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Functional results of lower extremity lengthening
by motorized intramedullary nails
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Objective: The aim of this study was to evaluate the outcome of patients undergoing limb lengthen-
ing using motorized intramedullary nails.

Methods: This study included eleven femora and 4 tibiae from 14 patients (9 male, 5 female; mean age:
26.9 years; range: 14 to 51 years) who underwent limb lengthening using motorized intramedullary
femoral nails (Fitbone® TAA). Average preoperative limb shortening was 4.9 (range: 2.5 to 7.5) cm.
Distraction was initiated on the seventh postoperative day. Serial radiographs and Paley’s bone and
functional outcome scoring systems were used to evaluate the results.

Results: Mean follow-up period was 33.5 (range: 7 to 88) months. Mean distraction index value was
1.2 (range: 0.7 to 2.1) days/mm and mean bone-healing index value was 43.7 (range: 13.8 to 144)
days/cm. The average lengthening achieved was 51.7 (range: 25 to 75) mm. The distraction mecha-
nism of the nail did not function properly in two patients, restricted transient knee motion was
observed in four patients, and delayed consolidation was observed in four patients. Other complica-
tions included valgus deformities and superficial infections surrounding the antenna of the
intramedullary nail, as well as femur fractures at the proximal end of the nail. Bone scores were excel-
lentin 11 segments and were good in one segment. Functional scores were excellent for all 12 patients.
Conclusion: While usual complications related to the external fixators, such as pin-track infections
and mobilization difficulties were not encountered, the development of additional complications such
as dysfunction of the distraction mechanism should be monitored with the use of motorized
intramedullary nails in limb lengthening.
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Limb lengthening by distraction osteogenesis is most
commonly accomplished using conventional external
fixators of either the circular or monolateral type.
However, lengthening procedures performed with
external fixators are often associated with complica-
tions, which can occur at a frequency of 1.0 to 2.8 per
patient."”™ Pin-track and/or deep soft tissue infections

and pain caused by Schanz pins or Kirschner wires are
the most frequent adverse effects resulting in decreased
postoperative patient satisfaction. Additionally, the rel-
ative muscle shortening commonly creates joint con-
tractures. Secondary axial deformities are occasionally
created during limb lengthening as a result of the
external fixators, and the regenerate may easily fracture
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following the removal of the external fixator.""" As a
result of these concomitant complications, external fix-
ation must remain in place for a greater length of time.
Furthermore, increased external fixation time results in
a challenging rehabilitation period and a longer recov-
ery period before a return to daily activities.

A number of new techniques have recently been
developed to decrease external fixation time. In 1956,
Bost and Larsen combined the use of intramedullary
nails with the use of temporary external fixators to over-
come malalignment difficulties following external fixa-
tor application.” Lengthening over an intramedullary
nail, as described by Paley et al. in 1997, provides a sig-
nificantly decreased external fixation time and can
reduce the infection rate for femoral lengthening
cases."” This combination technique, known as the
combined technique, is also used for the treatment of
non-unions, infected non-unions, defected non-unions,
and other indications to decrease the external fixation
times and the infection rate.""" As a result, patient sat-
isfaction has increased and full range of motion (ROM)
of the adjacent joints can be obtained much earlier.

Subsequent to the development of these combina-
tion techniques, newer devices have been designed to
function without the need for external fixators. Betz et
al. developed an intramedullary lengthening device
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Fig. 1. 39-year-old male patient with an aggregate of 9.4 cm
shortening of the femur and tibia, following a gunshot
injury. (Patient no: 2, Table 1). [Color figure can be viewed
in the online issue, which is available at www.aott.org.tr]

. . 15
with a subcutaneous receiver."’

Baumgart et al.
described a series of 12 patients who underwent
lengthening with such an intramedullary device with-
out any major problems."” Krieg et al. reported posi-
tive results with good patient compliance and low
infection rates in his case series of 8 adolescents who
were given a motorized intramedullary device."” A
study by Kenawey et al. reported a series of 57 patients
who were given an intramedullary skeletal kinetic dis-
tractor (ISKD) device."” Currently, however, there is
insufficient evidence to recommend the use of motor-

ized intramedullary devices.

