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Abstract

Although arthroplasty is a well-established procedure for many joints, its use in
the wrist is less common, and the indications are less well defined. The stan-
dard procedure for the painful arthritic wrist remains radiocarpal arthrodesis.
However, as technology and surgical procedures improve, wrist arthroplasty is
being used more frequently. The authors provide a brief history of total wrist
arthroplasty and review the arthroplasties most commonly used in the United
States. Results with total wrist implants, the complications related to arthro-
plasty, technical aspects of the procedure, and salvage options are also dis-

cussed.

J Am Acad Orthop Surg 1998;6:308-315

Pain, deformity, and impaired
function caused by wrist arthritis
have proved to be very difficult
problems to solve. With improve-
ments in medical treatments and
surgical procedures, restoration
and maintenance of hand function
have become more attainable.
Wrist fusion has been the standard
treatment for the painful wrist, but
limited arthrodesis, partial resec-
tion with or without interpositional
materials, and total wrist arthro-
plasty are now options for treating
the painful arthritic wrist. In this
article we will review the history
and current literature on total wrist
arthroplasty with the premise that
a pain-free and mobile wrist is
more functional than a fused wrist.

Indications

The indications for total wrist
arthroplasty have not been clearly
defined. The ideal patient for a
total wrist arthroplasty has painful
bilateral wrist disease and, despite
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arthritis, relatively good wrist
alignment and motion. The vast
majority of patients have general-
ized arthritis, mainly rheumatoid,
which affects other joints in the
same extremity, making it difficult
to position the hand in space. A
wrist arthroplasty can help the
patient compensate for the lack of
motion in other joints and thus bet-
ter preserve function.

Contraindications to total wrist
arthroplasty include a lack of neu-
rologic or motor function, previous
serious local infection, poor bone
stock, chronic severe volar or ulnar
subluxation, and a need for weight
bearing through the joint, as with
use of a cane or walker. It is imper-
ative to establish the integrity of
the extensor carpi radialis brevis
and longus preoperatively.! Rela-
tive contraindications include flail
nonfunctional digits with swan-
neck deformity, failed arthroplasty
of the metacarpal or interpha-
langeal joints, and lupus erythe-
matosus (which predisposes to
joint laxity).

Functional Requirements
of the Wrist

Several authors have tried to define
the wrist motion required for activ-
ities of daily living. Brumfield and
Champoux? reported that the func-
tional range of motion was 10
degrees of flexion to 35 degrees of
extension; they did not measure
radial and ulnar deviation. Palmer
et al® calculated that 5 degrees of
flexion, 30 degrees of extension, 10
degrees of radial deviation, and 15
degrees of ulnar deviation describe
the minimum range of motion
needed in the two essential planes
of wrist motion. In a later study,
Ryu et al* found the minimal re-
quired range of motion to be 60
degrees of extension, 54 degrees of
flexion, 17 degrees of radial devia-
tion, and 40 degrees of ulnar devia-
tion. They also described a “rea-
sonable” range of motion needed
to accomplish most of the activities
required of their study patients as

Dr. Carlson is Staff Associate, Combined
Harvard Orthopaedic Residency, Brigham &
Women’s Hospital, Boston. Dr. Simmons is
Chief, Hand/Upper Extremity Service,
Department of Orthopaedic Surgery, Brigham
& Women’s Hospital.

Reprint requests: Dr. Simmons, Department of
Orthopaedic Surgery, Brigham & Women's
Hospital, 75 Francis Street, Boston, MA
02115.

Copyright 1998 by the American Academy of
Orthopaedic Surgeons.

Journal of the American Academy of Orthopaedic Surgeons



being 40 degrees of extension and
flexion, 10 degrees of radial devia-
tion, and 30 degrees of ulnar devia-
tion. The disparities between these
studies may be attributable to dif-
ferent methods of measuring wrist
motion as well as different views
on the requirements for activities of
daily living. However, the authors
agree that the most important mo-
tion is extension with ulnar devia-
tion for power grip. This amount
of motion can be achieved with
wrist replacement. Newer prosthe-
ses are designed to allow 60 de-
grees of extension, 40 degrees of
flexion, and 20 degrees of radial
and ulnar deviation.

