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Treatment of Post-Traumatic Femoral Discrepancy
With PRECICE Magnetic-Powered Intramedullary
Lengthening Nails

Ahmed I. Hammouda, MD,*1 Julio J. Jauregui, MD,*} Martin G. Gesheff, MS,*
Shawn C. Standard, MD,* Janet D. Conway, MD,* and John E. Herzenberg, MD*

Objective: To evaluate the outcomes of lengthening post-traumatic
femoral segments using a recently available magnetic intramedullary
(IM) lengthening system.

Design: Retrospective cohort study.
Setting: Urban level Il Trauma Center.

Patients/Participants: Patients treated for post-traumatic femoral
shortening at our institution between 2012 and 2015. We identified
17 femurs lengthened (14 men and 3 women). The mean age was
30 years (range, 11-72 years).

Intervention: Magnetic IM lengthening system.

Main Outcome Measurements: Amount of lengthening
achieved, consolidation index, and complications encountered.

Results: The mean follow-up was 2.2 years (range, 1-3.7 years).
Sixteen patients achieved the planned lengthening, a mean of 3.8 cm
(range, 2.3-6.0 cm). Regenerate consolidation occurred at a mean of 119
days (range, 57-209 days). The mean consolidation index was 32 d/cm
(range, 16-51 d/cm). Three patients (18%) experienced complications.

Conclusion: IM lengthening nails are an improvement over
external fixators for treatment of post-traumatic femoral shortening.
Within certain limits, their use can be extended to problems of limb-
length discrepancy with angular/rotational deformity.
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INTRODUCTION

Post-traumatic limb-length discrepancies (LLDs) are
challenging problems for orthopaedic surgeons.! These de-
formities may result from bone loss, comminution, bayonet
apposition, malunion, bone debridement due to infection, or
premature growth arrest in cases of pediatric growth plate
fractures. In addition to the challenges associated with length-
ening in post-traumatic bones, these cases may be compli-
cated by scarring and/or retained hardware from previous
procedures.!

Distraction osteogenesis has been frequently used to
correct post-traumatic limb shortening.? Previous studies have
described successful outcomes using external fixation devices
such as the Ilizarov and other circular or monolateral fixa-
tors.>* However, many complications such as joint stiffness,
muscle contracture, pin site infection, regenerate bone fracture
postframe removal, and patient dissatisfaction have been re-
ported with external fixation.> Many of these issues are related
to limb lengthening itself, and others are specifically a byprod-
uct of the external fixator. Internal lengthening techniques have
been developed in an attempt to eliminate the need for external
fixation and to minimize the complications. Alternatives
include lengthening over nail,® lengthening over plate,” length-
ening and then plating,® and lengthening and then nailing.’
However, serious complications such as deep infections, re-
fractures, and axial deviation were still observed.!%-12

Lengthening with fully implantable intramedullary (IM)
nails is an alternative technique devised to decrease compli-
cations and increase patient satisfaction.!> The PRECICE in-
tramedullary limb lengthening system (NuVasive Specialized
Orthopedics Inc, Aliso Viejo, CA) received FDA 510K
approval in 2011. The PRECICE nail provides accurate dis-
traction and compression using an internal rare earth magnet
controlled by a handheld external remote controller (ERC).'#13
It is the only FDA-approved device in its class currently avail-
able in the United States. The purpose of this study is to
evaluate the effectiveness of the PRECICE nail in treating
post-traumatic femoral shortening.
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PATIENTS AND METHODS

After obtaining institution review board approval, we
retrospectively evaluated all patients who underwent lengthen-
ing using the PRECICE lengthening system between January
2012 and September 2015 and had a minimum of 1-year
follow-up. A total of 115 patients were initially identified in
this period. From this group, we identified 4 tibial and 17
femoral cases with post-traumatic etiologies. We excluded the
low number tibia cases because of the low number of cases and
the statistical inability to compare them with the larger femur
group. A total of 17 patients (14 men and 3 women) with post-
traumatic femur etiologies were finally included in this study.
The mean age was 30 years (range, 11-72 years). The etiology
was post-traumatic growth arrest in 35% of the cases (6 pa-
tients), growth arrest postvascular trauma during infancy in 6%
of the cases (1 patient), and post-traumatic malunion with
shortening in 59% of the cases (10 patients) (Fig. 1).

We used trochanteric entry in 6 and piriformis fossa
entry in 7 femurs. Four rods were inserted retrograde. The
mean goal of lengthening was 3.8 cm (range, 2.3-6.0 cm). The
mean follow-up was 2.2 years (range, 1-3.7 years) (Table 1).

