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Introduction

The distal radioulnar joint (DRUIJ) plays a key
role for upper extremity function, including fore-
arm rotation, forearm and wrist stability, and
transmission of load across the wrist. The mini-
mal osseous constraint provided by the sigmoid
notch increases the risk for DRUJ instability and
likely contributes to developing osteoarthrosis
and post-traumatic arthrosis. Distal radius frac-
tures often involve the sigmoid notch, which can
disrupt joint conguity leading to instability and
abnormal articular contact stresses. Madelung’s
deformity and other congenital conditions can
severely affect the congruity and alignment of the
joint leading to degenerative changes. Because
the joint has robust synovium, it is also suscepti-
ble to inflammatory arthritis. A variety of surgical
techniques are described for the treatment of
arthritis, ranging from ablation using the Darrach
procedure for low-demand patients to anatomic
reconstruction with joint replacement to maintain
a more natural function. The aim of this chapter
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is to review the role of primary arthroplasty in the
management of DRUJ arthritis.

Anatomy

The sigmoid notch of the radius is shallow and
has a much greater radius of curvature than the
ulnar head, resulting in little inherent stability
[1]. Joint geometry provides approximately 20%
of the DRUJ stability, leaving the surrounding
soft tissues responsible for the vast majority [2].
The triangular fibrocartilage complex (TFCC) is
located between the carpus and distal ulna, being
comprised of the radioulnar ligaments, articular
disc, meniscus homolog, ulnocarpal ligaments,
and the extensor carpi ulnaris (ECU) subsheath
(Fig. 11.1). The TFCC provides both ligamen-
tous functions for wrist and forearm stability and
transmits substantial axial load between the car-
pus and forearm as well as sagittal loading during
lifting [3].

DRUI stabilizers can be described as extrinsic
or intrinsic in relation to its capsule. Extrinsic
stability is provided dynamically by the ECU ten-
don and pronator quadratus, while the distal
interosseous membrane (IOM) and ECU sub-
sheath provide static constraint [4]. The stout
radioulnar ligaments, which comprise the volar
and dorsal margins of the TFCC, are the most
important intrinsic soft tissue stabilizers [5].
Each radioulnar ligament includes a superficial
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Fig. 11.1 Anatomy of the TFCC and soft tissue stabilizing structure: many operations involving the ulnar head sacri-
fice, stabilize, or preserve the structures of the TFCC. (Reproduced with permission from Carlsen et al. [31])

and deep component. The deep fibers (ligamen-
tum subcruentum) attach to the fovea, through
which the axis of forearm motion passes.

Causes of Arthritis

The DRUJ is susceptible to both osteoarthrosis
and post-traumatic arthrosis. Distal radius frac-
tures extending into the sigmoid notch can cause
chondral damage or create an articular step-off
resulting in degeneration. Malunion of either the
distal radius or the ulna can substantially alter
joint contact resulting in degeneration (Fig. 11.2).
Similarly, forearm fractures in children can lead
to growth disturbances and subsequent arthrosis.
Congenital conditions, such as Madelung’s
deformity, may present with delayed arthrosis

due to altered joint loading. The DRUJ is particu-
larly susceptible to cartilage and ligamentous
damage caused by chronic synovitis from rheu-
matoid arthritis and other inflammatory
conditions.

Diagnosis (Physical Examination
and X-ray)