Our aim was to report results of the use of a motor-
ized intramedullary device to lengthen the femur and/or
tibia in regards to lengthening times, bone healing
indices, early and late complications, and functional
results.

Patients and methods

This study included 14 patients (9 male, 5 female; mean
age: 26.9 years; range: 14 to 51 years) who underwent
limb lengthening with a motorized intramedullary
device (Fitbone® Telescope Active Actuator (TAA) nail;
Wittenstein intens GmbH, Igersheim, Germany)
between 2003 and 2010 at our clinic. Eleven femora and
4 tibiae were lengthened (Figs. 1-5), and the mean pre-

| gy Fig. 2. Planning and pgstoperative lestimate
= of the lengthening schematized pre-
operatively.
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operative limb shortening was 4.9 (range: 2.5 to 7.5) cm.
The patient group consisted of 5 cases with poliomyelitis
sequelae, 2 with hemihypertrophy, 2 with epiphysitis
sequelae, 2 with post-traumatic shortening, 2 with con-
stitutional shortening, and one case with shortening as a
result of a previous surgical intervention for develop-
mental dysplasia of the hip (Table 1).

The criteria for inclusion in the study consisted of:
limb shortening greater than 2.5 cm and less than 8 cm,
absence of a deep soft tissue or osteomyelitis condition
within last 2 years, the absence of a non-union, either
longitudinal or rotational malalignment in the segment
to be lengthened, the absence of metabolic bone disease,
the absence of steroid or tobacco use, stability at the
adjacent joints, the existence of at least 4/5 muscle
power in the extremity to be lengthened, proper knee
extension, and the assurance that the patient fully under-
stood his or her role in the lengthening procedure.

Prior to surgery, limb length was measured to estab-
lish any discrepancies, and malalignment and malorien-
tation tests were conducted. The
intramedullary device (Fitbone® TAA) used was straight
and, therefore, differed from the current intramedullary
devices used for trauma cases."*""” As a result, preoper-
ative planning was important. Surgical complications
were classified into three groups: minor (could be reme-
died without the need for surgical intervention), major
(could only be remedied with another surgical interven-
tion), and true complications (sequelae). Patients were

motorized

1

Fig. 3. Early period postoperative anteroposterior radiographs
showing application of Fitbone® with subcutaneous anten-
na to (a) the femur and (b) the tibia.

postoperatively evaluated using the bone and functional
scoring systems described by Paley et al."”

The motorized intramedullary devices (Fitbone®
TAA) used for femoral and tibial lengthening differ in
size.”" The device designed for the femur is straight and
made of stainless steel, and allows for a maximum dis-

Fig. 4. Lateral and anteroposterior radiographs of the patient's (a, b) femur and (c, d) tibia after the distraction phase.
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Fig. 5. Patient with delayed maturation of the femur regenerate
and knee motion stiffness. Anteroposterior and lateral radi-
ographs showing complete union at (a, b) the femur and
(c) the tibia, after hamstring release and grafting with pos-
terior femoral cortex autograft.

traction of 40 to 80 mm. The tibial nail, conversely, can
either be straight or angulated proximally. The motor
unit is at the proximal end of the tibial nails and is con-
nected to the subcutaneous antenna via a thin flexible
wire. The main power for the motor unit is generated by
an external unit and is in the form of a high frequency
electrical current that passes directly through the skin.
The patient can palpate the internal antenna under the
skin and place the external unit over this area to transmit
the signal. The motor unit transforms the signals into
axial motions in one plane. The sound of the motor unit
can be heard simultaneously with a stethoscope, allow-
ing the patient to learn how the motor unit functions
(Fig. 6). Lengthening was initiated at the 7th postoper-
ative day at a rate of 0.75 mm or 1 mm per day. Next,
the distraction rate was altered according to the
obtained amount of distraction and the quality of the
regenerate. Only one patient in our study failed to
obtain the planned amount of distraction, and the dis-
traction rate was increased for this patient.