History

Themistocles Gluck performed the
first total wrist arthroplasty in
1890, using an ivory prosthesis in a
wrist joint affected by tubercu-
losis.5 His results with multiple
joint replacements in septic joints
were adequate in the short term,
but the repairs eventually failed
due to the underlying pathologic
condition. It was his first attempts,
however, that gave others the ini-
tiative to proceed in developing
joint replacement prostheses.
Swanson placed a silicone spacer
in a finger joint in 1940 and then de-
veloped a similar but larger double-
stemmed, flexible-hinge silicone
implant for the radiocarpal joint
in 1967.6 This implant is barrel-
shaped in the midsection and
slightly flattened on the dorsal and
volar surfaces and is available in
five sizes. One end of the implant
is placed in the medullary canal of
the radius; the other is placed
through the capitate and into the
third metacarpal canal. This pros-
thesis is essentially a spacer around
which scar tissue conforms, giving
soft-tissue stability to the joint (Fig.
1). Success rates decline markedly
over the life of this implant to 50%
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Fig.1 A, Radiograph of wrist affected by severe rheumatoid arthritis with carpal collapse
and radiocarpal disease. B, Film obtained after replacement of wrist joint with a Swanson

silicone implant and titanium grommets.

pain relief at 5 years; implant frac-
ture rates as high as 52% and revi-
sion rates of 26% to 36% have been
reported.”® Because of the high
complication rate, the indications
for use of this implant are very lim-
ited.10

Metal-and-Plastic Designs

Meuli!! and Volz!2 each developed
metal-and-plastic wrist arthroplas-
ty devices for cement fixation in the
early 1970s after their dissatisfac-
tion with the Swanson prosthesis.
Both original designs had metal
components for insertion in the sec-
ond and third metacarpals as well
as the distal radius. The metal-
and-plastic design provided for
more extensive reconstruction of
the carpus by reconstitution of the
carpal-metacarpal height ratio.12
Metallic prostheses also allow
release of contracted soft tissues
and early motion due to the inher-
ent stability of the arthroplasty.

The first Meuli wrist arthroplas-
ty was introduced in Berne, Swit-
zerland, in 1972 as an articulated
nonhinged ball-and-trunnion de-
sign.1 The design was meant to
imitate the center of wrist motion,
which is located in the center of the
capitate with a ball-and-socket
joint. The reoperation rate for the
first 26 Meuli arthroplasties was
35%, with problems related to soft-
tissue imbalance and centering
cited. Actuarial analysis showed a
75% revision rate for the first 3
years. After experience was gained,
the reoperation rate dropped to
20%. In patients with distal com-
ponent loosening, there was pro-
gressive volar displacement of the
cup component, which led to in-
creased dorsiflexion. The dorsi-
flexed position produces wear of
the flexor tendons against the pros-
thesis, causing both tendon rupture
and carpal tunnel syndrome. De-
sign changes did not decrease the
incidence of loosening or tendon
imbalance problems.13 At present,
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we believe there are no indications
for use of this prosthesis.

In 1973, Volz developed an artic-
ulated nonhinged prosthesis that
functions as a dorsopalmar tracking
device!? (Fig. 2). No rotational
motion is allowed with this device.
There have been fewer complica-
tions with the Volz prosthesis than
with the Meuli prosthesis, due in
part to the more stable design. The
incidence of loosening has also
been smaller, but tendon balance
continues to be a problem. In one
series,4 the incidence of imbalance
was 22%, the complication rate was
29%, and the revision rate was
12%.14 There have been several dis-
locations of this prosthesis, which
have been attributed to inadequate
release of the volar capsule.l2

