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Management of ankle fractures in the elderly

Stefan Rammelt

B The incidence and severity of ankle fractures in elderly
patients is increasing steadily. These injuries are challeng-
ing to treat and prone to complications.

B Individual fracture treatment is tailored depending on bone
quality, skin conditions, comorbidities, and functional
demand of the patient. This article provides a review of cur-
rent techniques to obtain stable fixation despite poor bone
quality. To avoid complications, it is imperative to consider
and treat comorbidities such as diabetes and osteoporosis.

B In the absence of severe systemic comorbidities, the
results after open reduction and internal fixation of mal-
leolar fractures in patients above and below 60 years of
age are nearly identical, while nonoperative treatment
of unstable fractures leads to significantly inferior out-
comes. Therefore, the general indications for surgery in
elderly patients should not differ from those in younger
patients.

B However, it is essential to detect severe conditions such
as Charcot neuro-osteoarthropathy because these require
a completely different treatment regime, and standard
internal fixation will invariably fail in these patients.
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Both the incidence and severity of ankle fractures in elderly
patients with considerable comorbidity is rising steadily
in most European countries.” The patients are predomi-
nately women with considerable comorbidities includ-
ing cardiovascular diseases, obesity, chronic pulmonary
diseases and complicated diabetes. Poor bone quality in
osteoporotic and diabetic patients may lead to more com-
plicated fracture patterns and problems with fixation.>
The soft tissue envelope may be compromised through
chronic vascular disease, prolonged steroid medication,
and diminished skin turgor leading to open injuries even
in low energy fractures.3 Mobilisation of the patients after
surgery will be complicated by sarcopaenia, decreased
strength, co-ordination and compliance.4

Despite the inherent higher risks in elderly patients, a ther-
apeutic nihilism is unwarranted. An increasing number of
elderly people retain an active lifestyle with high functional
demands. Cast immobilisation for highly unstable ankle frac-
tures (especially the inherently unstable pronation-abduc-
tion fractures that are frequently seen in the elderly) leads to
malunion or nonunion rates between 48% and 73%.57
Numerous comparative studies>%2 including one prospec-
tive-randomised study in patients above 55 years of age®
found significantly better results after open reduction and
internal fixation than after non-operative treatment for dis-
placed malleolar fractures in the elderly. Therefore, in the
absence of severe systemic comorbidities, the principal indi-
cations for surgery should not differ from those in younger
patients.’ If relevant comorbidities are present, the treatment
regimen has to be adapted accordingly.

This article will discuss current treatment approaches
to ankle fractures in elderly patients with specific refer-
ence to frequent and relevant comorbidities such as dia-
betes and osteoporosis.

Diabetes mellitus

Diabetes affects wound and fracture healing on multiple
levels. Clinical and experimental studies have demonstrated
a diminished healing capacity of both bone and soft tissues
including ligaments in patients with diabetes.’1" In type |
diabetes the missing anabolic effect of insulin and amylin in
early stages, and vascular changes in later stages lead to a
manifest osteoporosis with increased fracture risk.'> Chronic
hyperglycaemia negatively affects the function of immuno-
competent cells like fibroblasts and leukocytes leading to
significantly increased rates of infection and other compli-
cations as compared to non-diabetics.’ The combination
of these pathological conditions results in a significant
delay in bone healing in diabetic patients, with reported
union times of 163% to 187% when compared with non-
diabetic patients.’® As a result of these changes in bone
metabolism, patients with manifest diabetes have a higher
chance of sustaining a more severe ankle fracture along
with increased mortality rates.813

The risk of complications and the chances of diabetic
comorbidities increase dramatically with poor control of
the blood glucose level as reflected by a high HbA
value.’"'* The presence of neuropathy increases the
chance of a complication by a factor of 4 in diabetics.'" In
addition, more than 40% of diabetic patients also present
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with peripheral arterial disease.’> Obesity has been identi-
fied as an independent risk factor for complications and
poorer outcomes in both diabetics and non-diabetics.'®

Care has to be taken to identify patients with diabetic,
hereditary or idiopathic Charcot neuro-osteoarthropathy
(CN) at the ankle.’” In particular, in patients with neuro-
genic osteoarthropathy who are non-diabetic and do not
have a hereditary disorder, this condition (‘charcoid’) may
be overlooked and standard treatment may lead to cata-
strophic results.? These patients will need a completely
different treatment regime.

