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Early complications encountered using a self-lengthening
intramedullary nail for the correction of limb length inequality

Bacak uzunlugu esitsizligini dizeltmek i¢in kendiliginden uzayan
intrameduiller ¢ivi uygulamasinin erken dénem sonugclari

Erik N. Kubiak, M.D., Eric Strauss, M.D., Alfred Grant, M.D., David Feldman, M.D.,
Kenneth A. Egol, M.D.

Department of Orthopedic Surgery, The New York University Hospital for Joint Diseases

Objectives: We evaluated early complications of self-
lengthening intramedullary nails during limb lengthening
in patients with post-traumatic or growth-related limb
length deficiencies.

Patients and methods: A retrospective review was
undertaken of all patients who underwent femoral lengthen-
ing using the Internal Skeletal Distractor (ISKD Orthofix,
McKinney, Texas) device beginning September 2003 at our
tertiary care center. Data from the radiographic and clinical
records of 11 limbs in nine patients (mean age 24 years;
range 16 to 33 years) were derived. Complications were
recorded and compared to the demographic data.

Results: Preoperative leg length discrepancies averaged
3.7 cm (range 2.5 to 4.8 cm) and postoperative lengthening
averaged 3.1 cm (range 2.3 to 4.4 cm). The mean follow-up
was 16 months (range 12 to 26 months). The nails were
removed after a mean of 11.5 months (range 8 to 16
months). Complications were encountered with eight ISKD
nails (72.7%). Of these, seven complications necessitated
the patients returning to the operating room. The average
time to reoperation was 21 days (range 4 to 37 days). Two
patients had two complications per ISKD. In all, there were
four nails which failed to advance and required re-osteoto-
my, three premature consolidations which required osteo-
clasis, and one runaway nail advancement of 3.0 mm/day
compared to the target lengthening rate of 0.8-1.0 mm/day.
Conclusion: We believe that binding at the osteotomy
site was responsible for failure of nail advancement in
patients in whom lengthening failed. In the light of the
high complication rate, surgeons’ vigilance during the
postoperative period is crucial.
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Amagc: Travmaya bagl ya da biiyiime ile ilgili bacak
uzunlugu esitsizligi olan hastalarda kendili§inden uzayan
intramediiller civi ile ekstremite uzatma sirasinda karsila-
silan erken donem komplikasyonlar degerlendirildi.
Hastalar ve yontemler: 2003 yili1 Eyliil’iinden baslaya-
rak, ticlincii basamak merkezimizde Internal Iskelet Dist-
raktorii (ISKD Orthofix, McKinney, Teksas, ABD) ile fe-
moral uzatma iglemi yapilan tiim hastalar geriye doniik
olarak degerlendirildi. Bunlar arasinda dokuz hastanin
(ort. yas 24; dagilim 16-33) 11 ekstremitesine ait radyog-
rafik ve klinik kayitlar incelendi. Komplikasyonlar kay-
dedilerek demografik verilerle kargilastirild.

Bulgular: Ameliyat oncesi ortalama bacak uzunlugu
esitsizligi 3.7 cm (dagilim 2.5-4.8 cm) iken ameliyat son-
rast saglanan uzatma ortalama 3.1 cm (dagilim 2.3-44
cm) bulundu. Ortalama takip siiresi 16 aydi (dagilim 12-
26 ay). Distraksiyon ¢ivileri ortalama 11.5 ay sonra ¢ika-
rild1 (dagilim 8-16 ay). Sekiz ¢ivide komplikasyon gelis-
ti (%72.7). Bunlarin yedisinde ortalama 21 giinde (dagi-
lim 4-37 giin) hastalara yeniden girisim gerekti. iki has-
tada civi basina iki komplikasyon goriildii. Komplikas-
yon olarak ilerleme basarisizlig1 gosteren dort ¢ivide ye-
niden osteotomi gerekti; iic ayaktaki erken konsolidas-
yon icin osteoklasis uygulandi; bir ¢ivide ise hedeflenen
0.8-1.0 mm/giin ilerleme hizina kargin 3.0 mm/giin iler-
leme hiziyla asir1 ilerleme goriildii.