Figgie and Ranawat designed a
trispherical wrist arthroplasty in
197715 It is a plastic-bearing semi-
constrained total wrist replacement

with an axle mechanism (Fig. 3).
The axle prevents dislocation but
takes no load during normal activi-
ties. The distal component has an
ultra-high-molecular-weight poly-
ethylene (UHMWPE) liner, which
articulates with a radial sphere.
The implant is intended to be
cemented into the third metacarpal
with an offset stem for the second
metacarpal and a short stem placed
into the scaphoid to prevent rota-
tion. The radial component has a
12-degree palmar tilt. The ball-
and-socket joint allows 90 degrees
of flexion and 80 degrees of exten-
sion with 15 degrees of ulnar and
radial deviation in vitro. The
implant is designed to provide a
slightly mobile instant center of
rotation that allows for axis shifts
during flexion and extension to bal-
ance the moment arms of the ulnar
and radial tendons. This semicon-
strained design theoretically allows

the soft tissues to relieve some of
the stresses on the component and
thus increase durability.

The only published data on the
wrist prosthesis to date are those of
Figgie et al.1> In 1988 they reported
on 38 cemented implants inserted
because of class III or class IV rheu-
matoid arthritis, with an average
follow-up of 5 years. Pain relief
was satisfactory in 35 wrists. All 38
implants were stable, and the rate
of overall good or excellent results
was 88%. The average arc of mo-
tion was 68 degrees. There were
two revisions, one for pain and one
for loosening. Radiographs showed
nonprogressive radiolucent lines in
the bone around 9 implants; in
three instances, components were
noted to have perforated the
metacarpal and migrated, but the
wrist remained painless.

In 1990, Figgie et al® recalled 34
of the patients seen in 1988 (an aver-

B

Fig. 2 A, Radiograph of wrist affected by degenerative rheumatoid arthritis. B, Film obtained after placement of a Volz II total wrist
implant (Howmedica; Rutherford, NJ). Note that the distal implant is not secured in the metacarpal. C, Wrist fusion with local bone graft
after failure and removal of the Volz prosthesis.
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Fig. 3 Anteroposterior radiograph ob-
tained after placement of a trispherical
wrist arthroplasty device.

age follow-up of 9 years). Thirty
wrists were pain-free, and 28
patients had good or excellent
results. There had been no new re-
visions, but six wrists demonstrated
postoperative tendon attrition and
rupture. These patients had preop-
erative tendon ruptures. The
authors concluded that the presence
of intact extensor tendons before the
operation is a prerequisite.

For optimal performance, the tri-
spherical arthroplasty should be
placed with the center of rotation at
least 2 mm volar to the axis of the
radial canal. There should also be
restoration of the carpal height to
between 40% to 60% of the length
of the third metacarpal, and the
extensor tendons should be intact.
Figgie et al'3 have noted satisfacto-
ry reconstruction for patients with
soft-tissue imbalance, metaphyseal
bone loss, and carpal dislocation.
The trispherical implant is also
being redesigned for noncemented
insertion.
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A biaxial total wrist arthroplasty
was designed by Beckenbaugh!® to
solve the problem of loosening
associated with ball-and-socket
designs. This implant was first
used in 1982. It is a semicon-
strained prosthesis with a trans-
versely oriented axis designed to
duplicate the axis of the normal
wrist (Fig. 4). The stem has a
porous coating to enhance cement
fixation and to facilitate nonce-
mented fixation.

Lirette and Kinnard!” reported
on 15 implants placed in wrists
with stage III or stage IV rheuma-
toid arthritis. At a mean follow-up
of 54 months, they found that the
results in all patients were rated
good or excellent with the Hospital
for Special Surgery scoring system.
However, radiolucent lines were
seen around 4 of the prostheses,
and there was one dislocation.

Cobb and Beckenbaugh!8 report-
ed on 52 biaxial wrist arthroplasties
performed from 1983 through 1988
and followed up for 5 years or until
failure. The average range of mo-
tion was 36 degrees of dorsiflexion,
29 degrees of palmar flexion, 10
degrees of radial deviation, and 20
degrees of ulnar deviation. There
were 11 failures, with loosening in
8 implants, and eight wrists under-
went revision. The overall survival
rate at 5 years was 82%.

