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KEY POINTS

� Periprosthetic bone cysts are common after total ankle arthroplasty and can often be
asymptomatic.

� The exact cause of bone cyst formation is likely multifactorial with contributing factors including
polyethylene wear, implant micromotion, and implant design.

� Nonoperative management includes observation with annual clinical and radiographic follow-up
to assess for cyst progression, implant stability, and patient symptoms.

� Operative treatment of isolated periprosthetic bone cysts without implant compromise consists
of cyst debridement and grafting, whereas treatments for unstable implants in the setting of
bone cysts include revision total ankle arthroplasty and arthrodesis.
INTRODUCTION

End-stage ankle arthritis is a debilitating condition
that results in pain, loss of function, and an
impairedquality of life.1 The 2major surgical treat-
ment options to address this condition include
tibiotalar arthrodesis and total ankle arthroplasty
(TAA). TAA was introduced in the 1970s with the
goalofprovidingpain reliefwhilepreserving range
of motion to maintain optimal function. Unfortu-
nately, initial attempts at TAA resulted inpoor out-
comes with high rates of failure including implant
loosening and subsidence.2,3 Given the poor out-
comes of early-generation TAA, tibiotalar arthrod-
esis became the gold standard treatment of end-
stage ankle arthritis. However, concerns regarding
adjacent joint degeneration and altered gait me-
chanics following arthrodesis have led to an
increasing interest in the optimization of TAA.4–9

Modern advancements in implant design and sur-
gical technique havedemonstrated improved out-
comes after TAA with comparable results to
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tibiotalar arthrodesis.10–12 These improvements
have resulted in a large increase in the number of
TAAs being performed, especially when
compared with tibiotalar arthrodesis.13,14

Despite improvements with TAA, postopera-
tive complications requiring revision surgery
remains a clinical problem. Hauer and col-
leagues15 investigated revision rates after TAA
by analyzing 43 clinical studies including 5806
primary TAAs and found a 7-year revision rate
of 12.6%. In this study, implant loosening and
subsidence was the cause of 49% of the revision
TAAs. The formation of periprosthetic bone
cysts is a common radiographic finding and can
be a contributing factor to implant loosening
and subsidence. The reported prevalence of
periprosthetic bone cysts formation after TAA
has been variable, but can be as high as 81%
at an average follow-up of 44.6 months.16 Along
with implant loosening and subsidence, peri-
prosthetic bone cysts can result in persistent
pain and periprosthetic fracture. With the
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increasing volume of patients having undergone
TAA, it is crucial for providers to understand the
cause, proper evaluation, and subsequent man-
agement when periprosthetic bone cysts are
encountered following TAA.
CAUSE

The cause of periprosthetic bone cysts after TAA
is not entirely understood. The most commonly
described process of periprosthetic bone cyst for-
mation is osteolysis secondary to polyethylene
(PE) wear, as has been seen with total hip and to-
tal knee arthroplasties.17 Phagocytosis of debris
from PE wear by macrophages can stimulate
the release of cytokines resulting in the activation
of osteoclasts causing bone resorption and cyst
formation.18,19 The rate of PE wear can be
affected by the type of PE implanted. The use
of conventional PE may produce increased wear
particles when compared with highly cross-
linked PE.20,21 In addition, implant design may
contribute to PE wear. The 2 major implant de-
signs are a 3-component mobile-bearing pros-
thesis and a 2-component fixed-bearing
prosthesis. The concern with a mobile-bearing
prosthesis is the possibility of increased PE wear
given 2 bearing surfaces and risk of PE subluxa-
tion resulting in edge loading. Assal and col-
leagues22 compared reoperation rates between
mobile-bearing and fixed-bearing implants at 3
years and found higher rates of reoperation
with mobile-bearing implants. Specifically,
mobile-bearing implants had higher rates of
reoperations attributed to PE wear and cyst for-
mation when compared with the fixed-bearing
group. Similar findings of increased peripros-
thetic bone cysts with mobile-bearing implants
have been observed in other studies as well.23–25