Sonuc¢: Uzatmanin basarisiz oldugu hastalardaki ¢ivi
ilerlemesindeki basarisizlikta osteotomi alaninda olusan
egilmenin rol oynadigini diisiiniiyoruz. Yiiksek kompli-
kasyon orani g6z oniine alindiginda, ameliyat sonrast do-
nemde yakin takibin ¢ok 6nemli oldugu goriilmektedir.
Anahtar sozciikler: Kemik ¢ivisi; ekipman tasarimi; femur/cer-
rahi; bacak uzunlugu esitsizligi/cerrahi; osteogenez, distraksiyon/
enstriimantasyon; tibia/cerrahi.
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Limb length inequality in bipedal animals like
humans is a relatively common finding with a
reported incidence of 2-4/100,000."" There are
multiple etiologies for the development of limb
length inequality, which include lower extremity
fracture, infection, vascular trauma, tumor, Legg-
Calve-Perthes disease, cerebral palsy, congenital
malformation, and many more. Leg length
inequalities have been linked to the development
of low back pain" and gait abnormalities.

Mild leg length inequalities less than 5 cm are
generally treated with external prosthetic devices
like shoes lifts and heel wedges. Surgical correc-
tion of more severe leg length inequalities above 5
to 6 cm" prior to the advent of successful distrac-
tion osteogenesis (“callus distraction,” callotasis,
chondrodiastasis) involved arresting the growth of
the longer limb or shortening the longer limb if the
patient was skeletally mature.

Codivilla at the beginning of the twentieth cen-
tury is credited with the initial attempts at correct-
ing leg length by distraction osteogenesis. He was
followed later by Putti and Abbott in the 1920’s
who confirmed the viability of distraction osteoge-
nesis. After World War II, Andersen, Allan, and
llizarov perfected the technique of distraction
osteogenesis and clarified its biological princi-
ples.” Today, distraction osteogenesis is the pre-
ferred technique for the correction of limb length
inequalities in excess of 5-6 cm.

The technique involves the stabilization of the
limb to be lengthened with an external fixator fol-
lowed by a metaphyseal corticotomy. After a con-
solidation period of 7-10 days, the limb is gradually
lengthened 1 mm/day until the desired length cor-
rection has been achieved. The lengthening period
is followed by a maturation period which is equal to
two times the lengthening period.”” During this
time, the external fixator must remain in place.
Distraction osteogenesis performed in this manner
has a complication rate of 13-100% depending on
the author and the series.”"" Most of the complica-
tions involve the external fixator, with pin tract
infections being the most common.""” Recently,
attempts have been made to reduce the external fix-
ator time by using locked intramedullary nails to
stabilize the bone during the maturation period.""
The Internal Skeletal Distractor (ISKD nail, Orthofix
McKinney, Texas) (Fig. 1) is a self-lengthening
intramedullary nail which is designed to completely

eliminate the use of external fixator, having the abil-
ity to perform the lengthening and the maturation
period stabilization."”"

We describe the complications encountered
using a self-lengthening intramedullary nail (ISKD)
during limb lengthening in patients with post-trau-
matic or growth-related limb length deficiencies.

PATIENTS AND METHODS

A retrospective review was undertaken of all
patients who underwent femoral lengthening
using the ISKD device beginning September 2003
at our tertiary care center. The ISKD procedures
were performed in accordance with the manufac-
turer's recommendations. All intramedullary
devices were placed in an antegrade fashion
through a piriformis starting point after the cre-
ation of the diaphyseal osteotomy. Osteotomies
were created by making multiple drill holes in
the diaphysis of the femur with a 3.5-mm drill.
The drill holes were connected using an
osteotome, and finally the completion of the
osteotomy was confirmed to be complete with
biplanar stress fluoroscopy. All limb lengthening

Femoral ISKD

Tibial ISKD
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Fig. 1. Internal skeletal distactor (ISKD)
implants for the femur and tibia.
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Fig. 2. (a) A 16-year-old female
with open GA llla left femur frac-
ture treated with intramedullary
nail. (b) A CT scanogram demon-
strating 3.8 cm limb length discrep-
ancy. (¢, d) Radiographs taken at
the time of premature consolida-
tion. After osteoclasis, the length-
ening was completed to a goal of
3.5 cm. (e) The nail was removed
six months after the completion of
the consolidation phase.

