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Abstract

The primary goals of finger joint ar-
throplasty are to alleviate pain, re-
store stability, and preserve or en-
hance motion. Early digital implants,
such as the Vitallium cap for arthro-
plasty of the metacarpophalangeal
(MCP) and proximal interphalangeal
(PIP) joints,1 were developed with
concepts similar to those used in suc-
cessful implant arthroplasty of the
lower extremity. However, finger to-
tal joint arthroplasty has been slow
to develop, primarily because of ear-
ly design failures. The Swanson
hinged Silastic spacer is the most
commonly used implant for PIP and
MCP joint reconstruction, particular-
ly for patients with rheumatoid ar-
thritis, in whom 90% 10-year survi-
vorship has been reported.2,3

In 1959, Brannon and Klein1 pub-
lished the results of the first series of
a digital total joint replacement. They
reported encouraging results with a

hinged prosthesis initially indicated
for the severely traumatized PIP joint.1

Two years later, Flatt4 reported on the
use of a more rotationally stable mod-
ification of the Brannon prosthesis for
the rheumatoid MCP joint.5 These first-
generation hinged designs failed be-
cause of a nonanatomic center of ro-
tation, a high coefficient of friction at
the hinge mechanism, metallic implant
debris, and, ultimately, breakage.6,7 The
second generation of hinged prosthe-
ses had a ball-and-socket design, with
the intent of allowing adduction and
abduction in addition to flexion and
extension.6 These metal-on-plastic
MCP joint designs included the
Griffiths-Nicolle, the Schetrumpf, the
Steffee, the Walker, and the Schultz.
These implants were fraught with
complications, including proximal
phalangeal component failure, hyper-
trophic bone formation, poor motion,
and instability.7,8

In 1979, Linscheid and Dobyns9 de-
veloped a prototype of a PIP joint pros-
thesis, which they called surface re-
placement arthroplasty, that was
intended to preserve the collateral lig-
aments and thus unload the compo-
nent stems. Other MCP and PIP joint
designs were subsequently developed,
including the Keesler, the Hagert, and
the Sibly-Unsworth.5,6 Recent design
modifications and longer follow-up
of these early prototypes has gener-
ated continued interest in anatomic,
minimally constrained PIP and MCP
joint designs. Other new European
designs, such as the Saffar (Dimso
SA, Mernande, France), the Digitale
(Procerati, Paris, France), the WEKO
Fingergrundgelenk (Implant-Service,
Hamburg, Germany), and the DJOA3
(Landos, Malvern, PA), were devel-
oped to improve intramedullary fix-
ation rather than anatomic configu-
ration of the articular surfaces.7,10,11
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Prosthetic replacement in the hand must address such unique challenges as pres-
ervation of the collateral ligaments, tendon balancing, and stability. Some recently
developed implant arthroplasties of the metacarpophalangeal and proximal inter-
phalangeal joints have anatomically designed articular components; others have non-
cemented, press-fit, carefully contoured intramedullary stems. The rationale behind
developing the unlinked or semiconstrained prosthesis with anatomic geometry is
that it would create balanced forces across the joint. Low-profile, anatomically de-
signed implants limit the amount of bone removed and preserve the integrity of the
collateral ligaments. A metacarpophalangeal joint implant with an elliptical meta-
carpal head and a nonfixed center of rotation can enhance stability in flexion through
greater articular contact. A proximal interphalangeal joint implant that preserves
the collateral ligaments also can achieve improved stability. Component loosening
is not an early complication with these recent designs, and arc of motion is satisfactory.
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PIP Joint Implant
Arthroplasty

The principal shortcoming of previ-
ous metallic, metalloplastic, and single-
component polymeric plastic-hinged
designs was the amount of bone re-
section required for implantation. The
extent of resection frequently violated
the origin and insertion of the collat-
eral ligaments. The two primary sta-
bilizing factors of the PIP joint are the
bicondylar geometry of the articula-
tion and the collateral ligaments.12,13

The extensor mechanism also may be
considered a stabilizer.12,13 In the ab-
sence of the two primary stabilizers,
the stems of the monoaxial-hinged de-
sign of the first-generation PIP joint
arthroplasty bore high loads, which
frequently resulted in loosening, cor-
ticalpenetration,andsubsidence.1,4-6,12,14

Subsequent hinged or fully constrained
linked designs were unable to ame-
liorate these shortcomings.