Although PE wear is a commonly reported
cause for periprosthetic bone cyst formation, his-
tologic evaluation of cystic tissue is conflicting.
Schipper and colleagues26 analyzed 57 pathology
samples from areas of osteolysis after TAA and
found large quantities of PE particles in osteolytic
tissue. However, Gross and colleagues27 found
PE debris in only 7 of the 26 tissue samples taken
from periprosthetic cysts with other findings
including chronic inflammation, calciumpyrophos-
phate dehydrate crystals, unspecified foreign
body reaction, ganglion cystmaterial,metal histio-
cytosis, and granulomatous reactions. These find-
ings are similar to those of other studies with
mixed histologic results, which may represent
other causes of periprosthetic bone cysts.28,29

Last, histologic analysis has identified hydroxyapa-
tite as a contributing factor.29,30
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In addition to PE wear, other explanations for
the formation of periprosthetic bone cysts have
been described. Micromotion between the
bone and implant may contribute to cyst forma-
tion, and 1 factor contributing to increasedmicro-
motion is component malalignment.31,32 In
addition, component malalignment may increase
PE wear in TAA due to increase in joint contact
forces.33,34 Lintz and colleagues16 performed a
retrospective review of patients with weight-
bearing computed tomographic (CT) images
following TAA and found that patients with resid-
ual hindfoot malalignment had an increased vol-
ume of periprosthetic cysts. With concerns
regarding component malalignment, there is an
increased focus on accurate and reliable posi-
tioning of components using patient-specific
instrumentation (PSI). Escudero and colleagues35

compared 51 patients undergoing TAA using PSI
with 16 patients undergoing TAA using standard
techniques and found no difference in osteolysis
rates on plain radiographs at 2-year follow-up.35

However, it is important to consider that PSI
may not be superior to standard referencing tech-
niques for component positioning.36,37 Further-
more, there is some concern regarding the use
of PSI increasing the risk of osteolysis secondary
to greater soft tissue stripping, which may lead
to ischemic necrosis and cyst formation.35 If this
is true, surgical approach may be a factor in
osteolysis; however, to our knowledge this has
not been evaluated.

In addition, patient factors may increase the
risk of periprosthetic bone cyst formation
including age, activity level, body mass, and
even differences in cellular response to implant
wear particles.19 Lee and colleagues38 evaluated
if preoperative bone density of distal tibia and
talus was associated with periprosthetic osteoly-
sis following TAA, but found no association.
Similarly, Cho and colleagues39 found no differ-
ence in implant loosening between patients
with rheumatoid arthritis and end-stage osteoar-
thritis after TAA. Additional research is required
to determine patient risk factors for peripros-
thetic bone cyst formation.

Ultimately, the cause of periprosthetic bone
cysts after TAA is not well understood and is
likely multifactorial in nature. Other explanations
are related to stress shielding,40 implant material
science,41 high synovial fluid pressures,42 and
presence of preexisting cysts.43 Further investi-
gations are required to better understand the
development of periprosthetic bone cysts, iden-
tification of risk factors, optimal implant design,
ideal surgical technique, and subsequent pre-
vention of this complication.
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PATIENT EVALUATION OVERVIEW

Evaluation of patients with a painful TAA has
been described previously.44,45 First, a detailed
history should be obtained. Questions regarding
startup pain should be asked because this is
often the first symptom of a problematic peri-
prosthetic bone cyst. Other questions regarding
trauma, infection, and other causes of pain
should be asked to rule out other causes of
symptoms. A thorough physical examination
should be performed, and evidence of a
ballooning bone cyst may be evident upon in-
spection and palpation (Fig. 1). Laboratory
studies should be ordered to rule out infection.

