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Over the last several decades, total wrist arthroplasty design and outcomes have
significantly improved. The development of modern wrist arthroplasty began in the 1960s
with a silicone spacer implant, which has progressively evolved to the metal-on
polyethylene modular implants utilized today. Modern implants have been shown to have
high patient satisfaction and increased 5-10 year survivorship; however, the overall
utilization of total wrist arthroplasty has decreased in the United States since 2001. This
could be due to several reasons, including improved modern therapies for rheumatoid
arthritis preventing end-stage wrist disease, reliable outcomes with arthrodesis, and the
high complication and revision rates of early total wrist implants. This review will discuss

the design evolution of total wrist implants, which can be divided into four distinct
generations. This review also presents the most recent outcome, complication, and
survivorship results for the modern 4th generation of total wrist implants.

INTRODUCTION

Total wrist arthroplasty (TWA) has seen significant im-
provements in implant technology over the last several
decades. However, there has been a simultaneous decrease
in TWA utilization in the United States since 2001.1 The
historically high complication and revision rates of the
early TWA implants may have deterred surgeons in recent
years from utilizing newer TWA systems in patients with
end-stage wrist arthritis.! Although wrist arthrodesis is re-
ported to be performed almost five times as often as TWA,2
the permanent lack of wrist motion can still create diffi-
culties with some daily activities.3 An obvious advantage of
TWA is the maintenance of wrist motion postoperatively.
This review will detail the design evolution of TWA im-
plants based on generations (Table 1) and summarize the
outcomes of the modern 4th generation TWA implants.

EVOLUTION OF TOTAL WRIST ARTHROPLASTY

The first known TWA was performed by Themistocles Gluck
in 1890 in Germany.! Gluck described his implant as an
ivory “ball and socket articulation with forks at both ends,

Table 1. Total Wrist Arthroplasty (TWA) Implant
Generations.

First Swanson Silicone Implant (Dow-Corning

Generation Corp., Midland, MI, USA)

Second Meuli (Sulzer Orthopaedics)

Generation Volz (Howmedica)

Third Trispherical

Generation BIAX Total Wrist System (DePuy, Warsaw,
IN, USA)
Universal Total Wrist Implant (KMI, San
Diego, CA, USA)

Fourth Maestro (Biomet, Warsaw, IN, USA)

Generation Universal-2 (Integra LifeSciences,
Plainsboro, NJ, USA)
*Freedom (Integra LifeSciences,
Plainsboro, NJ, USA)
*ReMotion (Small Bone Innovations,
Morrisville, PA, USA)

*FDA-approved and still in use in the U.S.

designed so that one fork fitted the ulna and radius and
the other in the medullary canals of the metacarpals.” Al-
though the patient retained a good range of motion, the
implant failed due to the development of a chronic fistula.4
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Figure 1. First and Second Generation Implants.

A) Swanson’s Silicone Spacer (Dow-Corning Corp.).6 B) Meuli Implant (Sulzer Orthopaedics).® C) Volz Implant (Howmedica).10

FIRST GENERATION IMPLANTS

After Gluck’s attempt in 1890, the subsequent major de-
velopment in total wrist arthroplasty occurred in the 1960s
when Swanson developed the silicone spacer (Figure 1).2
It was a hinged implant made of silicone elastomer, with
a proximal intramedullary radial stem and a distal stem
through the capitate and 3'd metacarpal.> At a follow-up of
4 years in most rheumatoid arthritis wrists, Swanson ob-
served improved postoperative pain with the maintenance
of a functional wrist flexion/extension range of motion of
60 degrees.> A major complication of the silicone implant
was implant fracture. Swanson reported an implant fracture
rate of 5% at four years to follow-up; however, a later study
by Kistler et al. reported an implant fracture rate of 44%
at a minimum ten-year follow-up.® Kistler also observed
variable results in wrist flexion/extension arc in many pa-
tients, with an average flexion/extension arc of 43 degrees
(range 0-130) at the final follow-up. Silicone synovitis has
also been reported as a complication with this implant due
to silicone particulate wear, with a reported incidence of up
to 30-40%.7-8 After Swanson’s silicone spacer, the following
generations of wrist implants attempted to closely imitate
natural wrist anatomy and biomechanics.

SECOND GENERATION IMPLANTS

The Second-Generation TWA implants were metal “ball and
socket” articulation relying on cement fixation.!l The
Meuli (Figure 1) and Volz (Figure 1) implants consisted
of a metal-on-polyethylene articulation, reflecting the con-
temporary advancements in total joint arthroplasty tech-
nology.

