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Impaction syndromes related to ulnar-sided pain include ulnar impac-
tion syndrome, ulnar impingement syndrome, ulnocarpal impaction
syndrome secondary to nonunion of the ulnar styloid process, ulnar
styloid impaction syndrome, and hamatolunate impingement syn-
drome. The most common of these, ulnar impaction syndrome, is a
degenerative condition of the ulnar side of the wrist related to excessive
load bearing across the ulnar carpus, triangular fibrocartilage (TFC)
complex, and ulnar head. In an adequate clinical setting, characteristic
osseous findings at radiography include positive ulnar variance in ulnar
impaction syndrome, a short ulna in ulnar impingement syndrome,
nonunion of the ulnar styloid process in ulnar impaction syndrome
secondary to ulnar styloid nonunion, an excessively long ulnar styloid
process in ulnar styloid impaction syndrome, and type II lunate bone
in hamatolunate impingement syndrome. Nevertheless, confirmation
of clinical and conventional radiographic findings with magnetic reso-
nance (MR) imaging is often necessary to exclude other entities with
similar clinical manifestations. MR imaging allows earlier detection of
an abnormality in the TFC complex, cartilage, or bone marrow of car-
pal bones and is helpful in formulating the extensive differential diag-
nosis in patients with ulnar wrist pain and limitation of motion.
©RSNA, 2002

Abbreviations: TFC � triangular fibrocartilage, USPI � ulnar styloid process index

Index terms: Wrist, fractures, 43.41 ● Wrist, injuries, 43.41, 43.432, 43.483 ● Wrist, MR, 43.1214 ● Wrist, radiography, 43.11

RadioGraphics 2002; 22:105–121
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Introduction
Ulnar wrist pain has historically been a diagnostic
challenge for radiologists and hand surgeons. The
medical literature of the past 2 decades is replete
with articles discussing ulnar-sided wrist pain
centered on the triangular fibrocartilage (TFC)
complex. This heightened interest has resulted in
clinical data that have improved the understand-
ing of the anatomy, biomechanics, and pathologic
conditions of the distal radioulnar joint and ulnar
carpus. However, diagnosis remains difficult and
is often delayed because significant disease and
incapacitating pain may be present in spite of
minimal evidence at conventional radiography.

There are a variety of impaction syndromes
associated with ulnar-sided wrist pain. The most
common of these syndromes is ulnar impaction

syndrome, a well-recognized and relatively fre-
quent source of ulnar wrist pain and limitation of
motion (1–4). In this article, we review the con-
cept of ulnar variance and discuss and illustrate
the spectrum of imaging findings and differential
diagnoses in ulnar impaction syndrome. We also
review the imaging findings in other, less com-
mon ulnar-sided impaction syndromes, including
ulnar impingement syndrome, ulnocarpal impac-
tion syndrome secondary to nonunion of the ul-
nar styloid process, ulnar styloid impaction syn-
drome, and hamatolunate impingement syn-
drome.

Figure 1. Ulnar variance. The degree of variance
is determined by projecting a line perpendicular
from the carpal joint surface of the distal end of the
radius toward the ulna and measuring the distance
in millimeters between this line and the carpal sur-
face of the ulna. Conventional posteroanterior ra-
diographs of the wrist in neutral deviation show
positive ulnar variance with the articular surface of
the ulna projecting distal to the articular surface of
the radius (a), neutral variance with equal length of
the radial articular surfaces of the radius and ulna
(b), and negative variance with the distal edge of the
ulna proximal to the distal articular surface of the
radius (c).
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Ulnar Variance
The term ulnar variance, or radioulnar index, re-
fers to the relative lengths of the distal articular
surfaces of the radius and ulna. This is usually
referred to as Hulten variance and may be neutral
(both articular surfaces the same length), positive
(ulnar surface longer), or negative (ulnar surface
shorter) (Fig 1) (5). Variance is independent of
the length of the ulnar styloid process, which may
also vary. However, wrist position is an important
determinant of ulnar variance (2,6–9). Maximum
forearm pronation results in an increase in posi-
tive ulnar variance, whereas maximum forearm
supination decreases ulnar variance. Ulnar vari-
ance increases significantly with a firm grip and
returns to its original state with cessation of grip.
The magnitude of change varies considerably but
is generally in the range of 1–2 mm. Ulnar vari-
ance is not a constant and can be affected by daily
activities that involve repetitive forearm rotation
and gripping (2,6–9). Clearly, a standard radio-
graphic view is necessary to help reliably deter-
mine ulnar variance. The generally accepted stan-
dard view is a posteroanterior view obtained with