In addition to history and physical examina-
tion, plain radiographs of the ankle should be
obtained and detailed inspection of these radio-
graphs should be performed to detect peripros-
thetic bone cysts, which is often defined as a
radiolucent lesion measuring greater than
2 mm.25 Radiographs should be compared with
previous films to evaluate for interval change
such as cyst progression, periprosthetic fracture,
implant loosening, or subsidence (Fig. 2). In
addition, Besse and colleagues46 described 10
zones to classify the location of bone cyst forma-
tion with zones 1 to 5 viewed on the anteropos-
terior radiograph and zones 6 to 10 on the
lateral radiograph. The clinical relevance of this
classification system is not known but has been
used in other investigations.47,48
Fig. 1. Coronal and axial CT images representing a balloo
that was evident on physical examination 5 years after TAA
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Advanced imaging is useful for further evalu-
ation of periprosthetic bone cysts. Specifically,
CT imaging is more accurate at cyst detection
and allows for volumetric assessment of these le-
sions when compared with plain radio-
graphs.47,48 In addition, weight-bearing CT
may provide additional information regarding
implant position and malalignment that may
need to be corrected.16 MRI is often limited in
the setting of TAA given artifact from implants;
however, metal artifact reduction sequencing
can improve imaging quality and provide infor-
mation regarding osteolytic cysts and bony
edema.49 Finally, nuclear medicine imaging can
be obtained such as single-photon emission CT
to assess biologic activity at the bone cyst and
bone-implant interface. However, these findings
can be nonspecific because increased activity
may be seen in osteolysis, component loos-
ening, infections, stress fractures, or a normal
response in the early postoperative period.50

MANAGEMENT
Nonoperative Treatment
Nonoperative treatment is reserved for patients
found to have small periprosthetic bone cysts
without any symptoms. Although the presence
of periprosthetic bone cysts can be common,
patients are often asymptomatic.51 These pa-
tients should be followed with clinical observa-
tion and evaluated for development of
symptoms such as startup pain. Routine
ning periprosthetic bone cyst of the medial malleolus
.
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Fig. 2. (A) Anteroposterior radiograph of the left ankle 7 years after TAA. Progressive cyst formation can be seen
inferior to the lateral aspect of the talar component at (B) 8 years and (C) 9 years postoperatively. (Images courtesy
of Dr. James W. Brodsky.)
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radiographs of the ankle should be obtained on
an annual basis to assess for cyst progression,
implant loosening, component subsidence, or
impending fracture (Fig. 3). Advanced imaging
should be obtained if any concerns are found
on history, physical examination, or plain radio-
graphs. Patients should be counseled regarding
monitoring and instructed to return for repeat
evaluation if symptoms develop.

Bone Cyst Debridement and Grafting
The primary surgical treatment of isolated bone
cysts without implant compromise is cyst
debridement with grafting. Indications to pursue
surgical treatment in the setting of stable im-
plants include large cysts, progressive increase
in cyst size, and symptomatic cysts. Thresholds
for surgical treatment regarding cyst size have
been suggested as cysts greater than
10 mm,27,52 but minimal evidence exists to
Fig. 3. (A) Sagittal CT imaging demonstrating periprosthet
(B and C) Intraoperative fluoroscopy demonstrating subse
loosening.
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support this cutoff. The goal of cyst debridement
and grafting is elimination of the cyst to relieve
pain, provide implant stability, and prevent
implant loosening or subsidence in the future.

Outcomes regarding cyst debridement and
grafting have been variable. Yang and col-
leagues53 reported promising results with this
procedure by reviewing 210 consecutive
mobile-bearing TAA where 19 cases (9%)
required reoperation with cyst debridement,
grafting, and PE liner exchange. This was the
most common reoperation procedure observed,
and they found no further progression of any of
the lesions after the grafting procedure. In addi-
tion, Naude and colleagues29 reported out-
comes of cyst debridement, bone grafting, and
PE liner exchange of 9 cystic lesions in 8 patients
measuring at least 1.75 cm3 on CT scan. The in-
vestigators demonstrated that 8 of the 9 lesions
had successful graft incorporation when
ic bone cyst within the talar neck 7 years following TAA.
quent periprosthetic fracture of the talus and implant
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evaluated postoperatively on CT at an average
follow-up of 3 years. Last, Gross and col-
leagues27 analyzed a total of 726 primary TAAs
and reported outcomes of 31 patients who un-
derwent bone cyst debridement and grafting.
Failure of this procedure was defined as conver-
sion to an arthrodesis or requiring future compo-
nent revision. In this series, 27 (87%) patients
had a successful outcome with 4 patients
requiring arthrodesis or component revision,
although 1 patient in the successful cohort did
require a repeat bone grafting procedure. The
investigators also use bisphosphonates for cysts
greater than 10 mm.27

In contrast, Besse and colleagues54 reported
isolated cyst debridement and grafting in 14 pa-
tients who underwent TAA with poor results
including a radiographic failure of 92% and
need for arthrodesis in 28% of patients at an
average of 34 weeks following grafting. Simi-
larly, Kohonen and colleagues52 performed a
retrospective review of 65 periprosthetic bone
cysts in 34 cases of TAA that underwent reoper-
ation with cyst debridement and grafting.52 The
investigators found that 68% of the grafted le-
sions demonstrated continued progression of
the cyst on postoperative CT with only 28%
demonstrating radiographic success at an
average follow-up of 3.8 years. One possible
explanation for these conflicting findings be-
tween studies may be related to the specific
TAA implant. Most of patients in these 2 studies
had primary TAA with an implant that was dis-
continued due to high rates of early osteolysis,
which may have an impact on the success of
grafting procedures.