MEULI IMPLANT

Meuli’s implant was developed in 1970 to create an implant
that mimics natural wrist motion.12 Meuli attempted to de-
sign the implant with a center of rotation at the head of the
capitate, which previous anatomy studies determined to be
the center of wrist motion.!2 The radial and carpal compo-

nents both consisted of two titanium alloy stems that could
be bent to match the patient’s anatomy. The implant was
intended to be cemented both proximally and distally, and
the carpal component stems were inserted in the 2" and
3td metacarpals. The concave carpal component is articu-
lated with a polyester sphere fixated on the radial compo-
nent. The head material was soon modified to high mol-
ecular weight polyethylene after Meuli observed polyester
synovitis in early patients.12 The Meuli implant design was
revised many times. Later models switched the articula-
tion materials to a polyethylene cup on the carpal com-
ponent with a spherical metal head on the radial compo-
nent. An early study of 26 Meuli implants reported that 92%
had no or mild pain postoperatively and were satisfied with
their postoperative result, with an average follow-up of
12.5 months.!! Wrist flexion/extension arc improved from
67 degrees preoperatively to 81 degrees postoperatively.

Early on, Meuli recognized difficulty centering the im-
plant articulation and fixation in cases of poor bone
stock.12 In a series of Meuli implants, Beckenbaugh et al.
reported a 35% (9/26) reoperation rate at a mean follow-up
of 12.5 months for soft tissue imbalance (6 wrists) and im-
plant insertion technical errors (3 wrists). These complica-
tions were also observed by Vogelin et al., who investigated
the cause of 16 failed Meuli implants and found that all of
the failures were due to mechanical failure and/or soft tis-
sue imbalance.13 In 1986, Meuli modified his original im-
plant to the third-generation Meuli Wrist Prosthesis (MWP
I1I), which could be used both cemented and uncemented.
In a trial using the new model non-cemented, Meuli re-
ported that 11/49 wrists still had postoperative pain at a
mean follow-up of 4.5 years.? Additionally, 16% (8/49) of
the wrists needed revision for carpal component malposi-
tion and loosening, and an additional 4% (2/49) of patients
experienced radial component loosening.

VOLZ IMPLANT

Volz first described his implant in 1976.14 It consisted of
a cobalt chrome alloy radial stem and carpal component
with distal pins anchored in the 2" and 3'd metacarpal
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intramedullary canals. Both components were cemented.
The articulation consisted of a toroidal metal sphere on
the carpal component with a polyethylene concave surface
on the radial component. The toroidal articulation was de-
signed to allow motion focused on the two main wrist
planes: flexion/extension and ulnar/radial deviation. Initial
results in 17 wrists within a 13-month follow-up showed
improvements in pain and daily activities, with all patients
experiencing pain-free motion.4 In a longer-term study
with a mean follow-up of 8.6 years, Bosco et al. reported
that 83% (15/18) of patients who received Volz implants ex-
perienced little or no wrist pain, with an average active flex-
ion/extension range of motion of 49 degrees.10 Stem perfo-
ration through the metacarpal cortex was observed in 22%
(4/18) of the implants in this study; however, only one of
these patients was symptomatic. Carpal component loosen-
ing was also observed in 22% (4/18) of wrists, with one re-
quiring revision.

THIRD GENERATION IMPLANTS

The Third Generation TWA implants all consisted of lower
profile and more anatomic metal on polyethylene articula-
tion, relying on cement fixation.

TRISPHERICAL IMPLANT

The Trispherical implant (Figure 2) was a hinged system
with a titanium radial stem and carpal component. It was
designed to match natural wrist biomechanics better and
improve soft tissue balance.l> An ultra-high molecular
weight polyethylene (UHMWPE) bearing on the carpal com-
ponent articulated with a head on the radial stem. The ar-
ticulation was unique because it included a central non-
load-bearing metal axle to prevent implant dislocation.
However, one case report of the axle malfunctioning re-
sulted in implant dislocation.1¢ The carpal component con-
sisted of a longer stem through the 3'd metacarpal and a
shorter stem passing into the 20d metacarpal base for ro-
tational stability. Both the radial and carpal components
were cemented. At a mean follow-up of 5 years, Figgie et
al. reported satisfactory pain relief in 35/38 wrists with the
Trispherical implant.17 At a mean 9-year follow-up in the
same cohort, the average wrist flexion/extension arc in-
creased from 35 degrees preoperatively to 50 degrees post-
operatively.l5 In a study of 87 Trispherical total wrist
arthroplasties at mean 8.7 years follow up, 50% (4/8) of
the failures were due to carpal component loosening with
perforation of the metacarpal stem through the metacarpal
shaft.1® An additional 12.5% (1/8) of these failure patients
failed due to radial component loosening with dorsal stem
perforation through the radius.