the wrist in neutral forearm rotation, the elbow
flexed 90°, and the shoulder abducted 90°. This
positioning provides an image of the radioulnar
length with the wrist unloaded (7,10). However,
such a view may underestimate variance in wrists
in which a firm grip and pronation result in sig-
nificant proximal migration of the radius (Fig 2).
Therefore, preoperative ulnar variance should be
measured on radiographs obtained during neutral
forearm rotation and during forearm pronation
combined with a firm grip before selecting a treat-
ment for causes of ulnar wrist pain that are af-
fected by radioulnar length (1). Although mag-
netic resonance (MR) imaging can help estimate
the degree of ulnar variance, making direct ulnar
variance measurements on standard wrist MR
images is not appropriate. The specific position
required to determine ulnar variance usually can-
not be duplicated at MR imaging, and the image
interpreter must exercise caution in describing
subtle ulnar variance on MR images of the wrist.

Figure 2. Effect of gripping on ulnar variance. (a) Conventional posteroanterior radiograph of the wrist in
neutral deviation shows slightly positive ulnar variance (line). (b) Radiograph obtained during forearm prona-
tion combined with a firm grip shows a significant increase in ulnar variance (line).
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Figure 3. Diagram illustrates the full spec-
trum of pathologic conditions in ulnar impac-
tion syndrome, including chondromalacia of
the ulnar head, the ulnar side of the lunate
bone, and the radial side of the triquetral bone
(arrows); central perforation of the TFC
(small arrowhead); and lunotriquetral liga-
ment tear (large arrowhead).

Figure 4. Ulnar impaction syndrome in a 32-year-old woman with significant positive variance and insidious
onset of ulnar-sided pain (Palmer class IIC lesion). Coronal T1-weighted (repetition time msec/echo time
msec � 500/15) (a) and gradient-echo (400/18, 20° flip angle) (b) MR images show marked positive ulnar
variance, central perforation of the TFC (long arrow), and chondromalacia of the lunate bone (arrowhead in a)
and triquetral bone (short arrow). An arthroscopic “wafer” procedure was performed, with excellent results.

Palmer Classification Scheme for TFC
Complex Lesions

Class or
Subclass Description

I Traumatic injury
IA Central perforations
IB Ulnar avulsion with or without distal

ulnar fracture
IC Distal avulsion (carpal attachment)
ID Radial avulsion with or without sigmoid

notch fracture
II Degenerative injury
IIA TFC complex wear
IIB TFC complex wear, lunate or ulnar

chondromalacia
IIC TFC complex perforation, lunate or

ulnar chondromalacia
IID TFC complex perforation, lunate or

ulnar chondromalacia, lunotriquetral
ligament perforation

IIE TFC complex perforation, lunate or
ulnar chondromalacia, lunotriquetral
ligament perforation, ulnocarpal
osteoarthritis
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Ulnar Impaction Syndrome
Ulnar impaction syndrome, also known as ulnar
abutment or ulnocarpal loading, is a degenerative
condition characterized by ulnar wrist pain, swell-
ing, and limitation of motion related to excessive
load bearing across the ulnar aspect of the wrist.
Chronic impaction between the ulnar head and
the TFC complex and ulnar carpus results in a
continuum of pathologic changes (Fig 3): degen-
erative tear of the TFC; chondromalacia of the
lunate bone, triquetral bone, and distal ulnar
head; instability or tear of the lunotriquetral liga-
ment; and, finally, osteoarthritis of the ulnocarpal
and distal radioulnar joints (1–4).

