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A novel technique to resolve large bone defects, using 2 inter-
nal lengthening nails (ILNs), one antegrade and one retro-
grade, aligned in a custom-made tube is presented. A 28-year-
old, healthy, asymptomatic male presented with a slowly
growing mass in the left femur. Physical examination revealed
a large, non-tender tumor on the medial side of the mid-femur.
Plain radiographs (Figure 1) and MRI were suspicious for a

1cm u. he.

Figure 1. Long-leg standing radiographs, demon-
strating mild valgus and anisomelia due to tumor-
induced overgrowth.

Figure 2. 3-D printed model for testing the
setup.

malignant bone tumor. Imaging with F-18 FDG PET/CT con-
firmed the suspicion, showing a 6 x 6 x 8 cm tumor involving
the medial and lateral cortex of the femoral shaft. No metasta-
ses were found. An initial biopsy was inconclusive, but when
repeated, was positive for an unspecified low-malignant bone
sarcoma.

Based on the staging studies, wide resection of the tumor
was performed. Pathology confirmed wide margin removal,
and the histological classification of the tumor remained
unchanged. The patient was not treated with chemotherapy
and remained without any signs of
metastases or local recurrence during
1.5 years of follow-up.

Planning and technique

The treatment goal was to maintain
normal length and alignment of the
femur, avoiding deformities. Using
calibrated, long-leg standing radio-
graphs, a 17 cm resection of the
diaphyseal tumor and simultaneous
metaphyseal (distal) and diaphyseal
(proximal) bone transport procedures
were undertaken, assisted by a custom-
made titanium tube that housed the 2
ILNGs. Initial stability was augmented
by a unilateral 2-pin external fixator.
For longer-term construct stability, we
planned to implant a spanning locking
plate from the greater trochanter to the
distal lateral epicondyle. The medial
overgrowth of the tumor produced a
limb length discrepancy (LLD) of 1
cm longer on the involved side, and
a mild valgus. A 3D printed plastic
model based on a CT scan was pro-
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duced to test the various steps of the procedure (Figure 2). The
stroke of the 2 ILNs was 5 cm each. Therefore, with the defect
size of 17 cm, an additional procedure to “rewind” the mecha-
nisms was planned, midway through the treatment (Figure 3),
using the “rapid distractor” tool from the manufacturer (NSO,
NuVasive Specialized Orthopedics, Aliso Viejo, CA, USA).
Location of screws and cables in the transport segments, as well
as both insertion and removal strategies for the hardware, were
also planned (Figure 3A-G). It is important to always keep full
length control of the regenerate bone segments, as they will act
like a spring and shorten, if tension is not maintained during the
rewinding procedures (Figure 4).

The total cost of implants was roughly 2.5 times the price
of a single ILN.

Reconstructive surgery # 1: initial implantation with removal
of tumor, insertion of double nails, external fixator support
(Figure 3A, B)

A temporary external fixator (until biopsies confirmed clear
margins), supported the construct, maintaining axis, length,
and rotation during and after the first surgery. A custom-made,
optional “end cap” cylinder with an additional screw hole was
mounted on top of the proximal nail, to enhance stability and
fine tune the length of the construct. The canal was prepared
by reaming to 12 mm to accommodate the 11 mm diameter of
the slotted titanium tube. The “end cap” and tube were custom
made at Rigshospitalet, Copenhagen, Denmark. Specifica-
tions and CAD drawings are available as “open-source” (see
Supplementary data). The 2 ILNs were Precice 2.0 generation
(NSO, NuVasive Specialized Orthopedics, Aliso Viejo, CA,
USA), 8.5 mm in diameter (except the expanded end, which
was 10.7 mm in diameter). Each nail was 15 cm long with a
single interlocking hole proximally and distally. The complete
setup was inserted through the anterior access used to remove
the tumor and with an infrapatellar knee approach. The 2 oste-
otomies were made (10 cm from the tip of the trochanter and
9 cm from the knee joint). The 2 transport segments were con-
nected to the tips of the 2 ILNs by cables (DePuy Synthes,
Raynham, MA, USA).

Reconstructive surgery # 2: staged transport (Figure 3C, D)
As the stroke of the lengthening nails was limited to 5 cm
each, totaling 10 cm, and as the defect size was greater than
this, a 2-stage approach was chosen. After the cabled attach-
ment to the distal pole of the 2 transport segments achieved
the first 5 cm each, we returned to the OR to add a 350-mm
distal lateral carbon fiber locking plate (CarboFix Orthope-
dics Ltd, Herzeliyah, Israel), to rewind the nails to gain more
stroke, and to eliminate the “collision” of the 2 male ends of
the nails. Removing the cables and rewinding the nails without
control of the transport segments may lead to collapse (acute
shortening) of the regenerate bone segments. Therefore, we
inserted temporary screw fixation from the locking plate into
the 2 transport segments (Figure 4). We then removed the

cables and acutely shortened (“rewound”) the 2 nails using the
“Rapid Distractor” (NSO). Interlocking standard pegs were
inserted into the 2 ILNs through the 2 transport segments to
continue the bone transport process. The plate was lateralized
2.5 cm to avoid contact with the regenerate.

Reconstructive surgery # 3: docking (Figure 3E, F)

After the 2 transport “napkin rings” of bone touched in the
middle of the diaphysis, we secured the docking zone by
opening the site and applying graft, composed of autogenous
iliac crest bone augmented with bone marrow aspirate concen-
trate (BMAC), around the docking site. The regenerate bone
was also augmented with BMAC.

