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Abstract

Distal radioulnar joint (DRUJ) dysfunction is a common cause of ulnar sided wrist pain. Physical examination yields only subtle
clues towards the underlying etiology. Thus, imaging is commonly obtained towards an improved characterization of DRUJ
pathology, especially multimodality imaging, which is frequently resorted to arrive at an accurate diagnosis. With increasing use
of advanced MRI and CT techniques, DRUJ imaging has become an important part of a musculoskeletal radiologist’s practice.
This article discusses the normal anatomy and biomechanics of the DRUJ, illustrates common clinical abnormalities, and
provides a comprehensive overview of the imaging evaluation with an insight into the role of advanced cross-sectional modalities

in this domain.
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Introduction

The distal radioulnar joint (DRU]J) is the distal articulation
between the radius and ulna. It is a major weight-bearing joint
at the wrist, which distributes forces across the forearm bones
[1]. Acute traumatic instability of the DRUIJ is often associat-
ed with fractures of the “ring” formed by the two bones of the
forearm and is usually easy to recognize on radiographs [2, 3].
However, further advanced imaging may be required in cases
that are more challenging to diagnose on conventional radio-
graphs, such as chronic processes like early arthritis, resulting
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in cartilage loss and bone erosions, ligament abnormalities,
altered kinetics in the setting of instability, and occult frac-
tures, among others [4-6]. Understanding the details of anat-
omy and mechanics of the DRUJ is an important prerequisite
to the systematic image interpretation. This article reviews the
normal anatomy and biomechanics of the DRUJ, common
clinical abnormalities, and provides a comprehensive over-
view of the imaging evaluation with an insight into the role
of advanced cross-sectional modalities in this domain.

Anatomy and biomechanics

The DRUJ is a pivot joint composed of the radioulnar articu-
lation and soft tissue structures, the major contributors to sta-
bility. Supination and pronation are allowed only through
complex interactions of the bony joint and soft tissue stabi-
lizers with the proximal radioulnar joint, radiocapitellar joint,
and the interosseous membrane.

The bony constituents are the sigmoid notch—a concave
articular surface of the distal radius with a radius of curva-
ture of about 15 mm—and the convex surface of the head of
the ulna, which has a radius of curvature of 10 mm [7]. The
sigmoid notch may exhibit different shapes, such as flat
face, ski slope, C type, and S type. The flat face shape has
the greatest propensity towards injuries and instability [8].
Along with the proximal radioulnar joint, DRUJ allows
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pronation and supination of the forearm, with the former
assisted by the pronator teres and pronator quadratus mus-
cles, and the supination aided by the supinator muscle in
extension and biceps brachii in flexion. The greater length
of curvature of the sigmoid notch with respect to the ulnar
head by about 50% permits a combination of rotation and
translation during pronation and supination [9, 10]. The
contact area in articulation is maximum in the neutral posi-
tion (about 40-60%), while it is as low as 10% during ex-
tremes of pronation and supination [10]. The radius rotates
150° around the fixed ulnar head and additional rotation of
up to 30° occurs at the radiocarpal joint allowing a 180°
hand arc [9]. It moves distal and dorsal to the ulna during
supination, and proximal and volar during pronation, thus a
complex “centroid of rotation” is formed rather than a single
center of rotation [5]. While rotation of the radius around the
ulna remains the predominant movement, the ulnar head, in
addition, translates about 2.8 mm in the volar direction dur-
ing supination, and about 5.4 mm dorsally during pronation
[11]. Without soft tissue support, the joint has little intrinsic
stability from the bony articulation, which contributes only
towards 20% of stabilization [12].

The triangular fibrocartilaginous complex (TFCC), is
the main soft tissue support of the DRUJ (Fig. 1). It con-
sists of the volar and dorsal radioulnar ligaments, the tri-
angular fibrocartilage proper (TFC or articular disk),
meniscal homologue, ulnolunate and lunotriquetral liga-
ments (LTL), ulnar collateral ligament, and the extensor
carpi ulnaris (ECU) subsheath reinforced medially by the
linea jugata [13, 14].

