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INTRODUCTION

Although primary degenerative disease of the ankle
is virtually unknown, rheumatoid arthritis, post-
traumatic degenerative disease, and osteochondritis
dissecans affect the ankle with some frequency.
When conservative treatment fails, the traditional
surgical approach for the severely debiiitated ankle
has been arthrodesis. Arthrodesis is not without its
disadvantages, however. Some of the problems
encountered with ankle arthrodesis include contin-
ued pain, pseudoarthrosis, and lengthy cast
immobilization.

In light of some of the repofied disadvantages
associated with ankle afthrodesis, along with the
success achieved with component arthroplasty in
other joints, effofis were focused on the develop-
ment of an ankle joint prosthesis. Surgeons have
been attempting to perfect an ankle implant since
Dr. Morlon Murdoc's trials in England in 1970 using
an invefied total hip prosthesis. Between 1970 and
1990, trials were conducted on more than ! designs
produced by a wide-range of orthopedic hip and
knee manufactures. A1l were working toward the
same basic objectives of elimination of disabling
joint pain, restoration of adequate motion, and
increasing patient function. However, 50o/o falltre
rates were reported after implantation periods of 5
to 24 months. It was difficult to design an ankle that
would duplicate hip and knee implant longevity.

Despite the failure of so many designs, three
surgeons continued their work in an effort to
perfect an ankle implant that could withstand the
force of 5 times the body weight sustained by the
ankle joint with each gait cycle. Frank Alvine, MD,
in South Dakota began his work in 1.979 and
implanted his first Alvine Agilityrll prosthesis in
7984. Hakron Koefod, MD began his work in the
mid 1970s and implanted his prosthesis, the
Scandanavi an T otal Ankle Replacement, (STARI') in
1981 in Copenhagen. Frederick Buechel, MD and

Michael Pappas, Ph.D. began their ankle prosthesis
design work in the early 1970s in NewJersey. They
were noted for their previous development of the
Low Contact Stress Total Knee (the New Jersey
Knee), which utilized a moveabie "meniscus" bear-
ing of ultra high molecular weight polyethylene
within the knee implant. They applied the move-
able bearing idea to their New Jersey Ankle (later
known as the Buechel-Pappas" Total Ankle), and
began implanting the three-piece ankle implant in
the late 7970s. Over the last 20 years, approxi-
mately 2000 ankles have been implanted
worldwide using these three prostheses.

EVOLUTION OF TOTAL
ANKLE PROSTHESES

Morrey et al. described certain guidelines that were
necessary for the ankle joint prostheses to function
successfully. These guidelines are as follows:

* The materials used should provide low-fric-
tion motion and sufficient strength to
withstand loads in excess of 5 times the body
weight.

* The afiicular surfaces should not be subiect to
excessive wear.

* The design should give stability, yet allow suf-
ficient motion for daily activity ( a minimum of
25 degrees sagittal plane motion

* A minimum amolrnt of bone and soft tissue

should be resected so that salvage is feasible
in the event of implant failure.

* The components should allow maximal sur-
face area contact between bone and the
prosthesis since contact 

^rea 
is inversely pro-

portional to contact stress.

The first generation of ankle prostheses was
based on a two-component system. These prosthetic
designs can be further categorized into two types,
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incongruent and congruent, based on the configura-
tion of their articulating surfaces. Congruent designs
included the Mayo Total Ankle Prosthesis, the
Imperial College London Hospital Total Ankle
Prosthesis, Oregon Total Ankle Prosthesis, and Smith
Total Ankle Prosthesis. Incongruent designs
included the University of California Irvine Total
Ankle Prosthesis, Newton Total Ankle Prosthesis,
and The Richards Total Ankle Prosthesis. \Thether
congruent or incongruent, the first generation two-
component designs subsequently failed due to a
variety of reasons, including poor-loading character-
istics, component loosening, instability, and lack of
sufficient range of motion. Therefore, the search for
a new design capable of encompassing all these
requirements began.

