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KEY POINTS

e Patients with rheumatoid arthritis who develop severe carpal arthritis and deformity may be treated
surgically with either total wrist fusion (TWF) or total wrist arthroplasty (TWA).
e Although various TWF implants have been developed, dorsal fusion plates are currently the most

commonly used.

e TWA implants continue to improve with each generation. The most commonly used are the fourth
generation implants, with fifth generation implants currently under development.

e Complications in TWF primarily include failure of fusion, implant loosening, and soft tissue irritation.
Complications in TWA primarily include loosening, dislocation, and concerns of long-term

longevity.

e Both TWF and TWA have acceptable survivorship and are viable treatment options for patients with

rheumatic wrist.

INTRODUCTION

Rheumatoid arthritis (RA) is a relatively common in-
flammatory arthropathy, with a worldwide preva-
lence estimated to be up to 10.7%." Patients with
RA suffer from a predictable pattern of arthritis
characterized by destruction of multiple joints,
including the small joints of the wrist and hand
(Fig. 1). While the advent of disease-modifying anti-
rheumatic drugs (DMARDs) and biologic agents
has markedly reduced the number of patients pro-
gressing to end-stage arthritis, hand surgeons still
routinely treat patients affected by this condition.?

Total wrist fusion (TWF) and total wrist arthro-
plasty (TWA) are the mainstays of treatment for pa-
tients with end-stage pancarpal arthritis secondary
to RA. Although both procedures ultimately aim to
reduce disability and improve upper extremity

function, TWF and TWA each convey specific ben-
efits and drawbacks. Additionally, various surgical
techniques and implants exist for TWF and TWA.
Given a variety of patient-specific factors and
evolving implant technology, controversy continues
to exist regarding the most optimal treatment.

Faced with multiple surgical options and a
paucity of conclusive data, surgeons unaccus-
tomed to treating wrists with pancarpal RA may
find treating these patients challenging. Therefore,
the authors aim to consolidate and summarize the
current state of the literature regarding TWF and
TWA in patients with RA.

PRINCIPLES OF TREATMENT

The technical objective of TWF is to achieve a sta-
ble arthrodesis across the radiocarpal, midcarpal,
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and carpometacarpal joints. The term pancarpal
arthrodesis is used interchangeably throughout
the literature. TWF necessarily eliminates all mo-
tion of the wrist, allowing the surgeon to correct
the pre-existing deformity and optimally position
the hand relative to the forearm. Additionally,
fusion of the arthritic surfaces is intended to elim-
inate the associated pain of the arthritic joint
surfaces.

TWA, in contrast, was developed as a motion-
preserving alternative to TWF. Similar to TWF,
modern TWA implants allow for deformity correc-
tion, improved hand position, and pain reduction
via resection of the arthritic radiocarpal and
midcarpal joints. The radiocarpal joint is then
reconstructed using, most commonly, a metal-
on-polyethylene bearing interface. The wrist flexor
and extensor insertions are preserved, allowing for
active wrist motion postoperatively.

INDICATIONS AND CONTRAINDICATIONS

RA remains the most common indication for TWF
and TWA, although their use for other pathologies
continues to expand.® This article will focus on their
use in RA. TWF and TWA share most surgical indi-
cations. These procedures are generally indicated
in patients with end-stage pancarpal arthritis,
deformity that severely limits use of the hands
and fingers for activities of daily living (ADLs), or se-
vere pain recalcitrant to nonoperative treatment.
TWEF is thought to be a more durable treatment
option than TWA, so it is preferentially indicated
when the patient has higher functional demands
or younger age. TWA is optimally indicated in

Fig. 1. (A, B) Preoperative radiographs
of end-stage wrist arthritis secondary
to RA.

patients who are older and have lower functional
demands. TWA additionally requires sufficiently
normal neuromuscular control. Patients with
neuromuscular deficits, such as those who have
had a stroke, brachial plexus injury, cerebral palsy,
or other similar condition would be contraindi-
cated for TWA and would generally be better
served with a TWF.

