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Ankle fractures are common skeletal injuries and
are one of the most commonly managed joint
injuries in orthopedic surgery. Surgical fixation is
well-established as the treatment of choice for dis-
placed fractures. This produces an anatomic
reduction of the mortise, decreases instability, and
lessens the development of posttraumatic arthro-
sis of the ankle. Although the use of non-operative
care for some fractures have demonstrated good
outcomes, nonsurgical treatment is currently
reserved for patients presenting with non-dis-
placed fractures, those whose medical co-
morbidities preclude any surgical intervention,
patients who refuse surgery or most often as an
intermediate step until the soft-tissue envelope
has sufficiently stabilized to allow surgery. These
fractures are so routinely treated that there is often
a certain disregard for their seriousness and their
potential complications, especially in the diabetic
patient. At times we fail to remember that the dia-
betic patient can also present with impaired heal-
ing of the wound and bone, along with some
vascular insufficiency and neuropathy.
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In the diabetic, chronic hyperglycemia results
in high levels of blood viscosity, it impairs the
ability of the red blood cell to deliver oxygen, it
affects nitric oxide, which functions as an anti-
oxidant and neurotransmitter, and it leads to
microvascular compromise. The last of which
results in coronary artery disease, stroke, periph-
eral artery disease and produces nerve ischemia
[1, 2]. In addition, hyperglycemia also decreases
the ability of immune cells, specifically fibro-
blasts, from migrating and attaching to wounds
ultimately resulting in healing stagnation that
may last for up to 8 weeks [3].

In bone physiology, chronic hyperglycemia
increases osteoclastic activity, leading to osteo-
porosis and demineralization, and decreases
osteoblastic activity, resulting in a decrease in
osteon formation and the ability of the bone to
remodel. This impairs proliferation and migra-
tion of the osteocytes which results in a decrease
in callus formation, tensile strength, and bone
stiffness [4]. Ultimately it is a combination of all
of these changes that results in a significant delay
in bone healing [5], with studies reporting union
times increasing to 163 % to that of non-diabetic
patients, which is further increased to 187 % of
non-diabetics when the fractures are displaced
[6, 7]. These bony changes also raise their
chances of sustaining a more severe ankle frac-
ture, along with increasing their mortality rates,

103

D. Herscovici, Jr. (ed.), The Surgical Management of the Diabetic Foot and Ankle,

DOI 10.1007/978-3-319-27623-6_8


mailto:fixbones@aol.com
mailto:juliaarnp@yahoo.com

104

postoperative complications, lengths of hospital
stays and costs, than in the non-diabetic patient
[8—11]. It is, perhaps, for all of these reasons that
the use of non-operative care is more often con-
sidered for management of the diabetic patient
who presents with an ankle fracture.

How then, do we manage the acute diabetic
ankle fracture? Do we withhold certain treat-
ments because they will be too expensive? Or do
we withhold treatments, due to expectations that
they will have poorer outcomes than the non-
diabetic patient? This comes with the understand-
ing that withholding treatment can produce
avoidable complications, result in significant dis-
abilities, and create chronic conditions that can
lead to socioeconomic burdens to patients, their
families, and to payer systems. The decision
driving treatment should be based on the injury
pattern and the patient’s physiology. If surgery is
anticipated a discussion with the patient should
include the need for preoperative medical evalu-
ations and whether any adjunctive fixation will
be needed to augment the reduction. Additionally,
and regardless of whether the patient is treated
operatively or non-operatively, a long discussion
should be held to discuss prolonged immobiliza-
tion and non-weight-bearing of the patient. Given
the advancements in techniques and implants,
this chapter will hopefully provide a rational
approach for the physician tasked with managing
acute ankle fractures in the diabetic patient.