Following the success of the Oxford knee, a
similar three-component design incorporating a
meniscal element was developed for the ankle.
These second generation ankle prostheses possess
both metallic tibial and talar components. The tibial
component has a flat articulating surface while the
talar component incorporates a corresponding
articulating surface. Interposed between the two
metallic components sits a mobile bearing element,
termed the meniscal component. Composed of ultra
high molecular weight polyethylene, the meniscal
component articulates congruently with both the
tibial and talar articuTating surfaces.

Unlike the two-component designs, the three-
component designs permit both axial rotation and
gliding motion in mediolateral and anteroposterior
directions. Both axial rotation and gliding take place
at the tibial-meniscal interface while flexion-
exlension dominates at the talar-meniscal interface.
The floating meniscal component transfers compres-
sive forces to the talus via a large, congruent surface
area thereby improving wear properties and
eliminating shear forces. Shear forces are the direct
cause of component loosening and have been impli-
cated as the main source of ankle implant failures.

The addition of a meniscal bearing component
allows adjustment of the ligament tension following
implantation of the tibial and talar components. The
floating meniscus is maintained in proper position
between the tibial and talar components by the
integrity of the surrounding soft tissue structures.
This arrangement is further stabilized by a groove on
the talar component afiiculating with a dell in the
meniscal component (Buechel-Pappas*, Implant) or
an elevated ridge on the talar prosthesis gliding
within a groove on the plantar surface of the

meniscus (STAR" Impiant).
Although the stability of the floating meniscal

component has been questioned, Burge and Evans
found that this arrangement provided normal inter-
nal-external rotation and inversion-eversion
stability, however, the mean anteroposterior laxity
increased approximately two-fold. It was suggested
that this laxity may apply stress on the ligamentous
structures leading to ligament failure and subse-
quent implant failure. \X/hether this actually
transpires clinically remains unknown. Kofoed and
Danborg, in their series of 20 ankle replacements
utilizing a meniscal bearing design, demonstrated
that the anteroposterior laxity was not a detriment
to the good results they obtained.

A thtud approach to the total ankle prosthetic
design utilizes a semi-constrained two-component
implant with a polyethylene component secured
within the tibial component (Alvin Agiliqar{Ankle).
Implantation of this particular prosthesis also
involves tibiofibular syndesmotic fusion, thereby
allowing transfer of weight to the fibula. Syndesmotic
fusion is required for prosthetic success. This design
allows some axial rotation and medial-lateral transla-
tion of the talar component within the polyethylene
component. As with the three-component meniscal
designs, this implant incorporates a biological
ingrowth system for fkation.

BIOMATERIALS

The materials utilized in ankle ioint prostheses are
similar to those in hip and knee prostheses. The mate-
rials employed usually consist of titanium, stainless
steel, cobalt chrome alloys, and ultra high molecular
weight polyethylene. Each material possesses varying
strengths and mechanical characteristics.

Cobalt chromium alloys are extremely durable
and wear resistant but present difficulty in fabrica-
tion. Stainless steel possesses good surface-wear
properties at the expense of machinability.
Polyethylene, on the other hand, is flexible but does
not effectively distribute weight-bearing forces.
Therefore, in order to be a successful weight-
bearing component, the polyethylene must be of
sufficient surface area and thickness. The pairing of
stainless steel with high molecular weight
polyethylene provides lower shearing forces result-
ing in less weaE component loosening, debris
formation, and failure. This concept of low-friction
arthroplasty was initially described by Charnley in
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the design of a hip prosthesis. The stainless steel-
polyethylene combination possesses a coefficient of
friction of approximately 0.05, a low value that trans-
lates into reduced motion-energy requirements and
diminished loosening forces at the prosthesis-
bone interface. Interestingly, the shape of the poly-
ethylene influences its wear characteristics. The
wear of convex polyethylene has been found to be
approximately 2.5 times greater than that of concave
polyethylene. Since the talar component is usually
convex and the tibial component concave, the use
of polyethylene was generally limited to the talar
component in the two-component designs.

