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Review of 25 procedures in 20 patients
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Abstract : We have perfermed leg lengthening in 18 femeral and 15 tibial segments sver an
Intra medullary nail in 28 patients te decrease external fixatien time, and te reduce the risk te
malaligniment er refracture. Bilateral tihial lengthening was perfermed in 5 cases for familial
shert stature. The median lengthening achieved was 4.9{(3 18) cm, and the median external
fixatien time was 148(76 380) days, with a Healing Index of 30.2 days/cm. The precedure was
accempanied by a few cemplicatiens cemmaen te lengthening, mest of which were effectively
managed during the treatment perisd. We feund axial deviatien in 3 lengthened segments, hut
ne refracture was enceuntered in the entire series. Intramedullary nail infection eccurredin 3
cases, each managed by nail remeval, fixater reassemhly and treatment ef infectien. We
cencluded that this methed was superier te the cenventienal lengthening using an external
fixater, allewing early rehahilitatien, reducing axial deviatien and mimmizing the risk te
refracture. Hewever, the risk te deep intramedullaryinfectisnnecessitated care threugheut the

Complications in Leg Lengthening over an Intra medullary Nail :

treatment peried.

Introduction

Limb length discrepancy is a cemmen preb-
lem, and many metheds have heen described te
achieve cerrectien, After the intreductien ef
the [hzarev methed eof equalizing the extrem-
ities, leg lengthening by distractien
esteegenesis has heen widely used in beth chil-
dren and adults especially in patients with
cengenital disturbance in grewth, er in whem
the grewth ef ene limb has been disturbed by
trauma er disease, and in these whe have an

unusually shert stature. Leg lengthening by

distractien esteegenesis invelves twe phases.
The first phase is the distractien phase, and the
secend is the censelidatien phase. The censeli-
datien phase is usually twe te feur times lenger
than the distractien phase?.

Patients eften telerate peerly the peried eof
censelidatien : cemplicatiens can he many, and
early remeval of the external fixater may be
disastreus. In erder te reduce the external fixa-
tien time and reduce the risk te censegquent
cemplicatiens, many authers have empleyed a
limb

intramedullary nail®*?*. Cemplicatiens such as

precedure of lengthening ever an
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Table 1. Patient Pata

A B G

Case D E F G
F 26 tibia R 138.5 246
tibia I
2 M 27  tihia L 2 4 138
3 M 2¢  tihia R 151 309
tihia i
4 F 17 femur I 3 4.8 né
S M 15  femur 1 3 3 92
6 F 18 tihia R 148 145
tibia L
7 M 27  tihia R 3 144
) F 18  tihia R 1 15¢ 124
tibia L
) M 33 femur L 3 6 3%
1¢ M 2¢ femur L 3 7 192
11 M 1% femur R S 3.2 82
12 M 35 femur R 3 S 9
13 M 21  tihia L 6 15¢ 15¢
14 F 28 tihia R 147 122
tihia I
15 M 32 femur R S 3 125
16 M 18 femur L S 4.5 183
17 M 14 femur L 2 4 134
18 F 14 femur L 3 7 155
19 F 31 tibia L 4 4 169
20 M 37 tihia L 4 3 76

axial deviatien er fracture are cemmen when
limb lengthening is achieved by external fixater
and these can censiderably increase the dura-
tien of treatment and merbidity. With the adds-
tienal use of an intramedullary nail, these cem-
plicatiens can bhe effectively minimized. Here
repert eur experience in femeral and tibial

lengthenmg using an intramedullary nail.
Patients and Methods

During the peried frem March 1996 te
Nevember 2008, 28 patients underwent a limb
lengthening precedure, invelving 25 segments
(18 femeral and 15 tibial), using the Ilizarev
distractien technigue cembined with
intramedullary nailing. Bilateral tibial length-
ening was dene in 5 patients. There were 13
male and 7 female patients with an average age
of 23.6 years(range 14 37 years). The cause for

the leg length discrepancy was trauma in 6
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32.8
29 4
23.
287
21
48 A Sex :M, male : F, famale
21.8 B Age(years)

