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ABSTRACT

Background: The current study presents our experience with
conversion of failed TAA to fusion. Materials and Methods:
A retrospective review of all failed total ankles converted to
fusion from 1999 to 2009 was performed at our institution.
Results: Twelve total ankles were converted to isolated ankle
fusions (Group I) and 12 converted to ankle-hindfoot fusions
(Group II). All isolated ankle fusions were stabilized with
anterior plate and screws with one nonunion. Structural bone
graft was used in ten of 12. Mean outcome scores using
the AOFAS-Ankle/Hindfoot score and Maryland Foot Score
improved from preoperative values of 43 ± 13 and 56.7 ±
14 to 67 ± 12 and 71.2 ± 16 postoperatively, respectively
(p < 0.05). All Group II ankle-hindfoot fusion patients were
fixed using either anterior plate and screws, intramedullary nail,
or a combination nail:plate construct. All received structural
allografts. Five patients developed nonunion including four
subtalar nonunions Preoperative scores on the AOFAS-AHS
and MFS were 48.8 ± 14 and 58.3 ± 14. Postoperative scores
were 51.2 ± 17 for the AOFAS and 64.5 ± 14 for the MFS.
These changes were not statistically significant. However, the
difference in nonunions was significant, p < 0.05. Conclusion:
Failed total ankles can be successfully converted to fusion using
structural bone graft and internal fixation. The primary risk
appears to be nonunion of the subtalar joint when ankle-
hindfoot fusion is required. We believe this risk can be decreased
by using a separate approach for preparation of the subtalar
joint.
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INTRODUCTION

The first generation of total ankle replacements experi-
enced an unacceptably high rate of complication and overall
failure, with reoperation rates as high as 41%.5,15,20,28,29,36,

46,51,52

Despite early evidence of decreased complications and
improved outcomes with the newer TAA designs, the current
state of total ankle replacement has not yet achieved a
commensurate level of success compared to total knee
and total hip arthroplasty.2,6,8,16,17,21,30,31,32,39,43,45,47,51,53

Whereas long-term survival rates of greater than 95% have
been achieved in both total knee and total hip arthroplasty,
the rate of failure and reoperation remains substantially
higher after total ankle replacement.4,41

Numerous factors contribute to the relatively high rate
of failure of ankle replacement, including component loos-
ening and subsidence, malalignment, mis-sizing of compo-
nents, ligamentous instability, dislocation of the polyethylene
component, syndesmotic nonunion, impingement with either
medial or lateral malleolus, persistent pain, compromise of
the soft tissue envelope, and deep infection.7,52 In certain
instances, it may be possible to address these complications
such that the components can be successfully retained or
revised.44 However, the relative lack of revision implants,
presence of a frequently compromised soft tissue envelope,
and loss of bone stock may preclude successful retention
or revision of failed ankle replacements.53 In these difficult
situations, salvage is the only viable alternative and can be
achieved only through conversion of the TAA to fusion or
transtibial amputation.20,46

Kitaoka et al. has published extensively on this subject,
describing his experience salvaging failed total ankle replace-
ments with conversion to fusion.7,27,28,29 His work has estab-
lished many of the basic surgical principles required in

493

 at The University of Iowa Libraries on February 24, 2015fai.sagepub.comDownloaded from 

http://fai.sagepub.com/


494 BERKOWITZ ET AL. Foot & Ankle International/Vol. 32, No. 5/May 2011

treating these patients. However, his experience was with
first-generation implants, and he employed almost exclu-
sively external fixation to achieve arthrodesis. Moreover, the
majority of his patients required only tibiotalar fusion, and he
favored limb shortening over large structural grafts in dealing
with massive bone defects.

The current study presents our results treating failed
contemporary total ankle replacements with conversion to
either isolated ankle fusion or ankle-hindfoot fusion. These
patients were treated using modern internal fixation tech-
niques and aggressive use of structural bone graft, predom-
inantly allograft, aimed at preserving limb length. The
purpose of this report was to describe our experiences
and complications in dealing with this difficult clinical
problem.