Additional considerations for patients under-
going cyst debridement and grafting include
graft choice, role of PE exchange, assessment
for possible cause of cyst formation, and optimal
surgical technique. A variety of grafts have been
used including autograft, allograft, supplemen-
tation with biologics, and use of bone cement;
however, it is not clear what the optimal choice
is. Also, concomitant PE liner exchange has
been recommended at the time of cyst debride-
ment and grafting given concerns of PE wear
contributing to cyst formation.29 However,
Kohonen and colleagues52 found no difference
in cyst progression in those who underwent
cyst grafting with or without PE exchange.
Furthermore, patients should be assessed for
component malposition and hindfoot malalign-
ment because these may need to be addressed
to reduce PE wear and implant micromotion.
Finally, technical differences exist regarding
this procedure. Lundeen and colleagues55
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described an endoscopic-assisted technique for
cyst debridement and grafting. The investigators
advocate for this method due to improved visu-
alization of the cyst and superior debridement of
cystic material, but this has not been proven.

In conclusion, the optimal management of
periprosthetic bone cysts without implant
compromise is not known. Cyst debridement
and grafting appears to be a reasonable option
for large cysts, progressive cysts, or painful cysts.
Outcomes of this procedure are variable in terms
of long-term radiographic success and avoidance
of future arthrodesis or TAA component revision.
However, treatment alternatives include nonop-
erative treatment with risk of further cyst progres-
sion and catastrophic implant failure in the future.
In addition, revision TAA or conversion to
arthrodesis can be performed instead, but these
larger surgical procedures can be difficult to
justify in an asymptomatic patient with stable im-
plants. Further research is required to determine
the success of this procedure and optimal
techniques.

Revision Arthroplasty
Periprosthetic bone cysts may ultimately affect
the integrity of a TAA prothesis causing implant
loosening or component subsidence. In these
clinic situations, revision of the tibial, talar, or
all components is a potential treatment option.
Large periprosthetic cysts remains a challenge
during revision TAA because significant bone
loss can limit the ability to revise either compo-
nent. However, with the addition of revision
TAA systems and modern primary TAA using
minimal bone resection, revision TAA can a
feasible surgical option.

With regard to the tibial component,
adequate medial and lateral osseous structural
support is needed, and standard tibial compo-
nents often rely on a minimum of 50% osseous
coverage at the distal tibia for fixation.56,57 For
large osseous defects of the distal tibia, implants
with an intramedullary stem or custom tibial im-
plants may be required to provide adequate fix-
ation.57–59 Bone defects should be addressed
with techniques such as impaction grafting to
improve the structural support for the implant
and limit the possibility of periprosthetic cyst
development following revision TAA.57,59

Although grafting of bone defects can be per-
formed at the time of revision TAA, some advo-
cate for a staged procedure in which bone
defects are first grafted followed by revision
TAA approximately 3 to 4 months later.60 Last,
large PE liners can be used to help accommo-
date for a loss of distal tibial height.57
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Fig. 4. (A) Preoperative radiographs and (B) CT images of a patient with recurrent right ankle pain 7 years after
TAA demonstrating periprosthetic cysts of the talus. A periprosthetic talus fracture through the bone cyst and un-
stable talar component was seen intraoperatively (see Fig. 2). (C) Postoperative radiographs and (D) CT images
19 months after staged talar component explanation, cyst debridement, iliac crest bone grafting, and talar neck
open reduction internal fixation followed by revision of the talar component 2 months later.
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Periprosthetic cysts of the talus resulting in
talar subsidence is a common cause for revision
TAA.61,62 Bone defects can be addressed in
several ways for talar component revision. Graft-
ing of bone defects and use of a revision talar
component may be a viable option for small
cysts or in cases of minimal subsidence (Fig. 4).
The use of custom long-stemmed talar implants
has been reported to improve fixation in the
setting of greater bone loss and implant subsi-
dence.61,63 If the talus is unable to be salvaged,
the use of a custom total talus implant in
conjunction with a TAA may be a viable option
for severe talar bone loss.64–66