Epidemiology

The 2014 National Diabetes Statistics reported
that 29.1 million people (9.3 % of the US popula-
tion) have diabetes of which 8.1 million (27.8 %
of people) are undiagnosed [12]. Approximately
89 % have one additional co-morbidity and 15 %
have four or more [13]. Patients, presenting with
neuropathy and at least one other co-morbidity,
have higher rates of complications (47 % vs. 14
%) compared to diabetics without neuropathy or
another co-morbidity [11]. Although complica-
tions are often related to poor glucose control,
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hypertension, and dyslipidemia, only 3657 % of
patients achieve adequate glycemic or blood
pressure levels, while only 13.2 % of all patients
achieve all three target levels [14].

The incidence of adult ankle fractures has
been shown to be 100.8/100,000/per year. The
ratio of men to women is 47:53, with bi- and tri-
malleolar fractures increasing in incidence, more
so in women, as patients get older [15]. In the
United States it has been estimated that approxi-
mately 260,000 Americans per year sustain an
ankle fracture, with about 25 % undergoing sur-
gical management [9]. Within this population
nearly 6 %, or almost 16,000 patients per year,
are diabetics who sustain an ankle fracture [8]. If
the 25 % needing surgery is extrapolated into the
diabetic population, it would mean that one
would expect that annually approximately 4000
diabetics sustain an ankle fracture, or less than 2
% of all diabetic ankle fractures in the United
States, are going to be managed surgically for
their injury.

Preoperative Evaluations

Unless the patient presents with an open fracture
or an irreducible dislocation, there is no emer-
gency for surgery. It is important that one under-
stands that both medical and surgical treatment
will be needed to manage these patients, rather
than placing conveniently into the surgical
schedule

History

The management begins with a thorough history,
specifically asking about the mechanisms and the
timing of the injury. Up to 74 % of diabetic
patients have scores less than the threshold for
osteopenia and 39 % below the threshold for
osteoporosis [16]. Therefore, a low (ground level
fall) mechanism of energy resulting in a complex
fracture pattern may indicate poor bone quality.
Additionally, questions about when the injury
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occurred are also important. Because neuropathy
is present in 10 % of diabetics [17] it can be
inferred for any patient continuing to ambulate
on that extremity and presenting more than 24 h
after the injury occurred.

The history should also include questions
about the presence of comorbidities since they
have been shown to increase the rates of compli-
cations [11]. With approximately 89 % of diabet-
ics presenting with one additional comorbidity
and 15 % have four or more [2], this means that
all medical and vascular evaluations should be
performed prior to any surgical intervention.
Additional questions should include whether
ambulatory aids were used prior to their injury,
whether or not they smoke, their use of insulin or
other medicines, and whether they have a history
of previous ulcers or infections.

Physical Examination

The examination should begin by inspecting the
soft-tissue envelope and evaluating the neurovas-
cular structures of the limb. Any wounds or lacera-
tions should be evaluated for an open fracture.
Look and palpate for changes in skin color, tem-
perature changes, or any bony prominences, all of
which may be an indication of impending skin
necrosis. Additionally, fracture blisters or the pres-
ence of any tense compartments may indicate that
the extremity is not ready for operative fixation.
The neurologic examination should also begin
with an observation of the extremity. Motor dys-
function, indicating intrinsic atrophy, is often
manifested as clawing of the toes and neuropathic
autonomic dysfunction is suspected in patients
presenting with dry, cracking, hyperemic skin.
Of greatest concern is the loss of protective sen-
sation due to neuropathy. Loss of vibratory sen-
sation, pinprick, sense of position or absence of
deep tendon reflexes at the ankle (difficult to per-
form in the presence of a fracture) may indicate
neuropathy but have only a fair agreement
amongst evaluators [18]. Although the gold stan-
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dard for identifying peripheral neuropathy is a
nerve conduction study, the accepted method for
detecting the loss of protective sensation is the
use of a 5.07 (10-g) Semmes-Weinstein mono-
filament. This simple exam has a sensitivity and
specificity of 91 % and 86 %, respectively [19],
which increases with a minimum testing of four
plantar sites (great toe, first, third and fifth meta-
tarsals) [18]. Detecting peripheral neuropathy is
important since it increases both the risk of non-
compliance and postoperative infections by a
factor of four [20].