MATERIALS AND METHODS

The surgical case logs of the two senior authors from
1999 through 2008 were reviewed. All patients undergoing
removal of a failed TAA with conversion to either ankle
or ankle-hindfoot fusion were identified and included in this
study. The mean followup was 43.9 (range, 8 to 106) months.
Arthrodesis was performed on average 52.2 (range, 7 to192)
months after total ankle replacement. Demographic data for
both Group I and Group II is presented in Table 1. Group II
patients tended to be older and to have had their primary TAA
for a longer period of time before fusion. Group II patients
had also undergone more revision TAA’s prior to fusion
(four versus one). The most common indication for implant
removal and fusion in both Groups was talar component
loosening or subsidence. Other causes of failure are listed
in Table 2.

The charts, operative reports, and radiographs of the
patients converted from TAA to fusion were then retro-
spectively reviewed. Standard demographic data including
medical co-morbidities was collected. Additional data points
included time from primary TAA, the type of failed TAA, the
type of implants used for fusion, type of fusion performed
(ankle or ankle-hindfoot), and type of bone graft used. All
complications associated with the fusion procedure were also
recorded. Identical data points were collected for any revision
procedures performed. Both pre- and post-operative outcome

Table 1: Demographic Data

Age (years)
Time from TAA to

fusion (months)

Group I 58.0 (range
40.2 to 82)

41.3 (range
7 to 192)

Group II 65.3 (range
42.7 to 80)

63.1 (range
20 to 132)

Table 2: Indications for TAA Removal and
Conversion to Fusion

Group I Group II

Talar component loosening /
subsidence

7 6

Loosening of both tibial and
talar components

2 2

Varus instability 2 3
Valgus instability 4 0
Anterior component

dislocation
0 2

Infection 0 2
Pain 2 0
Erosion into subtalar joint 2 1

instruments were also recorded when available including the
SF-36, AOFAS Ankle-Hindfoot Score, and the Maryland
Foot Score.

Twenty-four patients met inclusion criteria including 13
men and 11 women. Their mean age at the time of fusion
was 61.7 (range, 40 to 82) years. Twelve underwent isolated
ankle fusion (Group I), and 12 underwent ankle-hindfoot
fusion (Group II). The underlying diagnosis was inflamma-
tory arthritis in three patients (two RA, one JRA), hemophilic
arthropathy in two, post-traumatic arthritis in eight, and
idiopathic osteoarthritis in 11. If the underlying cause was
unclear from the medical record, the patient was included
in the idiopathic category. Explanted total ankle types
included 15 Agility (DePuy, Warsaw, IN) total ankles, three
Agility (DePuy, Warsaw, IN) long-stemmed talar compo-
nents, seven STAR Ankle (Waldemar Link, Hamburg,
Germany), and two Buechel-Pappas prostheses (Endotech
Inc., South Orange, NJ).

Operative technique
The ankle was exposed through the previously employed

anterior approach (Figure 1). Associated synovitis was
aggressively debrided and synovial biopsy specimens were
sent for pathologic evaluation and culture if there was suspi-
cion of infection. The polyethylene insert was removed
first followed by the tibial and talar components. Whereas
the talar implant was frequently loose and relatively easily
dislodged, the tibial component was often well-fixed and
required use of flexible AO osteotomes to disrupt the
bone:implant interface. Occasionally a formal anterior corti-
cal window in the distal tibia was required to effectively
loosen and remove the tibial component.

Once the TAA components were removed, all fibrinous
material and necrotic bone were aggressively debrided until
viable, bleeding bone surfaces were visualized. This allowed
an accurate assessment of the dimensions of the resultant
bone defect and the integrity of the residual talus (Figure 2).

Copyright  2011 by the American Orthopaedic Foot & Ankle Society

 at The University of Iowa Libraries on February 24, 2015fai.sagepub.comDownloaded from 

http://fai.sagepub.com/


Foot & Ankle International/Vol. 32, No. 5/May 2011 FAILED TAA 495

Fig. 1: AP radiograph demonstrating failure of a revision total ankle
arthroplasty due to varus instability.

Fig. 2: Intraoperative photograph demonstrating the type of large bone
defect typical after removal of components of a failed total ankle arthro-
plasty.