Prior to surgery, patients were prepared on a radi-

olucent table. Schanz screws of 5-mm size were placed
into the proximal and distal segments before osteoto-

my to prevent rotational malalignment. Next, the
osteotomy was performed at the planned site at the
metaphyseal arc using the multiple drill hole tech-
nique. The alignment of the frontal plane was checked
with a radiolucent goniometer, any malalignment was
subsequently corrected, and the malalignment test was
repeated. The medullary canal was overreamed with
rigid reamers 0.5 mm larger than the nails used. The
motorized nail was introduced into the medullary canal
slowly and gently to avoid malfunction of the mecha-
nism and misplacement of the nail. In the tibial nails,
the subcutaneous receiver antenna was located at the
proximal site. In the femoral nails, the flexible wire
connecting the antenna with the motor unit could be
placed into a hole at the femoral cortex to prevent dis-
placement of the antenna into the knee joint.

Mobilization using two crutches and without
weight bearing was allowed until the end of the length-
ening period. Upon radiological confirmation of bone
healing, weight-bearing was initiated and gradually
increased. Patient follow-up was conducted weekly
during the lengthening period and every two weeks
during the consolidation phase. Once bone healing in
the three cortices was confirmed radiologically,
patients were followed at monthly intervals. At each
visit, hip and knee ROM, as well as any complications,
were recorded. Following the distraction period,
orthoroentgenograms were obtained and an alignment
test was performed to check for any deformities or limb
length discrepancies. Distraction indices were calculat-
ed by dividing the time of distraction in days by the
amount of the distraction in millimeters (days/mm).
Bone-healing indices were calculated by dividing the
time spent for consolidation in days by the length of
the consolidated regenerate in centimeters (days/cm).

Results

Mean patient follow-up period was 33.5 (range: 7 to
88) months. Average distraction index value was 1.2
(range: 0.7 to 2.1) days/mm and the average bone-heal-
ing index value was 43.7 (range: 13.8 to 144) days/cm.
The average lengthening achieved was 51.7 (range: 25
to 75) mm. Six patients exhibited minor complications
and another six patients displayed major complications,
although no true complications (sequelae) were
encountered. Temporary knee joint stiffness was pres-
entin 3 patients during the distraction phase and com-
pletely resolved in each case after physiotherapy.
Delayed consolidation was observed in three patients,
each of whom ultimately exhibited consolidation with-
out grafting. There were two major types of complica-



Acta Orthop Traumatol Turc

46

"uonde.sIp apIAoId 0} 3IN|ie} zdUOGHS O} NP UOIEN[EAS [EIUID WO} PIPNPXS SIUBNRYx x INWA} PUE Blqi) U Uonedljdde 4dUog)l4 SNOUBHNWIS PIAIBIBI 1oy} JUdlled