C Bene [t tihia ; f, femur
85 D Side : R, right ; L, left
32 E Etielegy : 1 familial shert stature. 2 pes
23.4 tep infectien, 3 pestep trauma,
19.8 4 residual peliemyelitis, 5
ot Legg Calve Perthes’ disease
27.1 sequelae, 6 shert stature due

te rickets

6.6 F  Tetal height{cm)fer shert stature pati
22.3 ents and leg length discrepancy(cm)in
.8 sthers
.6 G Duratien of external fixater(days)

H Lengthening achieved(cm)
%3 I  Healing Index(days/cm).

patients, shertening due te Legg Calve Perthes’
disease sequelae in 3, infectien (septic hip and
laree sequelae) in 2, and residual peliemyelitis in
3, familial shert stature in 5, and shert stature
due te rickets in the ether(Table 1). In addi-
tien te lengthening, cerrective estestemy feor
defermity was dene m 5 patients, triple arth-
redesis i 2, and pantalar arthredesis m 1
patient. The median preeperative leg length
discrepancy was 4.3cmf{range 3-7 cm)in 14
patients in whem enly ene limb segment was
shert. In the ether 6 patients with shert stature,
the median preeperative height was 147.5cm
(range 138.5 151 cm).

At eperatien, first the insertien of a guide
wire inte the meduallary canal was accem-
plished, and antegrade reaming was dene ever
the guide wire te a tetal of 1.5 mm greater than
the diameter of the nail te be used. A split
patellar tenden appreach was used fer centrali-



zatien eof the peint of entry ef the mtramedul-
lary nail. Preximal certicetemy was carefully
dene with the guide wire in place. After remev-
ing the guide wire, the nail was then inserted
mte the medullary canal up te the distal meta-
physis, and was preximally lecked with twe
interlecking screws. In the tibia, A® tibial and
humeral nails were used, while in the femur,
Russel Tayler nails were used. In ene case eof
femeral lengthening, a rush pin was used as the
patient had a very narrew medullary canal.
After the llizarev wires and pins were
pesitiened taking care te aveid centact with the
IM nail. The Ilizarev 1ings were cennected and
the frame assembled. In all the tibial lengthen-
ing cases, fibular esteetemy was dene at the
mid lewer third junctien. Pesteperatively, the
feet was splinted in dersiflexien. Physical ther-
apy was started en the 2 nd day, and the patient
was allewed crutch walking. After 7 18 days ef
rest, lengthening was started at 1 mm per day
(0.25 mm every 6 heurs}. The length and qual-
ity of regenerate were assessed every week en
X-ray, and the rate of lengthening was adjusted
accerdingly. @nce the desired length was
achieved distal lecking screws were mserted
mte the mtramedullary nail. At this time the
ring fixater was medified er remeved, and
nstead a menefixater was applied te facilitate
rehabilitatien and te previde additienal suppert
te the regenerate in the distractien gap. There
after the patients were fellewed every menth.
At each fellew up, serial radiegraphs were
taken and when there was radielegical evidence
of censelidatien, then the external fixater was
remeved. Alse during the entire fellew-up,
develepment eof any cemplicatien was neted
and managed accerdingly. Cemplicatiens were
recerded as preblems, ebstacles or true cempli

catiens. Preblems included difficulties that
required ne eperative interventien and which
were fully reselved by the end of the treatment,
while ebstacles were difficulties that required
eperative interventien, and true cemplicatiens
were these that remained unreselved at the end
of the treatment peried'”. The median fellew

up peried was 23 menths{range 15 te 47

menths) .

Results

The median gain in length was 4.9 cm(range
3 te 18 cm). The median time feor the external
fixatien was 148 days(76 te 398 days). The
median Healing Index was 39.2 days/cm.

External fixatien duratien was prelengedin &
cases. @f which, 5 received an additienal prece-
dure such as cerrective estestemy in the tibha
or femur fer cerrection of a preexisting defermi-
ity. In the other 3 patients, deep intramedullary
nail infectien dereleped, and the nail had te be
remeved. This resulted in an everall increase in
external fixatien time. In mest cases, knee
flexien during the lengthening peried was de-
creased, but impreved gradually during the
censelidatien phase and returned te the
preeperative level after remeval of the fixater.

Serial radiegraphs at each fellew-up shewed
delay in censelidatien in the anterier and/er
lateral certex ef the regenerate in many dis-
tracted segments. Hewever, all the lengthened
segments became censelidated with time.
There was ne refracture in any case. Hewever,
there was malalignment in 3 segments, 2 were
valgus, and 1 was varus, which persisted de
spite periedic adjustment in the frame as well
as distractien.