The onset of symptoms caused by DRUJ arthro-
sis is often gradual over a course of years and
may not be apparent until an aggravating injury
or over-use event occurs. The physical examina-
tion starts with inspection of both wrists to detect
asymmetry at resting posture. An asymmetrical,
prominent ulna indicates possible instability,
malunion, or inflammatory arthritis. Precise
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Fig. 11.2 Distal radius malunion following fixation showing DRUJ instability and arthritis. Lateral, oblique, and pos-

teroanterior X-rays of the patient illustrated in Video 11.1

Fig. 11.3 Radiograph shows joint space narrowing, osteophytes, and sclerosis consistent with DRUJ arthritis. Clinical
photographs show eburnation of cartilage and osteophytes of the ulnar head

palpation can isolate tenderness involving the
ECU tendon sheath, the ulnar styloid, or the
fovea. TFCC injury, ECU tendonitis or sublux-
ation, and ulnar impaction are not mutually
exclusive. Pain and crepitus are commonly elic-
ited during rotation, especially when combined
with manual joint compression. DRUJ instability
is typically confirmed by finding increased trans-
lation of the ulna relative to the radius during
manipulation of the joint in multiple positions;
however, this must be compared to the contralat-
eral side to confirm the laxity is pathologic. In
performing this maneuver, the ulnar should be
grasped proximal to the DRUJ to avoid misinter-
preting joint pain for pain caused by joint transla-
tion. The modified press test described by Adams

can demonstrate dynamic volar instability [6]
(Video 11.1).

Imaging studies are an adjunct to a careful his-
tory and physical examination. Plain X-rays will
show sequelae of arthrosis, such as joint space
narrowing, sclerosis, subchondral cysts, and
osteophytes (Fig. 11.3). Malunion, DRUJ sub-
luxation, and other pathology may also be seen.
CT will further delineate articular congruity, joint
deformity, and arthrosis, which is most useful
when including the contralateral wrist in mir-
rored and multiple positions. MRI is most useful
for soft tissue pathology including TFCC integ-
rity, but can also show signs of arthrosis and
subluxation.
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Treatment

Initial management can be nonsurgical, especially
when instability, pain, and/or arthritis is mild, and
includes activity modification, strengthening
exercises, anti-inflammatory drugs, brace support,
and possible limited or intermittent immobiliza-
tion. While it is appropriate to begin with nonsur-
gical treatment, these methods typically have
variable and often limited long-term success.
There are three broad categories of surgical treat-
ment, with technical variations in each category:
partial or complete resection of the distal ulna
(hemiresection with soft tissue interposition or the
Darrach procedure), arthrodesis of the DRUJ with
ulnar neck resection (Sauve-Kapandji procedure),
and partial or complete arthroplasty (ulnar head
replacement or total DRUJ replacement).

Surgical Exposure

Perhaps the most utilitarian approach to the
DRUI is dorsally through the fifth extensor com-
partment or between the fifth and sixth extensor

compartments, with preservation of the radioul-
nar ligaments and other TFCC components.
Alternatively, particularly for revision surgery or
severe trauma, a lateral approach can be made in
the interval between the ECU and flexor carpi
ulnaris (FCU). In either approach, the dorsal sen-
sory branch of the ulnar nerve is protected. For
the dorsal approach, a 4-6 cm skin incision is
made between the fifth and sixth extensor com-
partments, extending proximally from the level
of the ulnar styloid (Fig. 11.4a). The fifth com-
partment is opened, except for its distal portion,
and the extensor digiti minimi (EDM) tendon is
retracted.

An ulnar-based rectangular-shaped flap is cre-
ated in the DRUJ capsule, beginning just proxi-
mal and parallel to the dorsal radioulnar ligament,
continuing along the dorsal rim of the sigmoid
notch leaving a small cuff, and then extending
over the ulnar neck (Fig. 11.4b). Care is taken not
to cut the dorsal radioulnar ligament (Fig. 11.4c).
Retraction of this flap exposes the articular sur-
faces of the distal radioulnar joint and the proxi-
mal surface of the TFCC (Fig. 11.4d). The
integrity of the TFCC is assessed. Unless greater

Fig. 11.4 Surgical exposure: (a) incision overlying the
septum dividing the fourth and fifth extensor compart-
ment. (b) An L-shaped or rectangular flap is designed in
the DRUJ capsule. (¢) The transverse limb of the capsular

flap is proximal to the TFCC to preserve the radioulnar
ligaments. (d) Retraction of the flap allows visualization
of the DRUJ and ulnar head. (Reproduced with permis-
sion from Integra LifeSciences, Princeton, NJ)
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exposure is needed, the ECU sheath should not
be opened or elevated from the ulnar groove, as
preserving the sheath will maintain its important
stabilizing function for the ulnocarpal joint. At
completion of the bony procedure, the dorsal
DRUJ capsule and retinaculum are closed
together with only slight imbrication to avoid
loss of motion. The EDM is left subcutaneous.
The technique for constrained total DRUJ
replacement requires a more extensive exposure
and dissection.