The natural flexibility of the Swan-
son Silastic spacer offers greater lon-
gevity compared with previous
metallic-hinged designs. The hinge
resists prolonged cyclic loading but
is prone to fracture at the stem-hinge
junction. However, these implants
continue to function after breakage in
rheumatoid patients. The Swanson

Finger Joint Implant (Wright Medical
Technology, Arlington, TN) is the
most commonly used PIP joint arthro-
plasty device, but it is generally not
recommended for the index or long
fingers of active individuals.9,15 The
generous resection of the proximal
phalangeal head required by the
Swanson Silastic spacer sacrifices the
radial and ulnar collateral ligaments
of the PIP joint. Resection of the col-
lateral ligaments leaves the Silastic
implants of the index and long dig-
its vulnerable to pinch stresses. Ex-
ternal pinch forces of 70 N are con-
sidered normal, with resultant forces
on the PIP joint postulated to be as
high as six times the externally ap-
plied force.6 A successful arthroplas-
ty must be able to sustain these trans-
mitted forces.

Therationalebehindnew-generation
arthroplasty of the PIP joint is that a
minimally constrained, unlinked pros-
thesis with an anatomic center of ro-
tationwouldbalanceforcesactingacross
the joint. In theory, preservation of bone
stock and collateral ligaments lends
enhanced stability to the arthroplasty
beyondthatwhichcanbeaccomplished
withaSilasticspaceralone.Also,greater
durability can be expected compared
with earlier hinged designs. The an-
atomic configuration, in combination

with retention of the collateral liga-
ments and PIP joint capsule, should
reduce axial torque from the bone-
prosthesis interface.12 Ash and
Unsworth16 demonstrated that an an-
atomically designed PIP joint surface
replacement arthroplasty could with-
stand pinch force >65 N. They also
showed that an ultra-high–molecular-
weight (UHMW) polyethylene mate-
rial for both weight-bearing surfaces
could produce wear rates similar to
those of metal-on-polymer.16

The SR PIP Finger Prosthesis
(Avanta, San Diego, CA) has a
stemmed, bicondylar proximal pha-
langeal component milled from cobalt-
chromium (CoCr). The middle pha-
langeal component of this PIP joint
implant is machined from UHMW
polyethylene, which is supported by
a thin titanium backing and stem. The
articular surfaces of the components
are congruent. Both components have
stems designed to fit the internal con-
tours of the medullary canal. The low-
profile design of the PIP joint surface
replacement arthroplasty reduces the
amountofboneremovedandpreserves
the integrity of the lateral collateral
ligaments (Fig. 1). Four different sizes
have been made of each component.
The PIP joint surface replacement im-
plant is approved for revision arthro-

Figure 1 A, Titanium-backed UHMW polyethylene middle phalangeal (left) and bicondylar CoCr proximal phalangeal (right) components
of the SR PIP Finger Prosthesis. (Reproduced with permission from Avanta, San Diego, CA.) Anteroposterior (B) and lateral (C) postop-
erative radiographs of PIP joint surface replacement arthroplasty for posttraumatic degenerative arthritis of the PIP joint. Notice the titanium-
backed, second-generation middle phalangeal component.
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plasty of the PIP joint, for arthroplasty
in the painful osteoarthritic PIP joint,
and for the posttraumatic arthritic PIP
joint. This prosthesis seems less de-
sirable in settings of pronounced bone
loss or when the collateral ligaments
are missing or incompetent.

Other recent PIP joint arthroplas-
ty designs include the Saffar, the
Digitos (Osteo AG, Selzach, Swit-
zerland), the DJOA3, and the WEKO
Fingergrundgelenk prostheses. Al-
though labeled semiconstrained by
their manufacturers, the DJOA3 and
Saffar prostheses have a prominent
stabilizing midline crest between the
proximal and distal components. No-
tably, the DJOA3 (Fig. 2) does not re-
quire preservation of the collateral lig-
aments and is composed of a stainless
steel proximal component and a
polyethylene distal component. The
Saffar is a similarly designed, nonce-
mented semiconstrained titanium-
polyethylene prosthesis.7 The Digitos
prosthesis (Fig. 3) is a modular, fully
constrained second-generation PIP
joint prosthesis specifically designed
for unstable joints without collateral

ligaments. Similarly, the WEKO Fin-
gergrundgelenk prosthesis is a con-
strained design that fits into in-
tramedullary bone sleeves (Fig. 4).

