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ABSTRACT

Aim: This study describes a treatment algorithm for addressing failed ankle ORIF in diabetic patients using two successful patient cases.
Background: The complication rate following ankle fracture ORIF in diabetic patients is significantly higher compared to that in nondiabetic
patients and salvage techniques are limited. Complications include soft tissue problems and increased infection rate, impaired bone healing
and the possibility of a lost reduction, and Charcot arthropathy.

Case description: We analyze two cases of failed ORIF following traumatic ankle fracture in diabetic patients. Both patients underwent salvage
procedures utilizing skinny wire external fixators with tibiotalocalcaneal stabilization via one or two Steinmann pins and were initiated on
an 8-week course of IV antibiotics.

Conclusion: Use of external fixation with tibiotalocalcaneal Steinmann pin fixation and IV antibiotics is an effective treatment after failed ankle

ORIF in diabetic patients.

Clinical significance: An algorithm to salvage failed ankle ORIF can help avoid the worst outcomes in diabetic patients.
Keywords: Ankle external fixator, Diabetic ankle, Diabetic ankle fracture, Failed ankle ORIF, Salvage ankle ORIF, Tibiotalocalcaneal fusion.
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BACKGROUND

Approximately 9.3% of adult fractures involve the ankle.! Of these
fractures, 13% occur in patients who are diabetic, even before
controlling for high-energy injury causes.? It is well documented
that diabetic wound and bone healing is severely impaired,
making lasting repair more challenging.? In fact, diabetics have
a reported 3.4 fold increased risk of noninfectious complications
following fracture treatment.* These include delayed union,
nonunion, redislocation, and pseudoarthrosis.® Infection is also
a concern with reports that up to 71% of diabetic patients get
infected postfracture repair, with 43% being deep infections. The
same study showed an infection rate of 19% for nondiabetics, of
which 9% were deep infections.®

Treatment of ankle fractures in the diabetic population is
notoriously fraught with complications. The complications that
arise include soft tissue problems and associated increased
infection rate, impaired bone healing and the possibility of a lost
reduction, and Charcot arthropathy. Wukich et al. conducted a
retrospective chart review of 1,000 patients and found wound
complications to be presentin 13.2% of diabetic patients following
foot and ankle surgery, compared to just 2.8% of patients
without diabetes.” Schmidt et al. performed a similar review of
979 patients and found a 26% complication rate following ORIF
for ankle fractures in a diabetic cohort compared to 15% in a
matched control group of nondiabetic patients. They found an
incidence of 6.9% deep infections in diabetics compared to 1.3%
in nondiabetics, and an unplanned procedure rate of 18.3%
vs 9.1%.8 A retrospective study of 45,444 patients performed by
Pincus et al. concluded that there was a 7.42 Odds Ratio of having
a postoperative amputation for diabetics following failed ORIF
compared to the general population.’ Finally, Loder et al. found a
prolonged union time of 163% in patients with diabetes following
ankle fracture.?
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Current options for ankle fracture repair following failed ORIF
include nonoperative management in a CROW boot, repeat ORIF,
staged reconstruction with antibiotic beads, external fixation,
ankle fusion, oramputation. Each of these options, however, is not
without complication. Given the complex nature of diabetic fracture
healing, it is important to develop a protocol for salvage surgery
following failed primary ankle ORIF. In this article, we present
two cases of failed ankle ORIF and provide a simple algorithm for
secondary repair of such fractures.

Case 1

A 55-year-old woman with a history of ischemic stroke with
residual right hemiparesis, Type | Diabetes Mellitus, epilepsy, and
previous right hip fracture fixation presented with right ankle
pain after a mechanical fall from standing. X-ray examination
demonstrated a fracture-dislocation of the right ankle with lateral
subluxation of the talus relative to the tibia (Figs 1A and B). Her
ankle was closed reduced and splinted; the patient was given
follow up with the plan for definitive fixation once the ankle soft
tissue swelling had subsided.
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Figs 1 (A-D): (A and B) AP and lateral x-ray of the ankle demonstrating
a fracture-dislocation with lateral subluxation of the talus in relation to
the tibia. (C and D) Postreduction films at follow-up showing persistent
posterior subluxation of the tibia