The last part of the physical exam should
include a vascular evaluation. This is important
since more than 40 % of diabetics present with
peripheral arterial disease [21]. The popliteal tri-
furcation is most often affected however, vessel
calcification in the ankle and the foot are sugges-
tive of vascular compromise (Fig. 8.1). Visual
signs suggestive of peripheral artery disease
include dependant rubor, pallor with elevation of
the extremity, dystrophic toenails, and hair loss
[22]. The evaluation should continue with an
attempt to palpate pulses and comparing it with
the contralateral extremity. If pulses are still
absent or diminished, after reducing the disloca-
tion or improving the fracture alignment, the aid
of Doppler ultrasound can be used to identify the
vessels. However, the use of the ankle-brachial
(ABI]) index is often described as a more sensi-
tive, noninvasive test for evaluating the patient’s
vascular status. A value of 0.91-1.3 is considered
normal. However, in the diabetic, an ABI>1.1
can be suggestive of arterial calcinosis and an
ABI>1.3 indicates poor compressibility of the
vessel [22]. In patients with acute ankle fractures
an ABI may be difficult to perform, so for these
patients one should pursue additional testing.

Currently, three additional, noninvasive tests
are available. The first measures the transcutane-
ous oxygen pressure (T,PO,) of the skin.
Pressures >30 mmHg are the minimum value
needed to heal surgical wounds [22]. The second
test places small blood pressure cuffs around
each toe and measures the systolic pressure of
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Fig. 8.1 A fracture
dislocation sustained in an
insulin-dependent diabetic.
Note the calcification of the
vessels (arrows) anteriorly and
posteriorly

each toe. A toe pressure >40 mmHg is predictive
of good wound healing [22]. If there is any ques-
tion, however, they should be referred to a vascu-
lar surgeon for further work-up. The third test is
the toe-brachial index (TBI) and is calculated by
dividing the toe pressure by the highest obtained
ankle pressure. Currently a value >0.7 has been
reported as the cutoff for a normal value [23].
Again, the problem with the TBI is that in the
presence of a fracture the patient may not tolerate
a cuff placed around the ankle. Currently, the
authors’ preferred method of evaluation is mea-
suring the patient’s toe pressures. Further discus-
sions can be found in the chapter on the Vascular
Evaluation and Management of Vascular Disease
in the Diabetic Patient.

Laboratory Evaluations

As discussed, uncontrolled hyperglycemia results
in pathophysiologic dysfunctions [3, 4, 6-11].
Therefore, in addition to standard preoperative
laboratory studies, all patients should also have
their hemoglobin A,. (HgA,) evaluated.
Levels>6.5 increase the risk of complications,
produce longer hospital stays, and result in poor
radiologic outcomes [24]. Those with values >8
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have a 2.5 times greater risk of developing an
infection [25]. It should be noted that for every
1 % reduction in HgA,, there is approximately a
25-30 % reduction in the rate of complications
[26]. Patients may not necessarily be excluded
from surgery, due to an elevated HgA,, but this
information may help manage their diabetes dur-
ing their postoperative care.

Fracture Management

Whether managed operatively or non-operatively,
the goals of treatment are to achieve a stable and
congruent joint, restore function, and to prevent
complications from occurring. Unfortunately, there
is no clear algorithm to guide the treatment, based
on fracture displacement, for this population.

Non-operative Treatment

The nonsurgical management can be controver-
sial because of the concern for displacement;
however, these patients can be treated to comple-
tion successfully. Nonsurgical care is offered to
patients presenting with non-displaced fractures,
with a good rule of thumb being to double or
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triple the treatment offered to non-diabetic
patients. Therefore, the authors’ preferred
method for non-operative treatment consists of
placing patients into a short leg, non-weight-
bearing cast for 10-12 weeks. Weekly or
biweekly radiographs and inspection of the soft-
tissue envelope should be performed to ensure
that there has been no displacement of the mor-
tise and no problems to the soft tissue envelope
have developed (Fig. 8.2). After the casting
period, patients are placed into a period of pro-
tective weight-bearing, using a brace or boot, for
an additional 2-3 months.