If sepsis was detected, a staged protocol was initiated and
antibiotic impregnated cement spacer was placed within the
bone defect. In aseptic cases, if the residual talar bone was
felt to be sufficient to achieve stable internal fixation and the
subtalar joint was intact, the decision was made to proceed
with tibiotalar fusion and a suitable bone graft was chosen
to fill the resultant bone defect such that limb length could
be preserved. Bone grafts utilized included non-structural

allograft cancellous bone as well as structural grafts such
as autogenous iliac crest, distal tibial allograft, allograft iliac
crest wedges, and allograft femoral head. The chosen bone
graft was fashioned to match the bone defect and to help
restore neutral ankle alignment in the sagittal plane and 5
to 7 degrees of hindfoot valgus. Internal fixation was then
placed consisting of a combination of cannulated lag screws
and anterior plating. (Figure 3).

In cases in which the remaining talar bone was deemed
inadequate to achieve stability of a tibiotalar fusion or if
the subtalar joint was noted to be degenerative or actually
eroded by the ankle arthroplasty, it was then decided to
perform ankle-hindfoot fusion and include the subtalar joint
in the arthrodesis construct. Exposure of the subtalar joint
could be accomplished through the anterior incision, but
sometimes required a separate Ollier incision to achieve
adequate debridement and preparation. When ankle-hindfoot
fusion was performed, it was necessary to employ a larger
piece of structural bone graft. The size of such a graft
effectively precluded use of autograft bone and in all cases
allograft was employed consisting of either bulk femoral
head allograft or other structural allograft bone. When using
bulk femoral head allograft for this purpose, a technique
was employed using acetabular reamers to create a round,
concentric bone defect. Reverse acetabular reamers were
then used to fashion the femoral head to the exact size
of this defect. This ensured an intimate fit between the
host bone and the bone graft. Cancellous allograft bone
was used to augment the fusion and fill any residual bone
defects. Fixation was achieved using one of three methods:
an intramedullary nail placed through the heel, an anterior

Fig. 3: Lateral postoperative radiograph of an isolated ankle fusion after
failed total ankle arthroplasty demonstrating successful incorporation of a
large allogenic bone graft.
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plate and lag screws, or a combined nail and plate construct
(Figures 4 and 5).

Postoperatively all patients were immobilized in a non-
weightbearing cast for a minimum of 3 months. Weight-
bearing was initiated around 12 weeks after surgery when
radiographs began to demonstrate incorporation of the graft.
After successful resumption of ambulation, patients were
transitioned into a walking fracture-boot and physical therapy
initiated when indicated.

Fig. 4: Lateral postoperative radiograph of a successful ankle-hindfoot
fusion using an intramedullary nail and fresh-frozen femoral head allograft
prepared with acetabular reamers.

Fig. 5: Lateral postoperative radiograph of a successful ankle-hindfoot
arthrodesis using a combined nail:plate construct.

RESULTS

Group I
In Group I, explanted devices included six Agility, five

STAR Ankle, and one Buechel-Pappas. Internal fixation
consisted of an anterior plate in all patients with the AO
spoon plate being the most frequently employed (Table 3).
The fixation construct was augmented by cannulated lag
screws in nine patients.

Ten of the 12 patients in Group I received structural
bone graft. Of the ten Group I patients receiving structural
bone graft, nine received structural allograft bone. Several
additional bone graft materials were also used (Table 2).
Eleven of the 12 patients went on to successful union after
the initial fusion procedure. The one nonunion occurred in a
patient with JRA who was the only patient in Group I who
had undergone a previous revision total ankle replacement.
This nonunion was successfully revised by replacing an
anterior small fragment reconstruction plate with a larger
AO spoon plate. Additional complications developed in
four patients. Two required removal of symptomatic internal
fixation devices and two developed soft tissue complications
that required surgical treatment. In one of these cases,
a fasciocutaneous flap was performed to achieve wound
closure. Preoperative functional scores averaged 43.0 ±
13 for the AOFAS-AHS, 56.7 ± 14 for the MFS, 32.5
± 4 for the PCS portion of the SF-36, and 45 ± 15
for the MCS portion of the SF-36. Postoperative scores
were available for nine Group I patients with three lost to
followup. Postoperative mean functional scores in Group I
were 67.0 ± 12 for the AOFAS-AHS, 71.2 ± 16 for the MFS,
and 41.6 ± 13 and 48.4 ± 7 for the PCS/MCS parts of the
SF-36, respectively. The difference between preoperative and
postoperative functional scores using the MFS and AOFAS-
AHS was found to be statistically significant, p < 0.05.
Changes in the SF-36 did not achieve statistical significance,
p > 0.05.