Surgical Treatment: Resection
Arthroplasty

Distal Ulna Resection Arthroplasty
(Darrach)

Distal ulna resection was described by Darrach in
1912 [7]. The procedure was widely used for
chronic instability and arthrosis before the indi-
cations were refined. The entire ulnar head is
removed while preserving the surrounding soft
tissue envelope (Fig. 11.5). The ulnar head is
resected just proximal to the sigmoid notch with
a slightly angled osteotomy to help preserve
more soft tissue. Sharp edges are removed with a
file or rongeur to reduce potential adjacent ten-
don wear, particularly the ECU and EDM ten-
dons. Prono-supination is performed to assess
stump stability. The volar DRUJ capsule can be
sutured to the ulnar stump using transosseous
sutures and the dorsal capsule imbricated during
closure to improve stability.

If the ulnar stump is prominent or demon-
strates substantial instability during forearm rota-
tion, then additional stabilizing techniques can be
used. Common methods use strips of the ECU
and FCU tendons secured to the ulna by means of
bone tunnels or suture anchors [8]. Another tech-
nique uses the pronator quadratus (PQ) as an
interposition and stabilizer by suturing it to the
ulnar stump or dorsal capsule.

Tendon allograft interposition provides more
bulk to reduce the problem of radioulnar impinge-
ment. One technique uses an Achilles tendon
allograft that is folded to create a large buffer

Fig. 11.5 Ulnar head resection arthroplasty (Darrach):
radioulnar convergence has resulted in impingement by
the ulnar stump and scalloping of the adjacent radius

between the radius and ulna and sutured to each
bone to add stability [9]. Long-term follow-up
has shown satisfactory results, particularly as a
salvage technique for failed distal ulna resections
[10]. Tendon transfers and allografts have also
been used to augment DRUI stability during revi-
sion surgery for complications following ulnar
resections and implant arthroplasty [11, 12].

The Darrach procedure yields satisfactory
results in the low-demand patients [13, 14].
Younger or more active patients may continue
to have painful clicking, instability, and weak-
ness that are associated with radioulnar conver-
gence as evidenced by scalloping on X-rays
(Fig. 11.5) [15].
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Partial Distal Ulnar Head Resection
(Hemiresection Arthroplasty)

The classic hemiresection arthroplasty procedure
involves resection of the articular portion of the
distal ulna with preservation of the surrounding
soft tissues, including the TFCC, for stabiliza-
tion. Bowers described resection of a portion of
the head including the articular surface combined
with tendon interposition and capsule reconstruc-
tion [16]. The technique is commonly referred to
as the hemiresection interposition arthroplasty or
HIT procedure. Although initially described for
treatment of rheumatoid arthritis, the procedure
has been used for all types of arthritis.

A rounded contouring of the distal ulna is
done to match the obliquity of the sigmoid notch
while preserving the TFCC attachment to the
ulnar styloid (Fig. 11.6). Ulnocarpal impinge-
ment between the remaining ulnar styloid and the

triquetrum can be a problem, particularly with
positive ulnar variance; a shortening osteotomy
through the remaining ulnar head may be neces-
sary [17].