Palmer (11) designed a classification system
for TFC complex lesions based on mechanism,
location, and involved structures (Table). This
classification system is helpful in determining the
mechanism of injury and directing clinical man-
agement. It divides lesions into two classes. Class
I (traumatic) lesions are subclassified according
to the site of TFC complex involvement. Class
II (degenerative) lesions demonstrate the entire
spectrum of findings in ulnar impaction syndrome
and are subclassified according to the degree of
involvement of structures on the ulnar side of the
wrist, highlighting the progressive nature of these
injuries (Figs 4, 5) (12).

Figure 5. Ulnar impaction syndrome in a 41-
year-old man with positive variance and chronic ul-
nar-sided wrist pain (Palmer class IID lesion).
(a) Coronal T1-weighted (500/15) MR image
shows extensive chondromalacia and subchondral
degenerative sclerosis involving the ulnar aspect of
the lunate bone and the radial aspect of the trique-
tral bone (arrowheads). (b) Coronal gradient-echo
(400/18, 20° flip angle) MR image reveals central
TFC perforation (white arrow), subchondral cystic
changes in the lunate bone (arrowheads), and a
lunotriquetral ligament tear (black arrow). (c) Cor-
responding coronal fat-suppressed T2-weighted
(3,000/50) MR image demonstrates subchondral
cysts (arrowheads) and marrow edema (arrows) in
the lunate and triquetral bones. An arthroscopic
wafer procedure was performed, resulting in mild
residual symptoms.

RG f Volume 22 ● Number 1 Cerezal et al 109



The pathologic changes that appear in ulnar
impaction syndrome most commonly occur with
positive ulnar variance but can occasionally occur
with neutral or negative ulnar variance (Figs 6, 7)

(1,13). The most common predisposing factors
include congenital positive ulnar variance, mal-
union of the distal radius (Fig 8), premature phy-
seal closure of the distal radius, and previous ra-
dial head resection (1). The latter is occasionally
performed after an unrecognized Essex-Lopresti

Figure 6. Ulnar impaction syndrome in a 24-year-old man with neutral variance and ulnar-sided wrist pain.
(a) Coronal T1-weighted (500/15) MR image demonstrates a small focus of low signal intensity in the sub-
chondral ulnar corner of the lunate bone (arrow). (b) Corresponding coronal fat-suppressed T2-weighted
(3,000/50) MR image shows focal loss of lunate articular cartilage and high-signal-intensity marrow edema
within the corresponding area of the lunate bone (arrow). The TFC complex is intact. An arthroscopic wafer
procedure was performed, resulting in complete resolution of symptoms.

Figure 7. Ulnar impaction syndrome in a 34-year-old woman with negative ulnar variance. Coronal T1-
weighted (500/15) (a) and corresponding fat-suppressed T2-weighted (3,000/50) (b) MR images clearly depict
chondromalacia and marrow edema of the lunate bone (arrows). The TFC is slightly thinned and frayed (ar-
rowhead in a). Ulnar shortening was performed, with excellent results.
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fracture-dislocation, which is a massive axial ra-
dioulnar derangement consisting of disruption
of the distal radioulnar joint, rupture of the in-
terosseous membrane, and impaction fracture of
the radial head. All of these predisposing factors
result in a fixed increase in underlying ulnar load-
ing associated with relative lengthening of the
ulna or increased dorsal tilt of the distal radius
(1,4). In the absence of obvious structural abnor-
malities, ulnar impaction syndrome may result
from daily activities that cause excessive intermit-
tent loading of the ulnar carpus (1,4,13). It has
also been shown that asymptomatic changes in
ulnocarpal impaction syndrome develop over
time, so that this condition may be present even
if symptoms are not evident.

The clinical manifestation of ulnar impaction
syndrome generally consists of chronic or sub-
acute ulnar wrist pain, often exacerbated by activ-
ity and relieved by rest. Swelling and limitation of
forearm rotation and wrist motion are frequent
concurrent complaints. Anything that causes a
relative increase in ulnar variance (eg, firm grip,
pronation, ulnar deviation of the wrist) exacer-
bates the symptoms (1,4).