Upon initial follow-up visit three weeks following her
presentation to the emergency room, x-rays revealed loss of
reduction of her ankle fracture, as well as a wound over the medial
malleolus (Figs 1C and D). IV antibiotics were initiated, the patient
was taken to the operating room for irrigation and debridement
of the ankle wound and an ankle-spanning external fixator was
applied. The patient subsequently underwent a staged procedure
with repeat I&D and ORIF of her fibula and syndesmosis, followed
by percutaneous fixation of the medial malleolus, and radial forearm
free flap to the ankle performed by plastic surgery (Figs 2A-D). The
patient completed 6 weeks of IV antibiotics.

Two months following discharge from the hospital, the patient
presented with pain, erythema and drainage from her left ankle
wound. X-ray obtained at that time revealed nonunion of the
trimalleolar ankle fracture with hardware failure and erosive
changes throughout the ankle joint. At this point, the patient
was diagnosed with a septic nonunion. She was taken back to
the operating room for hardware removal and saucerization of
the bone followed by skinny wire external fixation with a Taylor
Spatial frame and tibiotalocalcaneal stabilization with the use of
a threaded Steinmann pin. Roughly 3 months later, definitive TTC
fusion was performed with a lateral TTC fusion plate with Vivex
bone graft and augment rhPDGF (Figs 3A-F). At the most recent
follow up 5 months following her TTC fusion, the patient was
progressing well and she reported no issues. A custom AFO was

Figs 2 (A-D): (A and B) ORIF of trimalleolar ankle fracture with
syndesmotic fixation. (C and D) Medial malleolus wound following
irrigation and debridement, and subsequent radial forearm free flap

fitted to maintain appropriate alignment of her foot and ankle and
her weight bearing status was advanced.

CAse 2

A 65-year-old man with a history of Type Il Diabetes Mellitus, seizure
disorder, undifferentiated schizophrenia, subarachnoid bleeding,
hyponatremia, long standing persistent atrial fibrillation, and essential
hypertension presented to the ER with complaints of left ankle pain,
deformity and medial ankle wound with protruding bone after afall.
X-ray examination demonstrated a trimalleolar ankle fracture with
lateral and posterior subluxation of the talus under the tibia. The
patient was brought to the OR and underwent I&D, as well as ORIF
with a fibular plate, two medial malleolar screws and a tetracortical
syndesmotic screw (Figs 4A-E).

The patient presented to the ER 1 week postoperatively with
ankle pain and medial wound dehiscence after not being compliant
with his non-weight bearing status. X-rays showed the failure of
hardware from both the tibia and fibula. The patient was brought
back to the operating room for repeat I1&D, application of an
ankle-spanning external fixator and tibiotalocalcaneal fusion with
two Steinmann pins (Figs 5A-C). He was subsequently discharged
from the hospital and continued on IV antibiotics for 8 weeks. At
the most recent follow up, roughly 1 year following surgery, the
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Figs 3 (A-F): (A and B) Hardware failure following ORIF trimalleolar ankle fracture. (C and D) Application of skinny wire Taylor Spatial frame and
a Steinmann pin through the TTC joint. (E and F) Following TTC fusion with a lateral TTC fusion plate

.

and posterior subluxation of the talus. (D and E) Following ORIF

. ; cl 1
Figs 4 (A-E): (A) Medial ankle wound with exposed bone. (B and C) AP and lateral of the left ankle show a trimalleolar ankle fracture with lateral

Figs 5 (A-C): (A) Hardware failure of both the tibia and fibula fixation. (B

two Steinmann pins

patient was doing well with no pain to his left ankle. His wounds
were healed and he was fitted for a custom AFO.

Discussion

In this paper, we present a case series of two diabetic patients with
failed ORIF following ankle fracture treated with a unique salvage
technique. We propose the following algorithm: first, removal of
present hardware, debridement of wound and cultures to determine
the appropriate antibiotic treatment. Next, skinny wire external

fixation should be placed with a Steinmann pin inserted through the
tibiotalocalcaneal bones toimmobilize the area and allow for proper
healing. Additionally, while in the external fixator, the patient should
begin an 8-week course of IV antibiotics. At the end of this period, if
bone healing has not progressed, tibiotalocalcaneal arthrodesis via
lateral plate or retrograde TTC nailing should be considered.