BIAXIAL IMPLANT

The Biaxial total wrist implant (Figure 2) represented an
advancement in the articulation design with an ellipsoidal
carpal component surface with a UHMWPE radial surface.
The carpal component included a long stem through the 34
metacarpal with a shorter derotational stem in the trape-

Figure 2. Third Generation Implants.

A) Trispherical Implant.!5 B) BIAX Total Wrist System (Depuy).'9 C) Universal Total
Wrist Implant (KMI).20

zoid. Another newer design aspect was that the cobalt
chrome alloy radial and carpal components were porous
coated to improve implant fixation. Although it was de-
signed to be cemented, surgeons often used cementless,
with one study reporting that 80/90 Biax implants used ce-
mentless in their research.2! In 32 non-cemented Biaxial
wrists at a mean follow-up of 6 years, van Harlingen et al.
reported improved pain in all wrists, improved DASH scores
in all but one patient, statistically significant improvement
in an average range of motion (except in pronation), and
84% of patients were either satisfied or very satisfied with
their outcomes.22 They also reported a revision rate of 22%
(7/32), with 43% (3/7) of revisions due to metacarpal com-
ponent loosening. At the final follow-up, 16% (5/32) of pa-
tients had metacarpal stem perforation; however, only one
required revision for this finding. Krukhaug et al. similarly
reported a 20% (18/90) revision rate for Biaxial implants at
a mean follow-up of 9.3 years, with 44% of revisions being
due to carpal component loosening.2!

UNIVERSAL TOTAL WRIST IMPLANT

The Universal Total Wrist Implant (Figure 2) significantly
advanced total wrist arthroplasty. Unlike previous implants
with long metacarpal stems that were known to fail via
metacarpal cut-out, the Universal utilized three titanium
screws to fix the distal component to the carpus: a central
cancellous screw through the capitate, a screw through the
trapezoid into the 219 metacarpal base, and a shorter screw
into the hamate that did not disrupt the 4th or 5th CMC
joint.20 A 20-degree radial inclination was added to the ra-
dial baseplate to attempt to be more anatomical. Both the
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cobalt chrome radial stem and the titanium carpal plate in-
cluded a mesh area to improve osseointegration, but the
implant could still be used, either cemented or unce-
mented. The articulation consisted of a toroidal high-den-
sity polyethylene surface. In Menon’s initial study of 37 im-
plants, all patients who had not needed a revision (34/37)
reported being satisfied with pain relief and their postop-
erative wrist range of motion at a mean 6.7-year follow-
up.20 The most common complications observed initially
were volar dislocation in 13.5% (5/37) of patients and radial
component loosening in 5% (2/37), with an overall reoper-
ation rate of 24% (9/37). The Universal Total Wrist Implant
was later modified to replace the central cancellous screw
with a cemented capitate stem.23

At a full 2-year follow-up in 22 Universal wrists, Divel-
biss et al. reported postoperative improvement in an av-
erage range of motion and average DASH scores.24 Like
Menon, Divelbiss et al. also observed volar dislocation in
14% (3/22) of wrists, with all three requiring revision
surgery. Although Menon’s initial study of 37 implants re-
vealed no cases of metacarpal component loosening at 6.7
years follow up, a later study of Universal implants at 7.3
years follow up by Ward et al. reported 45% (9/20) of wrists
required revision surgery for carpal component loosen-
ing.25 This study had one additional failure due to insta-
bility, for an overall revision rate of 50% (10/20). Authors
noted that they believe the prevention of carpal component
loosening was dependent on achieving intercarpal fusion,
as the patients with stable carpal components were more
likely to have intercarpal fusion seen radiographically.25

FOURTH GENERATION IMPLANTS

Modern 4th Generation TWA implants were developed
through progressive implant design modifications to im-
prove commonly observed complications of older genera-
tions, such as loosening, instability, and metacarpal stem
cutout. Specifically, there has been a decreased reliance on
cement and instead increased utilization of locking tech-
nology.