Group II
Explanted devices in Group II ankle-hindfoot fusion

patients included six Agility total ankles, three custom long-
stemmed Agility implants, two STAR Ankle implants, and
one Buechel-Pappas. Internal fixation consisted of a nail in
six patients, an AO spoon plate in three patients, and a
combined nail and anterior plate construct in three patients
(Table 4). Three patients also received supplemental cannu-
lated screws.

All patients in Group II received structural allogenic bone
grafts (Table 5). Nine received bulk femoral head allografts
fashioned using the acetabular reamer technique. Complica-
tions occurred more frequently in Group II. Five nonunions
developed in four patients. In each of these four patients,
the subtalar joint required revision arthrodesis and in one
there was also noted to be a nonunion of the talar head-
graft interface. In this group of four patients that developed
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Table 3: Group I Internal Fixation and Bone Graft

Internal fixation N Bone Graft N

AO spoon plate 7 Femoral head allograft 3
AO fusion plate 2 Structural ICBG autograft 1
AO Recon plate 2 Structural ICBG allograft 3
Depuy composite plate 1 Distal tibia fresh-frozen allograft 3
Cannulated screws 9 Cancellous allograft 8

Non structural graft 2
PRP 7
DBX 2
Proximal tibia autograft 1
Local autograft 1

Table 4: Group II Internal Fixation and Bone Graft

Internal fixation N Bone Graft N

IM nail 6 Femoral head allograft with acet reamers 9
IM nail + plate 3 Distal tibia fresh-frozen 2

(AO Spoon) (1) allograft
(AO T-plate) (2)

AO spoon plate 3 Other structural femoral head allograft 1
Cannulated lag screws 3 Cancellous allograft 12

Infuse 3
PRP 11
DBX 2
Local autograft 1

Table 5: Summary of Pre- and Postoperative Scores

Followup
(mos)

Preop
AOFAS

Preop
MFS

Preop
SF-36 PCS

Preop
SF-36 MCS

Postop
AOFAS

Postop
MFS

Postop
SF-36 PCS

Postop
SF-36 MCS

Group I 57.9 (range
8 to 106)

43.0 ± 13 56.7 ± 14 32.5 ± 4 45 ± 15 67.0 ± 12 71.2 ± 16 41.6 ± 13 48.4 ± 7

Group II 33.2 (range
12 to 80)

48.8 ± 14 58.3 ± 14 35.6 ± 6 45.8 ± 11 51.2 ± 17 64.5 ± 14 34.1 ± 7 46.4 ± 11

subtalar nonunions, three had received an intramedullary
nail as fixation and one had received a nail-plate construct.
In each of these subtalar nonunions, a separate approach
to the subtalar joint for debridement and preparation was
not initially performed. Two of these patients underwent
successful revision subtalar arthrodesis with formal subtalar
preparation and conversion from a nail to an anterior plate
with bone grafting. The third patient underwent subtalar joint
debridement and removal of the nail-plate construct with
successful revision using lag screws only. However, he later

sustained a fracture of the femoral head allograft that required
addition of an anterior plate and bone grafting. The fourth
patient is still awaiting revision of the subtalar nonunion.
Other complications occurred in addition to nonunion. One
patient required a transtibial amputation for vascular insuf-
ficiency in the early postoperative period; one developed a
stress fracture at the proximal tip of the nail that required
two separate exchange nailing procedures; one developed
plantar heel pain due to prominence of the nail; and one
patient required additional surgery for symptomatic hardware
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removal. Preoperative functional scores in Group II averaged
48.8 ± 14 for the AOFAS-AHS, 58.3 ± 14 for the MFS,
and 35.6 ± 6 and 45.8 ± 11 for the PCS/MCS portions of
the SF-36, respectively. Postoperative functional scores were
available for 10 of the patients with the patient undergoing
amputation and one other lost to followup not included. Mean
scores were 51.2 ± 17 for the AOFAS-AHS, 64.5 ± 14 for
the MFS, and 34.1 ± 7 / 46.4 ± 11 for the PCS/MC portions
of the SF-36, respectively. The difference between preopera-
tive and postoperative functional scores was found to not be
statistically significant, p > 0.05.