This salvage technique offers anumber of advantages. For one,
the construct consists entirely of skinny wire external fixation and
one or two Steinmann pins for tibiotalocalcaneal fixation. There is
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therefore no retained metal from the initial ORIF. This provides the
opportunity for wound and bone healing and mitigates the risk
of further deep infection or osteomyelitis. Finally, it is a relatively
easy procedure with short OR time as well as minimal blood loss
and soft tissue disruption.

Management of unstable ankle fractures in diabetics is a
difficult problem and a number of different techniques have
been posited. Transcalcaneal-talar-tibial fixation using large
Steinmann pins and circular external fixation in conjunction with
primary ORIF have been described in the literature.'%'" Limb
salvage following failed diabetic ankle ORIF poses an even more
challenging scenario. Vaudreuil et al. performed a retrospective
review of diabetic patients who sustained a bimalleolar ankle
fracture and failed initial operative management. They found
that all patients who went on to amputation presented initially
with infection and were treated with revision ORIF. In contrast, all
patients who achieved successful limb salvage ended up with a
clinically fused ankle joint."> Guerrero-Maestre et al. described a
case report of a 52-year-old woman with uncontrolled diabetes
who was initially treated with ORIF for a bimalleolar fracture that
eventually progressed to Charcot arthropathy. They presented a
limb-salvage technique similar to the one described in this study, in
which they combined a hindfoot fusion nail with adjuvant external
fixation. Postoperative visits demonstrated wound healing without
complications and painless weight bearing."

While hindfoot fusion is an attractive salvage technique, it
is not without complications of its own, most notably nonunion
which has been reported to be as high as 40% in certain
populations."*!> Arthrodesis is frequently supplemented with
autogenous bone graft, however this is associated with donor
site morbidity such as blood loss, chronic pain, seroma, infection,
hernia, and nerve injury.'®'® Suitable alternatives to autograft
include bone and tissue growth factors such as recombinant human
platelet-derived growth factor (thPDGF). DiGiovanni et al. performed
a prospective, randomized controlled trial of 434 patients requiring
hindfoot or ankle arthrodesis and determined that treatment
with rhPDGF-BB in a beta-tricalcium phosphate (B-TCP) scaffold
resulted in comparable fusion rates, less pain and fewer side effects
compared to treatment with autograft.'” Further studies, including
one propensity score subclassification analysis of three randomized
controlled trials, demonstrated that rhPDGF-BB/B-TCP-collagen was
as effective as autograft for hindfoot and ankle fusions, with less
pain and morbidity when compared to autograft.?02*

This case series presents a convincing case for salvage technique
following failed diabetic ankle ORIF due to infection and outlines an
algorithm of treatment. We have had success with this technique
at our institution. Nevertheless, there are limitations to this study.
Firstly, this is a case report, which carries with it inherent biases.
The evidence is purely anecdotal at this point and requires further
retrospective reviews and prospective trials to make conclusive
statements regarding efficacy. Furthermore, these are relatively
recent cases, without long-term follow up.

In conclusion, ankle fractures in the diabetic population are
difficult to manage and salvage techniques following failed ORIF are
limited. Use of skinny wire external fixation with tibiotalocalcaneal
Steinmann pin fixation and IV antibiotics has been shown to be an
effective treatment after failed ankle ORIF in two diabetic patients.
Future stepsinclude retrospective reviews as well as arandomized
controlled trial to assess the efficacy of this salvage technique
compared to revision ORIF. Analysis of the concomitant use of bone
and tissue growth factors such as rhPDGF should also be studied.
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Utilization of the described technique may help in reducing the
incidence of subsequent infection and the need for more drastic
measures such as amputation.

CLINICAL SIGNIFICANCE

An algorithmic approach to failed ankle ORIF in the diabetic
population can aid in reducing the incidence of osteomyelitis and
subsequent amputation.
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