Failure due to soft tissue imbalance commonly seen in
2nd Generation Meuli and Volz implants was addressed with
increased modularity of the 34 Generation implants, which
allowed surgeons to match soft tissue tension better in-
traoperatively.24 The transition away from long metacarpal
stems also eliminated the occurrence of cortical stem cut-
outs seen in the Volz, Trispherical, and Biaxial implants.10:
18,22 Carpal component loosening, although still present in
4th Generation implants, has improved with the enhanced
osseointegration of porous coated components and with
the transition to variable angle screws for carpal fixation.
There was also a trend towards downsizing the radial and
carpal components resulting in less bone resection than
with the previous implants, which can be advantageous in
the revision setting.26

The 4th Generation implants more closely mimic natural
wrist biomechanics with an ellipsoidal articular surface,
which has improved functional outcomes, stability, and im-
plant wear compared to the earlier toroidal or spherical de-
signs. However, work must still be done to more closely im-

itate the complex natural wrist biomechanics. Akhbari et al.
performed an in vivo kinematic study of the 4th Generation
Freedom implant, finding that in tasks with multiple planes
of wrist motion simulating everyday activities, the center of
rotation of the Freedom wrist shifted almost twice as much
as that of the natural wrists.2” This study also found that
the center of rotation of the Freedom implant was located
at the capitate stem of the carpal component during com-
plex motions, which could imply increased implant inter-
face stresses during complex wrist motions. However, this
study only evaluated the Freedom implant, so conclusions
cannot be made regarding other 4th Generation implants
that utilize an ellipsoidal articulation.

Although TWA has historically been used in inflamma-
tory arthritis indications, the improvements in the 4th Gen-
eration implant outcomes have led to a growing utilization
of TWA in non-inflammatory arthritic conditions, such as
osteoarthritis and posttraumatic arthritis.28 Among the 4th
Generation TWA implants, only the ReMotion and Freedom
are currently available in the United States.

MAESTRO TOTAL WRIST IMPLANT

The Maestro (Figure 3) Total Wrist consisted of a concave
UHMWPE radial surface articulating with an ellipsoidal
cobalt alloy carpal surface. The carpal component included
a central titanium alloy stem that inserts into the capitate.
To improve implant fixation, both the radial and carpal
stems were porously coated with an additional titanium
plasma coating. Two variable-angle titanium alloy screws
captured the hamate ulnarly and crossed the 204 CMC joint
radially.2930 The Maestro was approved for use with ce-
ment; however, in primary cases with sufficient bone stock,
it was mainly used without cement.3! Dellacqua et al. re-
ported that all 19 Maestro wrists in their series experienced
satisfactory pain relief, with an average DASH score of 22
at a mean final follow-up of 2.3 years.3! Wrist flexion im-
proved from 24 degrees preoperatively to 37 degrees post-
operatively, and wrist extension improved from 30 to 36 de-
grees.

Nydick et al. also reported a significant improvement
in pain postoperatively in 23 Maestro wrist implants in a
primarily non-rheumatoid cohort (only 5/23 had rheuma-
toid arthritis).32 Wrist motion improved postoperatively in
all planes other than in flexion, which decreased from 45
degrees preoperatively to 43 degrees postoperatively. This
slight decrease in flexion may be due to the 4/23 patients
in this study that experienced wrist contracture postop-
eratively. At a mean follow-up of 2.3 years, no patients
had radiographic evidence of implant loosening, which au-
thors attributed to the ability to use locking screws with
the Maestro carpal component.3 Fischer et al. similarly did
not observe a single case of radiographic implant loosening
in 41 Maestro implants at a ten-year follow-up.33 In an-
other study of 68 Maestro implants, only 2% of implants
exhibited radiographic loosening at a mean follow-up of
5 years.3* The Maestro Total Wrist was removed from the
market in 2018.35
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Figure 3. Fourth Generation Implants.

A) Maestro Total Wrist Implant (Biomet).32 B) ReMotion Total Wrist Implant (Small Bone Innovations). C) Universal 2 Total Wrist Implant (Integra LifeSciences). D) Freedom Total

Wrist Implant (Integra LifeSciences).

REMOTION TOTAL WRIST IMPLANT

The ReMotion Total Wrist System (Figure 3) comprises a
cobalt chrome (CoCr) carpal baseplate with a snap-on poly-
ethylene insert. The ellipsoidal polyethylene insert articu-
lates with the carpal baseplate to provide an additional 10
degrees of motion, serving as a torque limiter to the carpal
component.3¢ Some believe the additional motion through
the carpal component makes the ReMotion implant more
attractive for TWA revision arthroplasty by theoretically
reducing the risk of carpal component loosening.3” The
carpal fixation is achieved via a central stem press fitted to
the capitate, with variable angle CoCr screws capturing the
hamate ulnarly while avoiding the 4th CMC joint and cap-
turing the scaphoid and trapezoid radially, with many sur-
geons preferring to cross the 214 CMC joint. A porous ti-
tanium coating was added to both the radial and capitate
stems to improve fixation. The short radial CoCr stem al-
lows minimal resection of the distal radius during implan-
tation, thus preserving bone stock for potential revisions.
The ReMotion is intended for press fit use, but cement may
be used for osteoporotic patients.38