Technique
Several surgical approaches, in-

cluding the dorsal, lateral, and pal-
mar, have been used during the evo-
lution of PIP joint arthroplasty.12

Unique difficulties can occur with
each approach because important
structures must be sacrificed or in-
cised during the exposure. The cen-
tral slip is vulnerable with the dor-
sal approach. The collateral ligaments
are at risk with the traditional lateral
approach. The volar plate and the
flexor tendon sheath are at risk with
the palmar approach. Linscheid et
al12 reported an increased incidence
of late swan-neck deformities in pa-
tients undergoing PIP joint surface re-
placement arthroplasty when the pal-
mar approach was used. In contrast,
Lin et al17 reported no instances of
swan-neck deformity or flexor tendon
bowstring in 69 silicone arthroplas-
ties using the palmar approach.17 The
approach preferred by Linscheid et
al12 for the PIP joint surface replace-
ment is the modified dorsal approach
described by Chamay,18 which offers
a generous exposure of the PIP joint
through a distally based triangular
flap of the extensor mechanism (Fig.
5). Before entering the joint, thin rem-
nants of the dorsal PIP joint capsule

are incised. The radial and ulnar col-
lateral ligaments are protected using
small Homan retractors. Judicious
placement of these retractors brings
the base of the middle phalanx into
full view.

For any type of PIP joint arthro-
plasty performed through a dorsal ap-
proach, an osteotomy of the base of
the middle phalanx is done through
the subchondral bone, perpendicular
to the long axis of the phalanx. The
collateral ligament insertion should
be protected during the osteotomy, al-
though a small portion of the inser-
tion may need to be undermined.19

Minamikawa et al13 have shown in a
cadaveric model that the PIP joint re-
mains stable even after half of the col-
lateral ligament substance is removed.
After preparation of the middle pha-
lanx base, an osteotomy of the prox-
imal phalangeal head is done using
a microsagittal saw.Asmall bur is used
to shape the resected proximal pha-
langeal head to accept the desired
prosthetic device. The proximal and
middle phalanges are appropriately
broached, and trial components are
inserted. The permanent components
are implanted once sizing for best fit
is completed. Polymethylmethacrylate
in a semifluid state is used for the
Avanta SR PIP Finger Prosthesis, but
many of the other new-generation de-

Figure 2 The DJOA3 PIP (top) and MCP
(bottom) joint prostheses. (Reproduced with
permission from Linscheid RL: Implant ar-
throplasty of the hand: Retrospective and pro-
spective considerations. J Hand Surg [Am]
2000;25:796-816.)

Figure 3 The Digitos PIP joint prosthesis.
(Reprinted with permission from Linscheid
RL: Implant arthroplasty of the hand: Retro-
spective and prospective considerations.
J Hand Surg [Am] 2000;25:796-816.)

Figure 4 The WEKO Fingergrundgelenk
prosthesis. (Reprinted with permission from
Linscheid RL: Implant arthroplasty of the
hand: Retrospective and prospective consid-
erations. J Hand Surg [Am] 2000;25:796-816.)
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signs are press-fit. Rehabilitation is ini-
tiated by postoperative day 5 in most
cases. A dynamic extension splint is
applied for 4 weeks, permitting ac-
tive flexion and dynamic extension.

Results
The Swanson silicone implant is

the most studied prosthesis for recon-
struction of the rheumatoid PIP joint.
Ashworth et al2 reported on PIP joint
silicone implants at an average
follow-up of 5.8 years. Pain was not
present in 67% of joints, and prosthe-
sis survivorship was 81% at 9 years.
The mean postoperative arc of motion
was 29°, compared with a preoper-
ative mean of 38°. Complications in
this series were negligible. Lin et al17

reported on 69 silicone PIP joint spac-
ers (48 with primary or posttraumat-
ic osteoarthritis) at a mean follow-up
of 3.4 years. Mean postoperative
range of motion was 46° compared
with 44° preoperatively. There were
12 joints with complications.