Osteoporosis

Osteoporosis results from a disruption of the homeostasis
between osteoclasts and osteoblasts. Due to its high meta-
bolic turnover rate, trabecular bone is affected first, fol-
lowed by cortical thinning.'® This condition affects more
than 200 million patients worldwide, 6.3 million alone in
Germany in 2009."° The incidence is 885 000 patients/year
with a prevalence of 24% in women and 6% in men. The
condition is frequently not recognised, as only an esti-
mated 5% of patients with osteoporosis receive drug treat-
ment.’” Therefore, an acute fracture is often the first
symptom of the disease with a lifetime fracture risk of
about 40%.'8 Ankle fractures make up about 10% of osteo-
porotic fractures. Osteporosis is defined as a T-score of less
than -2.5, which means that the bone mineral density
(BMD) is 2.5 standard deviations below the young adult
average BMD obtained by dual-energy x-ray absorptiome-
try scan (DEXA), or by the presence of a fragility fracture.
The ten-year probability of sustaining an osteoporotic frac-
ture (FRAX) can be calculated using BMD and other risk
factors including age, sex, body-mass index (BMI), fracture
history, smoking, and other comorbidities. A FRAX > 30%
requires specific therapy.'8

Orthopaedic surgeons in Europe are facing a steadily
increasing number of ankle fractures in patients with osteo-
porosis, and it is estimated that the number of low-energy
ankle fractures will increase threefold by 2030.7 In patients
with a history of osteoporotic fractures, inadequate trauma
and/or highly unstable pronation-abduction (PA) ankle
fracture-dislocations, osteoporosis has to be suspected. In a
recent CT study of 194 ankles, elderly patients showed
more complex fracture patterns and significantly higher
bone attenuation than the younger age group, suggestive
of osteoporosis.2° Routine osteodensitometry and adequate
medication after confirming the diagnosis of osteoporosis
are mandatory in the management of these patients.

Evaluation of elderly patients with ankle
fractures

A careful history of the accident may already raise the sus-
picion of an osteoporotic or pathological ankle fracture if
there has been no significant trauma. Clinical examination
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Fig. 1 Fracture-dislocation with impeding skin necrosis
produced by a prominent medial fragment of the distal tibia.
Immediate reduction is warranted.

focusses on acute deformities, open wounds, the overall
soft tissue condition and the neurovascular status of the
injured limb (Fig. 1).

In addition, the limb should be checked for pathologi-
cal disorders unrelated to the fracture that may indicate a
neurological disorder, like dry, scalding skin, claw toes,
subtle cavus and, above all, loss of protective sensation in
the sole of the foot. In case of doubt, sensation is tested at
four plantar sites with a standard 5.07 (10-g) Semmes-
Weinstein monofilament. If a chronic vascular disease is
suspected, the transcutaneous oxygen pressure (TcPO,)
of the skin may be measured. Pressures above 30 mm Hg
are needed to heal surgical wounds.'®

Serum levels of glucose and haemoglobin A, (HbA, (),
as a marker for the long-term control of hyperglycaemia,
should be obtained in diabetic patients in order to guide
further treatment. In patients over 65 years of age with an
acute ankle fracture, a routine osteodensitometry should
be performed.

The diagnosis of an ankle fracture is confirmed with
standard radiographs (Fig. 2). Because elderly patients will
frequently present with more complex fracture patterns, a
generous use of CT scanning is indicated for planning the
operative approach (Fig. 4). This is especially true in the
presence of a posterior tibial fragment or with suspected
impaction of the tibial plafond, which cannot be assessed
reliably with standard radiographs.2’-22 In the case of frac-
ture-dislocations, CT scanning is performed after gross
reduction of the fracture and external fixation.?3

Non-operative treatment

Closed, stable and non-displaced fractures may be treated
non-operatively. These include isolated fibular fractures
without additional syndesmotic or medial ligament
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Fig. 2 a, b Trimalleolar fracture (pronation abduction stage 3)
in a 79-year-old woman with severe osteoporosis.

ruptures and isolated medial malleolar fractures without
syndesmotic or lateral instability. Relevant injury to the
tibio-fibular syndesmosis and/or deltoid ligament has to
be ruled out by either stress or standing radiographs.2324
Likewise, with any medial malleolar fracture, a ligamen-
tous syndesmosis injury and a high fibular fracture (Mai-
sonneuve type) have to be ruled out.