Radiographic findings in ulnar impaction syn-
drome include positive ulnar variance and, less
frequently, neutral or negative variance. Underly-

ing abnormalities, including malunion of a distal
radial fracture with residual radial shortening and
abnormal dorsal tilt, may be present. Premature
physeal arrest of the distal radius or previous Es-
sex-Lopresti fracture or resection of the radial
head may also be evident on conventional radio-
graphs. Secondary changes in the ulnar carpus
include subchondral sclerosis and cystic changes
in the ulnar head, ulnar aspect of the proximal
lunate bone, and proximal radial aspect of the
triquetral bone (1,2,4). In more advanced dis-
ease, ulnocarpal osteoarthritis may be seen in
these same areas. Although the radiographic
changes may be striking, the features of ulnar im-
paction syndrome may be subtle in both its early
and late stages. In such cases, recognition of the
geographic nature of the abnormalities affecting
the articular surfaces of the ulna, lunate bone,
and triquetral bone is paramount for making the
correct diagnosis (1,2,4). In the setting of nega-
tive or questionable negative conventional radio-
graphs and a strong clinical suspicion for ulnar
impaction, MR imaging is helpful in detecting
occult disease (1,3). In the early stage of ulnar
impaction syndrome, the joint cartilage of the
ulnar head and ulnar carpus is characterized by
fibrillation. Progression of the syndrome results in
bone hyperemia, which has low signal intensity on
T1-weighted images and high signal intensity on
T2-weighted images. Further progression results
in sclerotic changes, which appear as areas of low
signal intensity on both T1- and T2-weighted
images. In patients with radiographic evidence of
ulnar impaction syndrome, wrist MR imaging
and MR arthrography may be necessary to dem-
onstrate the integrity of the TFC and lunotrique-
tral ligament (1,3,4).

The differential diagnosis must include asymp-
tomatic senescent changes, intraosseous ganglia,
true cysts, vascular grooves, and Kienböck dis-
ease. The distribution of radiographic changes
within the lunate bone is the key to distinguishing
these conditions from ulnar impaction (3,4). In-
traosseous ganglia and true cysts appear on con-
ventional radiographs as a radial-sided area of
hyperlucency that communicates with the
scapholunate joint space or a hyperlucent area
within the distal ulnar aspect of the lunate bone
that communicates with the lunotriquetral joint
space. Intraosseous ganglia and true cysts both
demonstrate low signal intensity on T1-weighted

Figure 8. Ulnar impaction syndrome secondary to
fracture of the distal radius in a 59-year-old woman.
Posteroanterior radiograph of the right wrist shows an
old fracture of the distal radius with secondary radial
shortening. Subcortical sclerosis is present along the
ulnar aspect of the proximal pole of the lunate bone
(arrow).
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MR images and high signal intensity on T2-
weighted images, similar to water. Differentiation
is aided by a lack of clinical findings, sharper mar-
gins seen on radiographs, and a lack of changes in
signal intensity in the triquetral bone or ulnar
head (3,4). Senescent changes are best differenti-
ated by (a) a lack of positive ulnar variance and
(b) local tenderness over the ulnar carpus, ulnar
head, or both (3). A vascular groove usually ap-
pears as a central proximal radiolucent defect that
communicates with the radiolunate joint space
(4). The signal intensity pattern in Kienböck dis-
ease may mimic that in ulnar impaction syn-
drome; however, Kienböck disease lesions are
more diffuse or affect the radial half of the lunate
bone compared with involvement of only the ul-
nar aspect in ulnar impaction syndrome. Further-
more, the triquetral bone and the ulnar head are
not affected in Kienböck disease (3,4).

Treatment of symptomatic ulnar impaction is
complex in that it varies with the amount of ulnar
variance, the Palmer lesion class, the shape of the
sigmoid fossa and ulnar seat (14–18), and the
presence of concomitant lunotriquetral instabil-
ity. Briefly, Palmer class IIA and IIB lesions (no
TFC perforation) are managed with an open wa-
fer procedure (13,19), which consists of surgical
resection of the distalmost 2–3 mm of the dome
of the ulnar head or formal ulnar shortening (ie,
excision of a slice [generally 2–3 mm wide] of the
ulnar shaft followed by rigid fixation) (1,17).
When the TFC is already perforated (Palmer
class IIC and IID lesions), the head of the ulna
can be burred down with the help of arthroscopic
instrumentation (arthroscopic wafer procedure).
This procedure is minimally invasive, highly ef-
fective, and allows rapid return to normal activi-
ties (20); in fact, some authors currently consider
it optimal to perforate the TFC in class IIA and
IIB lesions and then perform an arthroscopic wa-
fer procedure as one would in IIC and IID lesions
(20). Class IIE lesions are managed with salvage
procedures such as complete or partial ulnar head
resection (Darrach procedure and similar pro-
cedures) or arthrodesis of the distal radioulnar
joint with distal ulnar pseudoarthrosis (Sauvé-