The first generation of total ankle prosthetic
components were typically cemented into place
utilizing polymethylmethacrylate. Unfortunately,
polymethylmethacrylate becomes brittle over time
and may eventually crack under shear and tensile
forces. Component loosening associated with
cemented implants is well documented and remains
the number one complication of total joint arthro-
plasty. Currently, there exist four published studies
comparing the success of cementless versus
cemented ankle prostheses. A11 four articles agreed
that cementless implants demonstrated less compo-
nent loosening and thus a higher sutwival rate. More
specifically, Takakura et a1. cited an 850/o sulival
rate over 74 years for cementless implants compared
to a 750/o rate found in cemented implants over the
same 74 year time interval. More encouragingly,
Buechel and Pappas found a 94.750/o sutwival rate
over a L0 year period utilizing a cementless,
meniscal-bearing design.

Cementless implants utilize a porous surface
capable of inducing a living ingrowth of tissue and
bone. The concept of a porous ingrowth system
was originally investigated in the field of plastic
surgery in the 1960s. The use of biologic fixation in
ankle implants offers the advantage of continual
bone remodeling for long-term component
adherence. Concerns with porous-coated prosthe-
ses include long-term changes in medullary canal
dimensions, metallic ion release to adjacent tissues,
and the ease of retrieval in the event of failure.

INDICATIONS AND
CONTRAINDICATIONS

The indications for total ankle arthroplasty have
been heavily debated. Total ankle athroplasty in
general, is indicated when conservative treatment

fails, in the event of failed ankle arthrodesis, and
when ankle joint destruction is secondary to
rheumatoid afihritis, post-traumatic degenerative
joint disease, and in some cases of avascular
necrosis of the talus. Although rarely undertaken,
total ankle joint replacement is possible in some pre-
viously fused ankles. Currently, fusion take-downs
are possible only with the Buechel-Pappas'n' ankle
implant. In addition, the distal fibula must be intact.
There is general agreement that ankle arthroplasty is

indicated in rheumatoid arthritis. The poor results of
ankle arthrodesis in rheumatoid patients coupled
with the low functional demands make total ankle
replacement a possible alternative.

Total ankle arthroplasty in cases of degenera-
tive joint disease is not advocated in the first
generation two-component prostheses. Stauffer
reported that the healy demands inflicted on the
prosthesis by this pafiicular group of patients
disproportionately increased the risk of failure, and
therefore it should be avoided. Since a number of
clinical studies have demonstrated a direct relation-
ship between success rates and patient age, ankle
arthroplasty has been limited to patients over the
age of 60 with degenerative joint disease. In
contrast, degenerative joint disease is considered
an unequivocal indication for total ankle replace-
ment with the three-component, meniscal-bearing
prosthesis. In a study involving the STARN total
ankle prosthesis, Kofoed and Sturup observed no
difference in implant survival rates between
rheumatoid arthritis patients and those with
degenerative joint disease.

Two other possible indications include avascu-
lar necrosis of the talus and failed ankle fusion. As
in fusion take-downs, only the Buechel-Pappas'"'
prosthesis may be used in A\N patients. This is

because the Buechel-Pappas" ankle has a specific
thick talar component for the A\N talus. Because of
the bone deficit associated with these two condi-
tions, it is customarily felt that ankle replacement is
not feasible. However, based on accolr[nodations
built into Buechel-Pappas'' prostheses, an ankle
implant may be possible in the event of significant
bone loss with this specific design. Absolute con-
traindications to ankle afihroplasty include active
infection, unaddressed ligament instability, neuropa-
thy, vascular insufficiency, and neuromuscular
disease with spasticity or paralysis.
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CURRENTLY USED DESIGNS

The Aluin Agiktyr* Ankle Prostbesis
The Alvin Agilige' ankle prosthesis (DePuy, \7arsaw,
Indiana) is a tlvo-component semi-constrained
implant. (Fig. 1) The hallmark of this design involves
simultaneous afihrodesis of the tibiofibular syndesmo-
sis in order to increase stability of the components as

well as allowing transfer of weight to the fibula. The
tibial component is composed of trtanium with a poly-
ethylene element secured inferiorly to artrculate with
the talar component. The cobaltchromium talar com-
ponent is designed with the anterior pofiion wider
than the postenor, theoretically making the ankle
more stable in dorsiflexon.