Studies on the ReMotion implant have reported signif-
icant postoperative improvements in pain,333940 patient-

reported outcome measures,333940 range of motion,3%:40
and grip strength.33 Honecker et al. observed radiographic
loosening of the radial component in 23.1% (9/39) wrists at
a mean six-year follow-up, however, without signs of radial
component migration.4! Three patients, 7.7% (3/39), ex-
perienced carpal component migration, and another three
patients, 7.7% (3/39), experienced carpal screw loosening.
Froschauer et al. also observed carpal screw loosening in
7.7% (3/39) of patients with ReMotion total wrists.4 Pri-
marily carpal component loosening was observed by Boeck-
styns et al., with 5 of 6 cases of radiographic loosening be-
ing of the carpal component in their study of 52 wrists, with
an overall 11.5% (6/52) rate of radiographic loosening.3?
Another study reported radiographic loosening in 22% (10/
42) of wrists at ten-year follow-up, with none requiring re-
vision surgery.33 In 39 ReMotion wrists, the most common
complication seen by Froschauer et al. was scaphoid im-
pingement with the radial component in 12.8% (5/39) of
wrists, with 3 requiring subsequent scaphoid resection.40
Authors believe the impingement occurred due to the
scaphoid resection guide they used, and no other cases of
impingement occurred after switching the guide.
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UNIVERSAL-2 TOTAL WRIST IMPLANT

The Third Generation Universal Total Wrist was the prede-
cessor of the 4th Generation Universal-2 Total Wrist System
(Figure 3). Variable angle screws were utilized, with one
capturing the hamate and the other capturing the trapezoid
and second metacarpal base. The Universal-2 could be used
either with cement or cementless.#2 Some significant de-
sign changes were the shift from the toroidal articulation
surface and the 20-degree radial inclination of the Univer-
sal to an ellipsoidal articulation surface and 14-degree ra-
dial inclination in the Universal-2.43 The Universal-2 Total
Wrist System also incorporated beaded porous coating on
both the radial and carpal components to allow osseointe-
gration.42

Studies have reported improved postoperative pain
scores, 344345 improved patient-reported outcome mea-
sures, 334243, and a functional range of motion.#344 High
patient satisfaction has been reported with the Universal-2
implant, with Kennedy et al. reporting 87% (39/45) of their
patients would choose TWA again, and Pfanner et al. re-
porting 100% (22/22) of their patients would choose TWA
again. 4345

Radiographic loosening was observed by Kennedy et al.
in 50% (24/48) of wrists at a mean follow-up of 7.1 years,
with 25% (6/24) of those patients having symptoms requir-
ing revision.43 Similar to other TWA implants, the carpal
component was the source of loosening in most of these pa-
tients. Other studies have also reported high rates of radi-
ographic loosening with the Universal-2, with one study re-
porting it in 36% (4/11) of wrists at a five-year follow-up.3*
Fischer et al. reported a lesser rate of radiographic loosen-
ing at 12.5% (1/12).33

Pong et al. reported a revision rate of 29% (7/24) in
24 Universal-2 total wrists.4¢ Of the seven revisions, three
were due to carpal component loosening, one to radial
component loosening, one to recurrent dislocation, and
two to infections. Similarly, a study of Universal-2 wrists at
a mean 6.9-year follow-up observed a 26% (6/23) revision
rate, with indications being implant malalignment in 2,
loosening in 2, carpal fusion failure in 1, and soft tissue im-
balance in 1.4% Badge et al. reported a lower revision rate of
6.3% (6/95) at an earlier mean follow up of 4.4 years.44

In an improvement from the original Universal implant,
which showed high dislocation rates,20-24 multiple Univer-
sal-2 studies have reported no dislocations.4347:48 Other
studies have reported just one dislocation in their co-
horts.334446 A computer model study by Grosland et al.
found that implant stability and articulation surface con-
tact were more favorable in ellipsoidal-shaped total wrist
implants versus toroidal-shaped implants.4® This could po-
tentially explain the high dislocation rate of the original
Universal Total Wrist and also the polyethylene wear and
metallosis that has been found intraoperatively in some
Universal revisions.20,24,25

Sagerfors et al. observed ulnar-sided impingement and
pain in several Universal-2 wrists, which prompted the de-
creased use of this implant in their practice.3334 Ulnar-

sided impingement was also reported by Badge et al. in 6%
(5/85) of Universal-2 wrists in their study.44

FREEDOM TOTAL WRIST IMPLANT

The Universal-2 Total Wrist Implant was modified to the
currently available Freedom Wrist Arthroplasty system
(Figure 3). The Freedom implant consists of a cobalt
chrome molybdenum alloy radial component, a UHMWPE
insert, and a titanium carpal plate with variable angle tita-
nium screws with locking caps. Like Universal-2, the Free-
dom carpal component consists of a central capitate stem
and two variable angle screws, and both the radial and
carpal components are porous coated for improved osseoin-
tegration. Unlike the Universal-2, which can be used ce-
mentless, both the radial and carpal components of the
Freedom implant are intended to be cemented.>® The spe-
cific modifications made to the Universal 2 for the Freedom
implant are not published; however, the radial stem of the
Freedom appears to be shorter.