SUON U303 U3||%3 0€ 80 0S L en y Si[@AWol|04 e Sl
S|leu Jano
Buiusyibua Aep
4191 aanesadoisod
1e uonensip spinoid (1uspidde diyjel))
0} pajle} gUOCY % xx xx xx Ge L Inwsy dllewnel}-isod IN/LS vL/EL
SUON 1U8|[0%3 UB|[9%3 14 Wl 3 L Inwiay y sieAwol|od IN/E €Lzl
Amcmc_rc_f E:Q‘Sn_v
SUON JU3|[0%3 Ju3||0%3 viLL L0°L oL L e y siusAydida Jo janbag IN/9L 47!
S|leu
J9A0 Bulusyibua
‘Alpnnesado enul
uonoessip wb_>oLQ
0} p3|ie} 5RUOMM X v v xx S vl Inwiay y [euonnINsuod IN/LL LL/0L
SUON 1UB|[8dX3 U3|[9%3 g€l 9.0 59 ol Inwsy siiRAwol|od IN/ET olL/6
uolnexiy
a1e|d yum paieany
‘||ej e Buimoy|oy ‘|ieu
9y} 0} [ewixoud ainpely
INwisj dusluRYIONGNS 1US)|[30X3 JU9||95%3 Tyl 4y 59 9€ Inwsy y AydosusdAyiwsH €L 6/8
SUON U303 1U3)j8dX3 9l ) SL 9l Inwsy y (VHL1) aHa paietsdo IN/LT 8/L
SUON U303 1U3)|[3dX3 6¢ L'l 0€ Le Inwsy y stusAydids Jo janbag el L9
SUON 1U8)[0%3 U3|[9%3 €L L'l or 123 elgn 1 siyfeAwol|od 1z 9/5
SUON 1UB|[8dX3 U3|[9%3 N4 [ or 123 Inway y [euonnInsuod IN/SY %
SUON 1UB|[8dX3 1U3|[9%3 €€s €l Sy 98 nwsy y siiRAwol|od 1€ /€
9533 S9||IYdY
/ijelboine xanod
Jousysod Inwisy
yHm Bunjeid Mslelels) 1U3|[2dX3 «BI0 Y (Aanfur 3oysuno)
+ aseajau Bulswey AAUR|[%3 AUR|[35X3 “Yl/LL <L /T xLT /19 88 Anwisy Y dllewne.sod IN/6E € pue z/¢
uondajul 3s
BuURIUe [eipadns UB|[30x3 RECERE £€S 8l St 8¢ nuigy Y AydosnadAyjwan /8L L
(wd/Aep) (wwy/Aep) (yyuow) Bujuayioys
uonedijdwod 8100s 8102s Xapul Xxapul (ww) awn j1uswbas |es1bojons abe ou jJuswbas
._O.—m_>_ auog |euoindung uoijepijosuod uoipensiqa m:_:wtosm Q:->>O__Ou_ /9MS 10} suoseay /A9puan /Ou juaijed
‘syuaned Jo sonsusideleyd diydeibowsg  °|L djgeL



Dingyurek et al. Extremity lengthening by motorized intramedullary nails 47

Fig. 6. Photo showing the patient simultaneously checking the
mechanical lengthening during distraction with the help of
a stethoscope. [Color figure can be viewed in the online
issue, which is available at www.aott.org.tr]

tions. For two patients, the motorized intramedullary
nails failed to provide distraction (one was discovered
during the initial operation, and the other was discov-
ered on the 16th postoperative day) and as a result, a
monolateral, external fixator was applied for distrac-
tion (Fig. 7). Another patient developed a superficial
infection 11 months after the surgery at the subcuta-
neous antenna site. For this patient, the antenna was
removed, soft tissue debrided, and 6 weeks of culture-
specific oral antibiotics were administered to eradicate
the infection. Another patient developed a 20-degree
loss of knee extension despite physiotherapy and
underwent a hamstring release procedure to achieve
subsequent full knee ROM (Fig. 8). This same patient
displayed delayed consolidation of the regenerate and
ultimately received an autologous graft during a ham-
string release procedure. This patient’s delay in con-
solidation was attributed to periosteal damage at the
osteotomy site due to a previous trauma, which delayed
weight-bearing. Another patient sustained a sub-
trochanteric femur fracture proximal to the nail fol-
lowing a fall, requiring an open reduction and plate fix-
ation. This patient exhibited excellent bone healing at
the regenerate site, as well as the subtrochanteric site.
According to Paley’s bone scoring system, 12 segments
were excellent, and one segment was good. According
to Paley’s functional scoring system, each of the 12
patients was excellent. The two patients who failed to
distract the nail and who were subsequently given con-
ventional lengthening procedures were excluded from
the evaluation with Paley’s scoring system.

?_
.!.

Fig. 7. Anteroposterior radiographs of the patient showing (a) the
distraction phase following lengthening with Fitbone® and
(b) union after the removal of external fixator.