Figure 1. The Alvin Agility,.'Ankle prosthesis

Both components are biologically fixated
utilizing a porous coating of hydroxyapatite. The
tibial component is coated along the entire superior
pofiion in addition to both medial and lateral sides.
This large surface area for bone ingrowth allows
fixation of the tibial component with rhe medial and
lateral malleoli. The talar component is coated only
on its inferior surface. The semiconstrained nature of
the design allows mediallateral translation of the
talar component within the polyethylene element of
the tibial component as well as some axial rotation.
The prosthesis allows a theoretical 60 degrees of
sagittal plane motion. The Alvin Agiligr'", ankle
prosthesis is available in 3 sizes and comes in spec-
ified left and right implants.

In a study of 100 consecutive Alvin Agiliq;.,

ankle replacements, the clinical results of the
prosthesis were found to be encouraging. The
follow-up time ranged from 2 to 72 years with an
average of 4.8 years. Clinical results were evaluated
on the basis of patient satisfaction, pain relief, and
functional improvement. Pain relief was used as the
main criterion of success. Of the 82 patients
available for follow-up, 790/o were exremely satis-
fied with the procedure, 730/o were satisfied, 4o/o

were indifferent, and 40/owere unhappy. Ninety-five
percent of the patients stated that they would have
the procedure performedagain, and95o/o stated they
would recommend it to a friend. Pain relief was
experienced by 980/o of the patients. Eighty-three
percent of the patients repofied not needing afiy
pain medication for the ankle during the follow-up
period whlle 770/o regularly required pain medica-
tion. Interestingly, the patients who had the
procedure performed for posttraumatic osteoarthritis
reported significantly more pain following the
procedure when compared to patients with primary
osteoafihritis or rheumatoid afihritis.

Functional improvement was reported in 73o/o

of the patients. The sagittal plane range of motion
following the procedure averaged 35 degrees. Fifty
percent of the patients were noted to have an
equinus deformity. Forty-five percent of the
patients reported difficulty with stair climbing,
however, only 27o/o attributed this to the ankle
while 730/o blamed other problems.

Radiographic analysis of the prosthesis was
performed in 98 of the ankles. Sl-r1y-two percent had
a successful fusion of the syndesmosis, whlle 29o/o

had a delayed union, and 9o/o had a non-union.
Ballooning lysis at the interface between the bone
and the tibial component was significantly higher in
those ankles with a delayed union or nonunion.
Similarly, tibial component migration was more
prevalent in ankles with a delayed union or
nonunion. Therefore, it was concluded that success-
ful fusion was related to tibial component stability.
Pain relief, on the other hand, was not linked to
successful fusion of the syndesmosis, but instead
affected by the position of the tibial component.
Tibial components placed in greater than 4 degrees
of valgus were significantly more painful.

Complications included tibial component
fracture, talar component loosening or malposition,
persistent pain, superficial wound infections, and
decreased sensation along the superficial peroneal
nelve. Revisions were performed in instances of
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Figure 2. Intraoperxtive view of implant place-
ment.

component fracture, loosening, or malposition.
Persistent pain necessitated removal of the implant.
Superficial wound infections resolved with antibiotic
therapy, while diminished sensation did not cause a

functional problem.
Operatiue Technique. The patient is positioned

supine with a thigh tourniquet. An external fixator is

applied to the medial aspect of the ankle to aid in
joint distraction and to facilitate joint alignment.
Following inflation of the thigh tourniquet, an
incision is placed on the anterior aspect of the ankle

ioint, between the tibialis anterior and extensor
hallucis longus tendons. The incision is carried
down to the ankle joint capsule, which is then
incised longitudinally. The tibia is exposed
subperiosteally distally, as well as medially and
lateraliy. The exlernal fixator is used to distract the
joint and any varus or valgus malalignment is then
corrected.

