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digits with possible proximal extension to the 
wrist [6]. In the palm, an ulnar bursa is pres-
ent superficial to the third through fifth meta-
carpals, which communicates with the flex-
or tendon sheath of the fifth finger in 81% of 
cases [6]. A radial bursa is located superficial 
to the second metacarpal as a continuation of 
the flexor pollicis longus tendon sheath, and 
an intermediate bursa may connect the ulnar 
and radial bursae in 50% of cases [6]. The ex-
tensor tendon sheaths are located beneath the 
extensor retinaculum of the wrist, may be up 
to 7 cm in length, and terminate at the level of 
the proximal metacarpals [6].

Tendinosis is characterized by hypoecho-
ic tendon enlargement with variable hyper-
emia on color or power Doppler imaging. A 
partial-thickness tendon tear will appear as 
an incomplete anechoic cleft whereas a full-
thickness tendon tear will appear as com-
plete tendon discontinuity with retraction 
of the torn tendon ends [4]. Dynamic eval-
uation improves accuracy in the diagnosis 
of full-thickness tendon tear; tendon move-
ment is not translated across the site of a full-
thickness tendon tear and tendon stump re-
traction becomes more obvious. Dynamic 
evaluation can also assess for tendon sublux-
ation or dislocation.

Pitfalls
Extensor retinaculum and pseudoteno-

synovitis—One structure that may simulate 

Pitfalls in Wrist and Hand Ultrasound

Mary M. Chiavaras1 
Jon A. Jacobson2 
Corrie M. Yablon2 
Monica Kalume Brigido2 
Gandikota Girish2

Chiavaras MM, Jacobson JA, Yablon CM, Kalume 
Brigido M, Girish G

1Department of Radiology, McMaster University, 
Hamilton General Hospital, Hamilton, ON, Canada. 

2Department of Radiology, University of Michigan,  
1500 E Medical Center Dr, TC2910L, Ann Arbor, MI 
48109-0326. Address correspondence to J. A. Jacobson 
(jjacobsn@umich.edu).

Musculoskeleta l  Imaging •  Review

AJR 2014; 203:531–540

0361–803X/14/2033–531

© American Roentgen Ray Society

U
ltrasound can be used to evaluate 
tendon, muscle, ligament, bone, 
and joint abnormalities as a com-
plement to other imaging meth-

ods, such as radiography, CT, and MRI [1, 2]. 
High accuracies can be obtained when ultra-
sound is performed for the proper indications 
by an experienced operator with thorough 
knowledge of anatomy and musculoskeletal 
ultrasound [3]. A number of potential diag-
nostic pitfalls should be avoided to improve 
accuracy and decrease interpretation errors. 
Such pitfalls relate to ultrasound evaluation of 
tendons, inflammatory arthritis, carpal tunnel 
syndrome, ulnar collateral ligament of the 
thumb, ganglion cysts, and pseudomasses.

Tendons
Pathology

One common application for musculoskel-
etal ultrasound in the hand and wrist is ten-
don assessment [4]. A normal tendon is hy-
perechoic with a fibrillar echotexture and 
uniform thickness [5]. Tendon pathology in-
cludes tenosynovitis, tendinosis, and tendon 
tear. Tenosynovitis is characterized by dis-
tention of the tendon sheath with anecho-
ic or hypoechoic fluid, synovial hypertrophy 
(which ranges from hypoechoic to, less com-
monly, hyperechoic compared with subcuta-
neous fat), or thickening of the tendon sheath 
itself with possible hyperemia [4]. Anatomi-
cally, flexor tendon sheaths are present in the 

Keywords: anatomic variants, anatomy, wrist ultrasound

DOI:10.2214/AJR.14.12711

Received February 9, 2014; accepted after revision  
April 17, 2014.

FO
CU

S 
O

N
:

OBJECTIVE. The purpose of this article is to review a number of diagnostic pitfalls re-
lated to ultrasound evaluation of the hand and wrist. Such pitfalls relate to evaluation of ten-
dons (extensor retinaculum, multiple tendon fascicles, tendon subluxation), inflammatory ar-
thritis (incomplete evaluation, misinterpretation of erosions, failure to evaluate for enthesitis), 
carpal tunnel syndrome (inaccurate measurements, postoperative assessment), ulnar collat-
eral ligament of the thumb (misinterpretation of the adductor aponeurosis and displaced tear), 
wrist ganglion cysts (incomplete evaluation and misdiagnosis), and muscle variants.