Very few studies discuss the nonsurgical man-
agement of diabetic ankle fractures. Most contain
very small numbers of patients and are often dis-
cussed as one of the arms of treatment, in-lieu of
surgical management [9, 11, 27-29]. The compli-
cations reported in these studies have included
malunions, due to a loss in the initial reduction;
non-unions; the development of Charcot neuroar-
thropathy; infections; and the development of
ulcers. Risk factors for developing a complica-
tion include seeing patients infrequently, early
weight-bearing or non-compliance, having a long
duration of diabetes, the presence of neuropathy,

Fig. 8.2 Significant necrosis on the medial surface of the
ankle and foot in a neuropathic, non-compliant, type I dia-
betic treated with a short leg, non-weight-bearing cast for
a non-displaced fracture. Patient did not return to clinic
for 8 weeks after initial cast application. An amputation
was ultimately performed

insulin dependence, and those with a history of
Charcot neuroarthropathy. Risk factors not asso-
ciated with complications include age, gender,
and type of fracture [9, 11].

Operative Treatment

Preoperative Care and Planning

The indication for surgical management is an
unstable ankle fracture. However, before fixation
is performed it is important to stabilize the soft-
tissue envelope. This includes a prompt reduction
and splinting of the extremity, especially if frac-
ture blisters have occurred. Immobilization can
be achieved using a well-padded, non-removable
splint or with the use of an external fixator, if the
reduction cannot be maintained by using the
splint alone. The patient is instructed to keep the
leg elevated as much as possible and is evaluated
at weekly intervals. The ability to wrinkle the
skin and a re-epithelialization of the skin, after
fracture blisters have resolved, indicates that the
soft tissues have stabilized and are ready for sur-
gical management. This may take anywhere
between 10 and 21 days and during this period
the preoperative evaluations and planning should
be performed.

The preoperative planning is undertaken to
ensure that all the equipment and implants needed
for surgery will be present. This includes small,
large, and periarticular bone clamps, extra-long
drill bits, extra-long screws, with lengths reach-
ing 90-110 mm in length and in sizes ranging
from 2.7 to 4.5 mm, Steinman pins, and extra-
long k-wires. In addition, locking mini, small,
and large extra-long locking plates, and their cor-
responding locking screws, should also be read-
ily accessible. A 3.5- or 4.5-mm locking plate, at
least ten holes in length, for fixation of the fibula
should be utilized while avoiding semi-tubular or
easily deformable (malleable) plates. Lamina
spreaders or distractors should also be on hand if
distraction of the fractures, especially in the fib-
ula, is anticipated. Lastly, an external fixator
should also be on hand if the anticipation is that
the ankle construct will need to be augmented
with external fixation.
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Operative Management

There are four approaches that can be used to
manage the diabetic ankle fracture: standard
fixation, trans-syndesmotic, trans-articular, and
a combination of these techniques. Standard
fixation, with expected good outcomes, can be
considered for any patient presenting with an
HbA . less than 7.0, a body-mass index (BMI)
less than 25, able to sense a 5.07 or smaller
Semmes-Weinstein monofilament, the presence
of palpable pulses, non-osteoporotic bone, and
those without any manifestations of autonomic
dysfunction. Postoperatively, patients can be
managed similar to non-diabetic patients.

For patients who do not meet these criteria,
three methods of fixation are available. These
three techniques are much different than standard
methods of ankle fixation but have been devel-
oped to maintain an anatomic mortise and
decrease the risk that failure of fixation will occur
prior to adequate healing. In addition to pro-
longed immobilization and non-weight bearing,
the operative principles for these three techniques
include the use of long, rigid, locking fixation,
using some kind of adjunctive fixation, consider-
ing adding a bone graft, and contemplating the
use of a bone stimulator (Table 8.1). Because of
the patient’s abnormal bony metabolism, the
authors’ current treatment of choice is to add a
bone stimulator to all patients when using one of
these three alternative techniques.