Sauve-Kapandji Procedure

When there is loss of the distal radioulnar articu-
lation, the dynamic stabilizers are unopposed.
This results in convergence of the radius and the
ulna, slack in the static stabilizing structures, and
progressive instability. The Suave-Kapandji pro-
cedure involves arthrodesis of the DRUJ and a
proximal osteotomy to allow forearm rotation
(Fig. 11.7). It is an attempt to correct the afore-
mentioned complications related to resection
arthroplasty.

Early complications were attributable to non-
union and radioulnar impingement. Tenuous

Fig. 11.6 Hemiresection interposition arthroplasty (HIT)
with residual stylocarpal impingement due to preoperative
positive ulnar variance

Fig. 11.7 Suave-Kapandji procedure with radioulnar
convergence but no radiographic signs of impingement
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single-point fixation and a large segment of
bone resected led to these respective complica-
tions. Current techniques use two points of fixa-
tion, most commonly with cancellous screws in
compression. Ten to fifteen millimeters is
resected with interposition of the pronator to
prevent ossification across the gap. Fujita et al.
described a modified technique to improve sta-
bility and union rate [18]. A 30 mm distal ulna
segment is rotated 90 degrees and inserted into a
hole created in the sigmoid notch. The objec-
tives are to improve union and prevent ulnar
translation of the wrist. Many soft tissue stabi-
lizing procedures have been described to pre-
vent radioulnar impingement; however, the
appropriate vector to maintain separation has
not been achieved [19, 20].

Surgical Treatment: Implant
Arthroplasty

Total Ulnar Head Arthroplasty

Total ulnar head arthroplasty replaces the entire
ulnar head including the ulnar styloid with a
stemmed implant (Fig. 11.8). The technique is
most commonly used for a failed Darrach proce-
dure, but has also been used for a failed HIT pro-

Fig. 11.8 Total ulnar head replacement

cedure, ulnar head fracture, and primary treatment
for rheumatoid arthritis and osteoarthritis or even
in extensive trauma. Like the Darrach procedure,
all soft attachments to the distal ulnar must be
released. The implant relies on the surrounding
soft tissue envelope for joint stability. Although
preoperative DRUJ instability is usually a contra-
indication for primary total ulnar head arthro-
plasty, if used after a failed resection arthroplasty
due to radioulnar impingement, there will often
be sufficient scar tissue that stabilizes the ulna
after implantation [21]. Moreover, radiographic
and clinical instability cannot consistently be
correlated to clinical outcomes [22].

In the initial technique for a total ulnar head
replacement, the sigmoid notch was deepened
and contoured to match the radius of curvature of
the implant head to improve joint stability; how-
ever, this technique is no longer commonly per-
formed due to the increased risk of greater
sigmoid notch erosion. In fact, sigmoid notch
erosion is common even if the notch is not altered,
but typically stabilizes by the second year and is
not consistently symptomatic [22]. Resurfacing
the sigmoid notch with an implant in an uncon-
strained fashion did not consistently improve out-
comes and was associated with joint instability.
Recently, Kakar et al. used lateral meniscal
allograft to create a labrum to receive the ulnar
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head implant [23]. While none of the four patients
in this study were unstable postoperatively, only
two had preoperative instability. Furthermore, the
study lacked standardized outcomes, indepen-
dent reviewers, objective measures of stability,
patient numbers and was retrospective.

Ulnar neck resorption beneath the implant
head is also common, which is likely caused by
stress shielding, but this rarely causes implant
loosening. Early implants with an extended collar
showed higher rates of radiolucency, loosening,
and subsequent failure [24]. This study also
revealed that a pedestal at the proximal aspect of
the implant stem results in a poor functional
outcome.

Survivorship varies widely in definition, but is
commonly defined as complications resulting in
surgical removal. Sabo reported 90% survival in
74 patients at 5 and 15 years with an average
follow-up of 7 years [25]. Patients in this study
had improved patient-reported outcomes. In
addition, the vast majority of patients would have
the procedure again and recommend it to others.
Interestingly, patients who had ulnar implant
arthroplasty for post-traumatic conditions were
less satisfied and had higher disability than
patients who received the implant for arthritic
conditions.