A separate second incision is placed anterolat-
erally to approach the syndesmosis. The anterior
tibiofibular ligament is reflected, the syndesmosis
distracted, and its soft tissues removed. An align-
ment iig is secured to the tibia to facilitate removal
of bone from the distal tibia and talar dome. A11

cafiilaginous surfaces are removed from the ankle
joint, including the lateral malleolus. The tibial and
talar components are then placed in the proper
position. (Fig. 2) Bone obtained from the resected
articular surfaces is placed in the syndesmosis and
the syndesmosis stabilized with lag screws. Overall,
approximately 10mm of the distal tibia, approxi-
mately 50o/o of the medial malleolus, approximately

Figure l. A 66-year-old female patient at 1 year postoperative.

Figure 4. The Buechel-Pappas'n' Total
Ankl< Prosthesis.

500/o of the lateral malleolus, and the dome of the
talus are removed. The external fixator is removed,
the skin closed, and dressings applied. This is fol-
iowed by application of a shotJeg posterior splint
with the foot in neutral position The patient remains
non-weightbearing in the splint for 6 weeks. (Fig. 3)

Buechel-Pappas* Total Ankle Prosthesis

The Buechel-Pappasrn' prosthesis (Endotec, South
Orange, NJ) consists of titanium alloy tibial and talar
components with an ultra high molecular weight
"meniscal" element interposed between them.
(Fig. 4) The tibial component possesses a 7 degree
anterioriy inclined short fixation stem superiorly and
a flat loading plate inferiorly. The talar component
incorporates a conv€x superior surface with a

central trochlear groove and lwo anchoring fins
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inferiorly for fixation to the talus. The meniscal
element afiiculates congruently with both compo-
nents via a flat surface superiorly and an inferior
surface that perfectiy matches the curved trochlear
surface with its central groove. Both the tibial and
talar components are biologically fixated by means
of titanium nitride coated porous beads. The pros-
thesis is available in 5 sizes.

Operatiue Technique. The patient is positioned
supine with a sandbag under the buttock of the
affected side. Following exsanguination of the limb,
a thigh tourniquet is inflated. A linear incision is
made on the anterior aspect of the ankle between the
tendons of the tibialis anterior and extensor hallucis
longus. The incision is deepened down through the
subcutaneous tissue with care being taken to protect
the superficial peroneal nerve. The superior and
inferior exlensor retinaculum are identified and
incised and the incision caried down to the bone of
the tibia and talus. The periosteum from the tibia and
talus is reflected, and the ankle joint exposed.

The level of tibial pathology is derermined by
visual inspection and the Tibial Marking Osteotome
is placed parallel to the afiicular surface and
centered on the tibia. The Tibial Marking Osteotome
is impacted to mark out and begin the cut on the
distal tibia. The Tibial Resection Guide with its 7
degree inclined cutting surface is placed on the
previously marked tibial cut and pinned into place.
A power saw is used to complete the transverse cut
parallel to the araicuTar surface, with care being
taken not to undercut the medial malleolus or injure
the posterior neurovascular bundle. The vertical cuts
are completed with a smaller saw blade or
osteotome. Posterior bony fragments are removed
with curettes or a pituitary rongeur.

The Tibial \Tindow Osteotome is used to
fashion an anterior cofiical window in the distal tibia
for introduction of the Tibial Component Fixuring
Stem. The Base Plate of the Tibial Window
Osteotome is placed over the previous tibial resec-
tion surface and centered over the talus. The
osteotome is impacted to outline the cortical
window. A power saw is used to complete the cuts
down to the center of the tibial shaft in the lateral
plane. The cortical window is removed and placed
in a blood-soaked sponge for later reinsertion. A
curette is used to deepen the central channel in the
tibial canal to a 1- inch depth.

The Tibial Trial is inserted and should sit with
the Base Plate flush against the tibial cut and the
stem should be snug in the central channel. The

talar cuts are then performed beginning with the
talar sulcus. A 10 mm spherical burr is used to fash-
ion an anterior-to-posterior central sulcus in the
talus. The Talar Sulcus Rasp ensures adequate
depth and width to allow the undersurface of the
talar component to fit adequately.