The TFC originates at the junction of the lunate fossa
and the sigmoid notch of the radius and inserts at the base
and tip of the ulnar styloid process. Along with stabiliza-
tion, it also facilitates load dispersion and absorption, and
allows the six degrees of freedom at the wrist—flexion-
extension, supination-pronation, and radial and ulnar devi-
ation [15]. The central cartilaginous weight-bearing area is
avascular, but the peripheral margins are thick and well
vascularized, forming the dorsal and volar radioulnar liga-
ments, the primary stabilizers of the DRUJ, which attach
directly onto bone at the radius, and not cartilage [7].
Peripheral TFC has a superficial portion (distal lamina),
and a deep portion (proximal lamina), which are separated
by fibrovascular tissue called ligamentum subcruentum.
The distal lamina inserts onto the tip of the ulnar styloid,
and the deep inserts at the fovea of the ulnar styloid base
in the form of a conjoined tendon along with the
ulnocapitate ligament. There is thus increased risk of in-
stability in case of ulnar styloid fracture or fracture of the
dorsoulnar corner of the distal radius [16, 17]. As per
Hagert, the superficial dorsal and deep volar fibers are
tense during pronation and the superficial volar and deep
dorsal fibers are tense during supination [18]. The
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ulnolunate and ulnotriquetral ligaments connect the ulna
to the carpals through the foveal origin of the RU liga-
ment. The meniscal homologue (MH) extends from the tip
and lateral aspect of the ulnar styloid to the triquetrum. It
is largely composed of fibrous and vascular areolar tissues
and creates a continuous arc from the TFC over the ulnar
side. The pre-styloid recess is a synovial cavity communi-
cating with the ulnocarpal space that is formed by the
fibers of the TFC and MH that attach to the styloid pro-
cess. The ulnar collateral ligament is thin and fibrous and
blends in with the MH and ECU tendon sheath [19].

Tension of the ECU tendon and pronator quadratus
during supination provides more extrinsic stability. The
interosseous membrane (IM) contributes to additional sta-
bility by preventing subluxation of the distal radius.
Along with maintaining forearm and DRUJ stability, it
also plays an important role in the transmission of load
from the wrist to the elbow, and between the forearm
bones [20]. A fall on the outstretched hand (FOOSH)
can rarely lead to an Essex—Lopresti injury consisting of
radial head fracture, rupture of the central band of the
interosseous membrane (IM), the interosseous ligament,
and DRUJ dislocation/subluxation [21]. The capsule pre-
vents anteroposterior subluxation during pronation and
supination [5].

Clinical features

Disorders of the DRUJ can broadly be classified as im-
paction, incongruity, inflammation and instability [7].
Etiologies of DRUJ dysfunction and/or pain include pri-
mary or secondary osteoarthritis, congenital, degenerative,
traumatic, infection, inflammatory and ligamentous laxity,
among others [22]. Fracture of the distal radius is the
most common cause of DRUJ instability in all age groups
[23]. In younger patients, Salter Harris Type II fractures
have been associated with instability [24]. Secondary in-
stability may be caused by malunion of fractures or
growth arrest in younger populations [24]. Isolated
TFCC injury without associated fractures can also lead
to instability.

Common presentations of DRUJ dysfunction include ulnar
sided wrist pain, painful or limited movements, audible snap-
ping or crepitus at the wrist and decreased grip strength or
weakness. The patients may also present with obvious physi-
cal deformity, redness, and swelling [14, 25]. During a phys-
ical examination, it is important to compare the affected and
unaffected sides, perform a motor, sensory and vascular as-
sessment of the limb, and test for instability. [5].

There are various clinical tests used specifically to
evaluate the DRUJ [5].

The Press Test is an indicator of TFCC dysfunction or
tear and has been shown to have 100% sensitivity to
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Fig. 1 Schematic of the anatomy
of the major ligaments of the
DRUJ and their common
pathologies

3

Radial
tear

TFCC abnormality, however, not all TFCC tears manifest
as DRULJ instability due to the intact DRUJ ligaments [5,
26]. The Clunk Test assesses the interosseous membrane
[5]. For evaluating ECU, the ice-cream test has also been
recently proposed [27]. The Stress Test or Ballottement
Maneuver (Piano Sign) assesses static instability and has
a sensitivity of 66% and specificity of 68% for the eval-
uation of the palmar and dorsal radioulnar ligaments [5].