The Universal Total Wrist Im-
plant (Kinetikos Medical; San Diego,
Calif) was designed by Menon!® and
was introduced for clinical use in
1990 (Fig. 5). The distal component
is flat with a prong that is cemented
into the capitate and radial and
ulnar screws that are placed through
the prosthesis into the peripheral
carpal bones. The distal component
covers a broad area of the carpal
osteotomy and allows carpal bone
defects to be grafted. An intercarpal
arthrodesis is carried out with the
insertion of the prosthesis to support
the carpal component. The radial
component has an inclination simi-

lar to that of the natural radius (20
degrees). A UHMWPE insert is
placed between the cemented tita-
nium wrist components, creating a
geometric mimic of the radio-
scapholunate articulation. The in-
sertion technique requires less bone
resection than is needed for other
currently available prostheses,
which theoretically allows easier
revision.

Menon!? reviewed the results
with 37 implants inserted over a 9-
year period and reported that 88%
of the patients obtained pain relief.
The most common complication
was dislocation, which occurred in
5 implants. Two patients had loose
radial components; both were non-
cemented components. A more
recent design has a carpal compo-
nent fixed by only three screws
with no central stem; this design is
not available for use in the United
States.

Other prostheses have been de-
veloped in an attempt to improve
on past design failures. However,
the results have been poorly docu-
mented, and most implants failed
early. Other implants are used
mainly outside the United States
and will not be discussed in this
review except to mention their
names. They include the Hamas
precentered prosthesis developed
in 1979,20 which has been associat-
ed with migration; the Guepar
wrist,2! a non-metal-backed design
that became available in 1983 and
has demonstrated a very high fail-
ure rate; the CFV wrist,22 which
uses shims to create better in situ
alignment; the LODA design; the
Weber design from the Mayo
Clinic; and the Giachino wrist from
the University of Ottawa.

Technical Aspects
Carpal collapse, demonstrated by

an increased metacarpal-carpal
height ratio, contributes to de-
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creased grip strength and decreased
active extension at the metacarpo-
phalangeal joint. This ratio is deter-
mined by comparing the length of
the third metacarpal to the height of
the carpus, as measured from the
base of the third metacarpal to the
articular surface of the distal radius.
Carpal collapse may not be the sole
reason for weakness in the patient
with rheumatoid arthritis but
should be corrected at the time of
surgery by bone grafting if neces-
sary to improve hand mechanics
and to decrease the risk of prosthet-
ic instability.

Centering the implant has
proved to be the most difficult
technical aspect of the operation,
especially for the ball-in-socket
design types. Youm et al?? de-
scribed the normal center of rota-
tion of the wrist as being along the
axis of the third metacarpal and
through the proximal pole of the
capitate. However, the center of

rotation has subsequently been
found to move with flexion and
extension in an asymptotic plane.
The prosthesis should be aligned
distally with the third metacarpal
and proximally with the ulnar bor-
der of the radius. Some of the
newer designs have single or dou-
ble offset stems to improve align-
ment and fixation, which has
improved the ability to center the
components; however, none of the
wrist designs adequately recreates
the mobile center of rotation.
Without proper attention to the
alignment of the prosthesis, the
moment arms of the tendons will
be altered, which can potentially
cause wrist imbalance, resulting in
deformity and instability.

Fixation has also proved to be
problematic. The ball-and-socket
joint was conceived as a noncon-
strained device; however, if the
mechanism becomes fixed, large
forces are transmitted across the