A summary of postoperative scores for both groups is
presented in Table 5. Group I patients generally achieved
higher postoperative scores than Group II patients but this
difference did not achieve statistical significance, p = 0.05.
The discrepancy in nonunions (one in Group I vs. five in
Group II) did achieve statistical significance, p < 0.05.

DISCUSSION

In certain situations, complications associated with total
ankle replacement can be addressed such that the pros-
thesis can be retained or successfully revised. Spirt et al.44

reviewed 306 consecutive Agility total ankle arthroplasties
and reported their experience managing complications asso-
ciated with ankle replacement. Despite a 28% rate of reop-
eration and a 5-year survival rate of 54% with reoperation
as the endpoint, only 2.9% of the prostheses could not be
salvaged. Despite the success of the authors in that study
achieving retention of the prosthesis, in many instances this
is not possible, particularly when the components are grossly
loose and bone stock has been compromised. In these difficult
situations, salvage of the lower extremity with conversion to
fusion has been the standard treatment.20,36,46

Conversion of the failed TAA to fusion poses two
fundamental challenges: how to manage the resultant bone
defect and how to achieve optimal fixation. Initial reports
of fusion for the failed total ankle replacement primarily
employed limited use of autogenic bone graft and external
fixation.9,11,20,36,46 The largest of the early reports was
published by Kitaoka and Romness.28 Their series of 38
failed Mayo total ankles remains the most extensive in
the literature today. Compression arthrodesis was performed
using external fixation in 36 cases and screws in two cases.
Malleolar resection, shortening, and primary bone apposi-
tion or simple autologous bone grafting were used in 31
patients. Thirty patients underwent isolated ankle fusion
and eight underwent ankle-hindfoot fusion. The authors
reported overall favorable outcomes with this approach. They
achieved an 89% union rate (four nonunions) and a 13% peri-
operative complication rate, excluding the nonunions. Eight
patients required reoperation. Clinically, 80% were satisfied
with their outcome, 67% reported no pain postoperatively,
and 57% had no activity restrictions. But the authors clearly
had concerns about using bone graft to maintain limb length.

In fact, two of their four nonunions occurred in patients with
larger bone defects in whom structural autologous iliac crest
bone grafting was performed. This experience led the authors
to recommend against more aggressive bone grafting tech-
niques aimed at preserving limb length.

A review of more recent reports demonstrates a definite
shift away from external fixation with continued variability
in the use of bone graft.3,10,12,13,23,25,33,48 Our approach is
unique in its aggressive use of structural allogenic bone graft
and use of exclusively internal fixation. The current study is
also distinguished by its inclusion of a comparable number
of both isolated ankle fusions as well as ankle-hindfoot
fusions. Our general approach to managing the bone defect
and achieving stability using internal fixation is summarized
below.

Addressing the bone defect: Group I
When a significant portion of the residual talus remains

intact and viable and the bone defect is small, nonstructural
cancellous bone grafting in addition to judicious shortening
of the limb is all that is needed to eliminate the defect. In
these cases, the ankle alone can be fused while sparing the
subtalar joint. This technique is the fastest and most techni-
cally straightforward, but we believe should be reserved for
relatively small bone defects (less than 2 cm) when some
degree of limb shortening will be acceptable to the patient.
Even if the loss of limb length is deemed to be acceptable,
attention must be paid to ensure that malleolar impingement
does not occur when the bone surfaces are impacted, which
may be a source of pain or impede correction of varus or
varus deformity. In our 12 patients who underwent isolated
ankle fusion, only two (of 12) were able to be treated using
this technique.