Manual stress testing, gravity stress testing and weight-
bearing radiographs have all been suggested to detect ankle
instability in acute malleolar fractures. It appears that there is
a structural stability reserve in the ankle with axial loading,
and therefore more patients have positive manual or gravity
stress radiographs than signs of instability in weight-bearing
radiographs.?2* Therefore, the latter may be more reliable
because they reflect the physiological conditions. On the
other hand, it might be difficult to obtain standing radio-
graphs in elderly patients with an acute ankle fracture who
are frail or have comorbidities. Fractures that are stable under
stress radiographs or axial loading can be treated with a sta-
ble orthosis or a special walker/boot that puts the foot in
neutral and limits supination under full weight-bearing.
A cast may be needed initially for three to five days in cases of
severe soft tissue swelling. The orthosis is worn for six weeks
until fracture healing. Control radiographs are obtained at
one week after the injury to rule out secondary dislocation.

With poor bone quality, cast immobilisation with
off-loading until radiographic evidence of bone healing
is recommended. In patients with manifest Charcot
neuro-osteo-arthropathy, prolonged immobilisation and
complete off-loading in a well-padded total-contact cast is
the first line of treatment.?'7

Emergency treatment

Grossly displaced fracture-dislocations should be reduced as
soon as possible, ideally under sufficient analgesia at the site
of injury, to avoid further damage to the soft tissues. If definite
internal fixation is not feasible on the day of injury, highly

Fig. 3 Tibiometatarsal transfixation is employed in cases of unstable
fractures and fracture-dislocations, if a primary internal fixation is
not feasible for various reasons (same patient as Fig. 2).

unstable fractures should be treated initially with external fix-
ation (Fig. 3) until definite internal fixation becomes feasible,
because they tend to re-dislocate with cast immobilisation,
thus being at risk for severe soft tissue complications.22

Open fractures and closed fractures with subcutaneous
stripping, compartment syndrome, soft tissue incarcera-
tion, and impeding skin necrosis from displaced frag-
ments all represent an emergency indication for surgery.
If wound closure is impossible after debridement, fracture
reduction and fixation, collagen-based skin substitutes or
vacuum-assisted wound closure is employed temporarily.
For optimal immobilisation and soft tissue monitoring, a
tibio-metatarsal external fixator is applied in addition to
any internal fixation.2> Definitive wound closure is
achieved during planned revisions either by direct suture,
skin graft, local or free flaps.

Techniques of fixation

Standard internal fixation22 can be considered for patients
presenting with non-osteoporotic bone, palpable pulses,
diabetic patients with an HbA, - of less than 7.0 indicating
good control of the blood glucose levels, a BMI less than
25, and who are able to sense a 5.07 or smaller Semmes-
Weinstein monofilament without manifestations of auto-
nomic dysfunction.
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In the following, several options for internal fixation of
osteoporotic ankle fractures will be discussed. With
extremely soft bone, a combination of these measures
may be warranted.

Locking plates

Locking plates create a fixed-angle product with less risk of
loosening for individual screws (Fig. 5). In a cadaveric fib-
ula model, locking plates provided higher biomechanical
stability than non-locking plates.?> Current interlocking
plate designs are pre-contoured and have a low profile in
order to contain smaller fragments, provide more locking

a)

Fig. 4 (a, b) CT scanning reveals a large posterior fragment
with marginal impaction of the tibial plafond (same patient as
Figs 2 and 3). Note the displacement of the posterior fragment
that follows the distal fibular fragment held by the posteior
syndesmosis.

a)

options, and avoid skin irritation (Fig. 6). Fixation strength
of a pre-contoured interlocking plate is independent of
BMD, whereas fixation strength of non-locking screws is
dependent on BMD.2¢ However, locking plates can fail in
osteoporotic bone with either serial cut-out or serial break-
age of the locking screws distal to the fracture because
they usually have a smaller diameter than non-locking
screws. A combination of locking and non-locking screws
may be beneficial to compress the plate down to the bone
and produce friction between the plate and bone, thus
increasing stability.?” To enhance stability of the whole
construct, longer and multiple plates may be used.