procedures were performed by senior surgeons tromagnetic nail advancement detector device).
(AG, DF, KE) having extensive experience with Prior to discharge, all patients were crutched and
limb lengthening techniques. Patients were not trained by a licensed physical therapist and were
discharged from the hospital until they had been compliant with toe-touch weight bearing precau-

trained in the use of the ISKD monitor (an elec- tions on the operative limb.
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TABLE |
Compilation of complications and solutions
Case Age M/F Etiology Index procedure  Complication Solution
1(B) 27 M Congenital ISKD Jammed nail Osteoclasis,
Premature consolidation iliotibial band release
2 22 F Congenital ISKD
3 25 M Congenital ISKD Jammed nalil Manipulation under
anesthesia, osteoclasis,
nail exchange
4 33 M Femur fracture ISKD Premature consolidation Osteoclasis,
iliotibial band release,
biceps femoris release
5 23 M Femur fracture ISKD
6 16 F Open femur fracture  ISKD Premature consolidation Manipulation under
anesthesia, osteoclasis
7 18 F Femur fracture ISKD, iliotibial
band release
8 (B) 16 M Congenital ISKD Jammed nail Manipulation under
Runaway nail anesthesia, osteoclasis
9 16 M Congenital ISKD Premature consolidation Osteoclasis,

iliotibial band release

ISKD: Internal Skeletal Distractor; B: Bilateral.

Patients were seen in the senior surgeons’ pri-
vate offices or in the hospital inpatient wards at one
week postoperatively, at which time limb lengthen-
ing was begun. During the lengthening period,
patients were seen at one-week intervals to record
and confirm appropriate progression of lengthen-
ing. Progression of lengthening was determined by
the ISKD monitor, whose values were then corre-
lated with biplanar radiographs. Figure 2 demon-
strates the evaluation of a patient with a post-trau-
matic limb length discrepancy that was treated
with lengthening using the ISKD implant.

Data from the radiographic and clinical records
of nine patients with 11 limbs, who underwent
placement of an ISKD nail for femoral lengthening
was abstracted for this study.

RESULTS

The mean age of the patients at the time of surgery
was 24 years (range 16 to 33 years). Preoperative
leg length discrepancies averaged 3.7 cm (range 2.5
to 4.8 cm) and postoperative lengthening averaged
3.1 cm (range 2.3 to 4.4 cm). The mean follow-up
was 16 months (range 12 to 26 months). The nails
were removed after a mean of 11.5 months (range (8
to 16 months). Complications were encountered
with eight ISKD nails, which included failure of

three nails to advance despite manual manipula-
tion of the affected legs, premature consolidation in
four legs, and runaway of one nail (Table I). Of
these, seven complications (6 patients) necessitated
a return to the operating room. The average time to
reoperation was 21 days (range 4 to 37 days). Two
patients had two complications: one returned to the
operating room twice, at 4 days for repeat osteoto-
my and at 19 days from the index procedure for ili-
otibial band release and osteoclasis (Case 1). The
other returned to the operating room on postoper-
ative day 5 for manipulation under anesthesia and
reosteotomy (Case 8). After the initial osteotomy,
both had normal nail advancement (0.8-1.0
mm/day) for the first week; however, one week
later, the latter patient’s ISKD showed a lengthen-
ing rate in excess of normal (the “runaway” nail),
completing the planned advancement with a rate
greater than 3 mm/day. Two other patients (Cases
3 and 6) required manipulations under anesthesia
followed by reosteotomy at postoperative days 5
and 7, respectively. In one of these (Case 3), the
implant was replaced due to malfunction, after
which the remaining postoperative course was
uncomplicated. The remaining two patients (Cases
4 and 9) experienced premature consolidation on
postoperative days 34 and 37 and underwent osteo-
clasis and iliotibial band release; subsequently the
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preoperative goals for lengthening were achieved
in both patients without further complications.