CONCLUSION. Although ultrasound has been shown to be an effective imaging meth-
od for assessment of many pathologic conditions of the wrist, knowledge of potential pitfalls 
is essential to avoid misdiagnosis and achieve high diagnostic accuracy.

Chiavaras et al.
Pitfalls in Wrist and Hand Ultrasound
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an abnormality is the extensor retinaculum 
of the wrist. This bandlike structure extends 
transversely over the dorsal wrist at the lev-
el of the radiocarpal joint measuring 8–23 
mm in craniocaudal dimension and up to 1.7 
mm in thickness [7]. The extensor retinacu-
lum functions to stabilize the extensor ten-

dons and keep the tendons approximated to 
the radius during wrist extension [8]. On ul-
trasound, the extensor retinaculum is slightly 
hypoechoic compared with the subcutaneous 
fat. If the ultrasound beam is angled, the ret-
inaculum can appear more hypoechoic and 
may simulate tenosynovitis of the extensor 

tendons, especially the extensor digitorum 
[7] (Fig. 1A). With knowledge of the expect-
ed location of the extensor retinaculum at the 
radiocarpal joint and thickness, this poten-
tial pitfall can be avoided. Another pitfall 
that may simulate tenosynovitis is misinter-
preting the normal hypoechoic muscle at the 

A B

C D

E
Fig. 1—48-year-old man in excellent health with asymptomatic wrist and hand.
A, Ultrasound image of dorsal wrist in sagittal plane shows normal extensor retinaculum (arrows). T = extensor digitorum tendon, R = radius, L = lunate, C = capitate.
B and C, Ultrasound images of dorsal wrist in axial (B) and sagittal (C) planes show normal tapering of hypoechoic muscle (arrows) at musculotendinous junction of 
extensor tendons (T). R = radius, U = ulna.
D, Ultrasound image of radial wrist in axial plane shows abductor pollicis longus tendon in short axis with multiple tendon slips (asterisks) or “lotus root” sign. E = 
extensor pollicis brevis tendon, R = radius, A = radial artery.
E, Ultrasound image of ulnar wrist in axial plane with hand supination shows extensor carpi ulnaris tendon (arrowheads) subluxation less than 50% from ulnar groove 
(curved arrow). Note hypoechoic cleft (straight arrow) as normal variant.
F, Ultrasound image of dorsal second metacarpophalangeal joint in sagittal plane shows pseudoerosion (arrow). MC = metacarpal, P = proximal phalanx.

F

(Fig. 1 continues on next page)
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musculotendinous junction as tenosynovitis 
(Fig. 1B), which can be avoided by confirm-
ing the normal tapering of muscle tissue in 
two imaging planes (Fig. 1C).

First extensor compartment—There are a 
number of normal variations that involve the 
wrist tendons that may simulate abnormali-
ties, notably the first extensor compartment 
tendons [9]. Both the abductor pollicis lon-
gus and the extensor pollicis brevis may have 
multiple tendon slips that can simulate longi-
tudinal clefts or tears. The abductor pollicis 
longus has multiple tendon slips in up to 95% 
of cases and is usually most apparent distal to 
the radius [10, 11]. The appearance of mul-
tiple tendon slips has been termed “the lotus 
root sign” because the multiple tendons ap-
pear similar to the appearance of a cut lotus 
root [10] (Fig. 1D). Multiple tendon fascicles 
may also but much less commonly involve 
the extensor pollicis brevis, described in less 
than 3–7% [10, 11]. Another possible varia-
tion of the first extensor wrist compartment is 
subcompartmentalization, with an incidence 
varying from 24% to 77.5% [11]. The pres-
ence of septation may cause complete sub-
compartmentalization of the extensor pollicis 
brevis and abductor pollicis longus tendon 
sheaths in 23% of cases. On ultrasound, an 
echogenic septation has been described in the 
setting of subcompartmentalization, although 

the septation may appear hypoechoic because 
of anisotropy; a small bony ridge between 
two osseous grooves at the attachment of 
the septation is often a more obvious finding 
[11]. Partial subcompartmentalization occurs 
in 9% of cases, which may make visualiza-
tion of the septation with ultrasound difficult 
[10]. The presence of subcompartmentaliza-
tion is important when injecting the first com-
partment tendon sheath for treatment of de 
Quervain tenosynovitis because incomplete 
filling of each compartment (when present) 
may result in ineffective treatment [11]. An-
other variation is absence of the extensor pol-
licis brevis tendon seen in 4.5% of cases [10].