Radiological evaluation
Plain radiography

Radiography is the mainstay for the initial evaluation of
DRUJ. A three-view wrist series, with posteroanterior
(PA), oblique, and lateral projections is typically done
(Fig. 2). For a neutral PA radiograph, proper positioning
of the forearm is important with the upper arm abducted,
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elbow flexed to 90°, and forearm in neutral position with
the fingers and thumb in neutral position, forming a flat
hand [6]. This view is mainly used for the assessment of
degenerative DRUJ and ulnocarpal joint changes,
radioulnar space, and ulnar variance. A widened space
between the sigmoid notch and the ulna with respect to
the unaffected side is a strong indicator of a dorsal ulnar
subluxation/dislocation while increased overlap indicates
volar ulnar subluxation /dislocation [28]. Dorsal ulnar sub-
luxation is often associated with a fracture of the ulnar
styloid process and a shortened radius, along with the
widened joint space on the PA views. The lateral view
depicts the dislocation clearly. Dislocations of the DRUIJ
itself are uncommon and may be either dorsal due to
hypersupination injuries, which are more common, or vo-
lar due to hyperpronation injuries. They are also associated
with radial fractures and TFCC injuries. On radiography,
the DRUIJ space is widened and the ulnar styloid is rotat-
ed to the central portion of the ulna (Fig. 3).
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Fig. 2 PA (a), oblique (b), and
lateral (¢) views of normal DRUJ
articulation

Ulnar variance (Hulten variance) or radioulnar index, is a
measure of the relative lengths of the radius and the ulna. It
is the perpendicular distance in millimeters between a line
along the medial articular surface of the distal radius extend-
ed toward the ulna and the ulnar fovea [4, 29]. If the ulnar
surface is distal to the radius, it is considered a positive
variance and if the ulna lies proximal to the radial surface,
it is denoted as a negative ulnar variance. This index varies
amongst individuals, over an individual’s lifetime and with
changes in forearm position, and is best measured on the
standard PA views [4]. The mean value is 0.9 mm with a
range of 2.3 to 4.2 mm [30]. Pathological changes in the
ulnar variance alter the distribution of forces across the wrist
[29]. A 2.5-mm increase in ulnar variance increases predis-
position to ulnar impaction syndrome, also known as ulnar
loading or abutment, due to the increased ulnar loading
stress between the ulna and carpal bones leading to TFCC
tears and disc degeneration, however, this syndrome may
also be seen with neutral or negative variance, which may
be related to the dynamic impingement (Fig. 4) [6]. A neg-
ative ulnar variance has been shown to be associated with
ulnar impingement syndrome and Kienbock disease [4].

The oblique and lateral radiographs are optimal for the
congruency and alignment of the DRUJ, respectively.

Fig. 3 PA (a), oblique (b), and lateral (¢) radiographs of the wrist and
lateral view of the forearm (d) showing dislocation of the DRUJ and
fracture of the distal radius shaft. a, b Widening of distal radioulnar
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Proper positioning for the lateral position may prove to
be difficult for the patients due to pain and decreased
range of motion, but is very important, since rotation of
as low as 10° can lead to inaccuracies in the measure-
ments [31]. A true lateral view can be evaluated by
assessing the scaphopisocapitate alignment (Fig. 5). The
volar cortex of the pisiform should lie between the volar
cortices of the capitate, the distal pole of the scaphoid,
ideally within the central third of this interval [32]. The
ulna normally projects 2 mm dorsal to the radius on a true
lateral radiograph. A projection beyond 6 mm indicates
instability [33]. Indirect indicators of DRUJ instability in-
clude fracture of ulnar styloid base, dorsal tilt of the distal
radius by 15° or more, ulnar fovea avulsion, radial short-
ening by 4 mm, and radial inclination less than 0° [5].
Calcification, joint space narrowing, sclerosis, and cysts
are also easily detected on radiography, e.g., in conditions
such as calcium pyrophosphate deposition disease.

Ultrasonography
With the frequent use of high frequency and small-size probes,

the use of US in musculoskeletal evaluation continues to
evolve and expand. Dynamic and real-time evaluation

joint space with positive ulnar variance (arrow in b) is consistent with

DRUI dislocation. ¢ Dorsal dislocation of the ulna is seen. d Associated
fracture of radial shaft is consistent with Galeazzi fracture-dislocation
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Fig. 4 Ulnocarpal impaction seen
on radiograph (a) and MR
arthrogram images (b, ¢). a
Ulnolunate abutment with
narrowing of the space. b, ¢ Full-
thickness central perforation of
the TFCC (arrows) with open
fluid communication between the
DRUJ and ulnocarpal space
(arrowhead)

combined with low cost, lack of ionizing radiation risk, and
easy availability render US a viable option for soft tissue eval-
uation. Hess et al. have described a sonographic method of
quantifying DRUJ instability by measuring dorsovolar ulnar
head translation relative to the distal radius and defining a ratio
to differentiate a normal vs. unstable DRUJ [34]. Color
Doppler US can also be used to evaluate synovitis in the
ulnocarpal recess of the wrist, an indirect sign of TFCC tear.
However, US modality use remains limited due to operator
dependence, inability to interrogate the ulnocarpal joint, and
uncertainty in establishing a final diagnosis.