In 1997, Linscheid et al12 published
initial results for the SR PIP Finger
Prosthesis. Sixty-six joint surface re-
placement arthroplasties were insert-
ed, mostly in patients with osteoar-

thritis. There were 32 good results, 19
fair, and 15 poor at a mean follow-up
of 4.5 years. This series combined re-
sults from several generations of the
evolving surface replacement design.
Arthroplasties performed through a
dorsal approach yielded better results
than those done through a lateral or
palmar approach. Complications, in-
cluding instability, ulnar deviation,
swan-neck deformity, flexion contrac-
ture, tenodesis, and joint subluxation,
occurred in 19 of the 66 arthroplas-
ties. No components showed evi-
dence of loosening. Range of motion
at follow-up averaged from −14° ex-
tension to 61° flexion. The postoper-
ative arc of motion was 41°, an im-
provement of 12° over preoperative
motion.

To date, published results are not
available for the Saffar and Digitos
prosthetic devices. Condamine et
al10 reported the results of the DJOA3
implant (Fig. 2), which they consider
a third-generation PIP joint prosthet-
ic device. These results suggest sat-
isfactory function in 110 implanted
prostheses with only 3% loosening.
However, 80% of the patients in this
series had been followed for <1 year.

MCP Joint Implant
Arthroplasty

Stability, recurring deformity, loosen-
ing, and tendon balancing are the pri-
mary challenges facing the design of
a replacement for the MCP joint.5,20

A common problem in MCP total
joint designs has been the appropri-
ate location of the center of rotation
for the metacarpal head compo-
nent.5 Incorrect placement of the cen-
ter of rotation hinders joint flexion
and extension. If the center of rota-
tion of an MCP joint prosthesis is
placed too dorsal, digital extension
becomes difficult but flexion is en-
hanced. Placement of the center of ro-
tation in a palmar direction may lim-
it digital flexion but may enhance
digital extension.5 In the native joint,
the center of rotation of the MCP joint
in relation to the metacarpal head is
not fixed because the sagittal contour
of the head is elliptical. The move-
ments of the normal MCP joint pro-
duce both abduction and adduction,
along with some rotation.21 Finally,
three-dimensional models of the
hand have shown that internally
transmitted compression joint forces
can range to as high as six times the
externally applied pinch force.21 The-
oretically, the design of a prosthetic
joint would be superior if the design
closely approached the normal ana-
tomic configuration. Such a design
would allow the sliding and rotation-
al movements typically observed.
However, shortcomings of an ana-
tomically configured design are the
potential for instability or sublux-
ation, particularly when ligamentous
incompetence is present.

The MCP PyroCarbon Total Joint
Prosthesis (Ascension Orthopedics,
Austin, TX) is an unlinked MCP joint
implant. The pyrolytic carbon coat-
ing is applied to a high-strength
graphic substrate to create an implant
that is highly compatible with living
tissue.22 The components have offset
intramedullary stems, which support
hemispheric articulating surfaces

Figure 5 Chamay approach to the PIP joint, with distally based flap of extensor mechanism
raised to expose the joint. (Adapted with permission from Avanta, San Diego, CA.)
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(Fig. 6). The offset intramedullary
stems presumably help neutralize ul-
narly directed forces. These articulat-
ing surfaces resemble, but do not an-
atomically replicate, the metacarpal
head and the articular base of the
proximal phalanx. The implant is
very effective in implant-bone load
transfer because of an elastic modu-
lus similar to that of cortical bone.22

The pyrolytic carbon material has
been shown to be very stable in a pri-
mate model, producing no wear, wear
debris, or inflammatory reaction. The
low profile of the MCP PyroCarbon
Total Joint Prosthesis is designed to
preserve the collateral ligaments.