The trans-syndesmotic fixation technique uses
the tibia to help stabilize the fibular fixation.
Described using tetracortical screws (crossing
four cortices), this method consists of getting the
fibula out to length, reducing the fracture, apply-
ing at least a 10-hole 3.5 mm or larger locking
plate onto the fibula, and then inserting as many
locking screws as possible through the fibula and
into the tibia [30]. The advantage of using a lock-
ing plate is that it provides angular stability,
which increases its load-carrying capacity, which
allows locking plates to be four times stronger
than load-sharing constructs. This means that for
failure of fixation to occur it requires that all
points of fixation fail as opposed to the loosening
of individual screws, as seen with traditional
compression plating techniques. To complete the
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Table 8.1 Operative principles for non-standard surgical
management of ankle fractures
Rigid fixation
Longer and thicker plates (Minimum ten holes)
Locking plate technology
More and longer screws

Tetracortical screws used for trans-syndesmotic
fixation

Bicortical screws for medial/posterior malleolar
fixation, 4.0 mm or larger

Possible use of an Intramedullary nail
Adjunctive fixation

External fixation

K-wires across ankle joint

Steinman pins across ankle and subtalar joints

Combinations of these techniques

Cement (Calcium Sulfate/Phosphate or polymethyl
methacrylate)

Bone graft
Consider using
Bone stimulator
Recommend using these devices
Postoperative care
Week 1: Well-padded postoperative splint
Week 2: Apply short leg non-weight-bearing cast
Week 3: Remove sutures

Week 12: Remove Steinman pins, casting
completed

Month 4-5: Boot or brace, therapy, advance to
WBAT*

Month 6: Unrestricted activity
*WBAT weight bearing as tolerated

fixation of the ankle, long, 4.0-mm bicortical
screws should be used to stabilize the medial and
posterior malleolar fractures (Fig. 8.3a—d). This
construct improves fixation stiffness without
relying solely on the screw’s purchase in the fib-
ula. Although there is some concern that this
technique may alter the biomechanics of the syn-
desmosis, this has not been demonstrated clini-
cally. For postoperative care see Table 8.1.

The second alternative technique is a trans-
articular (non-fusion) method of fixation, and
can be approached in one of two ways. The first
is to treat the patient using standard reduction
techniques, which is then augmented using two
or three large, smooth, retrograde tibio-talar-
calcaneal Steinmann pins [30] (Fig. 8.4a—c). This
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produces some stiffness of ankle and the hindfoot
but does not rely solely on standard fixation tech-
niques to main the reduction. The second
approach is the use of a retrograde tibial-talar-
calcaneal intramedullary nail. Although some
calcification or arthrodesis of the ankle or subta-
lar joints is possible, the difference between this
method and an arthrodesis technique is that nei-
ther the subtalar nor the ankle joint is exposed
and prepared as when performing a formal
arthrodesis (Fig. 8.5a—c). This approach works
well in patients presenting with pilon fractures
but can also be used in certain unstable bi- or tri-
malleolar ankle fractures, especially in patients
with morbid obesity. Once the fracture is healed
a decision regarding nail removal can be made.
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For postoperative care of both approaches see
Table 8.1. To complete the discussion of trans-
articular methods of fixation, immediate arthrod-
esis of the ankle has been described for
non-reconstructable fractures [31] but has rarely
been performed for an acute diabetic ankle frac-
ture. However, in the setting of poor bone qual-
ity, a poorly controlled diabetic with neuropathy,
autonomic changes and poor potential to heal the
fracture, an immediate arthrodesis may be con-
sidered to improve the outcome of that patient.
The third technique is described as a com-
bined technique, with the surgical tactic described
in Table 8.2. In this approach the trans-
syndesmotic technique is augmented using two
or three large, smooth, retrograde tibio-talar-

