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Abstract

Background: Tibotalocalcaneal arthrodesis is a salvage procedure reserved for severe tibiotalar
and subtalar arthritis, hindfoot deformities, failed ankle arthroplasty, talar osteonecrosis, acute trauma,
charco arthropathy, and other hindfoot pathologies. Multiple methods are described including
intramedullary arthrodesis. We report the use of a long nail for concurrent tibial plateau and shaft
fixation and hindfoot fusion in a neuropathic patient who experienced osseous failure at the level of
ankle status-post index tibial nailing.

Case Report: A 52-year-old, neuropathic female, previously treated with open reduction and
intramedullary fixation for tibial plateau and tibial shaft fractures, respectively, experienced bony failure
at the level of the ankle with hardware protrusion through the plafond, abutting the talus. Anterograde
intramedullary fixation with an extended nail was used to support her initial tibial shaft and plateau
fractures and provide simultaneous salvage hindfoot fusion.

Conclusion: Anterograde intramedullary nailing with a long standard tibial nail is a viable treatment
option to provide proximal tibia fixation and hindfoot arthrodesis in neuropathic patients that have
experienced distal failure around existing intramedullary hardware.

Keywords: tibiotalocalcaneal arthrodesis, anterograde intramedullary hindfoot arthrodesis, anterograde
hindfoot fusion, tibia hardware failure
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INTRODUCTION

Tibiotalocalcaneal (TTC) arthrodesis is widely accepted as a
salvage procedure for a variety of complex hindfoot pathologies.
Acute trauma with significant bone loss, post-traumatic, degenerative,
and rheumatoid arthritis, Charcot arthropathy, loss, destruction, and
Avascular Necrosis (AVN) of the talus, failed ankle arthroplasty
or fusion, infection, neuromuscular and congenital deformities,
pseudoarthrosis, and tumor resection have all been defined as
indications for hindfoot arthrodesis [1-27]. More recently, it has been
proposed as an alternative to standard fixation techniques for
fragility ankle fractures with poor soft tissue envelope and for
neuropathic patients in whom primary ankle fracture fixation has
failed [21, 23, 28-30]. Explicit contraindications to TTC fusions are
the presence of an active infection and advanced vascular disease.
Severe angular deformity of the distal tibia, ankle or hindfoot
rendering a well-aligned reduction problematic or a healthy,
mobile subtalar joint are relative contraindications [3, 4, 7, 8, 13, 19].

Different methods for successful TTC arthrodesis exist which
include the use of Steinmann pins, staples, screws, plates, external
fixation, retrograde intramedullary nailing, or combination of
internal and external fixation constructs [2-6,8,10-13,15,19,20,22,24].
Intramedullary nailing offers the biomechanical benefit of higher
bending stiffness, increased rotational stability, load-sharing
capacity, and dynamic compression capabilities [3-5, 7, 8, 10, 20,
22]. One additional benefit is its ability to be performed through
minimally invasive technique which may be advantageous in
populations at risk for complications such as soft tissue breakdown
[13, 19, 21, 23, 24].

Ankle arthrodesis has evolved significantly over the last century, with
the earliest description by Lexer in 1906 where boiled corpse bone was
passed through the calcaneus, talus, and tibia, a technique known as
Bolzungs arthrodese. Albee, in 1915, modified this procedure to
incorporate the patient’s own biology by way of autologous fibular
spikes. Adams is first credited in 1948 with published data on use of a
retrograde metallic nail followed by Leikkonen, Kuntscher, and
Bingold who described variations of this in the late 40s and mid-50s.
In 1962, Kuntsher detailed tibioltalocalcaneal arthrodesis with use of
an unlocked retrograde cone-shaped nail from the calcaneus into the
tibia. Intramedullary nails with interlocking screws became available
in the early 1990s, and Kile and colleagues in 1994 reported the use of
a straight, interlocked intramedullary device, a variation of the
Johnson Nail (Smith & Nephew Richards Inc, Memphis TN, USA)
[1-3,6-8,11,13,15].  Since that time, nails unintended for TTC
arthrodesis have been used including proximal humeral nails used by
Hammett and colleagues and femoral nails by Pinzur and Kelikian. [3]
Today, companies manufacture nails designed explicitly for TTC
arthrodesis, though the use of other nail types continues to be utilized
(3,22-27] .