Fig. 5 True lateral view of the wrist with normal scaphopisocapitate
alignment, i.e., scaphoid position (curved line) between the pisiform
and capitate (straight lines)

Computed tomography

CT evaluation of both wrists, to account for normal anatomical
variance, remains the gold standard in the evaluation of DRUJ
congruency [35]. A static scan acquisition is typically done
with the patient supine and the arms overhead in the swimmer
or Superman positions in neutral, pronation, and supination
positionings. While static CT provides excellent anatomic de-
tails, it does not allow real-time dynamic assessment of stress-
related changes to the joint. Increasingly, imaging with the
joint in neutral position, pronation, and supination with vary-
ing loads is being preferred to study the joint motion and the
interplay of its soft and bony components. Local anesthetic
may be injected to circumvent inaccuracies from restricted
range of motion due to patient discomfort as the pain and
restricted joint movement may not allow the patient to handle
the weights or multi-positional imaging. The loading can be
provided either by dead weight application or a special appa-
ratus that provides torque [36]. Three-dimensional renderings
of cross-sectional CT images are often created for the referring
surgeons for pre-surgical planning.

DRUIJ instability is assessed by determining the posi-
tion of the ulna relative to the radius. Imaging is per-
formed with the field of view extending from immediately
above the Lister’s tubercle to at least the first row of
carpal bones. Axial images are reconstructed parallel to
the line joining the radial and ulnar styloid processes
depicting the DRUJ articulation. There are various
methods to quantify the displacement on these axial im-
ages—the radioulnar line (or Mino’s) method, the
radioulnar ratio method, the subluxation ratio method, epi-
center method, and the congruency method (Table 1) [4,
22, 31, 37-40]. The subluxation method and the epicenter
method are debated to be the most reliable [37, 41]. The
epicenter method takes the normal translation of the DRUJ
into account and may be more specific [38].

Kinematic 4D CT is a recent development that allows
the assessment of joint kinetics in real time motion with
the patient in prone position with the wrists overhead
performing a series of movements at the wrist with con-
tinuous scanning [42] (Video 1). This modality is
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Table 1

Methods to assess DRUJ instability

Mino’s Method

Two lines are drawn, one
each through the dorsal and
volar borders of the radius.
These are extended to
evaluate the position of the

ulna relative to these.

If more than 25% of the
ulna lies volar or dorsal
to these lines, instability

is present

Subluxation Ratio Method and Radioulnar Ratio Method

This is a modification of the
radioulnar ratio. A line
joining the two edges of the
sigmoid notch is drawn.
Two lines are drawn
perpendicular to this line,
one passing through the
dorsal and one through the
volar edge of the sigmoid
notch. The maximum extent
of the ulna beyond either of
these lines is measured and
the ratio is compared

against the total sigmoid

The mean subluxation
ratios in neutral
position, pronation and
supination are 0.01,
0.20, and -0.13

respectively.

The mean radioulnar
ratios in neutral
position, pronation and
supination are 0.51,
0.66, and 0.42

respectively.

technically demanding and requires a high-end scanner
with 256- and 320-slice capability to attain the desired
temporal resolution of 4-5 images per second and a
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coverage area of 10-16 cm (Fig. 6). Iterative reconstruc-
tion approach has been suggested to reduce the radiation
dose during real-time volume imaging. 3D segmented
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Table 1

(continued)

notch length.

For calculating the
radioulnar ratio, a line is
drawn joining the dorsal
and volar edges of the
sigmoid notch which
depicts the length of the
sigmoid notch. A second
line is drawn perpendicular
to the first that passes
through the center of the
head of the ulna. The
radioulnar ratio is the ratio
between the line joining the
point of intersection of the
two lines with the volar
edge of the sigmoid notch
and the total length of the

sigmoid notch.

Epicenter Method

The centers of the head of
the ulna and the styloid
process are determined by
drawing two circles. The

center of rotation of the

If this line is within the
middle half of the
sigmoid notch, the
DRUJ is considered

normal.
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Table 1 (continued)

DRUIJ lies halfway between
these. The center of rotation
is then joined
perpendicularly to the line

depicting the length of the

sigmoid notch.

Congruency Method

Based on subjective
evaluation of the arcs of the | the distance varies at
ulnar head and sigmoid

notch.