implant and the bone-implant inter-
face, resulting in a loosening rate of
up to 50% in the distal component.
Mechanical studies have shown
that under normal loads the materi-
als of the prosthesis will not fail,
but that with repetitive stress, bone
resorption, subsidence, and loosen-
ing at the bone-cement interface
will occur. As a general rule, the
more constrained the design, the
more likely the risk of loosening.
Soft-tissue imbalance has contin-
ued to be a complication of total
wrist arthroplasty. Tendon imbal-
ance in arthroplasty is due to preop-
erative malpositioning of tendons
and carpal collapse, with resultant
soft-tissue contractures.’®> The
imbalanced forces typically pull the
wrist into flexion and ulnar devia-
tion, leading to a fixed contracture,
which is a contraindication to total
wrist arthroplasty when the defor-
mity is severe. Tendon imbalance
combined with contracture of the
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Fig.4 A, Radiograph of wrist affected by osteoarthritis. B, Film obtained after placement of a biaxial total wrist implant (Biax Total Wrist
System; DePuy, Warsaw, Ind). C, Subsequent failure of the implant necessitated fusion of the wrist with allograft iliac-crest bone graft.
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Fig. 5 Anteroposterior (A) and lateral (B) radiographs obtained after placement of the

Universal Total Wrist Implant.

volar wrist capsule leads to both
early and late arthroplasty disloca-
tion and static and dynamic instabil-
ity with recurrence of fixed deformi-
ties. Capsular release and tendon
lengthening to release fixed contrac-
tures and realign the wrist have not
been effective in severe cases.

Tendon imbalance can be diffi-
cult to detect preoperatively, and
electromyographic studies may be
helpful in identifying functional
activity in weak muscles around the
wrist.2 The flexors and extensors
are not intrinsically equal in their
potential motor power; therefore,
centering the prosthesis to optimize
lever arms can be extremely diffi-
cult. Ruptures of the extensor carpi
radialis brevis and longus tendons
are particularly problematic. Assess-
ment of the resting position of the
wrist during surgery with the fore-
arm in pronation and supination
will help identify the optimal soft-
tissue balance.
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Appropriate capsular releases
will improve soft-tissue balance
around the implant and improve the
range of motion. However, severe
fixed soft-tissue contractures have
been almost impossible to overcome.
Precise instrumentation for compo-
nent placement in total wrist arthro-
plasty has not been developed; there-
fore, optimal implant positioning
continues to be difficult to achieve.

Complications

Short-term complications in total
wrist arthroplasty are usually the
result of incorrect surgical technique
(Fig. 2, B). Problems with bone
abutment and instability should be
dealt with at the time of surgery.1?
Long-term complications primarily
reflect the progressive nature of the
disease and the physical demands
on implant durability and host tol-
erance. The most frequent late com-

plications include ulnar deviation,?*
fracture of the device (with the
Swanson arthroplasty), extensor
tendon ruptures, ulnar nerve com-
pression, and flexor tendon rup-
tures. Infection seldom occurs.

Salvage Procedures

Treatment of failed implants is now
becoming more common. Revision
of the prosthesis is an option if the
bone stock is adequate. Soft-tissue
reconstruction can be attempted for
a dislocation if the prosthesis is
well aligned. A resectional arthro-
plasty can be considered; however,
the results are unpredictable.?s In
our experience, removal of the
prosthesis and arthrodesis with a
bulk iliac-crest bone graft or allo-
graft (Fig. 4, C) to maintain length
and tendon balance provides the
most satisfactory results.

Rettig and Beckenbaugh?¢ re-
ported on the results with the bi-
axial prosthesis in 13 revision pro-
cedures for failed arthroplasty. At
31 months, 2 further revisions and
one arthrodesis had been neces-
sary. Eight patients reported no
pain. The postoperative range of
motion was functional, with the
greatest motion in extension and
ulnar deviation.

The biaxial component has been
modified to a long-stem, multi-
prong distal component for revi-
sions in patients with poor bone
stock.” In a review of the results in
10 patients who received this modi-
fied prosthesis for revision at an
average 3.8-year follow-up, there
were two arthrodeses. The radio-
graphs of 2 of the other 8 patients
showed radiolucent lines; 6 pa-
tients were without pain, and 2
patients noted mild pain. This
modified implant has shown better
short-term outcomes in revision
procedures than other devices.