Based on the same design concepts
used for the development of the SR
PIP Finger Prosthesis, the SR MCP
Finger Prosthesis (Avanta) is a min-
imally constrained, unlinked design
that attempts to reestablish the ana-
tomic geometry of the metacarpal
head. The metacarpal component is
made of CoCr; the proximal phalanx
component is manufactured of
UHMW polyethylene (Fig. 7). The
metacarpal head component is ellip-
tical in an attempt to approximate the
changing center of rotation in the nat-
ural MCP joint. Furthermore, the
metacarpal head prosthesis has vo-
lar flanges, thereby enhancing surface
contact in flexion. This enhanced con-

tact in flexion increases radioulnar
stability.19 This prosthesis has been
designed to help compensate for the
soft-tissue imbalance often encoun-
tered at the MCP joint in the rheuma-
toid patient. The dorsal lip of the
proximal phalangeal component has
been extended to prevent palmar sub-
luxation of the joint. Additionally, the
metacarpal component has a central
raised portion designed to inhibit ul-
nar drift. The metacarpal head also
is offset radially on its stem to help
decrease ulnarly directed moments.7

Perhaps more important than any
other stabilizing design feature, the
low-profile nature of the prosthesis
retains the origin and insertion of the
collateral ligaments. Therefore, the
MCP joint surface replacement ar-
throplasty ultimately may be appro-
priate for both osteoarthritis and
rheumatoid arthritis. However, cer-
tain conditions encountered in pa-
tients with rheumatoid arthritis, such
as severe bone erosion and collateral
ligament incompetence, may create
limitations for the use of this device.

Several other MCP joint prosthe-
ses recently have been developed. The
Saffar implant is a noncemented, semi-
constrained titanium-polyethylene
MCP joint prosthesis with a central
articulating crest for stability. The Digi-
tale MCP prosthesis has titanium-
coated, anatomically shaped, stainless
steel press-fit stems designed to stim-
ulate bony ingrowth. The Mathys
MCP RM Finger System (Mathys, Bett-
lach, Switzerland) uses a polyacetal-

resin proximal component and a poly-
ester distal component. This prosthesis
has the unique feature of a screw-
expanded intramedullary fixation for
enhanced intramedullary fit21 (Fig. 8).
The DJOA3 MCP joint implant (Fig.
2) studied by Condamine et al10 has
a spherical stainless steel head and a
cylindrical polyethylene proximal pha-
langeal component.

Technique
For a single-digit arthroplasty, the

extensor mechanism of the MCP joint
is exposed under tourniquet control
through a longitudinal incision. If mul-
tiple joints are to be replaced, a trans-
verse incision is preferable. The ex-
tensor mechanism is dissected in such
a way that relocation can be accom-
plished at the time of wound closure.
In most situations, it is possible to pre-
serve and imbricate the sagittal bands
separately from the dorsal MCP joint
capsule. In patients with rheumatoid
arthritis, it is necessary to do this to
correct digital ulnar drift. Some sur-
geons prefer to incise the extensor
mechanism along its radial border to
imbricate the extensor tendon on the
radial sagittal band. This can be com-
bined with an incision along the ul-
nar border of the extensor tendon to
facilitate radial mobilization of the ex-
tensor tendon, especially in the con-
tracted state. Alternatively, the exten-
sor mechanism can be incised along
its ulnar border, and the extensor ten-
don can be centralized by creating a

Figure 6 The MCP PyroCarbon Total Joint
Prosthesis. (Reproduced with permission
from Ascension Orthopedics, Austin, TX.)

Figure 7 UHMW polyethylene proximal
phalangeal (left) and CoCr metacarpal (right)
components of the SR MCP Finger Prosthe-
sis. (Reproduced with permission from Avan-
ta, San Diego, CA.)

Figure 8 The MCP RM Finger System. (Re-
printed with permission from Linscheid RL:
Implant arthroplasty of the hand: Retrospec-
tive and prospective considerations. J Hand
Surg [Am] 2000;25:796-816.)
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sling made either of the radial sag-
ittal band or from the extensor ten-
don itself.

The capsule is then longitudinally
incised to fully expose the MCP joint.
In most designs, a metacarpal sizing
template is used to determine the
amount of bone to be resected so that
the collateral ligaments are spared.
Next, the base of the proximal pha-
lanx is prepared by a thin osteotomy
perpendicular to the longitudinal axis
of the phalanx. With this proximal
phalanx osteotomy, only the articu-
lar surface and subchondral bone are
removed (Fig. 9). Awls are used to en-
ter the intramedullary canals of the
metacarpal and the proximal pha-
lanx; the respective intramedullary
canals are sequentially broached un-
til the appropriate fit is obtained. Tri-
al components are inserted and re-
duced, and the joint is tested for
stability and range of motion. De-
pending on the prosthesis chosen, the
metacarpal and phalangeal compo-
nents are inserted using polymethyl-
methacrylate or are press-fit. For pa-
tients with ulnar drift, the extensor
mechanism is then centralized using
an imbrication technique. Postop-
erative rehabilitation involves a dy-
namic extension outrigger splint per-
mitting active flexion and passive
extension for approximately 4 weeks.
This is often followed by a nighttime
resting hand splint for an additional
6 weeks.