Outcomes following revision TAA can be diffi-
cult to interpret in the setting of periprosthetic
bone cysts because most studies contain small
sample sizes or heterogeneous indications for
revision. Behrens and colleagues67 performed a
retrospective review of 18 patients who under-
went revision TAA for aseptic implant loosening
or talar subsidence. Four patients (22.2%)
required additional component revision at an
average follow-up of 57.3 months, one of
whom was for infection. Despite progression of
osteolysis in 27.8% of patients following revision
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TAA, patient-reported outcomes (PROs)
remained comparable to primary TAA with
similar implants. Lachman and colleagues68

reviewed a larger cohort of 52 patients who un-
derwent revision TAA for aseptic causes at an
average of 5.5 years following primary TAA.
Eleven patients (21.2%) required additional sur-
gery with 6 converting to arthrodesis and the
remaining 5 undergoing a second revision sur-
gery. Otherwise, PROs improved following revi-
sion TAA but not to the level after primary TAA.

A larger series evaluating outcomes of revi-
sion TAA was published by Hintermann and col-
leagues69 who reported a series of 117 revision
TAAs with indications including implant loos-
ening, subsidence, malposition, cyst formation,
instability, and infection. At an average follow-
up of 6.2 years following revision TAA, 17 pa-
tients (15%) required additional revision of com-
ponents or arthrodesis. The remaining 100
patients demonstrated improvement in PROs
with 81 patients obtaining good or excellent
American Orthopedic Foot and Ankle Society
hindfoot scores. The investigators deemed revi-
sion TAA as a viable treatment option for failure
of primary TAA. Last, Egglestone and
f Health and Social Security de ClinicalKey.es por Elsevier en febrero 09, 
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Fig. 5. (A) Weight-bearing radiographs 12 years
following a right TAA in a patient with increasing right
ankle pain demonstrating periprosthetic cyst formation
involving the tibia and talus and with talar component
subsidence. (B) Postoperative radiographs following
conversion to a TTC arthrodesis with use of a femoral
head allograft.
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colleagues70 performed a retrospective review
of 31 cases of failed TAA undergoing surgical
treatment with 21 proceeding with a revision
TAA and 10 converting to arthrodesis. Patients
undergoing revision TAA had superior PROs
with an 87% implant survival at 4 years and
arthrodesis was found to have a 20% nonunion
rate.

The results of revision TAA may not be as
promising as that of primary TAA71; however, it
remains a viable option for patients with peri-
prosthetic bone cysts that cause implant loos-
ening or subsidence, especially if they desire to
maintain range of motion and avoid the poten-
tial disadvantages of an arthrodesis.69,72

Arthrodesis
Massive expansion of periprosthetic bone cysts
may cause dramatic bone loss and component
subsidence, which can severely compromise the
ability to perform a revision TAA. In addition, pa-
tients may fail multiple attempts at revision TAA
resulting in soft tissue compromise, which further
contributes to clinical decision making. In these
scenarios, arthrodesis is the treatment of choice.
Kotnis and colleagues73 evaluated 14 patients un-
dergoing surgical treatment of TAA aseptic loos-
ening of which 5 patients underwent revision TAA
and 9 proceeded with hindfoot arthrodesis. One
of the revision TAAs required conversion to
arthrodesis and another had evidence of radio-
graphic failure, but declined surgery. Also, a
higher proportion of patients undergoing revision
TAA had persistent pain postoperatively
compared with the hindfoot arthrodesis cohort.
With these results, the investigators recommend
arthrodesis as the preferred method for manage-
ment of the failed TAA.