In this report, we describe what we believe to be the first use of a long
tibial nail placed in an anterograde fashion for coinciding tibial plateau
and shaft fixation and TTC arthrodesis in a neuropathic patient who
experienced bony failure distally around an existing tibial implant.

CASE REPORT

The patient is a 53-year-old neuropathic female with a history of type
II diabetes who presented to University of South Alabama Hospital
with a right, comminuted tibial shaft fracture and displaced lateral

Fig. 1. Patient’s initial injury coronal (a) And sagittal (b) CT views demonstrating
right tibial shaft and lateral plateau fractures
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tibial plateau fracture after a ground-level fall in March, 2021 (Fig.
la, b and Fig.2a, b and ¢). Soon after presentation, she underwent
open reduction and intramedullary fixation of her injurie (Fig. 3a, b).

The patient presented for scheduled routine follow-up visits without
complication. At her six-week follow-up visit in late April, 2021,
radiographs demonstrated favorable callus formation at her fracture
sites. She was advised to slowly advance to weight-bearing as tolerated
at this time.

She presented one week later with complaints of severe swelling
around her right ankle, and radiographs demonstrated an acute pilon
fracture with tibial nail intrusion resulting in varus deformity and talar
impaction (Fig 4a, b and ¢, 5a-g). She was instructed to present
promptly back to University Hospital for further surgical intervention.
Upon arrival, the patient’s primary complaint was right ankle swelling
and pain. 14-point cursory review of systems was otherwise negative
for constitutional symptoms, respiratory, cardiovascular, neurologic,
psychiatric, or other musculoskeletal complaints. Exam revealed
swelling of the right lower extremity from the level of the knee distally,
more prominent about the ankle, soft and compressible
compartments, limited ankle range of motion secondary to pain and
an unchanged global decrease in foot sensation related to her
neuropathy. She was admitted and the following morning underwent
anterograde intramedullary fixation of the right tibia and ankle to

Fig. 2. Anterior (a), anterolateral (b), and posterior(c) 3D CT Reconstructions
views of right tibial shaft and lateral plateau fractures
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Fig. 3. AP (a) and lateral (b) films following open reduction and intramedullary
fixation for Schatzker type tibial IV plateau fracture

Fig. 4. AP (a), moetise(b), and lateral(c) radiographs of the right ankle
demonstrating an acute plafond fracture with nail intrussion resulting in varus
derformity and talar impaction
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support her initial tibial plateau and shaft fractures and provide
salvage TTC arthrodesis, respectively (Fig. 6). She tolerated the
procedure well and was discharged without complication.

The patient presented for scheduled routine follow-up visits
without complication. At her six-week follow-up visit in late
April, 2021, radiographs demonstrated favorable callus formation
at her fracture sites. She was advised to slowly advance to weight-
bearing as tolerated at this time.

Radiographs at her three-week follow-up demonstrated hardware to
be in good position (Fig. 7). Repeat radiographs and CT scan at five
months demonstrated proper hardware alignment but minimal
tibiotalar fusion (Fig. 8a-d). At this time the patient was allowed to
bear weight in a cam walker boot, encouraged to optimize her
nutrition, and begun on a bone stimulator. Follow-up three months
later revealed improved interval tibiotalar fusion and bone healing
(Fig. 9). She was ambulating without pain.

Fig. 5. Coronal(a), Sagittal(b), and axial(c) CT views of the right ankle and
anterolateral(d), lateral(e), posterior(f), and medial(g) 3D CT reconstrution
views demonstrating distal hardware failure
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Fig. 6. Post-operative radiographs demonstrating tibial plateau, tibial shaft,

and hindfoot fixation following anterograde interamedullary

Tibiotalocalcaneal (TTC) fusion using a tibial nail

SURGICAL TECHNIQUE

The patient was placed in the supine position on the operative table. Bony
prominences were padded. The operative site was prepped and draped in the
usual sterile fashion. An operative timeout was performed with all members of
the surgical team at attention to identify the appropriate patient, surgical
site, safety concerns and procedure.