Extensor carpi ulnaris—There are sever-
al potential diagnostic pitfalls related to the 

extensor carpi ulnaris tendon in the sixth 
extensor wrist compartment. A hypoechoic 
cleft may be seen when the extensor carpi ul-
naris tendon is imaged in the short axis (Fig. 
1E). A similar finding has been described at 
MRI, thought to represent fibrovascular tis-
sue in between the two spiraling heads of the 
extensor carpi ulnaris [12–14]. The charac-
teristic location, lack of tenosynovitis, and 
lack of symptoms help to differentiate this 
finding from a true longitudinal tendon tear. 
An accessory extensor digiti minimi tendon 
may also arise from the extensor carpi ulna-
ris, described in 34% of cases, which may 
produce an apparent tendon cleft [15]. An-
other potential pitfall relates to the position 
of the extensor carpi ulnaris within the ulnar 

G
Fig. 1 (continued)—48-year-old man in excellent health with asymptomatic wrist 
and hand.
G, Ultrasound image of volar wrist in axial plane shows hypoechoic nerve fascicles 
and surrounding hyperechoic epineurium of median nerve (arrowheads). F = flexor 
carpi radialis, P = palmaris longus.
H, Ultrasound image of ulnar aspect of first metacarpophalangeal joint in coronal 
plane shows normal ulnar collateral ligament (arrows) and overlying adductor 
aponeurosis with characteristic bone contours (arrowheads) of metacarpal (MC) 
and proximal phalanx (P) at ligament attachment. Note anisotropy of proximal 
ligament fibers (asterisk).
I, Ultrasound image of dorsal wrist in sagittal plane shows multilocular anechoic 
ganglion cyst (arrows) with increased posterior through-transmission. R = radius, 
L = lunate, C = capitate.

H

I

Fig. 2—67-year-
old woman with 
flexor carpi radialis 
tendinosis. Ultrasound 
image in long axis to 
flexor carpi radialis 
tendon (arrowheads) 
shows hypoechoic 
tendinosis (arrows) and 
adjacent degenerative 
changes at scaphoid 
(S)–trapezium (T) 
articulation.
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groove. In pronation, the extensor carpi ul-
naris tendon normally is located within this 
groove; however, with supination or wrist ul-
nar deviation there can normally be sublux-
ation with the up to 50% of the extensor car-
pi ulnaris tendon located out of the groove 
[16] (Fig. 1E). The presence of tenosynovitis 
or subluxation greater than 50% of the ten-
don width should be considered abnormal.

Flexor carpi radialis—Another pitfall 
is incomplete evaluation of the flexor carpi 
radialis tendon. Although evaluation of the 
wrist tendons typically begins at the radio-
carpal joint, it is important to assess the ten-
dons distal to this level so as not to overlook 
an abnormality. One cause of wrist and hand 
pain is osteoarthritis at the scaphoid-trape-
zium-trapezoid (or triscaphe) joint. In the 
presence of osteoarthritis at these articu-
lations, tendinosis and potential tear of the 
flexor carpi radialis may occur [17] (Fig. 2). 
Assessment of wrist or hand pain near the 
thumb should include examination of the 
flexor carpi radialis as well as the adjacent 
joint articulations at this site.

Inflammatory Arthritis
Ultrasound plays an important role in the 

assessment of inflammatory arthritis be-
cause it can help diagnose joint inflamma-

tion before initiation of arthritis treatment, 
assess response to treatment, and guide per-
cutaneous aspiration or injection [18, 19].