Once the sulcus is completed, the Talar Slot
Burr is used to prepare the talar component fkation
channels. The foot is plantarflexed to ensure the
posterior cuts are even. The depth of the fixation
channels is checked with the Talar Channel Depth
Template. An alternative method is to use a
reciprocating saw to fashion the channels. The Talar
Component Trial is then used to assure a good fit.
The anterior edge of the rrial should be even with
the anterior edge of the tibia and should lie in the
same coronal plane.

A11 three trial components are then inserted to
ensure adequate fit. The Tibial Trial Component is
first inserted, followed by the Talar Trial
Component. The Bearing Trial is then insefted. The
bearing inserted should match the size of the talus
and should be a maximum thickness as long as it
does not restrict sagittal plane motion. Once the
sizes have been determined, the Tibial Component
is implanted first. Bone graft can be packed around
the stem to ensure a snug fit. The tibial impactor is
used to seat the stem firmly into the channel. The
base plate must be flush with the tibial surface.

The Talar Component is then inserted. Again,
bone graft can be used in the fixturing channels and
the talar impactor seats the component onto the
talus. The bearing is then insefied with the wider
side faced anterior. Good distraction of the foot is
necessary to be able to insert the bearing. After all
components are in place, the tibial bone window is
replaced into its original position after it is trimmed
to the appropriate size. More graft may be used if
the bone window does not wedge into the tibia.
(Fig. 5) The wound is then closed in lavers over a
suction drain. Non-absorbable deep sutures are used
to minimize wound healing problems and the
patient is maintained in a non-weightbearing short
leg cast for six weeks. (Fig. 5)

Scandinaviafi Total Ankle Replacement
(START")

The STAR" (Link, Germany) is another three-
component designed prosthesis. The tibial and talar
components are made of a Chromium-Cobalt alloy.
The tibial component has a double stem fixation
system with a fTat articulation surface. The talar
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Figure 5. Intraoperative vien, of the completcd
Ruecl-rel-Pappaslu prosthesis.

component has a cylindrical lalar cap and single
stem for fixation. The articulating surface of the
laTar cap has a central rib running anterior to
posterior which guides the meniscus. The meniscus
is made of high-density polyethylene and has a
central groove on its undersurface that glides with
the talar component. (Fig. 7)

Operatiue Tecbnique. An anterior approach is
utilized similar to the Buechel-Pappas technique.
Once the tibia and talus are visualized, the tibia is
first prepared. A tibial saw guide is used to resect
the distal 5 mm of the tibia leaving the medial and
lateral ma11eoli intact. \7ith this same saw guide in
place, a 4 mm sizer is added to resect the talar
dome surface. The suitable talar saw guide is then
anchored and the medial and lateral surfaces of the
talus are resected. A second talar saw guide is used
to resect the sagittal and frontal segments. Next a
groove for the talar fixation stem is created with a

3 mm drill and a milling template.
The tibial cylindrical stem holes are then pre-

pared with a tibial drill guide. Once the implant
sites on the tibia and talus are complete the talus
cap is first implanted. The tibial component is
inserted and the meniscus size is determined and
inserted. (Fig. B) The two most impoftant steps in
the START*'procedure are: make certain that as you
drill the two anchoring holes on the tibia, you
"aim" the drill bit cephalad so that the drillwill not

Fig,rre 6. Postoperative x-ray

Figure 7. The Scandinar.ian Total Ankle
(STAR'")

Figure 8. Diagram showing the placement of the
impiant,
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slide distally towards the plafond, and the talar
component must be placed posterior enough on
the talus to be aligned directly under the tibia,
centered. Most STARI"'failures are because the tib-
ial plate rods are not seated securely in the tibia
due to the drill holes or the talar component is
seated too far anterior. (Fig. 91

CONCLUSION

Osteoarthritis and rheumatoid arthritis of the ankle
are very painful and debilitating. Many patients suf-
fer to the extent that they even request an
amputation. To date, arthrodesis of the ankle has
been the only viable alternative for treatment, and
yet it is not without complications of its own. With
the advent of the current generation of ankle
implants, there is new potential and promise for
the patient with a chronic, painful ankle joint. Vith
appropriate training O.surgeons can now offer the
total ankle implant as a viable treatment option to
these patients.

Figlre !. Postoperative view. Note the correct
alignment of all three components.
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