In an in vivo kinematic study of 6 Freedom TWA im-
plants at a mean postoperative time of 22 months, average
wrist flexion was 26.7, the extension was 37.8, radial de-
viation was 15.4, and ulnar deviation was 20.8.27 To date,
there have been no outcome studies on the Freedom im-
plant. However, with the similar design of the Universal 2
and the Freedom implants, we will likely see similar out-
comes with the Freedom. With Freedom replacing the Uni-
versal-2 just in the last decade, outcome studies with suffi-
cient follow-up should begin to be feasible soon.

SURVIVORSHIP

With the 4th Generation implants being on the market in
the early 2000s, we now see studies published with longer-
term survivorship analysis. The improvements in 4th Gen-
eration implants have resulted in substantially improved
survivorship compared to the older generation implants,
with the long-term ReMotion and Maestro survivorship re-
ported at over 90% in several studies.5 Studies investigating
multiple TWA implants have reported increased failure
rates in Generation 1-3 implants compared to the current
4th Generation implants.26:33 A summary of reported sur-
vivorship by the implant is summarized in Table 2.

FUNCTIONAL OUTCOMES

A main factor in a patient choosing TWA over arthrodesis in
end-stage wrist arthritis is the ability to retain a functional
wrist range of motion since patients have difficulty with
some daily activities after wrist arthrodesis.3 Biomechani-
cal studies have reported that a functional range of motion
for the wrist joint consists of 5-10 degrees of flexion, 30-35
degrees of extension, and a 25-degree radial/ulnar devia-
tion arc.51:52 Another study reported a greater functional
range of wrist motion requirement of 40 degrees of flexion,
40 degrees of extension, and a 40-degree radial/ulnar devia-
tion arc.53 Thus, many daily activities can be accomplished
with a wrist ROM less than an average healthy wrist. TWA
implants in Generations 1-4 have been reported to result
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Table 2. Survivorship of total wrist implants.

Implant/Article Indication Survivorship
Swanson
Jolly 1992 28 1A 42% at 6.4y
Biax
Krukhaug 2011 84 1A, 6 non-1A 85% at 5y
van Harlingen 2011 321A 81% at 7y
Takwale 66 1A 83% at 8y
Fischer 2020 14 1A 86% at 10y
Cobb 1996 64 1A 83% at mean 6.5y
Sagerfors 2015 501A, 2 non-1A 84% at 5y
81% at 8y
78% at 12y
Rizzo 2003 12 1A, 2 non-IA 100% at 6.2y
Universal
Ward 2011 24 1A 75% at 5y
60% at 7y
40% at 10y
Menon 1998 23 1A, 8 non-1A 91% at 9y
Chevrollier 2016 51A, 5 non-IA 90% at 5y
50% at 10y
Universal 2
Badge 2016 851A 91% at 7.8y
Pfanner 2017 23 1A 74% at 6.9y
64% at 12y
Pong 2020 231A,11A 75% at 5y
Fischer 2020 12 1A 83% at 10y
Ferreres 2011 17 1A,4 non-I1A 100% at 5.5y
Gil 2017 311A, 8 non-I1A 78% at 15y
Remotion I
Boeckstyns 2013 501A, 15 non-IA 90% at 9y
Fischer 2020 57 1A, 12 non-1A 94% at 10y
Herzberg 2012 129 1A, 86 non-1A I1A: 96% at 4y
non-l1A: 92% at 4y
All: 92% at 8y
Froschaur 2019 39 non-1A 97% at 7y
Honecker 2018 19 1A, 4 non-IA 95.7 at 4y
91.3 at 6y
69% at 10y
Sagerfors 2015 68 1A, 19 non-1A 99% at 5y
94% at 8y
Boeckstyns 2013 54 non-1A 92% at 4-8y
Herzberg 2011 131A,7 non-IA 100% at mean 2.7y
Chevrollier 2016 21A,5non-IA 100% at 6y