Synovial Hypertrophy or Synovitis
The hallmark of inflammatory arthri-

tis is synovial hypertrophy, which appears 
hypoechoic (Fig. 3A) or, less commonly, 
isoechoic or hyperechoic compared with 
subdermal fat [20]. Although the term “sy-
novitis” is often used loosely, the term “sy-
novial hypertrophy” may be more appro-
priate because the thickened synovium at 
imaging may not always be truly inflamed. 
This may explain the variable appearances 
of abnormal synovium at ultrasound. The 
term “synovitis” has been applied when the 
synovial hypertrophy is hypoechoic in the 
presence of synovial Doppler signal inten-
sity [21]. Synovial hypertrophy can involve 
any synovial space, such as a joint recess or 
tendon sheath, and may show hyperemia on 
color or power Doppler imaging (Fig. 3B). 
The use of power Doppler imaging is advo-
cated because it is more sensitive compared 
with conventional color Doppler imaging 
and is angle independent [22].

Evaluation for synovial hypertrophy re-
quires a comprehensive assessment so as not 
to overlook pathologic findings. A search pat-

tern should include the three articulations of 
the wrist (distal radioulnar, radiocarpal, and 
midcarpal) (Fig. 4), the metacarpophalange-
al joints, and the interphalangeal joints. In the 
wrist joints, synovial hypertrophy is most of-
ten detected within the dorsal joint recesses 
[23]. With the metacarpophalangeal and in-
terphalangeal joints, the dorsal recesses are 
targeted, although additional assessment of 
the volar recesses of the proximal interpha-
langeal joints has also been advocated [24]. 
Inflammatory synovial hypertrophy charac-
teristically involves a recess of a synovial joint 
in a diffuse manner with resulting distention 
of the joint recesses. Although it is important 
to target the synovial spaces of the wrist and 
proximal hand when there is concern for rheu-
matoid arthritis (metacarpophalangeal and 
proximal interphalangeal joints), the distal in-
terphalangeal joints should also be included 
to evaluate for other causes of inflammatory 
arthritis, such as psoriatic arthritis [25, 26]. 
The tendon sheaths should also be evaluated 
for synovial hypertrophy, especially the ex-
tensor carpi ulnaris [23, 27] (Fig. 4B).

Erosions
Bone erosions are another feature of in-

flammatory arthritis. They appear as a focal 
discontinuity of the bone surface visible in 

A
Fig. 3—76-year-old woman with rheumatoid arthritis.
A and B, Gray-scale (A) and color Doppler (B) ultrasound images of dorsal 
second metacarpophalangeal joint in sagittal plane show hypoechoic synovial 
hypertrophy (arrows) with hyperemia, which distends dorsal recess. MC = 
metacarpal, P = proximal phalanx.
C, Ultrasound image of second metacarpophalangeal joint in coronal plane shows 
hypoechoic synovial hypertrophy with hyperemia (arrows) and cortical erosion 
(arrowheads) of radial aspect of second metacarpal head. P = proximal phalanx.

B

C

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 4

9.
18

5.
11

9.
11

 o
n 

12
/1

3/
23

 f
ro

m
 I

P 
ad

dr
es

s 
49

.1
85

.1
19

.1
1.

 C
op

yr
ig

ht
 A

R
R

S.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d 



AJR:203, September 2014	 535

Pitfalls in Wrist and Hand Ultrasound

two perpendicular planes [20] (Fig. 3C). Once 
synovial hypertrophy is identified, a detailed 
search for erosions should be initiated to in-
clude all of the joint surfaces. At the metacar-
pal heads, the radial and ulnar aspects should 
be targeted. This is a significant limitation 
in the use of ultrasound because much of the 
bone surfaces cannot be visualized due to the 
approximation of other osseous structures. 
Thus, the sensitivity of ultrasound in the diag-
nosis of erosions is less than ideal (42%) but 

still higher than radiography (19%) although 
lower than MRI (68%) when compared with 
high-resolution CT [28]. The radial aspect of 
the second metacarpal and the ulnar aspect 
of the fifth metacarpal are two areas where 
erosions are commonly identified with ultra-
sound [23] (Fig. 3C).