Kapandji procedure). Unfortunately, none of
these procedures is ideal because they all produce
convergent instability (discussed later). Ulnar
impaction secondary to an Essex-Lopresti frac-
ture-dislocation deserves separate consideration
because successful treatment is not possible in the
chronic setting (21,22). Ulnar shortening in par-
ticular is doomed to failure because the ruptured
interosseous membrane allows the radial column
to recede until the proximal radial metaphysis
impacts against the capitellum. Thus, it is vital to
consider the feasibility of an Essex-Lopresti injury
in any impaction fracture of the radial head in the
acute setting. This will allow appropriate manage-
ment of the full injury and not just of the radial
head fracture.

Ulnar Impingement Syndrome
Although the literature frequently uses the terms
ulnar impingement and ulnar impaction inter-
changeably, these entities are not only distinct but
mutually exclusive. Ulnar impingement syndrome
is caused by a shortened distal ulna that impinges
on the distal radius proximal to the sigmoid notch
(23,24). The clinical manifestation of ulnar im-

Figure 9. Diagram illustrates the three car-
dinal features of ulnar impingement syndrome
secondary to distal ulnar resection: a short-
ened ulna proximal to the sigmoid notch, scal-
loping of the distal radius, and radioulnar
convergence (arrow).
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pingement syndrome can be similar to that of ul-
nar impaction syndrome; however, patients with
ulnar impingement syndrome will generally expe-
rience a great deal of discomfort on pronation and
supination of the forearm. Compression of the
distal radioulnar joint on forearm rotation in-
creases the symptoms or produces grating in af-
fected patients and is very useful in identifying
incongruity of the distal radioulnar joint (1,4,23–
25). Most often, a markedly shortened distal ulna
results from any of the surgical procedures that
involve resection of the distal ulna secondary to
prior wrist trauma, rheumatoid arthritis, or cor-
rection of Madelung deformity (Figs 9, 10) (23).
Less commonly, ulnar impingement may be
present in de novo cases of negative ulnar vari-
ance or premature fusion of the distal ulna sec-
ondary to prior trauma (Figs 11, 12) (4,23).

Figure 10. Ulnar impingement in a 72-year-old woman with advanced rheumatoid arthritis. The patient had
experienced distal forearm pain since undergoing the Darrach procedure 5 years earlier. (a) Posteroanterior
radiograph obtained with the patient in the resting position shows extensive distal ulnar excision, focal remodel-
ing and sclerosis of the distal radius (arrowheads), and proliferative changes in the distal ulnar stump and distal
radius (arrow). (b) Posteroanterior radiograph obtained during maximum grip shows contact between the dis-
tal ulnar stump and the distal radius (dynamic radioulnar convergence).

Figure 11. Diagram illustrates ulnar im-
pingement secondary to significant nega-
tive ulnar variance or premature fusion of
the distal ulna. Note the scalloping of the
distal radius proximal to the sigmoid notch
(arrowheads).
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When the distal ulna is shortened for whatever
reason, the contraction of the extensor pollicis
brevis, abductor pollicis longus, and pronator
quadratus muscles and the effect of the interosse-
ous membrane with the loss of the buttress effect
of the radioulnar joint cause approximation of the
lower ends of the radius and ulna (23,24). This is
known as radioulnar convergence and is rarely
symptomatic, in contrast to ulnar impingement
syndrome, in which distal radioulnar contact is
evident and causes pain (23,24).