Preoperative planning and x-ray evaluation were per-
formed by the senior authors. Identification of the osteotomy
site was planned according to the nail length in relation to the
bony segment length. Osteotomy sites were planned if possible
at the level of the apex of the malunion. Whenever possible, we
avoided sclerotic post-traumatic areas. Perioperative antibiotic

prophylaxis was prescribed for all patients: Cefazolin IV
injection (1 hour preoperative dose and every 6 hours for 24
hours postoperatively). In case of Penicillin sensitivity, we
used Clindamycin IV injection (1 hour preoperative dose and
every 8 hours for 24 hours postoperatively). For thromboem-
bolic prophylaxis, we used subcutaneous enoxaparin sodium
(40 mg) once a day or a 325 mg of aspirin once a day for 2—4
weeks. Patients began lengthening with the ERC after 5-7 days
latency. The ERC was initially programmed to distract the
femur by 1 mm/d in 0.25 mm steps. This rate was adjusted
if needed according to the regenerate bone quality at each
follow-up radiograph (every 10-14 days during the distraction
phase).

Patients were prescribed regular physiotherapy visits
(3-5 times per week) to maintain active and passive joint
motion and to prevent soft-tissue contracture. Extension
splints were used to prevent knee flexion contracture. Partial
weight-bearing (20-25 kg) was allowed until consolidation
was confirmed by radiographs. Full weight-bearing was per-
mitted after 3 of 4 cortices in the AP and lateral radiographs
were bridged.

RESULTS
Sixteen patients achieved the desired length, a mean of
3.8 cm (range, 2.3—6.0 cm). Only 1 patient achieved 2.5 cm
instead of the planned 3.5 cm because of premature

FIGURE 1. A-F, (Case #9) 16-year-old girl with 4-cm discrepancy post left comminuted femoral healed fracture due to motor vehicle
accident. A, Healed fracture with failed previous attempt at another hospital to lengthen with the ISKD nail. B, After hardware
removal and prophylactic IM Rush rod fixation for 4.5 months. C and D, 1 month after lengthening using the PRECICE nail. E and F,
Complete consolidation and healing 5 months post PRECICE insertion and 4 cm lengthening (Used with permission from the Rubin
Institute for Advanced Orthopedics, Sinai Hospital of Baltimore).
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TABLE 1. Patient Data

Case Sex Age, yrs Etiology Entry Length Goal Length Achieved CI FU, yrs Complication

1 M 14 GA Troch 32 32 18.8 2.9 No

2 M 11 GA Retro 5.1 5.1 355 33 No

3 F 13 GA Troch 4 4 51.3 3.7 No

4 M 11 GA Retro 5 5 21.8 34 Tibial nerve compression
5 M 63 Injury Pirif 3 3 30.3 32 No

6 M 17 Injury Troch 6 6 15.7 1.9 No

7 M 19 Injury Pirif 2.3 2.3 38.7 2.1 No

8 M 65 Injury Pirif 4 4 29.8 1.7 No

9 F 16 Injury Pirif 4 4 31 1.4 No

10 M 47 Injury Troch 2.5 2.5 29.6 3.1 No

11 M 40 Injury Troch (tibial nail) 5 5 41.8 1.6 premature consolidation
12 M 72 Injury Retro 2.5 2.5 22.8 0.8 No

13 M 22 GA Pirif 4.5 4.5 24.7 1.1 No

14 M 55 Injury Pirif 35 35 32 1.0 No

15 F 14 GA Retro 3.5 2.5 31.2 1.0 premature consolidation
16 M 24 Injury Pirif 4 4 40.8 1.3 No

17 M 15 GA Troch 32 32 46.3 1.3 No

CI, consolidation index; FU, follow-up; GA, growth arrest; Pirif, piriformis; Retro, retrograde; Troch, trochanteric entry.

consolidation; the patient refused surgery for re-osteotomy.
Complete regenerate consolidation with full weight-bearing
occurred at a mean of 119 days (range, 57-209 days). The
mean consolidation index (number of days from surgery until
consolidation divided by the length achieved) was 32 d/cm
(range, 16-51 d/cm) (Table 1). Twelve of the 17 patients
(71%) had their nails removed in a mean of 1.1 years (range,
0.7-2.5 years) after surgery. The other patients have been
recommended to remove their nails.