More frequently, the resultant bone defect was greater
than 2 cm and required structural bone grafting. The benefits
of structural grafting include the ability to reconstitute and
maintain limb length with preservation of normal musculo-
tendinous function as well as the ability to create a stable,
compression arthrodesis.7 Maintenance of limb length also
avoids the need for a postoperative shoe lift and prevents
malleolar impingement which can occur when the limb is
shortened. Ten of the 12 patients in Group I required struc-
tural bone grafting to adequately fill and stabilize the resul-
tant defect. Two (of ten) early patients underwent successful
isolated ankle fusion supplemented by tricortical autograft
iliac crest wedges as described by Campbell.9 This tradi-
tional bone grafting technique was effective in both cases
and remains a viable option. But concerns over potential
morbidity such as donor site pain, meralgia paresthetica,
muscle herniation, hematoma, infection, and fracture have
led the senior authors to almost completely abandon the use
of structural autograft.1,19,38,54

Subsequently, tricortical blocks (four of ten) cut from
either iliac crest or femoral head allografts or fresh frozen
distal tibial allografts (four of ten) also proved successful
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in helping achieve isolated ankle fusion after failed TAA.
Cancellous graft is frequently needed in combination with
these techniques to further address residual gaps between
the host bone and the wedges of allograft. Although no
discernible increase in nonunion has occurred with this shift
to allograft, one should note that the senior authors routinely
supplement the use of allograft bone with osteoinductive
materials such as platelet-rich plasma, demineralized bone
matrix, and bone morphogenetic protein.

Addressing the bone defect: Group II
The more challenging scenario occurred when the residual

talus was not suitable for isolated ankle fusion and conver-
sion to an ankle-hindfoot (tibiotalocalcaneal) fusion was indi-
cated. In these instances, large bulk allografts were usually
required and we employed primarily a technique involving
femoral head allograft placed into a spherical bed prepared
with acetabular reamers (Figure 6).

Similar techniques have been described previously, but
these reports utilized a transfibular approach and were
performed for a variety of indications other than failed
TAA.14,49 The technique described in the current report
differed in that it employed an anterior incision. This was
particularly useful when treating failed total ankle arthro-
plasty as the vast majority of TAA implants were inserted
through an anterior approach. Reusing this anterior approach
facilitated removal of the TAA components and allowed
significant correction of varus or valgus malalignment. The
anterior approach also spared the lateral malleolus which I we
believe improved rotational alignment, increasing the overall
stability of the construct, and helped avoid progressive valgus
malalignment.23

One limitation of the anterior approach was access to the
subtalar joint in cases that required ankle-hindfoot fusion. If
no residual talar body remained after implant removal and

Fig. 6: Postoperative sagittal CT scan demonstrating incorporation of a
fresh-frozen femoral head allograft across both the ankle and subtalar joints.

joint preparation, then the subtalar joint could be prepared
for fusion directly through the anterior incision. However, if
there was residual talar body, a separate sinus tarsi incision
sometimes was required for adequate preparation of this joint.
Only one patient in Group II initially underwent a separate
approach to the subtalar joint. In the four ankle-hindfoot
fusions that developed subtalar nonunion in our series, a
separate approach was not performed. When a separate
approach was performed during the revision procedure, a
successful fusion was achieved.

Other potential complications associated with the use of
large bulk allograft include fracture and disease transmis-
sion.35,38,50 Fracture of the femoral head did occur in one of
the nine patients treated in this manner in Group II. It was
successfully treated with cancellous bone grafting and plate
fixation. No patient developed an infectious complication
related to the use of allograft bone.

Fixation

In Group I, an anterior plate and cannulated lag screw
construct was extremely effective at achieving successful
tibiotalar fusion after failed ankle replacement. Only one
nonunion developed in Group I in a patient with JRA.
This nonunion likely was related to inadequate fixation.
A cannulated lag screw with anterior pelvic reconstruction
plate construct was used. This construct, while extremely
effective in achieving ankle arthrodesis in cases without
bone loss, may not be appropriate in the setting of failed
TAA. This case was successfully revised using a stronger
anterior plate without additional structural graft. Based on
our results, we recommend use of a stouter plate if using
any type of structural bone graft to fuse the ankle. Structural
grafts, particularly allografts, may require longer periods of
time for incorporation and may benefit from a more stable
plate construct.35,38 In this situation, we recommend using
either an AO spoon plate, AO ankle fusion plate, or large
fragment locking T-plate supplemented with cannulated lag
screws (Figure 7).