Ulnar impingement can produce erosive corti-
cal changes at the corresponding level of the ra-
dius that appear as scalloping on conventional
radiographs (24,25). By the time such changes
are seen, the condition has been present for many
years. The presence of subchondral sclerosis, the
stress-loaded radiologic view described by Lees
and Scheker (25), and MR imaging are all helpful
in confirming the diagnosis before such erosive
changes are visible. They also increase the possi-
bility of earlier recognition of this condition.

Although convergence is quite common after
the Darrach procedure and similar procedures,
symptomatic ulnar impingement is rare (24)—
which is fortunate, because fully successful treat-
ment does not yet exist. Aggressive ulnar shorten-
ing has been proposed (26), but the procedure
has not yet stood the test of time. One of the au-
thors (F.d.P.) successfully treated a patient with
rheumatoid arthritis at 7 years follow-up by re-
secting all osteophytes, shortening the ulna by 1
cm, wrapping the stump with a tendon graft, and
stabilizing the stump with tenodesis of the exten-
sor carpi ulnaris tendon. Perhaps the definitive
answer lies in ulnar head prostheses (27,28),
which presently are not appropriate for patients
who would place high demands on them. The

Figure 12. Ulnar impingement in a 22-year-old
man with chronic wrist pain. (a) Posteroanterior
radiograph of the left wrist shows prominent ulnar
shortening, scalloping, and sclerosis along the ulnar
margin of the distal radius proximal to the sigmoid
notch (arrows). (b, c) Coronal T1-weighted (500/
15) (b) and gradient-echo T2-weighted (400/18,
20° flip angle) (c) MR images demonstrate negative
ulnar variance and characteristic radial remodeling
(arrows). Note the secondary deformity of the TFC
(arrowhead in c).
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approach is totally different when convergence
is due to a severely shortened ulna caused by a
growing defect because distraction lengthening of
the ulna can restore the normal anatomy (29).
With the application of Scheker’s principles for
treatment of early distal radioulnar joint osteoar-
thritis (30), less marked ulnar shortness might
benefit from radial shortening performed in an
attempt to change the contact area between the
ulnar head and the sigmoid notch (30). Finally,
in the setting of ulnar shortness, consideration
should be given to generalized wrist disorders
such as minor forms of ulnar club hand because
isolated lengthening of the ulna will not be suc-
cessful in these cases (31).

Ulnocarpal Impac-
tion Syndrome Second-

ary to Ulnar Styloid Nonunion
Fractures of the ulnar styloid process can occur as
isolated injuries or, more commonly, in associa-
tion with fractures of the distal radius (10,32–34).
Ulnar styloid nonunion is not uncommon follow-
ing a fracture (32). Symptomatic nonunion of the
ulnar styloid process is probably underrecognized

or underreported in the literature (10,34). Non-
union of the ulnar styloid process may become
symptomatic for different reasons (34). The non-
united fragment may act as an irritative loose
body or abut the ulnar carpus. A malaligned fi-
brous nonunion may cause impingement of the
extensor carpi ulnaris tendon sheath. Such a non-
union may also be symptomatic because of associ-
ated TFC complex perforation or may be associ-
ated with complete rupture of the ulnar attach-
ments of the TFC complex and instability of the
distal radioulnar joint. Any of these conditions
alone or in combination may be responsible for
painful ulnar styloid nonunion (34). Two types of
nonunion of the ulnar styloid process have been
described in terms of anatomic features and treat-
ment options (34). Type 1 is defined as a non-
union associated with a stable distal radioulnar
joint. It affects only the tip of the styloid process,
and the TFC complex remains intact because its
major attachments are at the base of the styloid
process, so that the distal radioulnar joint remains
stable (Fig 13a). Type 2 is defined as a nonunion

Figure 13. (a) Diagram illustrates type 1 ulnar styloid nonunion, with the TFC complex and
distal radioulnar joint stability intact. (b) Diagram illustrates type 2 ulnar styloid nonunion, with
avulsion of the ulnar attachment of the TFC complex (Palmer class IB lesion) and secondary insta-
bility of the distal radioulnar joint. Both diagrams illustrate how the nonunited fragment acts as an
irritative loose body, causing focal chondromalacia of the triquetral bone (short arrow) and subcor-
tical sclerosis on the tip of the fragment (long arrow).