Three patients (18%) developed complications. One
patient developed premature consolidation resulting in prox-
imal nail migration. This was managed with a repeat
osteotomy and nail exchange 45 days after the index surgery
(Fig. 2). The second patient had premature consolidation after
she achieved 2.5 cm (the goal was 3.5 cm), and the patient
refused another surgery for re-osteotomy for the remaining 1
cm discrepancy. The third patient presented 10 days after
femoral lengthening surgery with an ulcer on the posterome-
dial aspect of the lower leg due to pressure from a postoper-
ative splint. The ulcer showed excellent healing but the
patient began having increased symptoms of posterior tibial
nerve compression with paresthesias and pain. One month
after the index surgery, a tarsal tunnel decompression was
performed and the nerve recovered. All complications were
resolved without permanent sequelae (Table 1).

DISCUSSION

The concept of distraction osteogenesis using the
Ilizarov apparatus has been successfully used as the gold
standard for treating limb shortening or deformity correc-
tion.!®17 Despite its success, the Ilizarov technique requires
long-term placement of an external fixator, which is associ-
ated with many complications.!®!° IM limb lengthening has
emerged as an accepted alternative to external fixators.!3

Copyright © 2017 The Author(s). Published by Wolters Kluwer Health, Inc.

However, not every case is suitable for IM lengthening nails.
Post-traumatic LLD is a common complaint and occurs usu-
ally because of bone loss, post-debridement, or growth arrest
in skeletally immature patients.> Limb lengthening in post-
traumatic cases is challenging to orthopaedic specialists. This
might be due to the possibility of bony and soft-tissue com-
promise as a result of the initial trauma and management.

This study has limitations. First, it is a retrospective
study. Second, as this is a preliminary experience with a new
device, the small size of our cohort is a limitation. Third, the
study included only femur cases. Femurs are known to
provide better outcomes and fewer complications than tibia
cases because of anatomical considerations. Because of the
very low number of available tibia cases, we excluded the
tibia. Conclusions from these data cannot be assumed to be
transferrable to the tibia. Another limitation is that the
population is heterogeneous, with the youngest patient being
11 years and the oldest being 72 years old. Finally, the short
follow-up for some of our patients is another potential
limitation, but the PRECICE nail was only recently intro-
duced to the market, hence, longer follow-up is not yet
possible.

There is limited literature describing the results of
lengthening lower limbs in post-traumatic cases using the
Fitbone telescope active actuator nail (TAA; Wittenstein
intens GmbH, Igersheim, Germany), the Intramedullary
Skeletal Kinetic Distractor (ISKD; Orthofix, Lewisville,
TX), and the PRECICE IM nail.'>20-23 To the best of our
knowledge, no studies have purely reported the use of length-
ening with implantable IM devices for post-traumatic LLD.

Previous literature describing post-traumatic lower limb
lengthening with different methods of external fixation has
shown various results regarding the consolidation time (Table
2). Sangkaew?* evaluated patients who underwent lengthen-
ing with or without deformity correction (76 post-traumatic
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FIGURE 2. A-G, (Case # 11) 40-year-old man with post-traumatic left femoral shortening 5 cm. A and B, Preoperative photos
showing the implants for fracture fixation. C, Immediate postoperative radiograph with the PRECICE nail inserted. D, Premature
consolidation with proximal migration of the nail (40 days after surgery). E, Re-osteotomy with rod exchange to resume
lengthening (55 days after surgery). Tibial nail used for different locking patterns. F and G, Post-consolidation and distal plate
removal (Used with permission from the Rubin Institute for Advanced Orthopedics, Sinai Hospital of Baltimore).

lower limb segments; 33 femurs and 43 tibias) using the AO/
ASIF conventional external fixator. At a distraction rate of
1 mm in 1 step on alternate days (1 mm/48 hours), he re-
ported an average bone healing time of 244.7 days (range,
60—836 days) with an average new bone formation of 5.6 cm
(range, 1-17 cm). Ganger et al>® assessed 24 post-traumatic
lower limb segments (9 femurs and 15 tibias) undergoing
lengthening +/— deformity correction using the Taylor Spa-
tial Frame (TSF; Smith and Nephew, TN). With the mean
amount of lengthening of 2.7 cm (range, 3-6.1 cm), they
reported a mean time for bone healing of 180 days (range,
63-318 days). Similarly, Nakase et al>® achieved mean
lengthening of 3.7 cm (range, 1.5-12 cm) in patients treated
using external fixators for post-traumatic epiphyseal growth
arrest. They reported the mean healing index of 190 days
(range, 112-355 days). In the literature, there is a direct

relationship between the amount of lengthening and the
healing time. As more lengthening is achieved, longer heal-
ing time of the regenerate and soft-tissue complications
should be expected.!! In this study, all of our patients were
treated with the PRECICE lengthening nail and had a mean
lengthening of 3.8 cm (range, 2.3—6 cm). The mean bone
healing time was 119 days (range, 57-209 days). Our mean
total consolidation index was less than the previous studies
(Table 2). This may be attributed in part to the senior au-
thors’ technique of performing multiple drill holes at the
osteotomy site before reaming. This enables IM reamings
to exit and surround the osteotomy site, acting as pre-
positioned bone graft. However, our study included only
femurs, so it might be difficult to compare our faster healing
times to other lengthening devices in the literature if they
included tibias, which may heal more slowly.