We began the procedure with unlocking of the tibial nail. The
screws were first removed from the tibial nail under fluoroscopic
imaging using small incisions. ~We then placed the insertion
cannula and trocar for the suprapatellar nail. Through the cannula
the extraction device was inserted allowing us to backslap the nail
for removal. The insertion handle was then placed back onto the
tibial nail, and it was reinserted into the tibia. We then passed a 3.2
mm guidewire which had been fashioned to a sharp point anterograde
down the tibial nail. A

Fig. 7. AP and lateral views of the right tibia allowing visualization of the right
ankle three weeks following anterograde intramedullary Tibiotalocalcaneal
(TTC) fusion using a tibial nail

Fig. 8. AP and lateral views of the right ankle (a,b) and right ankle CT scan (c.d)
five months following TTC fusion demonstrating minimal tibiotalar healing

Fig. 9. AP and lateral views of the right tibia allowing visualization of the right
ankle showing improved interval tibiotalar fusion and overall bone healing at
eight months



Fig. 10. Technique radiographs showing provisional hind foot fixation (a,b),
anterograde exchange guidewire passage(c), Exchange cannula(d), Retrograde
guidewire passage (e,f,g), Reaming(h), Nail placement(i), Two proximal locking
screws (j), Three distal talocalcaneal interlocking screws(k,l,m,n).

direct anterior approach to the tibial plafond was performed where we
debrided the fracture fragments and cleaned them of cartilage on the
back table to later use for bone grafting. The cartilage was debrided from
the talar dome. Drill holes were placed into the subchondral bone of the
talus. We then placed the ankle in a neutral dorsiflexion position with
slight hindfoot eversion and external rotation. A 3.2 mm terminally
threaded guidewire was placed from the calcaneus retrograde into the
distal tibia under fluoroscopic imaging for provisional hindfoot fixation
(Fig 10a, b). With the ankle in appropriate position the anterograde
guidewire was advanced to the plantar aspect of the calcaneus. This
point was marked fluoroscopically. We then advanced the wire out the
plantar aspect of the hindfoot (Fig. 10c). An exchange cannula was
placed through a small incision on the plantar aspect of the foot (Fig
10d). A 2.5 mm bead tip guidewire was advanced in a retrograde fashion
through the same wire tract and into the tibial nail (Fig 10e-g). The wire
was advanced out the proximal portion of the tibial nail. Measurement
for nail length was taken. The original nail was then removed. In
anterograde fashion we reamed the tibia, talus and calcaneus to a
diameter of 12 mm (Fig 10h). A Synthes 11 mm x 405 mm tibial nail
was inserted (Fig 10i). Two proximal interlocking screws were placed in
prior tracts (Fig 10j). We compressed distally with a mallet and placed
three distal interlocking screws with perfect circle freehand technique
(Fig 10k-n). Initial provisional hindfoot fixation pin was removed.
Fluoroscopic evaluation and direct visualization confirmed appropriate
reduction and hardware placement (Fig. 6). The nail was used to fixate
the proximal tibia and fuse the tibiotalar and subtalar articulations. We
packed the tibiotalar fusion site with bone graft. Wounds were irrigated
with normal saline. The extensor retinaculum was closed with #1
Vicryl in interrupted fashion. The dermis was closed with 2-0 Vicryl
in buried, interrupted fashion. Skin was closed with 3-0 nylon suture.
Clean sterile dressings and a short leg splint were applied. The patient
was awakened by anesthesia and taken to recovery in stable condition.
Postoperatively, she was made non-weightbearing on the right lower
extremity with recommended chemical DVT prophylaxis and 24 hours
of scheduled antibiotics.

DISCUSSION

As previously mentioned, TTC arthrodesis is employed for a myriad
of complex hindfoot problems. Acute trauma with bone loss, various
forms of arthritis, Charcot arthropathy, talar pathologies including AVN
and traumatic destruction, failed ankle arthroplasty or fusion, and even
mechanical stabilization status-post chopart amputation have been
listed as indications [1-27]. More recently, primary treatment of fragility
ankle fractures in the elderly and revision fixation for failed ORIF or
malunited fractures in insensate, diabetic patients have emerged as
further potential indications [21,29-31-35]. Here, we present a case
perhaps detailing a new potential use for intramedullary hindfoot
fusion; an insensate, diabetic patient with an acute plafond fracture
and associated talar injury following osseous failure and bimalleolar
collapse around her existing tibial nail. This patient also had recent
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proximal tibial shaft and lateral plateau fractures to be considered in
her final fixation construct. To our knowledge, literature has yet to
describe, not only this injury pattern from spontaneous failure around
tibial hardware, but also concomitant tibial plateau and shaft fixation
with hindfoot arthrodesis in a single construct, the focus of our report.