Posterior plating of the fibula

The use of a posterior anti-glide plate on the distal fibular
plate provides more biomechanical stability than a conven-
tional or locking lateral plate.?82° In oblique fractures, an
additional interfragmentary compression screw may be
placed through the plate. Care has to be taken not to posi-
tion the plate within 1 cm of the tip of the fibula in order to
avoid irritation of the peroneal tendons.3° In addition, a pos-
terolateral approach to the fibula provides a better soft tis-
sue protection for the plate than a lateral approach, whichis
of particular advantage in elderly patients with frail skin.

Direct fixation of the posterior tibial fragment

Recently, the role of direct stabilisation of the posterior tibial
fragment has gained increased attention.?'-23 Because the
strong posterior tibiofibular ligament inserts at the lateral
posterior tibial margin, fixation of the posterior fragment
will re-establish the integrity and physiological tension of
the tibiofibular syndesmosis.3' Furthermore, the exact

Fig. 5 a, b Internal fixation is achieved with a posterior and lateral interlocking plate, and screw fixation of the medial malleolus.
¢) Fixation of the posterior fragment stabilises the tibiofibular syndesmosis as demonstrated with the intra-operative hook test (same

patient as Figs 2-4).
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Fig. 6 a) Bimalleolar fracture (pronation abduction stage 3)
in a 57-year-old woman with osteoporosis. b) Interlocking,
contoured fibular plating is supplemented by two
intramedullary K-wires that engage the medial cortex.

position of this fragment is important for the anatomical
position of the fibula within the tibial incisura.3? Anatomical
reduction and fixation of the posterior fragment results in a
stabilisation effect comparable to that of a syndesmotic
screw and is associated with a lower incidence of malposi-
tioning in post-operative CT scans.3? Direct lag screw fixa-
tion of the posterior fragment is more reliable than indirect
fixation from anterior. In osteoporotic bone, a dorsal anti-
glide plate (Fig. 5) will provide even more stability.?3

Trans-syndesmotic fixation

In patients with osteoporotic bone, a pathological external
rotation force to the ankle will produce bone avulsions of the
distal tibiofibular syndesmosis rather than a purely ligamen-
tous injury. Therefore, direct fixation of the posterior tibial
rim as described above and anterior syndesmotic avulsions
at the distal tibia or fibula will most likely restore syndesmotic
stability.?331-33 However, trans-syndesmotic screw fixation
will enhance stability of the ankle mortise even in the absence
of a syndesmotic instability, because it uses the tibia for addi-
tional stabilisation of the fibular fixation and doubles the
number of cortices purchased by the screws (‘tibia pro fib-
ula”). This technique is therefore of particular use in osteo-
porotic and/or diabetic patients and can be combined with
the use of a locking plate on the distal fibula (Fig. 7).34

Intramedullary fixation of the distal fibula

In highly osteoporotic bone, an additional intramedullary
fixation may enhance fixation with a lateral fibular plate.
The use of two additional K-wires (see Fig. 6) increases the

stability by 81% and torsional stability by 200% as com-
pared to a one-third tubular plate alone.3 In patients with
vulnerable skin conditions, an intramedullary fibular nail
may be used to minimise soft tissue compromise.3¢ Another
simple option to enhance fixation of the distal fibula is the
use of a hook plate.237