Osteomyelitis has historically been a contraindi-
cation to TWF and TWA. Placing implants in the
setting of infection leads to biofilm formation,
which significantly reduces the chances of suc-
cessful infection eradication.* Mattos and col-
leagues® recently described a series of 4 patients
who underwent successful TWF in the setting of
osteomyelitis. All 4 of their patients were initially
treated with intravenous antibiotics, had nonviable
bone debrided, and subsequently underwent suc-
cessful fusion using a medial femoral condyle
(MFC) vascularized bone graft to reconstruct the
bone loss resulting from debridement. Although
this technique is not commonly performed, their
results demonstrate that successful fusion may
be possible in the setting of treated osteomyelitis.
Active osteomyelitis remains a contraindication to
TWA.

Relative contraindications include uncontrolled
comorbid conditions that increase the risk of post-
operative complications after TWF or TWA. Althoff
and colleagues® identified smoking, diabetes,
depression, and chronic kidney disease (CKD) as
risk factors for infection. The former three are
modifiable, and the authors recommend preopera-
tive optimization of these conditions. Additionally,
TWF and TWA require adequate bone stock.
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TWA may not be feasible in the setting of massive
bone loss or resection. TWF using a vascularized
fibula has been described for use in such cases.”®

IMPLANT OPTIONS
Total Wrist Fusion

Various implants are currently available for TWF.
Historic options including Steinmann pins, Rush
pins, and staples were used with early success
but have been supplanted by more modern
implant choices.®,'®

Precontoured dorsal plates are currently the
most commonly used implant for TWF (Fig. 2).
These plates are manufactured by multiple ven-
dors and generally use locking and nonlocking
screws. RA can lead to marked osteoporosis,’’
so having the option for locking screws improves
fixation when necessary. These plates are gener-
ally precontoured to approximately 10° to 15° of
wrist extension, allowing surgeons to use the plate
as a template for ideal intraoperative wrist posi-
tioning. Modern dorsal plates are designed to be
more low-profile than their predecessors, in an
effort to minimize the well-documented complica-
tions of extensor tendon irritation and attritional
rupture.'?'® These plates are affixed proximally
into the radius. Distal fixation is most commonly
performed to the third metacarpal, although plates
designed for fixation into the second metacarpal
are available.

Intramedullary constructs for wrist fusion were
first described using pins.'*'® More recently, dedi-
cated locked intramedullary wrist fusion nails have
been developed. The proposed benefit of these
TWEF nails is decreased soft tissue complications.
Orbay and colleagues'® published an early study
examining short-term outcomes of 7 wrists that

underwent fusion with the IMPLATE (Skeletal Dy-
namics, Miami, Florida) wrist fusion nail and found
a 100% rate of fusion with no complications. How-
ever, these promising initial results have not been
replicated by subsequent studies, and currently
no long-term outcomes data exist on these
implants.

Samade and colleagues'’” examined 38 wrists
that underwent TWF using the same implant and
found a 74% rate of successful bony fusion, a
55% rate of implant-related complications, and
13% rate of reoperation. Most of these complica-
tions involved the distal (metacarpal) portion of the
implant. Walker and colleagues’® examined 9
cases of TWF with an intramedullary nail and found
successful fusion in 89% after the first surgery,
with successful fusion in the final patient after 1
revision for bone grafting. However, they noted 6
complications and 3 patients who required reoper-
ation (33%). The most common complication was
migration of the metacarpal locking screw, which
occurred in 3 patients (33%). Similarly, Kachooei
and colleagues'® described a series of 3 patients
who suffered implant failure secondary to migra-
tion of the metacarpal locking screws. In sum-
mary, short-term data appear to demonstrate
acceptable rates of bony fusion, although with a
high rate of postoperative complications. Further
implant and technique refinement supported by
long-term data comparing these implants to dorsal
fusion plates will be required before widespread
adoption is recommended.