Instability is present if

any point.

volumes in axial plane can be played as a cine clip to
assess the joint kinematics and evaluate the dynamic
changes in the joint morphology, which provides a more
functional idea of the pathology in its entirety (Fig. 7)
[43]. The 4DCT imaging allows unconstrained joint mo-
tion and can potentially improve the pre-surgical planning
with earlier detection of diseases (bone and tendon
malalignments) before they progress to static lesions
[44—46]. It can be done with weights but is typically
performed without weights to avoid motion artifacts and
misregistration on the reconstructed 3D volumes. It is,
however, currently not known whether such a novel and
advanced modality alters the patient outcomes.

Magnetic resonance imaging
MRI remains the most sensitive modality for assessing
soft tissue changes. It is essential that during wrist evalu-

ation, appropriate sequences are chosen. A high spatial
resolution (in-plane resolution of 0.3-0.5 mm) and high
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signal-to-noise ratio intermediate-weighted imaging (non-
fat-suppressed and fat-suppressed, echo time 35-45 ms,
and matrix of 256 and above) is essential to properly
evaluate these minute structures, attain good fluid—carti-
lage—ligament contrast-to-noise ratio, and avoid false diag-
noses [47]. 3D images, especially with spin echo contrast
and variable flip angle evolutions, can be obtained in iso-
tropic sub 1-mm resolution in 67 min on a 3-Tesla scan-
ner. These allow fine evaluation of these ligamentous
structures and fibrocartilage of TFC. Sometimes these
non-contrast MR exams are sufficient, but MR
arthrography and traction have been advocated to detect
subtle tears of ligaments and TFC in instability cases, such
as in athletes [48]. MRI can also be obtained in static
positionings of supination and pronation to detect bony
instability (joint incongruity) apart from soft tissue evalu-
ation using a wrist or small flex coil similar to the CT
imaging.

The TFC proper, or articular disc, demonstrates bicon-
cave low signal intensity on all sequences [49]. The ulnar
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Fig. 6 3D and 4D CT (static
frame reconstructed from real-
time motion) images of the nor-
mal, congruent right DRUJ

attachment may appear hyperintense due to the presence of
vascular, loose connective tissue between and around the
upper and lower laminae [50, 51]. The axial view is opti-
mal for visualization of the dorsal and volar radioulnar
ligaments, the thickenings of the TFC at the dorsal and
ulnar aspects (Fig. 8). The triangular ligament extends
proximally from the ulnar styloid fovea to the ulnar styloid
tip distally, and it is seen as a low-signal-intensity band
attached to the fovea and styloid tip. It appears striated
on coronal images and appears to have focal intermediate

Fig. 7 4D (a and b) static frames
reconstructed from real-time mo-
tion images and 3D reconstruc-

tion (c¢) demonstrate exact degree
of dorsal ulnar subluxation in a

patient with ulnar styloid fracture
(arrow in d) and DRUJ instability

signal intensity between the two attachments—the
ligamentum subcruentum [4, 52] (Fig. 9). These variations
in signal intensity should not be mistaken for tears. Tears
show linear hyperintensity on T2-weighted images [52]. It
is important to trace the dorsal and ulnar ligaments to their
attachments to detect tears since the central disc may ap-
pear normal with these tears. Peripheral tears are more dif-
ficult to diagnose than central and are more often present
with ulnar-sided wrist pain. These should be suspected if
these radiologic signs are present: upper and/or lower
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Fig. 8 Pronated wrist MRL
Images obtained along the dorsal
and volar aspects of the wrist
demonstrate the normal
hypointense and taught dorsal
(arrow in a) and volar (arrow in
b) radio-ulnar ligaments with
bone-to-bone connection as op-
posed to TFCC (arrow in ¢)
which connects the radial articular
surface to the ulnar bony surface

lamina detachment from the ulna, high fluid signal intensity
along the ulnar insertions, extension of fluid proximal to
the base of ulnar styloid process, or focal adjacent synovi-
tis, and it may warrant intravenous contrast or MR
arthrography with injection [53]. It is also important to
clinically correlate any pathology evident on imaging, as
some findings may represent age-related degenerative
changes that do not necessitate specific intervention. TFC
degenerative changes show as increased signal intensity
that does not extend to the articular surface. A central per-
foration in the TFCC in individuals over 50 years of age is
a common finding [52, 54] (Fig. 10). The tears of dorsal
and volar radioulnar ligaments are associated with volar

Fig. 9 Post-MR arthrogram
coronal fsT1 (a), fsPD (b), and
sagittal fsT1 (c) images show
mild increased signal of the
ligamentum subcruentum, a
normal structure, and normal taut
and continuous appearance of the
ulnotriquetral ligament (large
arrows)

@ Springer

and dorsal radioulnar subluxation/dislocation, respectively.
The ligament tears are evident as focal increased signal
and/or discontinuity of the hypointense structure. The
Palmer classification divides tears into traumatic and degen-
erative types (Table 2) [55]. The Atzei classification is a
treatment-oriented classification based on clinical instability
and arthroscopic findings (Table 3) (Fig. 1) [56].