Cenmiplicatiens : There were difficulties en-

ceuntered during the treatment peried{Table

213



Takte 2. Cemplicatiens

Pin tract infectien L] 6 Pressings+antibistics
‘ 3 . Pin remeval
Scanty callus 6 6 ¢ () Filled spentanesusly in time
| {Ant./Lat. Certex)
BDelayed censelidatien (] ] Ext. fixater kept for lenger duratien and
eventually united
Axial deviatien valgus 3 Persisted despite periedic adjustiment ef
0 0 2 frame and distractien.
varus ) [}
Jeint centractures 11 L} ' [} PT and after fixater remeval, full ROM
‘ Knee 2 PT and quadriceps plasty hut stiffness
persisted till end of treatment.
Ankle 2 Exercises
‘ Achilles' tenden lengthening
2 19 20 degrees of equinus persistecl
Pereneal nerve invelve (] () Nerve expleratien and remeval of effen
nert ding wire
Intra medullary nail 3 [} [ ] 3 IM nail remeval, reassemmbly of external
infectien fixater & vigereus treatment fer infec-
tien
Tetal | 3% 14

2). These eof these, 24 were preblems, 5 were
ebstacles, and 10 were true cemplicatiens. 9
cases develeped pin tract infectien, 6 of which
were reselved by dressing and administratien ef
antibietics, while the ether 3 cases were treated
by change er remeval ef the effending wire.
@ne case had delayed censelidatien and was
kept en a fixater fer an extended peried and
was eventually united. Six cases had scanty er
delayed calleus fermatien en the anterier er
lateral aspects of the regenerate which filled
spentanesusly. There was mechanical axis
deviatien in 3 tibial lengthened segments, twe
went inte valgus, and ene inte varus. In ene
patient with shert stature in whem hilateral
tibial lengthening of 10cm was dene in each
side, varus angulatien ef 10 degrees was ehser-
ved en the left side, and valgus angulatien ef 4
degrees en right side with a mechanical axis

deviatien eof 2.5cm. and ¢.8cm, respectively.
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Hewever, at the last fellew up, this patient had
a full range of metien in heth knees with mild
restrictien in dersiflexien and eversien in the
ankles and plantigrade feet, se eur ultimate
geal of lengthening was fully achieved. Jeint
centractures in the knee were seen in 11 cases.
Nine were treated censervatively, and the
range of metien eof the knees was impreved
during the censelidatien phase and was subse-
quently full after remeval of the frame. Twe
knees, despite quadriceps plasty, eventually had
partial ankylesis when seen at the last fellew

up. Ankle equinus develeped in 5. Twe of these
were treated nen-eperatively. Anether ene was
treated with Achilles’ tenden lengthening. ®ne
had persistent equinus defermity at the end ef
the treatment. In ene case there was invelve-
ment of the commen pereneal nerve hecause of
entrapment by the wire. In this patient, explera-

tien of the nerve was dene, the effending wire



Fig. 1. alble

a ;A patient with residual
peliemyelitis underwent
femeral lengthening ever
the humeral nail.

b . The intra medullary
mfection sccurred during
distractien, and the nail
and external fixater were
remeved. There was vis-
ible callus fermatien at 3
cm of lengthening. A hip
spica cast was applied.

C  Bene unien was ehtained
with mild varus defermity
at the lengthened region

remeved and anether wire was inserted at a
different site. Treatment with electric stimula-
tien impreved nerve functien during the fellew

up and nerve functien was cempletely restered
by the end ef the treatment. Three cases eof
mtramedullary nail infectien were enceuntered.
Qe develeped deep infectien during the distrac-
tien phase(Fig. 1). In this patient, lengthening
was abandened half way, the intramedullary
nail remeved, and the infectien treated viger-
eusly while stabilizing the leg i the Ilizarev
frame. In the ether twe cases, nail mfectien
eccurred during the late censelidatien phase. In
these, the intramedullary nail was remeved, and
mfectien eradicated while keeping the limbs in

the [lizarev apparatus.
Piscussion

The cencept of limb lengthening ever an
mtramedullary nail in cembinatien with an
external fixater is net new. Best and Larsen?®
used an unlecked intramedullary red in the
femur fer mamtaining alignment during length-
ening. Te decrease the external fixatien time,
many authers have perfermed limb lengthening
ever an intramedullary nail®??2. Simpsen et
al.'® used an external fixater and a lecked