Total Wrist Arthroplasty

TWA implants have undergone multiple iterations
since their advent in the late 19th century, with
each generation of implants aiming to solve the

Fig. 2. (A, B) Postoperative radio-
graphs of the same patient as Fig. 1
demonstrating TWF with a dorsal
fusion plate. Note the restoration of
neutral coronal alignment and slight
wrist extension, a position that opti-
mizes hand function.
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problems of its predecessors.?® Multiple authors
have discussed the history of these implants in
detail, describing their progression from silicone
spacers, to ball-and-socket designs, to cemented
partially constrained implants, to the modern
uncemented, bone-preserving, more anatomic
prostheses.?!-22

The most commonly used implants today are the
fourth generation TWA systems (Fig. 3). These im-
plants require a smaller radial resection and rely
on bony ingrowth instead of cementation. These
design choices were made to minimize bone
destruction and implant loosening, which were
common modes of failure for third generation
cemented TWAs.?® Stability is improved compared
with prior implants, owing to an updated ellipsoidal
articular geometry.4

Several fourth generation TWA systems allow
for distal radius hemiarthroplasty also. Although
outcomes of hemiarthroplasty have not been spe-
cifically evaluated in patients with RA, early
studies raise concerns regarding high complica-
tion rates and do not recommend routine use of
hemiarthroplasty.25-28

New implants, dubbed fifth generation, continue
to be developed and tested.?®=®! These implants
are iterative improvements of their predecessors.
They promise to be more bone preserving, cause
less soft tissue irritation, and offer more natural
wrist kinematics. These implants are relatively
new and have yet to gain clinical popularity. As
more fifth generation implants come to market,
further outcomes data will be needed before wide-
spread adoption.

SURGICAL CONSIDERATIONS (PEARLS AND
PITFALLS)

TWA and TWF in the setting of RA present multiple
other treatment considerations. With respect to

TWA, because of limited bone stock or quality,
cemented prostheses remain the standard for
treatment in the United States; however, some
surgeons opt for an uncemented impaction graft-
ing technique to preserve bone stock and facilitate
osseous union.*2

In TWF, a proximal row carpectomy may be per-
formed if there is severe pre-existing bony defor-
mity. This improves deformity correction in the
face of chronically contracted soft tissues and
also provides a source of autograft. Allograft may
also be used to augment the bony fusion. The ne-
cessity of bone grafting in TWF has not been sys-
tematically evaluated, although literature from
lower extremity fusions generally demonstrates
that bone grafting may not improve fusion rates
in uncomplicated primary fusions.>® Further
studies focused on the impact of bone grafting in
TWF are needed. Vascularized and nonvascular-
ized bone grafts have been described to further
improve union in cases of bone loss in TWF.5>814

In TWA and TWF, a Darrach procedure may be
considered for several indications. It can be
particularly beneficial in cases symptomatic distal
radioulnar joint (DRUJ) arthritis, severe deformity,
or attritional extensor tendon ruptures.’?** Most
authors prefer splint or cast immobilization after
TWA for 2 to 4 weeks followed by a removable
orthosis while working with hand therapy; longer
periods of immobilization are typically indicated
for TWF.1O’12’18’32’35_37

SURVIVORSHIP AND PATIENT-REPORTED
OUTCOMES

Survivorship, patient-reported outcomes, and pa-
tient satisfaction are essential metrics to evaluate
the efficacy of these treatment modalities. A
review of the literature demonstrates a strong his-
torical track record of TWF, although emerging

Fig. 3. (A, B) Postoperative radio-
graphs of a TWA performed in a pa-
tient with RA. (Image courtesy of Eric
Wagner, MD.)
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techniques and fifth generation of TWA implants
have demonstrated improved outcomes in the
short and medium term.®2°7 |t is therefore essen-
tial to consider the literature regarding survivorship
and outcomes in terms of modern implants and
techniques, particularly in the case of TWA.21:38

