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Transitioning to an Intramedullary Lengthening and
Compression Nail
Austin T. Fragomen, MD

Summary: The magnetic intramedullary lengthening nail is an
innovative technology that allows for creative ways to treat difﬁcult
problems. The lengthening option has revolutionized femur fracture
management with bone loss and malunion therapy. The compression
version of this nail has provided a gradual method to compress
nonunions and difﬁcult fractures that may obviate the need for many
current uses of external ﬁxation. Three cases are presented in this
manuscript demonstrating a new paradigm in the management of bone
loss/shortening of the tibia and femur, and recalcitrant nonunions.
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T

he magnetic intramedullary (IM)-lengthening nail has
rapidly gained popularity in the pediatric orthopedic
community.1,2 Although this technique is just as effective
in adults with posttraumatic limb shortening,3 the orthopedic trauma community has been slow to integrate the intramedullary lengthening nail (ILN) into fracture care.
Perhaps the inconstant experience with the ISKD (Intramedullary Skeletal Kinetic Distractor; Orthoﬁx, Lewisville, TX)
discouraged surgeons from using any ILN.4 The newer technology realized in the magnetic-actuated version of the ILN
has made this implant extremely reliable.5 In the ﬁeld of
trauma, the ILN is typically used for tibia or femur lengthening
after a malunion.6 Deformity can be corrected simultaneously
through the osteotomy site to both realign and lengthen the
femur without negative effects on the regenerate.7 This
may also be performed in the tibia, but the risks are higher
(compartment syndrome, peroneal nerve injury, delayed
union). Ideal timing for lengthening in acute trauma with bone
loss is not established.
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A further innovation has been the internal compression
nail (ICN) which is the same implant (ILN) used differently:
to compress fracture fragments. The ILN is predistracted
10 mm in its sterile packaging, is inserted into the bone, and is
then compressed externally. This has potentially powerful
applications in acute fracture care, nonunion repair, and
ankle/knee fusion surgery. Improvements in compression
technology for IM nails before ICN have provided strong
compression intraoperatively8 but have not allowed for any
postoperative compressibility. Until recently, the only way to
achieve postoperative compression was with an external ﬁxator. The ICN offers the advantages of internal ﬁxation with
the dynamic dimension of external ﬁxation, speciﬁcally postoperative compressibility. The question remains: which fractures and nonunions need to be treated with an ICN, and
which can heal with simpler implants?
Why switch to an ILN or ICN when the current system of
external ﬁxation, now with hexapod technology, is so effective?
Part of the answer to this question is the obvious beneﬁt of not
having to wear an external ﬁxator. When compared with
external ﬁxation, the ILN provides a lower complication rate9
and greater patient comfort.10 The absence of pin sites means no
pin infections, which has positive implications for a reduced
need for antibiotics, less antibiotic resistance, and less damage
to the intestinal microbiota. Greater patient comfort is primarily
a function of less pain. A reduction in the need for narcotic
medication by switching to internal ﬁxation may reduce opioid
abuse and opioid-related death, now national priorities.11 Studies
have shown that femur lengthening with the ILN has produced
the fastest healing seen with bone healing indices superior to
historical controls using external ﬁxation.6,12 External ﬁxation
requires specialized clothing or the modiﬁcation of existing
clothing, makes travel more difﬁcult, and causes damage to
a patient’s home, inconveniences that are avoided with an allinternal technique.
This manuscript presents a new way of thinking about
common problems faced in orthopedic trauma surgery while
improving results and the patient experience.