RG f Volume 22 ● Number 1 Cerezal et al 115



associated with subluxation of the distal radioul-
nar joint. It is the result of an avulsion of the ulnar
attachment of the TFC complex (Palmer class IB
lesion) (Fig 13b).

MR imaging is an excellent modality for visual-
izing the integrity of the TFC complex and its
ulnar attachments, the presence of nonunited
bone fragments, and associated chondromalacia
of the ulnar carpus (Fig 14). Accessory ossicles in
these anatomic regions such as the lunula and os
triangulare may be confused with nonunion of the
ulnar styloid process. They often occur bilaterally
without evidence of trauma. Whether their origin
is a detached ossification center for the ulnar
styloid process, ossification of normal soft tissue,
or a nonunited fracture of the ulnar styloid pro-
cess, no further work-up or therapy is necessary if
the wrist is asymptomatic (34). Surgical treat-
ment should be preceded by diagnostic arthros-

copy, which allows the condition to be classified
as one of the subtypes mentioned earlier. At pal-
pation with an arthroscopic probe, the TFC com-
plex is normally resilient centrally, and at ballotte-
ment with the probe, this central portion bounces
like an athlete on a trampoline (35). If the TFC
complex has lost its resiliency and shows lack of
the normal “trampoline effect,” the ulna styloid
process (along with the TFC complex) should be
reinserted in the fovea and appropriately fixed by
means of a limited incision in the ulnar aspect of
the wrist (34). This will mean a major derange-
ment of the ulnar insertion of the TFC complex
(type 2 nonunion). Conversely, if the TFC com-
plex demonstrates the normal trampoline effect
(ie, is resilient during probing), the offending
bone fragment should be removed—at arthros-
copy, if possible—and the full range of motion
immediately established because the stability of
the distal radioulnar joint will not be affected.

Figure 14. Ulnocarpal impaction syndrome secondary to nonunion of the ulnar styloid process in a 26-year-
old man with insidious ulnar-sided pain. Coronal T1-weighted (500/15) (a) and fat-suppressed T2-weighted
(3,000/50) (b) MR images reveal nonunion of the ulnar styloid process (white arrow) associated with ulnar
avulsion of the TFC complex (Palmer class IB TFC complex injury) (arrowhead in b) and early chondroma-
lacia of the triquetral bone with subchondral edema (black arrow). Results of arthroscopic examination con-
firmed early focal chondromalacia of the triquetral bone. The patient underwent excision of the fragment and
repair of the TFC complex, with excellent results.
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Ulnar Styloid
Impaction Syndrome

Ulnar styloid impaction syndrome is distinctly
different from the more well known form of ulnar
impaction syndrome in that the radiographic evi-
dence of chondromalacia does not involve the
proximal pole of the lunate bone and ulnar head,
but rather the proximal pole of the triquetral bone
and the ulnar styloid process. This ulnar-sided
wrist pain is caused by impaction between an ex-
cessively long ulnar styloid process and the tri-
quetral bone (36). The ulnar styloid process is a
continuation of the prominent subcutaneous
ridge of the shaft of the ulna, which projects dis-
tally toward the triquetral bone for a variable dis-
tance (2–6 mm) (37). Garcia-Elias (38) has de-
veloped a method of assessing the relative size of
the process called the ulnar styloid process index
(USPI) (Fig 15). An excessively long ulnar styloid

process has a USPI greater than 0.21 � 0.07 or
an overall length greater than 6 mm (38).

Topper et al (36) have suggested the presence
of a pathologic sequence of events in patients with
an excessively long ulnar styloid process. One-
time or repetitive impaction between the tip of the
ulnar styloid process and the triquetral bone re-
sults in contusion, which leads to chondromalacia
of the opposing articular surfaces (Fig 16), syno-
vitis, and pain. If a single-event trauma is forceful
enough, fracture of the dorsal triquetral bone may
occur (38,39). Impaction over a long period of
time can lead to lunotriquetral instability (36).
The diagnosis of this condition is made on the
basis of radiographic evidence of an excessively
long ulnar styloid process in combination with
positive findings on a provocative clinical test as
described by Ruby (36). MR imaging may show

Figures 15, 16. (15) Diagram (coronal view) illustrates the USPI, which is calculated by sub-
tracting the degree of ulnar variance (B) from the length of the ulnar styloid process (C) and divid-
ing the difference by the transverse diameter of the ulnar head (A). The USPI has a normal range
of 0.21 � 0.07. (16) Diagram (coronal view) illustrates the pathologic conditions that characterize
ulnar styloid impaction syndrome, including chondromalacia of the proximal pole of the triquetral
bone (short arrow) and subcortical sclerosis on the styloid process (long arrow).
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chondromalacia of the ulnar styloid process and
proximal triquetral bone (Fig 17).