TABLE 2. Healing Index in the Literature

Total No. of Mean Length Healing +/— Deformity
Author Limbs F T Method Achieved, cm Time, d CI, d/cm Correction
Current study 17 17 PRECICE 3.8 119 31.9 -
Nakase et al?° 14 7 7  Tlizarov and Monolateral 3.7 190 514 +
fixators
Ganger et al® 24 9 15 TSF 2.7 180 66.6 +
Sangkaew et al?* 70 33 43 AO/ASIF conventional 5.6 244.7 43.7 +

external fixator

CI, consolidation index; F, femurs; T, tibias; TSF, taylor spatial frame.
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PRECICE nail breakage has been reported in a case
report.?” Other complications of failure to distract (nail
related) and premature consolidation (not nail related) had
been reported in another study of 17 femurs that underwent
lengthening with the PRECICE nail.!> Tiefenboeck et al,?® in
their study had 7 of 10 patients (70%) with complications
post-lengthening with the PRECICE nail; 3 of these were nail
failure and breakage. In our series, 3 segments encountered
major complications, none of which were implant related. As
part of the treatment for complex post-traumatic cases, many
patients underwent previous surgeries that may contribute to
our complications. One of our complications was premature
consolidation of the femur (Fig. 2), which might be antici-
pated during the process of lengthening regardless of the
device, particularly in multiply operated limbs.??-3! This case
had femoral shortening post-femoral shaft fracture (healed
after distal femur internal fixation) and femoral neck fracture
(healed in varus after internal fixation by screws). We in-
tended to use trochanteric entry to avoid unwanted stress
through the femoral neck. At index surgery, bone corticotomy
resulted in a medial butterfly fragment, which caused the os-
teotomy to tilt into varus. The unusually large surface area of
this comminuted corticotomy led to rapid healing (premature
consolidation). Re-osteotomy with correction of the deformity
and nail exchange was then performed and lengthening was
resumed successfully without further complications. The sec-
ond complication was tibial nerve compression behind the
medial malleolus, unrelated to the process of femoral length-
ening but due to pressure from the healed ulcer due to the
postoperative splint. This was resolved by tarsal tunnel decom-
pression, without permanent sequelae.

External fixators have been associated with implant-
related complications during lower limb lengthening of post-
traumatic cases. Nakase et al?° in their series (n = 14 limbs; 7
femurs and 7 tibias) reported the complications of superficial
pin tract infection (4 segments), deep infection (1 segment),
secondary deformity in regenerate bone after lengthening (2
segments), and fracture after fixator removal (1 segment).
Song et al' in their series of femoral lengthening over nail
reported 3 cases of deep infection and required early removal
of the nail. Ganger et al?® in their series reported 36 implant-
related complications. Of these, 32 were pin-tract infection, 3
were axial deviation, and 1 was late bowing after frame
removal. Similarly, Jiirgens et al,? in their study on post-
traumatic lower limb lengthening using the Ilizarov frame
in 10 segments reported complications of 6 segments with
pin tract infection (2 of which developed local osteomyelitis)
and 1 segment with wire breakage.

Ilizarov’s fundamental principles must still be followed
even with internal lengthening. IM lengthening nails (partic-
ularly, the PRECICE IM limb lengthening system) avoid the
common external-fixation-related complications due to the
obvious absence of pin sites. Also, IM stability prevents post-
lengthening deformity and fractures. Specifically in femurs,
IM fixation is much more comfortable than external fixation
because of the soft-tissue considerations. Therefore, our pre-
liminary results demonstrate that IM lengthening nails may
be useful tools in our armamentarium for treatment of
femoral post-traumatic injuries. No specific implant-related

Copyright © 2017 The Author(s). Published by Wolters Kluwer Health, Inc.

complications were observed in our cohort. However, further
trials with bigger cohorts are warranted to assess the effec-
tiveness of lengthening nails used in conjunction with acute
angular/rotational correction. Furthermore, studies on larger
cohorts and other long bones should be considered to confirm
our results.
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