Cement augmentation

Bone cements may be used to augment fixation in severely
osteoporotic bone. Polymethylmethacrylate (PMMA)
cement is biomechanically stable and has been widely used
to enhance pull-out strength with screw fixation. Screws
are inserted into the cement prior to hardening and tight-
ened after the cement has been allowed to set. Alterna-
tively, the hardened cement may be drilled. PMMA cement
can by loaded with antibiotics in order to prevent or treat
infection. In critical situations PMMA can be used as a tem-
porary void filler, which creates a periosteum-like mem-
brane for secondary bone grafting.3® On the other hand,
PMMA is highly exothermic and non-resorbable. The use of
resorbable calcium phosphate cement may be an alterna-
tive with gradual replacement by bone remodelling. In
vitro studies showed comparable biomechanical properties
to PMMA, but evidence from clinical studies is rare.40

Tibiotalocalcaneal fusion

Tibiotalocalcaneal fusion with a retrograde nail provides
high stability, but it also results in a completely stiff ankle
and hindfoot in patients who are not easy to mobilise.
Therefore, it should only be an option in bedridden
patients.#! Hindfoot fusion with specially designed, curved
nails is an excellent treatment option for patients with
Charcot neurogenic osteoarthropathy of the ankle/hind-
foot type (Sanders IV), because standard techniques of
internal fixation will invariably fail in these patients.’”
Alternatively, a small wire external fixator may be used.*?

Post-operative treatment and
accompanying measures

Post-operatively, patients are protected with a lower leg cast
for six to eight weeks with partial weight-bearing of 15-20
kg representing the weight of the leg touching the ground.
Frequently, elderly patients will not be able to partially off-
load their leg and should therefore rather be subjected to
off-loading until bony union. The increased time to bone
healing in patients with diabetic or idiopathic neuropathy
should be considered. In patients with Charcot neuro-oste-
oarthropathy, a total contact cast should be applied until
bony consolidation and then changed to a specific walker.
For every 1% reduction in HbA,, there is an estimated
25% to 30% reduction in the rate of diabetic complica-
tions;*3 therefore, adequate control of blood glucose levels
is an integral part of the management of diabetic patients
with an acute fracture. Routine osteodensitometry and
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Fig. 7 a, b Failure of standard internal fixation in a 77-year-old diabetic patient with poor bone quality but without neuropathy.
¢) The lateral plate had to be removed because of wound dehiscence and wound edge necrosis to avoid deep infection. d, e) The
ankle mortise was restored using three syndesmotic screws (tibia pro fibula) and intramedullary pinning of the lateral and medial
malleolus because of the poor soft tissue conditions. f, g) At one year after revision surgery the fractures have healed with a stable
and congruent mortise. h, i) The wounds have healed uneventfully with a broad lateral scar and ankle range of motion is almost
completely restored. Note the missing fifth toe after a diabetic gangrene four years earlier.

adequate medication are mandatory after osteoporotic
fractures. Treatment for manifest osteoporosis includes life
style modifications (smoking and alcohol cessation, physi-
cal activity), vitamin D and calcium supplementation, and
anti-resorptive drugs (bisphosphonates, raloxifene, deno-
sumab). Promising new treatment options investigated in
clinical trials are anabolic drugs (Calcilytic MK-5442) and
antibodies against Sclerostin and Dickkopf-1.18

Results and complications

A wealth of clinical studies has shown higher complication
rates after operative treatment of ankle fracture in patients
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with diabetes.810,11,13,141644 Eyrther risk factors that may
coincide with diabetes are obesity, peripheral vascular dis-
ease and smoking.'>1¢ Low-energy open fractures are par-
ticularly prone to complications, with reported wound
complications in up to 64% of patients, infection rates of up
to 36%, subsequent below-knee amputation in up to 42%
and a two-month mortality of 27%.4> Although the studies
available have low patient numbers, the impact of skin age-
ing in open fractures is well-recognised.? These fractures
should therefore be regarded as limb-threatening injuries.
In the absence of severe systemic comorbidities, the
results after open reduction and internal fixation of malle-
olar fractures in patients above and below 60 years of age
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are nearly identical,® while non-operative treatment leads
to significantly inferior outcomes.>-8 Therefore, the gen-
eral indications for surgery in elederly patients should not
differ from those in younger patients. If relevant comor-
bidities are present, the treatment regimen has to be
adapted accordingly as outlined above.
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