CASE 1
A 26-year-old female was a driver in a head-on collision at
moderate speed in an urban setting. She had no medical problems,
except obesity (BMI 34.3), and sustained a displaced, closed, right
tibial plateau fracture (Schatzker 6)13 and an open middiaphyseal
fracture (Gustilo-Anderson grade IIIA)14 with a 14 cm transverse
laceration, contamination, and bone loss. She was stabilized with
fracture debridement, temporary external ﬁxation, and vacuum assisted wound coverage (Figs. 1A, B). A CT scanogram showed
a 5 cm leg length discrepancy.
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FIGURE 1. A and B, CT reconstructions allowed for intraarticular surgical planning.
The trauma team performed a delayed open reduction and plating
of the plateau fracture and felt that internal ﬁxation of the diaphyseal
fracture was not ideal due to the severity of the soft tissue injury. During
the same procedure, a hexapod external ﬁxator was placed, and the
diaphyseal fracture bone ends were acutely shortened and compressed,
which assisted with the wound closure. Continued compression was
applied postoperatively to aid in fracture healing (Figs. 2A, B).

FIGURE 2. A and B, AP and lateral radiographs.
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FIGURE 3. A, The ILN was lengthened according to the following schedule: a 7-day latency, then nail distraction using an
external magnet at 0.25 mm 4 times a day for 4 days, then
slowing to 0.25 mm 3 times a day until completion of the desired
length. She was followed every 14 days with physical examination
and radiographs and was kept protective weight bearing at 50
lbs. B, The patient is close to the end of the distraction period.
Options for recovering the 5 cm of bone loss included
modiﬁcation of the external ﬁxator by adding an additional ring and
performing a lengthening osteotomy, or use of the ILN, to achieve the
same length restoration. The patient had a large leg at baseline and now
had additional swelling with pin irritation. She was not tolerating the
external ﬁxator very well due to pain. She would likely not tolerate
a lengthening procedure with pins and wires cutting through the skin.
She remained nonweight-bearing for 10 weeks due to the tibial plateau
fracture. The tibia fracture was then followed with monthly radiographs,
and the frame (external ﬁxator) was removed after 97 days. She
recovered for another 3 months with progressive weight-bearing. After
the sixth postoperative month, the proximal tibial hardware was
removed, tibia and ﬁbula osteotomies were performed, and the
PRECICE (NuVasive Specialized Orthopedics, Aliso Viejo, CA) ILN
was inserted. The use of internal ﬁxation after circular external ﬁxation
put the patient at risk for a deep infection. Insertion of an IM nail at the
time of frame removal after femoral lengthening with external ﬁxation
was found to carry a 7% infection rate despite the average time in the
frame of 184 days.15 The lengthening and then nailing technique
(LATN)16 discusses conversion from external to internal ﬁxation, and
carries a very low infection rate. This patient never had a deep or
superﬁcial infection, pin loosening, or nonunion, making internal
lengthening a low-risk option (Figs. 3A, B).
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FIGURE 4. A, This AP radiograph after 5.5 months show nearequal limb lengths and partial cortical bridging allowing full
weight bearing. B, This lateral radiograph at 12 months shows
full consolidation.

FIGURE 6. AP radiograph soon after fixation. A trochanteric
IM nail was used through a piriformis entry point to prevent
against varus angulation at the fracture site.
She was fully consolidated after 7 months yielding a consolidation index of 1.4 months/cm. She recovered her length and full
knee and ankle mobility. She did not suffer from any infection or
complication, and her pain was well controlled with low-dose
opioids during the lengthening process (Figs. 4A, B).
In summary, the ILN provided this patient with an excellent
result and minimized postoperative discomfort. The infection risk
was low. This approach required more time than an all-external
technique, and will require the additional surgery of syndesmotic
screw and ILN removal in the future.

FIGURE 5. A and B, AP and lateral radiographs showing the
fracture through thinned-sclerotic bone. Planning for the
second surgery included plans for a resection of the poorly
vascularized bone at the fracture site which would create
a limb length discrepancy.