Pitfalls
Detecting hyperemia—One pitfall is fail-

ure to detect hyperemia in the presence of 

synovial hypertrophy. Minimizing transduc-
er pressure when assessing for hyperemia is 
important because excessive pressure may 
dampen blood flow; “floating” the transduc-
er on a thick layer of gel or use of a standoff 
pad is helpful to avoid this pitfall. Other fac-
tors that can help detect hyperemia include 
lowering the velocity scale (or pulse repeti-
tion frequency) as far as possible without 
creating noise, lowering the filter (which is 
usually automatically adjusted with scale), 

A
Fig. 4—75-year-old woman with rheumatoid arthritis.
A, Power Doppler ultrasound image of dorsal wrist in sagittal plane shows hypoechoic synovial hypertrophy with hyperemia of midcarpal (arrows) and radiocarpal 
(arrowheads) joint dorsal recesses. R = radius, L = lunate, C = capitate.
B, Power Doppler ultrasound image of ulnar wrist in axial plane shows extensor carpi ulnaris (E), hypoechoic tenosynovitis with hyperemia (straight arrows), and adjacent 
hypoechoic synovial hypertrophy of distal radioulnar joint (arrowheads). Note cortical erosions (curved arrow) of ulna (U). R = radius.

B

A

Fig. 5—61-year-old man with psoriatic arthritis.
A and B, Ultrasound image (A) and radiograph (B) 
of dorsal wrist in axial plane show extensive bone 
proliferation (arrowheads).
C, Ultrasound image of second interphalangeal joint 
in coronal plane shows hypoechoic and thickened 
radial collateral ligament (straight arrows), erosion 
(arrowhead), and enthesitis (curved arrow). PP = 
proximal phalanx, MP = middle phalanx.
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and narrowing the ROI (which increases the 
frame rate). Color or power Doppler gain 
should be adjusted to a level just below the 
point where background artifact is visible. It 
is important to also be aware that synovial 
hypertrophy and hyperemia may be reduced 
if a patient is taking nonsteroidal antiinflam-
matory drugs [29].

Distinguishing erosions from other causes 
of cortical irregularity—In addition to rela-
tively low sensitivity of ultrasound in the di-
agnosis of osseous erosions, ultrasound is 
also not very specific. When compared with 
high-resolution CT, ultrasound has a false-
positive rate of 29% in the diagnosis of corti-
cal erosions [30] because ultrasound is sen-
sitive in identifying cortical irregularity but 
there are many causes for such findings.

One potential pitfall is termed the “pseu-
doerosion” of the metacarpal head. Although 
most commonly seen at the dorsal aspect of 
the second metacarpal, this finding is seen 
to variable degrees at every metacarpal (and 
metatarsal). The pseudoerosion is a smooth 
depression (mean depth, 0.3 mm) in the dor-
sal metacarpal cortex located at the margin 
of the hyaline articular cartilage at the site 
of the dorsal joint recess [31] (Fig. 1F). Al-
though true erosion can involve this area, the 
finding of a shallow and smooth concavity in 
this characteristic location indicates a nor-
mal finding; absence of adjacent synovial hy-
pertrophy is also a finding that supports that 
this finding is not a true erosion.

Bone irregularity may also be seen due to 
bone proliferation in psoriatic arthritis (Figs. 
5A and 5B), osteophytes in osteoarthritis 
(Fig. 6), and after trauma. It is important to 

consider other imaging and clinical findings 
to add specificity to potential erosions seen 
at ultrasound. One finding is the presence of 
adjacent synovial hypertrophy, which adds 
specificity. It is also important to consider 
the distribution of the potential erosions, the 
findings at radiography, and clinical and lab-
oratory findings.

Isolated synovial hypertrophy—Anoth-
er pitfall is the finding of minimal synovial 
hypertrophy of a joint recess without hyper-
emia or erosions at ultrasound. This nonspe-
cific finding when isolated may be seen in 
several situations and has been shown to be 
of little clinical relevance [32].

One scenario that may cause isolated syno-
vial hypertrophy without hyperemia or ero-
sions is early inflammatory arthritis. In the 
setting of isolated synovial hypertrophy (with 
negative rheumatoid factor and negative an-
ticyclic citrullinated peptide and at least one 
swollen joint or increased C-reactive protein), 
one study has shown that the probability of in-
flammatory arthritis ranges from 0% to 39% 
[33]. With the additional finding of synovi-
al hyperemia or erosions at ultrasound, this 
probability increases to 8–85% [33]. With 
the presence of all three ultrasound findings 
(synovial hypertrophy, hyperemia, and ero-
sions), the probability of inflammatory arthri-
tis increases further to 50–94% [33]. The dis-
tribution of ultrasound findings should also 
correlate with the expected sites of a specific 
inflammatory arthritis; for example, the syno-
vial proliferation should involve the wrist or 
proximal hand with rheumatoid arthritis.