Resection of all but the two most proximal mil-
limeters of the styloid process (so as not to inter-
fere with the TFC complex insertion) is the treat-
ment of choice (36).

Hamatolunate
Impaction Syndrome

Hamatolunate impingement is an uncommon
cause of ulnar-sided wrist pain that has been de-
scribed recently (17,40). The characteristic ana-

Figure 17. Ulnar styloid impaction syndrome in a
44-year-old man with severe chronic ulnar-sided
pain. (a) Posteroanterior radiograph shows an ex-
cessively long ulnar styloid process (arrows) and
degenerative changes in the lunotriquetral joint with
space narrowing (arrowheads). (b) Coronal T1-
weighted (500/15) MR image reveals focal subchon-
dral sclerosis on the tip of the styloid process (ar-
row) and advanced degenerative changes in the
lunotriquetral joint (arrowheads). (c) Correspond-
ing coronal fat-suppressed T2-weighted (3,000/50)
MR image shows extensive chondromalacia of the
triquetral bone (black arrow), degenerative changes
in the lunotriquetral joint with extensive subchon-
dral edema (white arrows), and chondromalacia of
the hamate bone (arrowheads). Resection of the two
most distal millimeters of the styloid process was
performed, resulting in good recovery of function
but mild residual ulnar wrist pain.

Figure 18. Diagram illustrates hamatolu-
nate impaction syndrome, with Viegas type II
lunate bone, chondromalacia of the proximal
pole of the hamate bone, subchondral sclero-
sis, and marrow edema (arrow).
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tomic variant, consisting of an articulation be-
tween the hamate bone and the lunate bone (type
II lunate bone) and described by Viegas et al (41),
leads to a higher prevalence of chondromalacia of
the proximal pole of the hamate bone (Fig 18)
than in wrists without this articulation (type I lu-
nate bone) (41–43). The repeated impingement
and abrasion of these two bones when the wrist is
used in full ulnar deviation (Fig 19a) is the sug-
gested mechanism for the development of the
chondromalacia (40,44). It has been reported
that approximately 50% of lunate bones have a
separate medial facet on the distal surface for ar-

ticulation with the hamate bone; in about one-
fourth of these cases, there is erosion of the carti-
lage with exposed subchondral bone on the proxi-
mal pole of the hamate bone (Fig 19), which is
often occult at MR imaging (45).

Arthroscopic burring of the apex of the hamate
bone through a midcarpal portal represents the
state-of-the-art treatment of this condition (17,
40). Short-term results are very encouraging, al-
though long-term follow-up is still lacking.

Conclusions
The differential diagnosis in patients with ulnar
wrist pain and limitation of motion is extensive.
MR imaging is an excellent modality for visualiz-
ing the full spectrum of abnormalities in ulnar-
sided wrist impaction syndromes. Confirmation

Figure 19. Hamatolunate impaction syndrome in
a 36-year-old man. (a) Posteroanterior radiograph
of the wrist in full ulnar deviation shows abutment
of the hamate and lunate bones (arrow). (b, c) Co-
ronal T1-weighted (500/15) (b) and fat-suppressed
T2-weighted (3,000/50) (c) MR images show type
II lunate bone with adjacent marrow edema of the
hamate bone (arrow) and severe chondromalacia of
the hamate bone, a finding that was proved at ar-
throscopy. Note the linear defect in the proximal
aspect of the lunate bone (arrowhead), a finding that
suggests a vascular groove.
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of clinical and conventional radiographic findings
with MR imaging is often necessary to exclude
other entities with similar clinical manifestations.
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