Beer and Turner? reported their
experience with wrist arthrodesis
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performed with the use of autoge-
nous iliac-crest bone graft and an
intramedullary Steinmann pin for
failed wrist arthroplasty in 12 pa-
tients. Seven patients had solid
fusions, 4 had pseudarthrosis at the
graft-metacarpal junction, and 1
patient had graft-radius pseud-
arthrosis. All but 1 patient had
markedly decreased pain. There
were 12 complications in 9 patients:
Steinmann pins accounted for 6,
iliac-crest complications occurred
in 5 patients, and 1 patient had an
iliac-crest fracture.

We have evaluated our own ex-
perience with 12 arthrodeses for
failed wrist arthroplasty. An intra-
medullary Steinmann pin was
combined with a femoral-head
allograft in 7 cases; autogenous
iliac-crest bulk graft was used in 4;
and local bone graft was used in
one instance. Pseudarthrosis de-
veloped in 2 of the 12 patients; both
had received an iliac-crest bone
graft, and both underwent subse-

Jeffrey R. Carlson, MD, and Barry P. Simmons, MD

quent iliac-crest bone-grafting pro-
cedures with eventual fusion. Two
patients experienced complications
related to the use of a Steinmann
pin. All patients eventually pro-
ceeded to union and were satisfied
with their results 2 years after the
arthrodesis procedure. At the pre-
sent time, the decreased morbidity,
the avoidance of iliac-crest bone
graft, and the higher success rate
with femoral head allograft makes
this our procedure of choice when
converting a failed total wrist
arthroplasty to an arthrodesis.
Conversion of the failed total wrist
arthroplasty to an arthrodesis or a
painless pseudarthrosis has thus
far been more reliable for long-
term function than a revision wrist
replacement.

Summary

Despite vast improvements in im-
plant materials, designs, and surgi-

cal techniques, total wrist arthro-
plasty continues to have a high
complication rate. The Swanson
silicone wrist implant was a good
first step toward a wrist replace-
ment that relieved pain and pro-
vided motion. The metal-and-
plastic designs provide a fixed ful-
crum and stability by virtue of
their solid components. These
implants distract a collapsed joint
to restore myotendinous balance
across the wrist and hand. Wrist
arthroplasty effectively relieves
pain and provides adequate short-
term stability.

Total wrist arthroplasty remains
a highly technical procedure with
limited indications. Partial and
total wrist arthrodesis remain the
standard treatment for pain and
deformity about the wrist. How-
ever, improvements in implant
instrumentation and surgical tech-
niques may increase the reliability
of total wrist arthroplasty in the
future.

References

1. Dennis DA, Ferlic DC, Clayton ML:
Volz total wrist arthroplasty in rheu-
matoid arthritis: A long-term review. |
Hand Surg [Am] 1986;11:483-490.

2. Brumfield RH, Champoux JA: A biome-
chanical study of normal functional wrist
motion. Clin Orthop 1984;187:23-25.

3. Palmer AK, Werner FW, Murphy D,
Glisson R: Functional wrist motion: A
biomechanical study. ] Hand Surg
[Am] 1985;10:39-45.

4. Ryu J, Cooney WP III, Askew L], An
KN, Chao EYS: Functional ranges of
motion of the wrist joint. | Hand Surg
[Am] 1991;16:409-419.

5. Ritt MJPF, Stuart PR, Naggar L,
Beckenbaugh RD: The early history of
arthroplasty of the wrist: From ampu-
tation to total wrist implant. | Hand
Surg [Br] 1994;19:778-782.

6. Swanson AB, Swanson G de G, Mau-
pin BK: Flexible implant arthroplasty
of the radiocarpal joint: Surgical tech-
nique and long-term study. Clin
Orthop 1984;187:94-106.

7. Fatti JF, Palmer AK, Greenky S,

314

Mosher JF: Long-term results of
Swanson interpositional wrist arthro-
plasty: Part II. | Hand Surg [Am]
1991;16:432-437.

8. Ferlic DC, Jolly SN, Clayton ML:
Salvage for failed implant arthroplasty
of the wrist. ] Hand Surg [Am] 1992;17:
917-923.