Reconstructive surgery # 4: removal of implant, exchange
nailing (Figure 3G)

At 12 months, the docking site was healed. To enhance con-
solidation of the 2 regenerated bone segmnets, and to avoid
ingrowth into the slotted tube, the double bone transport
device was extracted and replaced with a Stryker SCN 380/11
mm retrograde trauma nail (Stryker, Kalamazoo, MI, USA).
Flushing of the canal was done with careful, slow reaming to
13 mm. This also to stimulated consolidation of the regener-
ate bone segments (Figure 5). During the exchange nailing,
the femur was spanned with an external fixator. Extraction
was not trivial, and was performed by applying pressure from
above with a 3.5 mm K-wire and by pulling out the nails and
the tube from below with forceps. A mild, closed brisement
brought knee flexion to 90 degrees.

Distraction rate and rhythm, indices

After an initial latency period of 5 days, the distal (metaphy-
seal) segment was distracted by 0.25 mm, 4 times per day,
and the proximal (diaphyseal) segment by 0.25 mm, 3 times
per day. The distraction index was 170 mm/105 days = 1.6
days/mm. Consolidation index was 330 days/17 cm = 20
days/cm (11 months from insertion to exchange nailing); the
standard is ~ 30 days/cm. We kept compression on the dock-
ing site by applying 0.25 mm of lengthening twice weekly
(from each nail) for 5 weeks after the docking procedure, to
induce healing.

The patient was allowed 20 kg weightbearing for the first 5
months of treatment, and then full weightbearing.

Discussion

Large segmental bone defects are challenging clinical prob-
lems requiring long treatment time, often 12 months or more.

Surgical options include distraction osteogenesis, the Mas-
quelet [1] technique of bone grafting into induced membranes,
double-barrel free vascularized fibula [2], allograft donor
bone, custom-made endoprosthesis, intercalary spacers, and
even amputation.
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Figure 3. A—G. Step-by-step illustration of the procedure (©2023 Sinai Hospital of Baltimore).

Trifocal bone transport (BT) with external fixation frames
is demanding on soft tissues, particularly in the femur, though
it has been described in both tibial and femoral defects [3.4].
Newer improvements over classical external fixator bone

1st distraction completed

G.

Final surgery: Double bone
transport devices
removed and
replaced with
retrograde
trauma nail

transport include accelerated, partly or fully internal, bone
transport techniques, such as a bone transport nail (BTN),
plate-assisted bone-segment transport (PABST), lengthening
over nails (LON), and lengthening and then nailing (LATN)
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Figure 4. Rewinding procedure (procedure # 3).

[5,6]. However, with 2 counter-opposed
internal lengthening nails (ILN), the soft
tissues are spared, and treatment time is
theoretically cut in half.

All strategies mentioned above each
have their specific advantages, limita-
tions, and shortcomings, the details of
which are outside the scope of this tech-
nical note. For example, Masquelet’s
technique may fail to consolidate. Vas-
cularized fibulas will frequently break.
Arthroplasty will need revision, and
cadaver allografts may fail to incorporate
or be subject to late fracture etc. In our
view, distraction osteogenesis remains the
gold standard for bone loss substitution,
fully and physiologically replacing all
bone lost—other methods will not have comparable lifelong
stability and endurance—and this is particularly relevant in
young individuals with a normal life expectancy. Furthermore,
internal techniques avoid the well-known problems associated
with external fixation (scarification, muscle and joint fibrosis,
pin site infection). However, internal fixation assumes the soft
tissues are intact and any previous infection is cleared, as the
placement of a foreign object in the medullary canal will gen-
erate biofilm and increase infection risk. This risk can be low-
ered by adding local antibiotics [7]. The recent “Fixit” study [8]
has shown that internal fixation is equivalent, if not superior,
to external fixation in open fracture cases, and has comparable
complication rates. Furthermore, the internal device maintains
full mechanical support of the bone, should recurrence, re-
infection, or metastatic disease incur. In cancer cases, concom-
itant radiation and chemotherapy may delay consolidation of
the regenerate and call for the reconstruction to be postponed,
using a temporary nail to span the defect in the meantime, or
using alternative methods as mentioned earlier.

Figure 5. Long standing radiographs after
exchange nailing. There is mild residual
shortening and varus of the distal femur.

The trifocal transport strategy is advan-
tageous over classic bifocal (one level)
transport for defects of larger size to
avoid prohibitively long treatment time.
In areview of 21 papers on 67 bone trans-
ports after resection of malignant tumors,
Jacobs et al. found an average frame time
of 365 days [9], successful limb salvage
in 64 patients, including 6 cases with tri-
focal transport in larger defects (10-23
cm), and a local recurrence rate of 1.5%.
Accadbled et al. [10] likewise demon-
strated that, for selected tumor patients,
internal distractions osteogenesis is an
excellent option, provided the tumor
does not involve articular surfaces, and
no concomitant chemo- and radiation
therapy is undertaken, as these will slow
down regenerate bone maturation.

Quinnan [11], Catagni [3], Liu [4], and
others have described trifocal techniques
to combine double external bone trans-
port and lengthening, also demonstrating
reduced frametime. However, for soft
tissues, external trifocal transport is par-
ticularly harsh, producing scarifications
and fibrosis. As an alternative to this tech-
nique, Kéhler Olesen et al. [5,6] described
the plate-assisted bone-segment trans-
port with a lengthening nail (PABST)
and internal bone transport. Krettek et al.
[12] demonstrated a custom-made device
that allowed for combined transport and
lengthening in conjunction with a single
ILN. Hwanget al. [13] used a single nail
and wires to transport 2 segments to cover a tibial defect of
comparable size. Rachbauer et al. [14] demonstrated a fibula-
assisted tibial bone transport, avoiding the use of plates. In spite
of some reported mechanical failures [15,16], the overall prog-
ress in internal lengthening and bone transport is a noteworthy
improvement for the patient.
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