CASE 2
A 35-year-old male sustained a refracture of the proximal femur
while walking down the street. Two years earlier he was involved in
a motor vehicle accident where his right proximal femur was fractured
with comminution and was ﬁxed with a plate and screws. His fracture
healed, and the surgeon removed the hardware for what was believed
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FIGURE 7. A long, standing, bipedal 5100 radiograph showed
a 40–46 mm limb length discrepancy with the right side shorter.

to be hardware-related pain. Two months after hardware removal, his
leg gave out. Radiographs revealed a proximal femur diaphyseal
fracture with displacement through sclerotic bone (Figs. 5A, B). He
was placed in traction and a CT scan, obtained for surgical planning,
provided detail on the extent of poorly vascularized bone at the fracture site. The extent of bone resection would be determined intraoperatively by visualizing the bony vascularity.
The knowledge that this patient would have a limb lengthening
discrepancy in the future inﬂuenced the treatment selected for the
refracture. The use of a blade plate to gain proximal bony union would
later require either plate removal or the use of a retrograde ILN. To
contain the surgical site to proximal femur, an IM nail was used to ﬁx
the fracture with augmentation using a unicortical locking plate.
Nonviable bone was resected in surgery, and tissue cultures were
negative (Fig. 6). While keeping the patient 30 lbs weight bearing, the
fracture healed after 5 months.
The preoperative planning for the ILN included creating
an osteotomy distal to the unicortical plate in healthy bone,
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FIGURE 8. Lengthening ensued according to the following
schedule: Four days of latency, distraction at 0.33 mm 4 times
per day for 4 days, and then 0.33 mm 3 times per day for the
remainder of the lengthening period. The patient was followed with bimonthly x-rays that showed normal regenerate
ossification, and the distraction rate was not altered.
exchanging the reconstruction nail with a ILN, and retaining the
unicortical plate (Fig. 7). The surgery was minimally invasive
and used the same osseous passage for the PRECICE nail (Fig.
8). Once the desired length was achieved, bone consolidation
ensued (Fig. 9). After 2.5 months, 2 cortices of bridging callous
were seen on radiographs, and he was permitted full weight
bearing (Figs. 10A, B). His consolidation index was 1.0 (4
months/4 cm).
In summary, this case illustrates the use of an initial IM nail
with the speciﬁc intention of later exchange nailing with the ILN. A
trochanteric entry nail used in a piriformis entry point helped prevent
varus at the fracture site.

CASE 3
A 24-year-old male was injured in a motorcycle accident in
Southeast Asia where he sustained an open, contaminated, grade
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FIGURE 10. A and B, These 8 months AP and lateral radiographs show final healing.
3A tibia fracture. He was treated in a major medical center in
Thailand where he underwent open reduction and internal
ﬁxation. The skin over his anterior-medial leg was traumatized
but viable, and was being managed by a plastic surgeon.

FIGURE 9. A long-standing x-ray is obtained to confirm limb
length and alignment at the end of distraction.

FIGURE 11. A, A CT scan done 6 months after the injury
showed an atrophic nonunion with canal blockage by bone
fragments. B, Radiographs taken 2 weeks after the CT scan
showed hardware failure.
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FIGURE 12. This AP radiograph taken 5.5 months after frame
application showed callus formation.

FIGURE 14. Compression was done according to the following schedule: 2 mm postoperative day 1, 2 mm postoperative
day 2, and 1 mm postoperative day 3. This protocol was invented to resemble the frame compression schedule we had
become accustomed to.

FIGURE 13. The radiograph at the time of frame removal
showed widened pin holes and a hypertrophic partial union.
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His imaging showed a nonunion of the tibia and an intact ﬁbula
(Fig. 11A). His plate fractured soon after the CT scan (Fig. 11B).
Due to the poor pretibial skin and suspected indolent infection he
was treated with a bone debridement, hardware removal, and
circular external ﬁxation. An estimated 15 mm of bone was
removed to leave only viable tissues. Intraoperative tissue cultures were all negative. The frame was compressed both intraoperatively (5 mm) and postoperatively (1 mm at each ofﬁce
visit) to provide an ideal environment for bone healing. He
was encouraged to weight bear, as tolerated, which he could
do after 6 weeks. He was followed at monthly intervals with
slow progression of healing. At the 6-month visit, the nonunion
had created some callus and the frame was noted to be loosening
(Fig. 12). The decision was made to remove the frame and treat
him in a cast (Fig. 13).
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been limited to recalcitrant nonunions where standard techniques
have a high likelihood of failing.
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