Fig. 8.3 Mortise (a) and lateral (b) views of a displaced,
right trimalleolar ankle fracture in a neuropathic male.
Using a trans-syndesmotic technique, a good reduction is

noted in the postoperative mortise (c¢) and lateral (d)
views. Note the use of bicortical screws for the medial and
posterior malleolar fractures
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Fig.8.4 Mortise view (a) of a displaced trimalleolar frac-
ture in a patient with neuropathy and renal failure.
Management consisted of a trans-articular technique with

A

Fig. 8.5 Anteroposterior (AP) view (a) of a displaced
pilon fracture sustained in an insulin-dependent, neuro-
pathic male with peripheral artery disease and a 3 pack/
day smoking history. Patient required revascularization

calcaneal Steinmann pins (Fig. 8.6a—d). This
approach provides significant stiffness to the con-
struct and is currently the authors’ treatment of
choice for the management of acute diabetic
ankle fractures that are unable to be managed
with standard fixation. Similar to the other two
methods described, the stiffness acquired with
this approach does not seem to be a problem clin-
ically because ambulation progressively restores
motion between the tibia and fibula. The postop-
erative care is described in Table 8.1.
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a good reduction noted in the mortise (b) and lateral (c)
views. Pins were left in place for 12 weeks

and fixation consisted of a retrograde nail. Improved
alignment and healing are noted in the AP (b) and lateral
(¢) views

Complications and Salvage

The four major complications associated with
managing these patients consist of failure of fixa-
tion, skin and wound problems, infections, and
the development of Charcot arthropathy.
Complications range from 3.6 to 43 % [8, 20, 25,
27, 29, 32, 33] and can occur individually or in
any combination. It is of no surprise that the rates
of complications are higher for the diabetic than
in the non-diabetic population, with the highest
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Table 8.2 Surgical tactic for trans-syndesmotic and combined fixation techniques of the ankle

Lateral approach to fibula

l

Select a 10-hole or greater locking plate, place slightly posterolateral. Plate should allow placement of
multidirectional locking screws

|

Fix to distal fibula first. Proximal to plate, place a screw and use a lamina spreader to “push” fibula out to length
and to correct rotation. Reduce and hold fracture. Place 1-2 bicortical locking screws proximally to hold length

l

If diastasis identified, compress fibula to tibia. Proximal to articular surface, place as many tetracortical screws as
possible, angled 20-30° anteriorly, through the plate and into the tibia

!

Open reduction of medial malleolus. Fixation performed using 1-2 bicortical 4.0 mm cortical screws

|

Percutaneous fixation of posterior malleolus using 1-2 bicortical 4.0 mm cortical screws. For Combined Technique,
retrograde 2-3 smooth Steinman pins

risk occurring in poorly controlled diabetics [25].
Therefore, the question is, after operating on
these high-risk patients can their complication(s)
be treated without necessitating an amputation as
the only salvageable option?

Failure of Fixation

In this context, failure of fixation is defined as a
loss of the reduction early in the postoperative
period, without the development of a Charcot
joint (Fig. 8.7a—c). The most common reasons
for this complication are often a combination of
the patient’s neuropathy, their inability to avoid
weight-bearing on the extremity, and inadequate
fixation performed at the index procedure. By far
the biggest mistake is in managing these patients
like a well-controlled or non-diabetic patient.
Because a significant number of patients have
little or no upper body strength, patients will
often begin full weight bearing within hours
after their surgery. In an attempt to decrease this

complication, patients should be placed into
wheelchairs to help them maintain a non-weight-
bearing attitude, a discussion should be made
with their caregivers about the importance of
keeping them off their foot, and weekly visits
may be necessary if non-compliance persists to
make sure that displacement has not occurred.