Discussion

An alternative technique to the conventional lengthen-
ing procedures uses an intramedullary nail and has
recently gained popularity. This technique allows for a
shorter rehabilitation period, lower complication rate
and eliminates limb length discrepancies. However, the
clinical and functional results of lengthening using a
motorized intramedullary nail (Fitbone® TAA) have not

Fig. 8. The pelvic obliquity and shortening have been repaired.
Knee motion stiffness, as a major complication, is also
remedied with surgery. [Color figure can be viewed in the
online issue, which is available at www.aott.org.tr]
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yet been evaluated in the literature. Appropriate patient
selection is required due to the complexity of the nail
mechanism and its application, explaining the small
number of patients in the reported case series.

The complications encountered in adult distraction
osteogenesis procedures have been correlated with the
amount of lengthening, the number of pins in the
extremity, and the age of the patient."”*"! Conventional
lengthening procedures can result in serious complica-
tions in as many as rates of 24 to 119% (multiple com-
plications on a single segment).”"'***! Persistently high
complication rates have been reported when the use of
conventional, external fixators was combined with the
use of intramedullary nails, despite decreased external
fixation time."*”" On the other hand, the combined
technique yielded much lower complication rates in
the pediatric age group.”’ These complications may
also occur following the removal of the external fixator,
which can lead to a loss of alignment or a fracture of
the regenerate.””**” In this study, however, the com-
bined technique was shown to prevent the loss of align-
ment and fracture of the regenerate, although it did
not prevent infection.""*"

The currently used intramedullary lengthening
devices use Albizzia (DePuy, Villeurbanne, France),
Fitbone® TAA and ISKD® (Orthofix Inc., Lewisville,
TX, USA) nails. The main difference between the
Fitbone® and the other two devices is its use of a
motorized lengthening unit, where the other two
devices provide mechanical lengthening."""”*"*"*" A
second procedure may be required during the distrac-
tion period with Albizzia or ISKD® nails, as rotational
correction of the nail or mobilization under general
anesthesia may be warranted.””*" These additional pro-
cedures decrease patient comfort and increase the rate
of complication. The complication rates reported for
ISKD® and Albizzia nails were 11 to 47% and 20%,
respectively, although those reports were based on a
small number of patients.””"

The largest Fitbone® case series reported consisted
of 150 patients, and the complication rate was 13%.""
In our series, there were 6 major and 6 minor compli-
cations. The minor complications were managed with
conservative methods, whereas the major complications
were treated with secondary surgical procedures.
Additionally, 2 patients failed to obtain distraction with
the intramedullary device, and these cases were then
treated with conventional lengthening procedures, i.e.,
the distraction was obtained via monolateral external
fixators. None of the patients displayed true complica-
tions (sequelae).

In the literature, the consolidation indices reported
were 35.2 days/cm with Albizzia nails, 29 days/cm with
ISKD® nails, and 26 to 42 days/cm with Fitbone® appli-
cations."”"**** In comparison, the mean consolidation
index in our series was 43.7 (range: 13.8 to 144) days/cm.
"This wide range was attributed to the delayed consolida-
tion of one patient. In this patient (no. 2) the periosteal
damage due to a previous trauma at the osteotomy site
and delayed weight-bearing was considered to be the
reason for the delayed consolidation. For the pediatric
age group, the process of consolidation is much faster,
and bone healing indices of 43.6 days/cm have been
reported.”’ Our study, as well as these published data,
suggest that with this method, similar bone healing
indices can be obtained without the complications that
are encountered with the use of conventional external
fixator methods, such as secondary malalignment, frac-
ture of the regenerate, and pin-track infections.

The accelerated physiotherapy enabled by the
motorized intramedullary nails leads to early progress
toward normal joint ROM. Therefore, we believe that
motorized intramedullary nails may be an appropriate
method for the treatment of limb-length discrepancies.
Patient selection is of paramount importance for a suc-
cessful outcome. The application of this method
requires surgical experience and technical knowledge,
and in some cases, the distraction mechanism of the nail
may not function properly during surgery or during the
distraction phase. At this point, the surgeon must be
familiar with combined methods, such as lengthening
over the nail with the use of an external fixator tech-
nique. We conclude that high degrees of patient satis-
faction can be obtained using this technique when
patients are first selected appropriately.

Contflicts of Interest: No conflicts declared.
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