In Group II, even greater stability was required in light of
the allograft usually being larger and the fact that fixation
was required across both the ankle and subtalar joints. Of
the three constructs used to achieve ankle-hindfoot fusion
in Group II (nail, anterior plate, nail:plate), each demon-
strated the ability to achieve successful union. Interestingly,
no tibiotalar nonunions were encountered in Group II with
any of the constructs employed. However, the four subtalar
nonunions that occurred in Group II all occurred with use
of an intramedullary nail (Figures 8 to 10). The exact nature
of this relationship is unclear. Although axial compression
can be applied using modern intramedullary hindfoot nails,
this compression is not applied perpendicular to the posterior
facet of the subtalar joint. And the interlocking bolts used
in these hindfoot nails do not provide a lag effect across
the joint. This contrasts with the anterior plate and screw
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Fig. 7: Photograph demonstrating plates used for fusion when utilizing
structural allograft. (AO spoon plate, 4.5-mm AO Locking T-plate, AO
ankle fusion plate, side view of AO ankle fusion plate)

Fig. 8: Postoperative lateral radiograph of a failed TAA converted to
ankle-hindfoot fusion using an intramedullary nail and fresh-frozen femoral
head allograft. The nail has fractured due to nonunion of the subtalar fusion.

technique which allows placement of lag screws in a perpen-
dicular fashion across the subtalar joint.

While certainly these mechanical factors may contribute
to nonunion, subtalar preparation cannot be overemphasized
and we believe is likely the primary factor associated with
nonunion in this study. Based on our results, we recommend
a very low threshold for adding a second sinus tarsi incision.
This second incision is well tolerated and extends the case by
only 15 to 20 minutes. This minor technical modification may

Fig. 9: Sagittal CT scan of the same patient as in Figure 8 demonstrating
nonunion of the subtalar joint.

Fig. 10: Lateral radiograph of the patient from Figures 8 and 9 after
successful revision with conversion to an anterior plate and lag screw
construct.

significantly decrease the rate of subtalar nonunion regardless
of the implant used.

Outcomes

Despite successful fusion eventually being achieved in
23 out of 24 patients (one amputation) in this study,
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improvement in functional outcome as reflected by scores on
the postoperative questionnaires was often nominal. Group I
isolated ankle fusion patients did experience statistically
significant improvements in postoperative functional scores.
The results of isolated ankle fusion in our study are certainly
comparable to other studies of failed TAA’s converted to
ankle fusion. The 16 patients in Culpan’s study treated with
structural autograft and cancellous screws achieved a mean
postoperative AOFAS-AHS score of 70 compared to a mean
score of 67 in the current study.13 Moreover, our results
compare favorably with revision ankle fusions and approach
the scores reported in primary ankle fusions.18,21

Results were much less encouraging in the tibiotalocal-
caneal fusions of Group II where the average improvement
in functional score was only 2.4 and 5.9 for the AOFAS
and MFS scores respectively. Previous reports of tibiotalo-
calcaneal fusion have found similar results.26,34,35,37,40 These
rather disappointing results emphasize the salvage nature of
this procedure and also reflect the higher rate of complication,
particularly nonunion, in this group. Adequate preparation
of the subtalar joint using a second incision and achieving
direct compression across the posterior facet potentially can
decrease nonunions in these patients which may lead to
higher outcome scores.

CONCLUSION

In conclusion, we have presented the largest modern series
of failed total ankles converted to fusion. Our results establish
the efficacy of structural allograft in filling large bone defects
and demonstrate the ability to achieve union using several
techniques of internal fixation.

Unfortunately, despite successful eventual union, func-
tional improvement remained modest, particularly in the
tibiotalocalcaneal fusions. These patients converted to ankle-
hindfoot fusion also experienced a statistically significant
increase in nonunion, all of which involved the subtalar joint.
Use of a second incision to optimize subtalar joint prepara-
tion minimized this complication and may lead to improved
outcomes in this group.
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