
nailing conversion was done in 25 cases and a delayed procedure
in 8cases. The average follow-up period was 4 years (2-
12 years). Deep infection was presented in one case (3.03%) and
slight callus length loss in 5 cases (15.2 %). Failure of union at the
docking site and breakage of the nail was noted in 1 case (3.03%).
In the rest of the patients, solid union was achieved in the length-
ened callus area as well as at the docking site, in an average peri-
od of 5.9 months after the modification. All patients were quite
satisfied as their functional improvement was rapidly acceler-
ated. The use of intramedullary nailing during the consolidation
phase after callus distraction is a treatment option for delayed
callus maturation or docking site non-union, thus reducing the
_prolonged use of the external fixator.

Introduction

Distraction osteogenesis has been proved a powerful clinical tool
in treating patients with a variety of skeletal problems. The
method addresses successfully many indications such as infec-
tions, bone defects, deformities, and leg-length discrepancies.
Practice of the method in difficult cases was often associated
with high rate of complications, mostly related to the prolonged
time of application [2, 5, 6, 16]. The required time is sometimes
too long so that discomfort for the patient becomes greater than
we expect. To these subjective complaints we must also add the
common problems of pin-track infection and joint rigidity that
have forced us to remove the elongation-stabilisation device in
a premature phase, when the lengthened callus has not yet
been consolidated. This early removal may lead to serious com-
plications such as plastic deformity of the callus, axial deviation,
fracture, shortening and loss of the so far achieved isoskelia.

Another fundamental aspect is the potential non-union at the
docking site after bone transport. This complication is frequent,
particularly in cases with large post-traumatic bone defects, as
the poor soft tissue coverage, reduced vascularisation and possi-
ble interference of connective tissue among bone ends do not of-
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fer good healing conditions in this particular region. In high-en-
ergy trauma also, with bone comminution, the transferred bone
ends may not have enough contact or stability during the time of
compression.

The aim of this study is to present our clinical experience in the
use of intramedullary nailing during the consolidation phase
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after bone lengthening or bone transport for a) further stabilisa-
tion of the lengthened callus, b) enhancement of callus matura-
tion and c) docking site union.

Patients and Methods

Between 1990 and 2001, among 230 patients who were treated
with distraction osteogenesis with an external device (llizarov
frame or unilateral system) in our institution, 30 patients
(33 cases) underwent secondary intramedullary nailing during
the consolidation phase. There were 4 females and 26 males,
aged 12-68 years (average 30.4 years). The femur was involved
in 13 cases and the tibia in 20 (3 patients had 2 bones involved
at the same time). The lengthening procedure was needed be-
cause of 6septic non-unions, 10leg-length discrepancies,
8 post-traumatic bone defects (accompanied with soft tissue de-
fects), 2 peroneal hemimelias, 4 non-septic non-unions and
3 cases of chronic osteomyelitis. The lengthening distance var-
ied from 2 to 28 cm (average 7.4 cm). The main reasons for ex-
changing the external lengthening device to intramedullary nail-
ing were the delay in union at the docking site (17 patients), the
patient’s discomfort due to the prolonged use of the device —
(5 patients) and the angular deformity (>10°) or the fracture of
callus in the lengthened area (8 patients) in combination with
the delayed maturity of the distracted callus in some of these
cases.

Essential qualification for the modification of the method into
intramedullary nailing was the integration of bone lengthening
and compensation of soft tissues. All soft tissue defects had
been already treated either with distraction histogenesis or
with muscle flaps or skin grafts. Moreover, the absence of clini-
cal and haematological signs of infection was essential: all of
the patients had a normal white blood-cell count, erythrocyte
sedimentation rate and C-reactive protein and were free of clini-
cal signs of infection (even pin-track infections) when the nailing
was performed.

In 25 cases, the nail was applied as soon as the llizarov frame was
removed. In 5 cases with unilateral lengthening systems the nail-
ing was postponed for approximately 2 weeks to accommodate
pin-track healing and a long leg plaster was used for temporary
immobilisation. In 3 patients the nailing was performed because
of a fracture of the callus some days or weeks after the removal of
the external device.