Ulnar impaction syndrome is a chronic degenerative
wrist condition, commonly seen in the middle-aged,
caused by the chronic impaction of the head of the ulna
against the carpals, predominantly the lunate. It is associ-
ated with a positive ulnar variance, usually due to devel-
opmental predisposition but may occur without
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Fig. 10 A 44-year-old male with
TFCC perforation (arrow) on PD
with fat-saturated image (a), and
osteochondral lesion (arrow) of
the ulnar head T1W coronal im-
age (b) and axial PD with fat-
saturated image (c)

predisposition if excessive repeated loading or strain is
present, or in the setting of previous radial fracture and

Table 2 Palmer’s classification of complex TFC lesions

Classification 1 - Traumatic 2 - Degenerative
A Central TFC wear
perforation

B Ulnar avulsion ~ TFC wear and chondromalacia

C Distal avulsion ~ TFC perforation and chondromalacia

D Radial avulsion ~ TFC perforation, chondromalacia,
and lunotriquetral ligament
perforation

E TFC perforation, chondromalacia,

lunotriquetral ligament
perforation, and ulnocarpal or
radioulnar arthritis or both

shortening [57]. In chronic ulnocarpal abutment, the
lunotriquetral ligament (LTL) can be affected along with
degenerative tears of TFC and uncommonly, DRUJ artic-
ular lesions may be present (Fig. 10) (Table 1). The LTL
has three components—linearly shaped volar band, trian-
gular proximal component, and a dorsal band, which is
the most important for maintaining carpal stability [58,
59]. Dorsal band tears may lead to volar intercalated car-
pal segmental instability. Detecting tears and abnormalities
of this ligament can be challenging, however, disruption of
proximal Gilula arc is a good indirect sign of its insuffi-
ciency. Thus, central tears of the triangular fibrocartilage,
step-off between the lunate and triquetrum (disruption of
Gilula A arc), and findings suggestive of ulnocarpal abut-
ment are indications that warrant through assessment of
LTL [60]. MRI is, in addition, invaluable for the evalua-
tion of overlying cartilage [38]. Axial views in maximal
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Table 3  Atzei classification of TFCC peripheral tears
Class 1 Class 2 Class 3 Class 4 Class 5
Repairable distal ~ Repairable complete ~ Repairable proximal ~ Non- repairable ~ Arthritic DRUJ
tear tear tear tear
Clinical DRUJ instability None/Slight Mild/Severe Mild/Severe Severe Mild/Severe
Status of TFCC distal component Torn Torn Intact Torn Variable
Status of TFCC proximal component Intact Torn Torn Torn
Healing potential of TFCC tear Good Good Good Poor
Status of DRUJ cartilage Good Good Good Good Poor
Treatment Repair Reconstruction Salvage

pronation and supination have been found to be useful in
detecting chondral degeneration. It is important to remem-
ber that the ulnar volar facet is normally devoid of
cartilage.

MR is also excellent for bone marrow evaluation and finding
synovitis (Fig. 11). Synovitis is best detected on intravenous
contrast administration and is an indicator of various pathologies
including tears of a surrounding ligament or tendon, arthritis, and
Keinboch’s disease. The prestyloid recess is a synovium-lined
pouch that is directly connected to the radiocarpal compartment
and is surrounded by meniscal homologue distally, the TFCC
attachment to ulnar styloid proximally and central TFCC disk
radially. It may vary in shape, i.e., saccular (38%), tubular (18%),
and conical or tongue-shaped (13%) [52], and it is important to
not confuse normal anatomical variants with pathology.
Synovial osteochondromatosis of the DRUJ is a disorder of
unknown etiology characterized by metaplasia of the
subsynovial cells resulting in hyperplasia and the formation of
cartilaginous or osseocartilaginous nodules shed as loose bodies
into the synovial cavity. It may be a primary or secondary disor-
der. It is commonly seen in the 2nd to 4th decades and is more
common in men, who present with complaints of gradually pro-
gressive pain, swelling, locking, and limited range of motion. On
MR, it is seen to have chondroid signal characters and has