Other causes for nonspecific synovial hy-
pertrophy without hyperemia or erosions in-

clude osteoarthritis, prior trauma, and other 
forms of inflammatory arthritis. Correlation 
with distribution and other ultrasound find-
ings is again important; mild distal interpha-
langeal joint synovial hypertrophy with osteo-
phytes can be explained by osteoarthritis as 
the cause. Correlation with clinical examina-
tion and laboratory findings is also essential to 
add specificity. Positive rheumatoid factor and 
anticyclic citrullinated peptide suggest that 
even nonspecific synovial hypertrophy with-
out hyperemia or erosions makes the diagno-
sis of inflammatory arthritis probable [33]. In 
patients with rheumatoid arthritis, the finding 
of hyperemia predicts relapse and radiograph-
ic progression even with low levels of disease 
and subclinical inflammation [34].

Rheumatoid versus other types of inflam-
matory arthritis—One last pitfall in the use 
of ultrasound in evaluation for inflammato-
ry arthritis of the hand and wrist is failure to 
consider other types of inflammatory arthritis 
and their key anatomic sites of involvement. 
Although involvement of synovial spaces 
(joint recesses and tendon sheaths) is com-
mon in inflammatory arthritis, other anatom-
ic targets should include the entheses as well 
as other cortical surfaces beyond the joint ar-
ticulations and their recesses. For example, 
psoriatic arthritis and the other seronega-
tive spondyloarthropathies characteristically 
cause inflammatory enthesitis, which appears 
as irregular bone proliferation at the tendon 
and ligament attachments with possible ero-
sions and adjacent hypoechoic inflammation 
and hyperemia [25, 26] (Fig. 5C). Because it 
is unrealistic to screen every enthesis of each 
hand given time constraints, often the clues 

Fig. 6—60-year-old man with osteoarthritis. Ultrasound image of first 
carpometacarpal joint shows osteophytes and synovial hypertrophy (arrows). T = 
trapezium, MC = first metacarpal.

Fig. 7—51-year-old woman with prior surgical carpal tunnel release and continued 
symptoms. Ultrasound image of volar wrist in axial plane shows hypoechoic and 
enlarged median nerve (arrowheads) and hypoechoic thickened retinaculum 
(arrow). T = flexor tendons within carpal tunnel.
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to a more focal ultrasound evaluation include 
abnormal radiographs (showing enthesitis or 
bone proliferation) and history and physical 
examination findings; a swollen or painful 
digit should include evaluation of the enthe-
ses. Cortical irregularity from periosteal new 
bone formation also can be seen in psoriatic 
arthritis at any osseous site (Figs. 5A and 5B). 
Another diagnostic consideration for bone ir-
regularity is gout, which is characterized by 
the presence of periarticular bone erosion and 
adjacent hyperechoic tophus [35].

Carpal Tunnel Syndrome
Background

Ultrasound has been used to diagnose car-
pal tunnel syndrome for more than 20 years 
[36]. In addition, ultrasound has been shown 
to be the most cost-effective diagnostic test 
for carpal tunnel syndrome when a patient is 
referred from a specialist [37]. The charac-
teristic ultrasound finding of any peripheral 
nerve entrapment is hypoechoic enlargement 
of the involved nerve at and just proximal 
to the entrapment site with distal tapering 
or transition to more normal size [36]. The 
median nerve, as other peripheral nerves, is 
ideally identified in the short axis where the 
hypoechoic nerve fascicles and surrounding 
hyperechoic connective tissue create a char-
acteristic honeycomb appearance [38].

Pitfalls
Flexor carpi radialis and palmaris lon-

gus tendons—The adjacent flexor carpi ra-
dialis and palmaris longus tendons should 
not be mistaken as the median nerve giv-
en their proximity (Fig. 1G). In contrast to 
a normal peripheral nerve, a normal ten-
don will appear more hyperechoic with a 

fibrillar echotexture. A normal tendon will 
also show uniform anisotropy and appear 
diffusely hypoechoic when the transduc-
er is toggled, unlike a peripheral nerve in 
which only the echogenic connective tis-
sue elements surrounding the hypoechoic 
nerve fascicles show anisotropy. In addi-
tion, when followed proximally in the axial 
plane, the median nerve courses in a char-
acteristic manner; the median nerve moves 
radial and then deep and ulnar in between 
the flexor digitorum superficialis and pro-
fundus, which is unlike the flexor carpi ra-
dialis and palmaris longus, which remain in 
the same superficial tissue planes [39].