Operative technique (Figs.1 and 2)

The patient was placed in a traction table to insure the normal
.axis. of the lengthened callus during removal of llizarov frame
and application of the intramedullary nail. The next step was
the meticulous sterilisation of the skin, frames and transosseous
pins as well as infusion of povidone iodine (Betadine) into the
skin holes after the removal of the llizarov device. Then, using
the standard intramedullary entry points in the femur or tibia, a
guide wire was passed through the lengthened area under C-arm
image intensifier guidance. If the callus was quite soft the intro-
duction of the guide wire through the lengthened area into the
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distal part of the bone was easy. In the opposite case where,
either the callus of the lengthened area was too hard or the
bone ends at the docking site were incongruent, the passage of
the guide wire was obstructed and in these cases the canal was
opened by a long, straight and hard awl, which was introduced
carefully under C-arm guidance. Nail application followed after
limited reaming of both the intramedullary canal and the callus
area. The usual diameter of the femoral nail was 12 mm and of
tibia not more than 10 mm. All patients received 4 doses of pro-
phylactic antibiotic therapy with a 2% generation cephalosporin
and low-molecular heparin for 6 weeks postoperatively.

Results

The average follow-up period was 4 years (2-12 years). The aver-
age external fixation index was 38 days per cm of distraction. All
the patients were satisfied after the removal of the external de-
vice as their joint mobility and overall functional improvement
was accelerated.

In one case, with three-centimetres bone loss after a supracon-
dylar-fracture; docking site non-u nion remained unhealed after
intramedullary nailing. In particular, the nail was broken 3 years
after implantation and a new frame fixator was used. Ten of the
docking site non-unions (58.8%) led to solid callus formation
within six months after nail insertion. The remaining 6 cases
(35.3%) had a delayed progress of union but no clinical symp-
toms. Dynamisation of 3 static nails was performed 8 weeks
postoperatively, when the maturation of the lengthened area
had been completed to accommodate the healing process at the
docking site. In no case was bone grafting used. Deep infection
was detected in one patient (3.03%) and was finally treated
with nail removal and external fixator reapplication. In 5 cases
(patients 5, 8, 24, 28, 29) there was a 1-2 cm shortening of the
callus. All patients were satisfied (objective questionnaire) after
the removal of the external fixator as their joint mobility was im-
proved rapidly and they could take part in the daily living activ-
ities without carrying the bulky transosseous system any more.
Skin and soft tissue condition was also improved after the re-
moval of the transosseous pins.

Discussion

The basic principles of distraction osteogenesis, as they have
been described by G. llizarov are: a) the progressive bone distrac-
tion, b) the symmetrical distribution of distraction by a stable
ring external fixator and c) the preservation of periosteal and in-
tramedullary vessels through the corticotomy. These suitable
biological and mechanical conditions transform the progressive
irritation of the distraction into biological reaction. Expressions
of this reaction are the increased vascularisation, the presence
of membranous ossification, as well as the phenomenon of
“growth plate”, which refers to the embryonic stage of bone acti-
vation [3, 9, 10]. Resent studies have shown that, in contrast to
lengthening that initiated from a central area (growth plate),
the periosteum plays the more important role for the growth
and maturation of the callus than the bone marrow and endo-
steum [8, 12]. The capabilities of this method are impressive, in
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Fig. 1 aOpen tibia fracture with bone defect
after shot gun injury. b Bone transport using
the llizarov method, after proximal tibial cor-
ticotomy. ¢ Intramedullary nailing for delayed
callus maturation and docking site non-union.

Fig.1d p

particular in cases of congenital length discrepancies and large larly beneficial to resolve problems that become apparent during

bone defects.

the osteogenesis process. One major problem is the patient’s dis-
comfort from the long-standing application of the external de-

On the other hand, the biological and mechanical environment vice and, on the other had, the biomechanical failures such as
that is created after intramedullary nailing seems to be particu- the axial deviation, the fracture of the lengthened area, the de-
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Fig.1d Ossification of the callus and docking site union, 6 months
after the nail application.

lay of callus maturation and the non-union at the docking site
after the integration of bone transfer. The repeated modifica-
tions of external fixator, the prolonged duration of lengthening,
the use of bone grafting or other local interventions to improve
the biological conditions in the lengthened or docking site area
are not adequate measurements in the majority of cases.