Fischer 2020 34 1A, 7 non-IA 93% at 10y
Sagerfors 2015 551A, 13 non-1A 95% at 8y

IA=Inflammatory Arthritis

in a wrist ROM that could be considered functionally suf- initial goal of choosing TWA by retaining a functional wrist
ficient by the aforementioned biomechanical studies.253!  range of motion. The 4th Generation TWA implants have
Even for TWA patients who have decreased wrist ROM from been reported to have a higher rate of improved functional
preoperative values, arguably, they still accomplished the outcomes than earlier implants; In a retrospective study of
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both 3" and 4th Generation TWA implants, Cooney et al.
reported achieving a stable and functional wrist in 97% (29/
30) of 4th Generation implants, but only in 50% (8/16) of
the 3'd Generation Biaxial implants.26

Compared to preoperative values, TWA implants of Gen-
erations 1-4 have consistently improved average VAS pain
scores and the patient-reported outcome measures.34
Range of motion outcomes of 4th Generation TWA implants
are summarized in Table 3, and patient-reported outcome
measures are summarized in Table 4. Since there is cur-
rently no available data on the Freedom implant, results of
its similar predecessor, the Universal 2, are presented.

OTHER COMPLICATIONS

Periprosthetic osteolysis has been observed frequently in
implant Generations 3 and 4.25.33,34.39,40,43,54 However, the
finding of periprosthetic osteolysis does not appear to cor-
relate with actual implant loosening and failure. One re-
view of ReMotion wrists found that although 41% of pa-
tients (18/44; 11 radial components, 2 carpal, 5 both) had
periprosthetic osteolysis >2mm, only 14% (6/44; 5 carpal
component, 1 radial) of patients were determined to have
actual implant loosening.55 Additionally, the authors de-
termined that the observed osteolysis stabilized in most
patients after 1-3 years. Other studies of 4th Generation
implants have also shown higher periprosthetic osteolysis
rates than actual implant loosening and failure.39-41,45,56
Several studies have shown that periprosthetic osteolysis
primarily affects the radial component; however, actual im-
plant loosening occurs more often in the carpal compo-
nent.39:41,55

Less common complications seen in 4th Generation im-
plants include postoperative carpal tunnel syndrome (CTS)
in up to 16.7% of wrists,57 and tendon rupture in up to
12.5% of wrists.46 These complications had been observed
rarely in earlier-generation implants as well.%10,16,54,58,59
Multiple case reports have described cases of carpal tunnel
syndrome in total wrist patients with synovitis and metal-
losis found intraoperatively at the time of carpal tunnel re-
lease.57:%0 Heyes et al. observed metallosis-induced CTS in
four Universal 2 total wrists onset between 31-79 months
postoperatively. Day et al. reported metallosis-induced CTS
in one Universal-2 total wrist six years postoperatively. A
patient with delayed presentation of carpal tunnel syn-
drome may point towards metallosis and wear debris as
the culprit. Alternatively, studies have reported CTS more
acutely within 12 months postoperatively.3%43 These stud-
ies do not mention if metallosis was found at the time
of carpal tunnel release. Kennedy et al. observed CTS in
8.3% (4/48) of Universal 2 total wrists acutely within 12
months of TWA and later observed 11 patients develop CTS
from 13-93 months postoperatively.43 It is possible that the

acute and delayed presentations have different etiologies,
but further studies are required to investigate this. Compli-
cations and revision rates of 4th Generation TWA implants
are summarized in Table 5.

CONCLUSION

Current 4th Generation TWA implants have improved out-
comes and yield long-term survivorship of over 90%. How-
ever, preoperative diagnosis-specific studies are needed to
further characterize the outcomes of TWA in patients with
inflammatory vs. non-inflammatory surgical indications.
Due to the rarity of TWA as a procedure, multicenter stud-
ies are likely required to characterize functional and com-
plication outcomes further. Overall, TWA is a reasonable
option for low-demand patients with end-stage wrist
arthritis who wish to maintain wrist range of motion.
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Table 3. Range of Motion Outcomes of 4th Generation Total Wrist Implants.
Preop " .
Mean N Postop Preop Postop Preop Postop Preop Radial/ Postop Radial/
Article Implant N Indication Age Sex Mean F/U Flexlopl Flexion/ Pre?p POSt.OP Preo!: Porsto_p Radial Radial Ulnar Ulnar Ulnar Deviation Ulnar Deviation Preo!: Posto_p P!'”'? P?sto!J
(y) Extension N Flexion Flexion Extension Extension o . L L
(Range) Arc Extension Arc Deviation Deviation Deviation Deviation Arc Arc