Fig. 11 Wrist synovitis; 35-year-
old man with wrist pain. PA ra-
diographs were reported as nor-
mal. Coronal fsPD image shows
bone marrow edema of proximal
radial-sided carpus with trace flu-
id in the joint. Perfusion MR im-
age shows active synovitis on the
radial side of the wrist. The se-
rology was subsequently positive
for rheumatoid arthritis
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intermediate to low signal on T1 and high signal on T2
(Fig. 12). While usually benign and more common in larger
joints, it is an important diagnosis to consider due to the risk of
malignant transformation, and as a differential of other patholo-
gies of the wrist, such as rheumatoid arthritis (RA), OA,
chondrocalcinosis, synovial chondrosarcoma, etc. [61]. RA
pannus typically erodes the base of the ulnar styloid process
and can secondarily lead to ulnar shortening and painful im-
pingement on distal radius metaphysis (Fig. 13).

Standard MRI has been found to be highly specific, but
not sensitive for detecting tears of the intrinsic ligament as
compared to the gold standard of arthroscopy. Direct MR
arthrography, with contrast material injected into the joint,
can be especially useful for evaluating the TFCC and
other wrist ligaments facilitated by superior contrast reso-
lution, joint distension and flow of contrast in different
wrist compartments (Figs. 14, 15, 16). It is useful in
distinguishing between the presence of a tear, as indicated
by the presence of both fluid and contrast in the DRUJ, or
other mechanical or inflammatory fluid, which would be
devoid of gadolinium. There is no consensus on guide-
lines, but usually, a radiocarpal injection is done in most
cases. Rarely, if no defects are visualized but suspicion
remains high, a DRUJ injection may be supplemented
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Fig. 12 A 50-year-old woman
with primary synovial
osteochondromatosis seen on PA
radiographs (a), showing multiple
small calcified foci (arrow) along
the medial aspect of the ulna.
STIR coronal (b), TIW axial (c),
PD with fat-saturated axial (d),
and axial post-contract T1W (e)
images demonstrate hypointense
foci (arrow in b, ¢, d) surrounded
by peripheral enhancement
(arrow in e)

[62]. Direct MRA remains limited by its invasiveness and
increased cost. The utility of indirect MR arthrography
using IV contrast that perfuses gradually into the joint, is
debated. The dependence of contrast on perfusion and
vascularity poses a problem due to the effect on signal
intensity that may make it difficult to detect disease [6].
3D imaging and kinematic MR imaging are still being
explored in the domains of DRUIJ instability and wrist

A

Fig. 13 PA radiograph demonstrates secondary OA superimposed on RA
of DRUIJ (arrow) with eroded ulnar styloid process and ulnar
translocation of the carpus

pathology. Volumetric isotropic imaging allows ligament
evaluation in high resolution with images reconstructed in
the planes of DRUJ and radioulnar ligaments [63, 64].
Kinematic imaging with real-time unconstrained motion
and acquisition of imaging in axial planes with real-time
manipulation of imaging planes like cardiac imaging is
possible. However, the clinical value of such imaging
and its impact on patient management is not yet known.

Treatment

Conservative treatment is always attempted initially in
chronic or subacute DRUJ dysfunction and involves re-
duction or modification of activity, occupational and phys-
ical therapy, splinting, and the use of NSAIDs or
intraarticular steroid injections [23]. In case of instability
due to fracture/subluxation, reduction is needed to ensure
integrity of the joint anatomy to allow for soft tissue
healing. In distal radius fractures, reduction and restoration
of radial alignment is necessary and long-term results
show no differences in the outcomes of conservative ver-
sus surgical approaches [65]. Ulnar head dislocations may
require reduction and temporary fixation with K-wires. For
fracture of the ulnar styloid, fixation of the radius alone
may have the same results as ulnar styloid fixation [66].
While most commonly soft tissue injuries heal after bone
reduction, instability may persist in some cases, especially
in younger patients. In these cases, it is essential to eval-
uate after 4—6 weeks, and treat possible TFCC tears or
consider styloid fixation [23]. Surgical repair, either
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Fig. 14 A 54-year-old female
with pain and DRUJ instability.
Coronal fsPD (a) and post MR
arthrogram fsT1W (b) images
show the completely torn upper
lamina of TFC disc (large arrow)
and partially torn lower lamina
(styloid attachment, small arrow).
Sagittal fsST1W image (c) shows
frayed ulnotriquetral ligament
(arrow). Axial fSTIW image
shows the irregular and thickened
volar RU ligament (small arrow)
with mild dorsal subluxation of
the ulna (d). Notice leakage of
contrast from the ligament and
adjacent capsule (large arrow)