Under these circumstances, in those cases where an additional
stabilisation of the lengthening callus or an enhancement of the
biological environment for callus growth or union at the docking
side was considered necessary, we convert our technique to in-
tramedullary nailing [13, 17, 19]. The functional, emotional and
psychological status of our patients was improved immediately
after fixator removal, especially in those cases with prolonged
time of application (up to 2 years). They were able to take care
of themselves and perform their daily-living activities much
more easily. Skin and soft tissues condition was also improved
in addition to the increased level of adjacent joints mobility,
which were already stiff due to the prolonged time of immobili-
sation.

Another important fact was that in all patients the union pro-
gress at the lengthening area was accelerated without any dis-
turbances in relation to the length and linearity of the callus. It
is worth noting that there was a well-marked sub-periosteal os-
sification in plain radiographs.

Secondary intramedullary nailing after distraction osteogenesis
requires some major considerations, with the majority of them
concerning the lack of intramedullary blood supply and the sta-
bility of the neo-formated callus. The neo-angiogenetic capabil-
ity of intramedullary vessels after reamed intramedullary nailing
is quite high and reversible within 2-4 weeks [7, 15]. It is also
well known that reaming enhances the topical congestive reac-
tion, lasting for 2-4 weeks, followed by centripetal re-vasculari-
sation of the cortex from the periosteal vessels [18). In conclu-
sion, closed intramedullary nailing as a biological method of
fixation, not only leaves the periosteum intact in such a way
that the immature callus can be ossified but also adds a new os-
teoinductive environment through the congestive reaction.

Intramedullary nailing resolves also the potential complications at
the docking site area. Freshening of the bone ends, removal of the
atrophic connective tissue, bone grafting and stable fixation can
all be ensured with the application of a nail: intramedullary ream-
ing freshening bone ends and destroying the connective tissue
which may be intervening between them. Reaming products have
osteoinductive properties, acting as bone grafting whereas the
congestive reaction improves the poor conditions of blood supply
at the docking site area. Finally, the choice of static intramedullary
nailing gives the appropriate stability and the possibility to con-
vert it into the dynamic one when the callus has been ossified.

Another important consideration is the possibility of deep intra-
medullary infection [1, 4,11, 14, 20]. Our indications for modifica-
tion of external fixation to intramedullary nailing included the
integration of bone lengthening or bone transfer, restoration of
skin and soft tissues impairment, and the absence of clinical
signs of infection (both general and local such as pin irritation
and normal values of WBC, SER and CRP). If there was any suspi-
cious area of infection, a culture was obtained from the entry
holes of the pins. Under these conditions we believe that the re-
placement of the external fixator with intramedullary nailing
using the common modes (i.e., 2" generation cephalosporin)
and doses of peri-operative prophylactic antibiotics, is a safe pro-
cedure. As the Ilizarov pins are not threaded and have small dia-
meters, their removal, except if there were positive signs of infec-
tion, can be followed by application of the nail as a one-stage
procedure preserving the shape of the callus and the patient
from another operation. In cases in which threaded, larger diam-
eter pins have been used, we propose the delay of nail applica-
tion in accordance to the results of cultures: if there are negative
the nail was applied within 10 days otherwise in case of positive
cultures after a period of 6 weeks in which the patient is covered
with the appropriate antibiotic therapy. During this period the
callus must be protected with cast.

In conclusion, we believe that distraction osteogenesis is a un-
ique method for resolving difficult orthopaedic problems but, in
selected cases, its conversion to intramedullary nailing after the
integration of bone lengthening or transfer has major indications
such as: the relief of patient from the bulky external fixator, the
protection of callus from axial deformities, the enhancement of
union at the docking site and the retrieval of joint mobility and
function. In a few words we can say that intramedullary nailing
concludes our therapy and re-activates the principles of distrac-
tive osteogenesis.

Papadopoulos AX et al. Secondary Intramedullary Nailing ... Osteo Trauma Care 2004; 12: 145-150




Fig.2  aBilateral distal femur corticotomy for femoral lengthening
using unilateral external fixators (braxisomia). b Angular deformity of
the calluses. ¢ Secondary interlocking nailing for correction of the de-
formities.
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