mtramedullary nail during lengthening the

femur and tibia in an attempt te reduce the
cemplicatien rate. Te achieve lengthening, we
chese te cembine the use of an external fixater
with an interlecking intramedullary nail te
reduce the external fixatien time, maintain
alignment and te eliminate the risk te re-
fracture. In eur study, the external fixatien
time was 30.2 days/cm. This was semewhat
lenger than in ether published series. Paley et
al'® Manzetti et al.'® and Simpsen et al® all
reperted an external fixatien time of 28 days/
cm. This increase in eur series was primarily
because five lengthened segments had simulta-
neeus treatment of ether asseciated preblems
mcluding retatienal and angular defermity er
foot defermity. When cemparing te the exter-
nal fixatien time of the previeus studies where
lengthening was dene with an external fixater
alene(52 days/cm. by Silberg et al.?® and 51
days/cm by Paley et al!”), the time in eur
series was far sherter.

Radielegical evidence of scanty calleus fer-
matien at the distractien gap mestly en the
anterier or lateral aspect was feund in six
segments and was pessibly due te periesteal
insult during certicetemy. Se care sheuld be
exercised se as net te excessively stretch er

strip the periesteum.
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In our study, we found no case of refracture
either during the lengthening phase or the con-
solidation phase. However, we experienced two
cases of valgus and one case of varus deviation.
Such complications are usually neglected. Len-
gthening produces significant forces on the soft
tissues, and the various degrees of tension in the
different muscle groups can cause marked axial
deviation. The proximal femur tends to deviate
mto varus and procurvatum, while the distal
femur angulates into valgus and procurvatum.
The proximal tibia angulates nto valgus and
procurvatum, and the distal tibia into varus and
procurvatum. These changes also tend to
increase the risk to a fracture in the regenerate.
Various authors have reported the incidence of
a refracture and malunion after limb lengthen.
mg using an external fixator alone. Panziger et
al.®' n their series of 18 patients who underwent
femoral lengthening using the Ilizarov method
have reported refracture in as many as 39% of
cases, while Eldrige and Bell® in their review of
571 cases of Ilizarov lengthening have reported
a 3% incidence of a refracture. Aldigheri et al.”?
had a 6% refracture rate in unilateral callotasis
using an @rthofix external fixator. Be Bastiani
et al® found 5% with a refracture in their
lengthening series. Faber et al® in their study of
24 femoral and 22 tibial lengthenings reported
that the most frequent bone complication was
axial deviation. They found 5 varus, 3 valgus,
and 2 antecurvatum i femoral lengthening,
while in tibial lengthening, they found valgus
deformity m 5, varus in 2, and antecurvatum m
2. Tjernstrom et al?? reported 28 cases of
angular deviation in 53 cases of limb lengthen-
g using callous distraction. In our series of 25
lengthened segments over an intramedullary

nail, we have been able to effectively reduce the
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mcidence of malalignment and minimize the
risk to a refracture which suggested this
method was superior to conventional lengthen.
mg by an external fixator alone. These fmdings
were consistent with previous studies. '3 #use2

There remains concern about deep
mtramedullary infection. Although we adhered
to the recommendations by Paley et al!#® and
Herzenberg and Paley®, we still found
intramedullary nail infection. Three patients
developed nail infection, one during the length-
ening phase, and two during the late consolida-
tion phase. Kristainsen and Steen'? reported
mntramedullary nail infection in one of nine
cases, and Simpson et al!'® found a 15% deep-
infection rate. Additional care during place-
ment of wires and pins in relation to the
intramedullary nail and strict asepsis during
distal locking of the nail are warranted.

We concluded that the combination of an
external fixator and an intramedullary nail for
limb lengthening effectively reduced the exter-
nal fixation time, and minimized the risk to a
refracture and malalignment, and facilitated
early rehabilitation. This method was superior
to conventional lengthenmg by an external
fixator alone. The minor disadvantages includ-
ed the more costly surgery, the additional oper-
ation for distal screw fixation, and finally the
nail removal Caution should be exercised in the
wire and pin placement in relation to the

mtramedullary nail to avoid infection.
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