Results
Clinical experience with the Swan-

son Silastic MCP joint spacer is greater
than with any new-generation MCP
joint arthroplasty device. The results
of using a new MCP joint prosthesis
thus must be compared with the gold
standard, the Silastic MCP joint spacer.
Hansraj et al3 reported the results of
170 Swanson Silastic MCP joint spac-
ers at a mean follow-up of 5.2 years.
No pain was reported in 54% of these
joints. Mean postoperative arc of mo-
tion was 27°, compared with 38° pre-
operatively. Prosthesis survivorship

at 10 years was 90%. Blair et al23 re-
ported the results of 115 Swanson Si-
lastic implants at a mean follow-up
of 54 months. Mean MCP joint mo-
tion was 43° (13° extension to 56° flex-
ion), and ulnar drift recurred in 43%
of fingers (49/115). Furthermore, arc
of motion is known to be in a more
extended position after Silastic MCP
joint spacer placement.23,24

The MCP joint surface replacement
arthroplasty has been available in Eu-
rope for 8 years and is currently un-
der clinical trial in the United States.
No series has been published report-
ing results. Although theoretically
there are advantages to the use of the
MCP joint surface replacement ar-
throplasty, currently it cannot be con-
sidered a replacement for the Swan-
son Silastic MCP joint spacer.

Primate studies have shown no ev-
idence of debris or inflammatory re-
action after implantation of the pyro-
lytic carbon MCP joint arthroplasty.25

Good bone incorporation of the pros-
thesis also was observed.Asubsequent

series of 151 MCP PyroCarbon Total
Joint Prostheses (Ascension Orthope-
dics) implanted over an 8-year peri-
od was followed up at a mean of 11.7
years.22 Most patients had rheumatoid
arthritis. The arc of MCP joint motion
improved a mean of 13°. The 10-year
survivorship was 81.4%. At long-term
follow-up, those joints with ulnar drift
had developed recurrent ulnar drift
to the degree identified preoperatively.
Complications led to 18 implant re-
visions (12%).22

Summary

The primary challenges to anatomi-
cally shaped arthroplasties in the fin-
gers are joint stability, rebalancing of
tendons, and prevention of prosthet-
ic loosening. Surface replacement de-
signs limit bone resection and preserve
the integrity of collateral ligaments.
Preservation of bone stock and col-
lateral ligaments maintains stability
while reducing axial torque at the

Figure 9 Thin, transverse subchondral osteotomy of the proximal phalanx in preparation
for MCP joint arthroplasty. (Adapted with permission from Avanta, San Diego, CA.)
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bone-cement interface. This is in con-
trast with earlier implants, which were
highly constrained, did not offer suf-
ficient degrees of freedom, and failed
to duplicate the normal center of mo-
tion. When marked bone loss is
present or collateral ligaments have
been rendered incompetent, more con-
strained designs may be more appro-
priate. The best results with the long-
est follow-up of any hand total joint
arthroplasty have been reported with

use of the pyrolytic carbon MCP im-
plant, which has successfully complet-
ed formal FDA review and has been
released for general use.

Initial reports of the PIP and MCP
joint surface replacement implants
are encouraging, particularly because
the component loosening typical of
earlier designs has not been a prob-
lem to date. However, recurrent joint
deformity and limited motion remain
challenges for the surface replace-

ment prostheses as well as for other
new-generation digital joint implants.
The Swanson Silastic spacer has been
a viable alternative for the patient
with rheumatoid arthritis and has
achieved consistent patient satis-
faction. Nevertheless, the concept of
surface replacement arthroplasty for
finger joints may provide the oppor-
tunity both to extend indications and
to provide more durable functional
results.
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