DISCUSSION

Despite the high degree of experience on the part of
the operating surgeons with limb lengthening
using external fixators and external fixators over
locked intramedullary nails, a very high complica-
tion rate of 72.7% was observed in our initial series
of nine patients with 11 ISKD lengthening proce-
dures. Six of the patients had to return to the oper-
ating theater. All patients who returned to the oper-
ating room required re-opening of the osteotomy
site and osteoclasis after manipulation under anes-
thesia, which consisted of manually rotating the
femur to advance the failed nail. Two patients with
late consolidation underwent release of the iliotib-
ial band. One patient required replacement of the
nail because the gear in the nail had jammed. These
findings are dissimilar to those of Hankemeier et
al.” who reported no complications in an initial
series of four patients treated with an ISKD. Our
complication rate does not compare favorably to
the rates reported for Ilizarov or Wagner distraction
osteogenesis*** if minor complications like pin
tract infections are not considered, which seldom
require return to the operating theater.

We believe that, in these five patients, two com-
plications could have been avoided with modifica-
tion of the surgical technique because they were
intrinsic to the nail and demands placed upon the
nail. First, the three early complications which
required osteoclasis and replacement of the nail
were likely to be the result of anterior cortical
impingement. We are convinced that this was the
case because all osteotomies were confirmed to be
complete by stress fluoroscopy prior to placement
of the nails. This impingement occurs as a result of
a straight rod being placed in a curved bone (Fig.
3). The rod straightens the femur, turning a unipla-
nar osteotomy to a biplanar osteotomy with high
contact stresses anteriorly if the surgeons do not
pay particular attention to the lateral radiographs,
suggesting a distraction after osteotomy prior to
distal locking of the nail. Removal of a wedge of
bone (reosteotomy, in cases in which the patients
returned to the operating room within the first
week) or distraction of the osteotomy site that
would ensure no cortical contact at the osteotomy
site. would correct this problem. Over-reaming
may worsen the situation by allowing the bone to
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toggle on the nail and increasing anterior impinge-
ment when the femur extends on the nail sec-
ondary to the pull of the quadriceps.

Second, the ISKD nail gear mechanism may not
be capable of overcoming the compressive forces on
the nail created by the soft tissue envelope around
the femur. Brunner et al.” demonstrated that dis-
traction forces in the tibia reached 340 N over an
intramedullary rod during lengthening, peaking at
the end of transport. No literature data exist on the
amount of distraction force needed for the femur
and the end of distraction over a rod. Younger et
al.” demonstrated that distraction force as great as
673 N was encountered in children’s femurs during
lengthening with a circular fixator. This force may be
greater in adults and even greater with an
intramedullary device. Moreover, there is no infor-
mation on the amount of force that an ISKD can
develop without malfunctioning or the patient
being unable to rotate the nail and on site of distrac-
tion osteogenesis to overcome that force. The ISKD
nail may not be able to overcome the lateral tension

Fig. 3. Curvature mismatching
between the nail and the femur can
lead to anterior cortical impinge-
ment necessitating osteoclasis.
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band of the iliotibial band as one reaches the extent
of distraction. It may be necessary with this implant
to perform prophylactic iliotibial band release in
cases in which the distraction is planned for more
than 4 centimeters; we added this procedure in our
last case which was uncomplicated (Case 7).

In one patient, rapid lengthening of at least 3
mm/day was observed, which is in excess of the
recommended 0.8-1 mm/day. Despite the presence
of a “runaway” nail, the patient went on to unevent-
ful consolidation. This stands as a reminder to the
fact that the ISKD must be preset to the planned dis-
traction amount at the time of placement because
there is no way to arresting lengthening other than
removal of the ISKD once implanted.

We recognize that this is our early experience with
this device with a small number of cases. Yet, we
believe that this case series provides some valuable
insights into the use of this device. Additional work
needs to be done to determine the amount of force
that needs to be overcome by the device and the
amount of force that the device can develop. This is a
potentially good way to perform limb lengthening by
a distracting fixator, which avoids the morbidity of
prolonged external fixator application and the poten-
tial risk for infection of an intramedullary rod.

In conclusion, the high complication rate
obtained from this series demands attention. We
believe that, in those patients who experienced
failure of lengthening, binding at the osteotomy
site was responsible for insufficient nail advance-
ment. Modification of the operative technique may
be appropriate. In the light of this high complica-
tion rate, surgeons’ vigilance during the postoper-
ative period is crucial.
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