However, arthrodesis following failed TAA
should not be viewed the same as a primary
arthrodesis with longer time to union and infe-
rior PROs related to pain and function.74 In addi-
tion to bone loss, poor bone quality making rigid
fixation difficult and compromise of the sur-
rounding soft tissues creates a challenge for con-
version of the failed TAA to an arthrodesis.45

Union rates following arthrodesis for failed
TAA have been variable with rates ranging
from 58% to 95%.75–82 Varying surgical tech-
niques, patient factors, graft choice, and severity
of bone loss likely contributes to the wide range
of reported union rates. Gross and colleagues83

performed a systematic review including 16
studies to determine the outcomes following
conversion of a failed TAA to arthrodesis. A total
of 193 patients were included, and an 84% union
rate was observed after first attempts at
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arthrodesis with improved union rates seen
with isolated tibiotalar arthrodesis compared
with tibiotalocalcaneal (TTC) arthrodesis.

When possible, a tibiotalar arthrodesis should
be performed to preserve the motion of the sub-
talar joint. In addition, TTC arthrodesis after
failed TAA appears to have inferior union rates
when compared with isolated tibiotalar arthrod-
esis.78,83 However, TTC arthrodesis may be indi-
cated in the setting of severe talar bone loss
limiting adequate fixation, severe talar subsi-
dence involving the subtalar joint, or symptom-
atic subtalar arthritis.84

To address issues with bone loss and union
during arthrodesis, graft is often required with
options including autograft, allograft, and metal
cage implants. Autograft can be used for smaller
bone defects without need for significant struc-
tural support, although these patients may be
better suited with attempted revision TAA.
When bone loss is greater than 2 cm, a graft
that provides structural support is necessary.45

The most common allograft used in this scenario
is a bulk femoral head allograft, which provides
adequate bone stock and structural support for
arthrodesis (Fig. 5). Coetzee and colleagues85

reviewed outcomes of 45 cases of failed TAAs
undergoing tibiotalar and TTC arthrodesis using
femoral head allograft with an average of
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development of symptoms, progression of
cysts size, periprosthetic fracture, or implant
loosening or subsidence.

� Patients with large, progressive, or
symptomatic cysts and stable implants can
be treated with cyst debridement and
grafting. However, the success of this
procedure is variable.

� Patients with implant loosening or subsidence
can be treated with revision TAA or salvage
arthrodesis depending on the severity of
bone loss and soft tissue compromise.
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42.8 months follow-up. All 15 patients who un-
derwent tibiotalar arthrodesis achieved union
with high patient satisfaction. However, 5 (17%)
of the 30 patients in the TTC arthrodesis group
experienced nonunion.

In addition to bulk femoral head allograft,
metal cage implants can be used to assist in
the management of severe bone loss.86 Poten-
tial advantages of these implants include cus-
tomization to the specific patient and lower
risk of collapse with improved mechanical prop-
erties.87 Steele and colleagues87 compared out-
comes of patients who underwent TTC
arthrodesis with either a femoral head allograft
or a custom spherical implant. Eight patients un-
derwent arthrodesis with a custom spherical
implant, and 7 patients received a femoral
head allograft. The spherical implant cohort
had significantly higher rates of successful union
and less graft resorption when compared with
femoral head allograft. It is important to note
that these procedures were not exclusively per-
formed in patients with failed TAA. When look-
ing at the use of metal cage implants
specifically for failed TAA, outcomes are not as
encouraging.88 Aubret and colleagues89 investi-
gated union rates in 10 patients who underwent
arthrodesis using a noncustom Trabecular Metal
(Zimmer Biomet, Warsaw, IN, USA) implant with
the use of iliac crest autograft. One patient un-
derwent isolated tibiotalar arthrodesis and
achieved union. Nine patients underwent TTC
arthrodesis with 7 achieving tibiotalar union
(78%), 5 achieving subtalar union (56%), and a
total of 4 patients who had union at both the
tibiotalar and subtalar joint (44%). Three patients
(33%) went on to revision surgery.

SUMMARY

Periprosthetic bone cysts are common following
TAA. Cysts can range from small asymptomatic
cyst to large cysts causing catastrophic failure
of TAA. Further investigation is needed to better
understand the cause, risk factors, prevention,
and optimal surgical treatment of this condition.

CLINICS CARE POINTS
� Periprosthetic bone cysts after TAA are a
common radiographic finding with a wide
range of clinical consequences

� Patients with small, asymptomatic cysts and
stable TAA implants can be monitored on
an annual basis with assessment for
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