A systematic analysis that compiled over 150
wrists demonstrated high longevity and patient
satisfaction [26]. Another systemic review found
a low complication rate, and improved grip
strength, pain, motion, and DASH scores [27].
While the data includes different implants from
different manufacturers, implant designs are
similar.

Partial Ulnar Head Arthroplasty

Isolated DRUJ arthritis without instability can be
treated with a partial ulnar head replacement
arthroplasty (Fig. 11.9a). The technique can be
used as a primary treatment for osteoarthritis, a
failed wafer resection, a failed HIT procedure, or
a comminuted ulnar head fracture. Because only
the articular portion of the head is resected, the

kinematics of the joint are minimally altered
[28]. Furthermore, modular partial head implant
designs closely mimic the radiograph of an actual
closely mimic the radiograph of an actual ulnar
head in all dimensions. [29].

First Choice (Integra, Princeton, NJ) is the
only partial ulnar head implant currently avail-
able in the USA (Fig. 11.9b—d). With this tech-
nique, the ECU tendon and its subsheath,
TFCC attachment to the ulnar styloid, and
ulnocarpal ligaments are preserved, which pro-
vide continued stability to the DRUJ. To insert
the implant, the medullary canal is entered
through the fovea and reamed to cortical con-
tact for eventual press-fit implant fixation. A
cutting jig is applied to the reamer to create a
precise implant fit against the remaining head.
This product is modular with three stem sizes
and four head sizes.

Sigmoid notch erosion does occur, but is less
than total ulnar head arthroplasty [21, 27].
Ulnar neck resorption also occurs, but did not
result in implant loosening in a series of 18
patients with an average of 4.6 years of follow-
up [21]. Partial ulnar head replacement lacks
long-term data, but preliminary results are
promising.

Semi-constrained Total DRUJ
Arthroplasty

A semi-constrained, bipolar, modular DRUJ
implant (Aptis Medical, Louisville, KY) was
designed for the treatment of a failed Darrach
procedure but later used for a variety of DRUJ
conditions that include an unstable arthritic joint,
particularly after failed surgery, and has also been
used for primary treatment [3].

The Aptis arthroplasty replaces the DRUJ
with a small ball-in-socket mechanism that pro-
vides intrinsic stability, which is supported by a
radial plate and ulnar stem (Fig. 11.10).
Preoperative planning estimates the size and
location of the implant. A press-fit ulnar stem is
selected based on the width of the medullary
canal. The position of the articulation depends on
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Fig. 11.9 (a—e) Partial ulnar head replacement

the condition being treated. Precise implantation
is necessary to avoid potential mechanical prob-
lems and soft tissue irritation. In particular, the
extensor tendons should be protected using a reti-
nacular flap.

The majority of studies show improved motion
with favorable patient-reported outcomes includ-
ing pain scores [12, 27]. Because this implant is

used mainly as a salvage procedure, wound heal-
ing and soft tissue complications are common
[12], which are worse in patients with rheuma-
toid arthritis or immunosuppression. While
successful in properly selected younger patients,
with an implant survival rate of 96% at 5 years in
one series, ECU tendonitis was a common com-
plication [30].
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Fig. 11.10 Constrained arthroplasty

Conclusion

DRUJ arthritis can cause substantial pain and
functional limitation. There are many surgical
options available, ranging from resection arthro-
plasties to implant arthroplasties. Resection
arthroplasties are complicated by instability that
is most pronounced in active patients. Implant
arthroplasties vary from partial ulnar head
replacement to total joint replacement. Total

ulnar head replacement has potentially broad
indications, albeit achieving joint stability can be
challenging. Partial ulnar head replacement
maintains more natural joint kinetics, but has nar-
rower indications. Total joint replacement obvi-
ates instability, but requires extensive dissection
and results in more soft tissue complications. All
techniques and implants have been used
successfully for primary treatment and as a sal-
vage operation.
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