Froschauer
2018

Herzberg
2012

Hertzberg
2011

Bidwai
2012

Boeckstyns
2013

Boeckstyns
2013

Honecker
2018

Fischer
2020

Fischer
2020

Pfanner
2017

Ferreres
2011

Badge
2016

Brinkhorst
2018

Morapudi
2012

Kennedy
2018

Gil 2017

ReMotion

ReMotion

ReMotion

ReMotion

ReMotion

ReMotion
ReMotion

ReMotion

Universal

Universal
Universal

Universal
2

Universal

Universal

Universal
2

23

48

non-IA

571A,12

non-1A

341A,14
non-l1A

58
(30-78)

55
(25-77)

54
(32-75)

60
(31-80)

635
(32-80)

3-12)

20

" -

4(2-8)

72

63

42

(12 47)

14.29

--

6.5(5-9)

2.8
(2-4.2)

31
(1.8-3.9)

7.1
(35-11.3)

71

74

SurgiColl

48

31 - - - -




IA=Inflammatory Arthritis; All range of motion values are in degrees.
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Table 4. Outcome Measures of 4th Generation Total Wrist Implants.
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Article

Froschauer
2018

Herzberg
2012

Hertzberg
2011

Bidwai 2012

Boeckstyns
2013

Boeckstyns
2013

Honecker
2018

Fischer 2020

Fischer 2020

Pfanner 2017

Ferreres 2011

Badge 2016

Brinkhorst
2018

Implant

ReMotion

N

Indication

non-IA

Mean Age
(Range)

6(31-72)

Sex

16F22

Mean F/U
(y)

VAKE

Preop
DASH

non-IA

3(33-84)

66F34

4(2-8)

Postop
DASH

-21*

Postop
VAS

Preop Grip Strength

(Kg)

Postop Grip Strength

(Kg)

12)

+19%

_-___—_____

ReMotion

57.5(26-76)

8F,2M

1247)

18 F 17 N 6.5 23

ReMotion

501A, 15
non-IA

8(30-78)

48F 17

58(14-89)*

2 (0-84)*

-1.5rest
ReMotion 69 >71A, 12 61(21-88) >8F, 11 125 5 +5
non-IA M v
activity
-1.5rest
10 - -13.5 -5 - +6
activity
Universal o
2 59(33-81) -3
activity
Orest
10 - 17 -5 . +7
activity
Un|v2ersal 23 A 6.9(2-12) . 49* 0.82 = 11
Universal 17 1A, 4 non- 14F,7 ~ R R R - -
P 21 A 54(32-75) M 5.5(3-8)
Un|v2ersa| 59 (26-86) 4.4(2-10)
Universal 23 non-IA 60(31-80) v 28(2-42) 53.2(20) 17.5(3-34) - 115 125
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. s e Mean Age Mean F/U Preop Postop Preop Postop Preop Grip Strength Postop Grip Strength
Article Implant N Indication (Range) Sex ) DASH DASH VAS VAS (Kg) (Kg)

Morapudi Unlversal 19 IA 2 non- 3.1 55.1 44.8

2012 (1.8-3.9) (22.5-87) (4.3-83.3)

Unlversal 341A, 14 33 F 13 7.1
Gil 2017 Universal 311A,8non- 6(31-78) 9 (4-15)
2 1A
*=qDASH

IA=Inflammatory arthritis; DASH=Disabilities of the Arm, Shoulder and Hand score; VAS=Visual Analog Scale.

Table 5. Complications and Revision Rates of 4th Generation Total Wrist Implants.

Article Implant N Indication Periprosthetic Osteolysis Implant Loosening Dislocation Deep Infection Tendon Rupture Carpal Tunnel Syndrome Revisions

Froschauer 2018 ReMotion non-1A 3(7.7%) 3(7.7%) 1(2.6%) 1(2.6%)
non-IA 13 (15%) 3(3%) 1(1.2%) 5(5.8%)

Bidwai 2012 ReMotion "Most"

Boeckstyns 2013 ReMotion 501A, 15 non-IA 11(16.9%) 6(9.2%) 2(3.1%) 5(7.7%)

Fischer 2020 ReMotion 57 1A, 12 non-IA (22%)

Pong 2020 Universal 2 5(20.8%) 1(4.2%) 2 (8.3%) 3(12.5%) 7 (29%)

Ferreres 2011 Universal 2 21 17 1A, 4 non-1A VACAYA) 1(4.8%)

Brinkhorst 2018 Universal 2 non-1A

Kennedy 2018 Universal 2 48 34 1A, 14 non-IA 24 (50%) 6(13%) 1(2.1%) 2(4.2%) 4(8.3%) 7 (14.6%)
Gil 2017 Universal 2 39 311A,8 non-1A - 3(7.7%) 0 0 - - 2(5.1%)

IA=Inflammatory arthritis.
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