Intramedullary nails used for TTC arthrodesis provide many benefits
over pins, screws and plates, or external fixators. Nails are load-
sharing devices that offer additional mechanical advantages of higher
bending stiffness, increased rotational stability and compression
capabilities [3-5,7-8,10,20,22]. It has been established that nail systems
provide more rigid and stable fixation than other constructs in patients
with impaired bone quality (e.g. rheumatoid, diabetic, and neuropathic
patients) [3]. In addition to mechanical advantages, minimally invasive
intramedullary devices preserve soft tissue, enhancing biology for
fracture healing and thereby also reduce infection risks related to
wound breakdown. [12,14,21]. Tarkin and Fourman point out that
reaming a path for the nail also creates cancellous autograft further
adding to favorable surrounding biology for fracture healing. [14].
Another important consideration regarding wound healing is
anterograde versus retrograde nailing. The majority of intramedullary
hindfoot fusions are performed in retrograde fashion with few
reported exceptions [12,26]. Jain et al. opted for a retrograde technique
where tibial shaft fixation and ankle arthrodesis were required due to
perceived difficulty of antegrade tibiocalcaneal fixation. In German
literature both anterograde and retrograde intramedullary TTC
arthrodesis have been described, however, Glinter and Heller suggest
inserting the nail in an anterograde manner to protect soft tissues and
allow earlier load bearing [12,18]. Given our patient’s initial injury
having both tibial plateau and shaft fractures with a concomitant acute
pilon fracture, anterograde fixation was warranted and afforded our
patient this plantar soft tissue benefit.

The use of a long nail in our patient, as opposed to the commonly used
standard TTC nail, may also prevent future complications of a peri-
prosthetic fracture which is reported to occur at the proximal tip of
standard short nails [23,27,28,35]. Current literature suggests peri-
prosthetic, mid-tibial fractures related to short TTC nails occur at rates
of between 6%-14% in elective cases and up to 10% in trauma cases.
Use of longer nails in elderly and neuropathic patients that cross the
tibial isthmus have been shown to potentially avoid this problem
[23,27,35]. In a cadaveric, biomechanical study by Noonan et al., an
area of strain on the posterior cortex of the tibia was identified at the
level of proximal screw holes in standard-length (“short”) locked nails
that was 5.3 times higher than that of locked “long” nails [28]. This
concentrated stress was shown to dissipate with use of nails
terminating in the proximal tibial metaphysis. In two separate studies
by Baker et al. and Al-Nammari et al. treatment of fragility ankle
fractures with use of long intramedullary nails crossing the isthmus led
to no reports of peri-prosthetic fracture at follow-up, presumably
related to absence of a stress riser [23, 35]. We may have also afforded
our patient this benefit by use of a long nail which again was already
warranted by her injuries.

Complications related to intramedullary TTC arthrodesis include
nonunion, delayed union, malunion, infection, periprosthetic fracture,
hardware failure, lateral plantar nerve injuries and wound healing
difficulties, the latter two of which we have reduced the risk of by way
of anterograde technique [1]. Fusion rates for intramedullary TTC
arthrodesis of 76% to 100% are reported with time to fusion being
roughly 16 weeks [4]. One of the largest systematic literature reviews
for intramedullary TTC arthrodesis by Jehan et al. included 33 studies
and 659 procedures and found average union rate to be 86.7% with
average union time of 4.5 months [8].
osteopenia, smoking, and use of methotrexate or NSAIDS are factors
that can negatively affect TTC arthrodesis outcomes [4,7,32,36] . Our
patient had both neuropathy and diabetes, possibly resulting in her

Diabetes, neuropathy,
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delayed union at 20 weeks (Fig. 6). With implementation of mechanical
loading by way of weight-bearing and use of a bone stimulator, interval
hindfoot fusion resulted.

CONCLUSION

While diabetes is a risk factor for hardware migration, it is unclear
why our patient failed around her index tibial nail resulting in an acute
pilon fracture and talar injury at only six weeks post-operatively. In
the setting of this unfortunate hardware failure, we have shown that
tibial nailing is a viable treatment option to provide tibial plateau and
shaft fixation and hindfoot arthrodesis in neuropathic patients with
pre-existing proximal tibial injuries that have experienced failure
around intramedullary hardware. In the absence of tibial plateau and

shaft injuries, we would still suggest use of a long nail to avoid
potential future stress fractures which have been reported by other
authors. When possible, we recommend antegrade nail passage to
potentially reduce the risk of plantar wound complications,
particularly in diabetic patients.
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