Fig. 15 A 66-year-old female
with wrist pain. Post-MR
arthrogram coronal fSTIW (a, b)
and sagittal fST1W (c) images
show the completely torn
ulnotriquetral ligament (small
arrow in a, ¢) and lower lamina of
TFC disc (small arrow in b).
Coronal 3D PDW image shows
the intact upper lamina of the TFC
(large arrow) (d)
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Fig. 16 Normal and abnormal
DRUJ ligament. a, b Axial PD
and fsT1 images from a MR
arthrogram show normal DRUJ
alignment and normal volar
(small arrow) and dorsal DRUJ
(large arrow) ligaments. ¢ Axial
fsT1W image from a patient with
DRUJ instability and pain
showing tear of the volar DRUJ
ligament (small arrow) with
contrast extravasation. Notice
intact dorsal DRUJ ligament and
mild dorsal subluxation of the
ulna (large arrow)

arthroscopic or open, is considered once conservative man-
agement has failed.

Open repair is especially considered in unstable DRUJ
injuries and 6-8 weeks of continued symptoms due to
foveal disruption of TFCC, chronic arthritis (Fig. 13), or
non-arthritic instability. There are three broad surgical

Fig. 17 Darrach procedure. Distal
ulnar osteotomy (arrow in a and
b) on CT images of DRUJ. Fat-
saturated T2W coronal (¢) and
axial (d) images demonstrate sus-
ceptibility artifacts and bone mar-
row edema related to surgery
(arrows). Notice chronic
remodeling/erosion of the distal
radius at the DRUJ with smooth
cortical scalloping due to the long
standing ulnar impingement

options that may be considered: resection arthroplasty, im-
plant arthroplasty, or salvage procedures as a last resort.
The Darrach procedure (Fig. 17) is a form of resection
arthroplasty that involves removal of the distal ulna. It is
usually indicated to provide pain relief caused by distal
RU disruption or severe RU arthritis. It has been shown
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Fig. 18 Sauvé—Kapandji
procedure. Coronal (a), axial (b),
and 3D (¢) CT images
demonstrate partial osteotomy of
distal ulna with preservation of
the ulnar head and partial fusion
of the DRUJ (arrow in a)

to improve pronation and supination. Its limitations in-
clude: possible developments of ulna impingement syn-
drome, decreased grip strength, and ulnar translation of
carpals [67, 68]. Since it leaves the patient with low func-
tionality, it is preferred for the elderly. It may also be
combined with ECU or FCU tendon slings to provide
more ulnar support [14, 69]. Various hemiresection proce-
dures with interposition of soft tissues between the remain-
ing ulnar stump and radius are other options. A more
function-preserving choice is the Sauvé-Kapandji proce-
dure (Fig. 18) that involves arthrodesis of DRUJ, which
is more commonly preferred in young patients. Forearm
pronation and supination are maintained by creating a
pseudoarthrosis of the ulna just proximal to the DRUJ
arthrodesis. It differs from the Darrach procedure in that
it preserves ulnar support of the wrist, as the distal
radioulnar ligaments and ulnocarpal ligaments are main-
tained but painful instability of the proximal ulna stump
may persist [14, 68]. Various implants like partial or total
ulnar head replacement, or a total DRUJ arthroplasty

Fig. 19 DRUIJ replacement. PA
(a), oblique (b), and sagittal (c)
radiographs show DRUJ
replacement using Scheker
prosthesis (Aptis Medical,
Glenview, KY)

@ Springer

(Fig. 19), are other options. Salvage procedures may often
sacrifice the range of motion in favor of pain relief and
preservation of some function and strength. Options of
such an approach include: creation of a one-bone forearm,
wide excision of the distal ulna, or the three-component
reconstruction Kleinman—Greenberg procedure, which may
be done to salvage and stabilize a previously failed
Darrach procedure [70].

Conclusions

DRUJ dysfunction, instability, and/or pain is an important
problem that frequently necessitates patient evaluation
using radiography and advanced imaging methods since
clinical examination provides only subtle clues towards
the final diagnosis. Knowledge of the complex anatomy
of the DRUJ and adjacent structures is essential for the
proper interpretation of imaging studies to allow accurate
diagnosis and treatment.
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