The salvage of a failed fixation is via one of
the three previously discussed alternative
approaches, with the timing dependant on the
health of the soft-tissue envelope. Continued
conservative treatment of the malaligned extrem-
ity will result in malunions, non-unions, the
development of contractures, and possible skin
breakdown and/or ulcerations (Fig. 8.8a-b). It is
possible that the addition of trans-articular exter-
nal fixation can improve the overall alignment of
the extremity but it may not produce an anatomic
reduction of the mortise. If a revision fixation is
unable to be performed then a salvage using an
ankle or double hindfoot arthrodesis (ankle and
subtalar joint), may be necessary to salvage the
extremity (Fig. 8.9a-g).
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Fig. 8.6 Mortise view (a) of a fracture dislocation in a
morbidly obese, neuropathic male. Note the displacement
(arrow) of Chaput’s tubercle. Using a combined tech-
nique, the fibular was lengthened using a push—pull tech-

Skin and Wound Problems

Wound edge necrosis and dehiscence, without the
presence of infection, are constant concerns when
managing these patients. Even without the pres-
ence of a fracture or surgery, there is a consider-
able challenge in trying to get things to heal in this
population [27]. As has already been noted hyper-
glycemia decreases blood flow to both small and
large vessels [22], increases blood viscosity,
impairs the ability of the red blood cell to ade-
quately flow, and decreases the amount of oxygen
reaching the tissues. This resulting hypoxia inhib-
its fibroblasts from migrating to the wound and
causes them to lose their ability to proliferate,
which may last for up to 8 weeks [3]. This is in
addition to smoking, hypertension, dyslipidemia,
increased body-mass index, and advanced age,

nique (b) and once out to length the syndesmosis was
reduced with a periarticular clamp (c). Postoperative
reduction (d) shows improved alignment of the fracture.
See Table 8.2 for the surgical tactic

which have also been shown to have a negative
effect on healing [3, 8—11, 14, 20].

Given the combination of fracture edema,
hypoxia, and hyperglycemia one can envision a
poor environment for diabetic wound healing
[29] even in at-risk patients managed non-
operatively. Early salvage requires frequent
(often weekly) clinic visits since these problems
are usually identified during routine cast changes.
During these visits, encouraging good control of
their diabetes, discussing the need for elevating
the extremity, and placing them into wheelchairs
may all help with healing, compliance, and
edema. In addition, reapplying a well-padded
splint, in-lieu of the cast, may help avoid pressure
to the compromised skin. When skin or wound
problems are identified, a systematic approach
should be used to manage these patients. For the
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first 3—4 weeks, after the wound has been identi-
fied, initial treatment includes local, daily wound
care, through a windowed cast, and the empiric
use of a broad spectrum oral antibiotic. If the
wound fails to improve, irrigation and debride-
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ment and the use of negative pressure wound
therapy may be necessary. If after 4-6 weeks of
negative pressure therapy, worsening or no
improvement is noted, a plastic surgery consulta-
tion may be necessary.

Fig. 8.7 An AP view (a) of an unstable bimalleolar left
ankle. Immediate post-fixation in a splint (b) demon-
strates a good reduction of the ankle. Short leg cast applied

and patient returned to clinic 10 days later demonstrating
a broken plate (¢) and displacement of the fracture.
Courtesy of Robert Probe, MD

Fig. 8.8 Poorly fixed ankle fracture (a) that resulted in significant malalignment of the extremity (b)
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Fig. 8.9 Minimally displaced bimalleolar ankle fracture
(a) managed with percutaneous fixation of the fibula and
medial malleolus (b). Failure of fixation (c) identified at
first office visit. Revision fixation (d) was performed with
failure of second fixation (e) identified at that initial post-