9. Lundkvist L, Barfred T: Total wrist
arthroplasty: Experience with Swan-
son flexible silicone implants, 1982—
1988. Scand ] Plast Reconstr Hand Surg
1992;26:97-100.

10. Peimer CA: Arthroplasty of the hand
and wrist: Complications and failures.
Instr Course Lect 1989;38:15-30.

11. Meuli HC: Meuli total wrist arthro-
plasty. Clin Orthop 1984;187:107-111.

12. Volz RG: Total wrist arthroplasty: A
clinical review. Clin Orthop 1984;187:
112-120.

13. Figgie MP, Ranawat CS, Inglis AE,
Sobel M, Figgie HE III: Trispherical
total wrist arthroplasty in rheumatoid
arthritis. | Hand Surg [Am] 1990;15:
217-223.

14. Lamberta FJ, Ferlic DC, Clayton ML:
Volz total wrist arthroplasty in rheu-
matoid arthritis: A preliminary report.
] Hand Surg [Am] 1980;5:245-252.

15. Figgie HE III, Ranawat CS, Inglis AE,
Straub LR, Mow C: Preliminary re-
sults of total wrist arthroplasty in
rheumatoid arthritis using the Tri-
spherical total wrist arthroplasty. |
Arthroplasty 1988;3:9-15.

16. Beckenbaugh RD, Linscheid RL:
Arthroplasty in the hand and wrist, in
Green DP (ed): Operative Hand Sur-
gery, 3rd ed. New York: Churchill
Livingstone, 1993, vol 1, pp 167-184.

17. Lirette R, Kinnard P: Biaxial total
wrist arthroplasty in rheumatoid
arthritis. Can J Surg 1995;38:51-53.

18. Cobb TK, Beckenbaugh RD: Biaxial
total-wrist arthroplasty. | Hand Surg
[Am] 1996;21:1011-1021.

19. Menon J: Universal Total Wrist Im-
plant: Experience with a carpal com-
ponent fixed with three screws. |
Arthroplasty 1998;13:515-523.

20. Hamas RS: A quantitative approach to

Journal of the American Academy of Orthopaedic Surgeons



21.

22.

23.

total wrist arthroplasty: Development
of a “precentered” total wrist prosthe-
sis. Orthopedics 1979;2:245-255.

Alnot JY: L’arthoplastie totale Guepar
de poignet dans la polyarthrite rhuma-
toide. Acta Orthop Belg 1988;54:178-184.
Ferlic DC, Clayton ML: Results of
CFV total wrist arthroplasty: Review
and early report. Orthopedics 1995;18:
1167-1171.

Youm Y, McMurtry RY, Flatt AE,

Vol 6, No 5, September/October 1998

24.

25.

Jeffrey R. Carlson, MD, and Barry P. Simmons, MD

Gillespie TE: Kinematics of the wrist:
I. An experimental study of radial-
ulnar deviation and flexion-extension.
] Bone Joint Surg Am 1978;60:423-430.
Siemionow M, Lister GD: Tendon
ruptures and median nerve damage
after Hamas total wrist arthroplasty. |
Hand Surg [Am] 1987;12:374-377.

Ferlic DC, Jolly SN, Clayton ML: Salvage
for failed implant arthroplasty of the
wrist. [ Hand Surg [Am] 1992;17:917-923.

26.

27.

28.

Rettig ME, Beckenbaugh RD: Revision
total wrist arthroplasty. | Hand Surg
[Am] 1993;18:798-804.

Cobb TK, Beckenbaugh RD: Biaxial
long-stemmed multipronged distal
components for revision/bone deficit
total-wrist arthroplasty. | Hand Surg
[Am] 1996;21:762-770.

Beer TA, Turner RH: Wrist arthrode-
sis for failed wrist implant arthroplas-
ty. ] Hand Surg [Am] 1997;22:685-693.

315



	Abstract
	Indications
	Functional Requirements of the Wrist
	History
	Metal-and-Plastic Designs
	Technical Aspects
	Complications
	Salvage Procedures
	Summary
	References
	JAAOS Home Page
	Table of Contents
	Search
	Help