There is a heterogeneous group of outcome
measures used in evaluating TWF in patients
with RA, with some large series not using validated
patient-reported outcomes.>3°

Satisfaction remains similar between the 2 pro-
cedures, ranging between 80% to 90% for TWF
and TWA 353941 A recent systematic review by
Zhu and colleagues®® of TWA versus TWF in rheu-
matoid patients performed a meta-analysis of in-
crease in grip strength after surgery with the
contralateral side as a reference, finding higher
strength in fusion patients of 76% compared with
31% for TWA. This same meta-analysis found
overall increased wrist motion in the arthroplasty
group with an acceptable arc of motion, with 47°
flexion and extension, 18° radial/ulnar deviation,
and 126° of pronosupination.

Survivorship and complication rates of TWA
have improved with the development of newer
generation implants.*? An earlier review of the
Universal prosthesis (Integra LifeSciences, Plains-
boro, New Jersey) demonstrated a 45% complica-
tion rate over an average of 7.3 years follow-up.*®
Medium-term outcomes of the Universal 2 pros-
thesis at an average of 53 months demonstrated
an improvement of QuickDASH from 61 to 46
and a 7% major complication rate; the authors rec-
ommended continued use of the prosthesis in the
rheumatoid patient population.*

A systematic review in 2021 demonstrated
much improved survivorship of later generation
implants. The Universal 2 had survivorship of
higher than 92% at 5 years, which declined to
78% at 15 years follow up, and the Motec (Swe-
mac Orthopedics AB, Linkdping, Sweden) demon-
strated a 10-year survival of 86%.%” One study
using a nationwide inpatient sample demonstrated
comparable rates of short-term complications
from 2001 to 2010.%°

COMPLICATIONS

It is pertinent to consider the relevant complication
profile particular to each procedure. The most
common complications after TWF are carpal tun-
nel syndrome and prosthetic loosening, followed
by tendon irritation and adhesions, infection, and
nonunion.®® With respect to TWA, dislocation
and loosening remain the most common compli-
cations. Radiographic loosening may or may not
be correlated to clinical loosing. It is important to

separate short-term loosening that may be caused
by infection or technical error from long-term loos-
ening that may be related to the survivorship of the
implant.

The nature of the total wrist implant also plays
an important factor; a recent meta-analysis using
third and fourth generation total wrist implants
was found to have a lower complication rate
(11%) compared with the previously reported
30% complication rate in a 2008 study by Cava-
liere and Chung.®®° Despite the high complica-
tion rate noted in the 2008 study, a minority of
these complications (5% total) went on to explan-
tation of the implant. Data on reoperation requiring
implant removal were not assessed in the more
recent meta-analysis, and it is unknown whether
newer generation implants resulted a lower rate
of complete implant removal in the follow-up
period.®

LIMITATIONS OF CURRENT LITERATURE

In their systematic review of TWF and TWA, Berber
and colleagues® found the vast majority of the liter-
ature to be of low to very low methodological qual-
ity, although a minority of published studies did
meet the criteria for moderate quality. The litera-
ture is currently lacking a high-quality, prospec-
tive, randomized trial comparing TWF and TWA
in patients with RA. Additionally, there is a paucity
of high-quality long-term data evaluating newer
implants, such as the fifth generation TWA implant
and the locked intramedullary TWF nail. Further
studies in these areas are needed.

CLINICS CARE POINTS

e Appropriate medical management of RA
should be instituted prior to surgical
intervention.

e Patients with Rheumatoid Arthritis have
shown historically improved survivorship
and patient-reported outcomes with TWF
but newer generations of TWA are showing
significant promise.

e Bone stock, functional activity levels, and
medical comorbidities should be considered
prior to embarking on TWA or TWF.
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