Infection

The biggest concern in managing these patients
is the development of an infection. Both superfi-
cial and deep infections can occur with rates
ranging from 3.6 to 43 % [32, 33]. Due to neu-
ropathy, they lose their ability to sense an infec-
tion, which is why even patients treated
non-operatively have been identified with an
infection [9]. Risk factors for the development of
an infection include, the presence of peripheral
arterial disease, neuropathy, diabetes of long
duration, poor glucose control (especially a
HgA,. >8), the presence of a Charcot joint, the
presence of edema and ecchymosis, older
patients, obesity, a history of rheumatoid arthri-
tis, a history of a previous ulcer, and in patients
presenting with an open fracture [9, 11, 20, 25,
33]. Factors that do not increase the risk of infec-
tion include tobacco use, gender, type of fracture,
American Society of Anesthesiologists (ASA)
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operative visit. Patient had significant medical comorbidi-
ties and was ultimately salvaged using a double hindfoot
arthrodesis, with improved alignment noted in the AP (f)
and lateral (g) views

classification, and whether the surgery was per-
formed as an inpatient or an outpatient [11, 20].
Frequent visits may not decrease this compli-
cation from occurring but can offer earlier treat-
ment when they are identified. As with wound
complications, the infection is often identified
during a routine change of the patient’s cast. For
superficial infections, windowing the cast, to
allow local, daily wound care, providing oral
antibiotics, and weekly office visits may be suf-
ficient to manage the problem. In contrast, all
deep infections should be managed with irriga-
tion and debridement, a minimum 6-week course
of intravenous antibiotics, and removal of all
loose implants. Avoid the urge to perform a local
swab of the area. Rather, deep cultures or even a
bone biopsy may be necessary to identify the
organism(s) if osteomyelitis is suspected. Once
the infection has been controlled, the use of a
local flap or a free tissue transfer may be neces-
sary to address the wound. If after bony debride-
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ment significant bone has been removed or the
articular surfaces have been lost then an ankle or
double hindfoot arthrodesis may be needed to
salvage the extremity. If the extremity is not sal-
vageable then an amputation may be necessary.
Further discussions on reconstructions can be
found in the chapter on the Management of
Infections and Osteomyelitis in the Diabetic
Patient.

Charcot Neuroarthropathy

Its incidence, in diabetic ankle fractures, has been
reported to occur between 6 and 47 % [11, 25, 28,
33]. It is challenging to manage, especially when
it presents after the surgical care of an ankle frac-
ture, because it is often confused with infection.
On initial presentation, patients often present
with erythema, edema, and some warmth to pal-
pation. The differential diagnosis can include
gout, cellulitis, abscess, and osteomyelitis.
However, the diagnosis of a Charcot joint should
be considered in any compliant patient, who had
an anatomic reduction of the mortise and pres-
ents with failure of fixation. Careful physical,
laboratory, and radiographic examinations will
identify whether the patient has developed a
Charcot neuroarthropathy or has a postoperative
infection (See Appendix, Table 1).

The salvage of these patients can be difficult
because they often present late with malunions,
non-unions and contractures of the extremities.
Reconstructions should be considered when the
extremity is in the subacute or chronic stages.
Indications for surgery should include failure of
conservative care, chronic deformity, instability
not amenable to bracing, and evidence of abnor-
mal plantar pressures, despite the use of an ortho-
ses and special shoes. Reconstructions often
involve bony and soft-tissue procedures in order
to improve the alignment and obtain a viable
extremity. Further discussions on reconstructions
can be found in the chapter on the Management
of the Charcot Ankle.

In conclusion, avoid managing the acute dia-
betic ankle fracture similar to those treated in the
non-diabetic population. These patients have
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increased rates of complications and infections
and are usually non-compliant due to their neu-
ropathy. Careful preoperative evaluations and
postoperative vigilance can improve outcomes.
These patients require very rigid repair, often with
some kind of adjunctive fixation, with long peri-
ods of immobilization and protective weight bear-
ing. Significant deformities can produce abnormal
plantar pressure, irritability with shoewear and
malalignment of the extremity. However, good
outcomes can be expected with alternative tech-
niques and even some residual deformity does not
seem to produce much disability.
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