Measurement technique and diagnos-
tic criteria—In carpal tunnel syndrome, the 
median nerve is assessed for enlargement at 
the volar wrist crease at the level of the pisi-
form or flexor retinaculum. At this site, the 
median nerve area can be measured using 
the circumferential trace mode at the point 
of maximal enlargement, measured just in-
side the echogenic epineurium (Fig. 1G). 
The threshold area of the median nerve for 
diagnosing carpal tunnel syndrome is debat-
ed depending on how one selects the sensi-
tivity and specificity. In general, less than 8 
mm2 is considered normal, 8–12 mm2 is bor-
derline, and greater than 12 mm2 is abnor-
mal [38]. One method to accurately diagnose 
carpal tunnel syndrome is to compare the 
area of the median nerve proximally (at the 
level of the proximal one third of the prona-
tor quadratus) and distally where the nerve is 
most enlarged (at the wrist crease); enlarge-
ment of 2 mm2 or greater results in 99% sen-
sitivity and 100% specificity [40]. In the set-
ting of a bifid median nerve (usually with a 
persistent median artery located in between 

the nerve bundles), the area should be added 
and 4 mm2 used as the threshold compared 
with the median nerve size at the pronator 
quadratus [40].

Postoperative assessment—Additional pit-
falls exist in the ultrasound assessment after 
carpal tunnel surgery. A common procedure 
used to treat carpal tunnel syndrome is surgi-
cal release of the carpal tunnel or flexor reti-
naculum. After such surgery, the retinaculum 
can have a variable appearance because the 
retinaculum may be hypoechoic and thick-
ened and anterior displacement is common 
[41] (Fig. 7). It may be extremely difficult to 
differentiate a postoperative successful reti-
naculum release from an incomplete release 
or scar tissue. The significance of median 
nerve size after surgical treatment is contro-
versial. Although the study by Abicalaf et al. 
[42] has shown that the median nerve area de-
creases after successful carpal tunnel release, 
Lee et al. [41] showed that the median nerve 
area increases in the distal carpal tunnel. Ad-
ditionally, Naranjo et al. [43] showed that me-
dian nerve size as shown with ultrasound does 
not correlate with clinical outcome after sur-
gery and therefore is of limited value.

Ulnar Collateral Ligament of Thumb
Background

Ultrasound can be used to effectively eval-
uate for ulnar collateral ligament injuries of 
the thumb (also termed “gamekeeper thumb” 
or “skier thumb”) [44]. Importantly, ultra-
sound can diagnose a displaced ulnar collat-
eral ligament tear (Stener lesion) with 100% 
accuracy when lack of normal ligament fibers 
is seen spanning the joint and there is a round 
heterogeneous masslike area identified proxi-
mal to the metacarpophalangeal joint [45].

Fig. 8—58-year-old man with displaced ulnar collateral ligament tear (Stener 
lesion). Ultrasound image of ulnar aspect of first metacarpophalangeal joint 
in coronal plane shows displaced hypoechoic ligament (straight arrows) with 
stump directed proximally (curved arrow) and hypoechoic thickened adductor 
aponeurosis (arrowheads). MC = first metacarpal, P = proximal phalanx.

Fig. 9—61-year-old man with volar ganglion cyst. Ultrasound image of volar wrist 
in axial plane shows anechoic multilocular ganglion cyst (cursors) with increased 
posterior through-transmission. F = flexor carpi radialis, A = radial artery.
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Pitfalls
Probe position—Selecting the correct 

probe position and anatomic plane is essen-
tial to ensure that the ligament fibers are in the 
imaging plane. The key to the proper anatom-
ic plane is to identify the smooth concavities 
in the distal metacarpal and proximal phalanx 
because these are the footprints of the liga-
ment fiber attachments (Fig. 1H) [45].

Adductor aponeurosis—A second pitfall 
is mistaking the injured adductor aponeuro-
sis as intact ulnar collateral ligament fibers. 
In the setting of a Stener lesion, the proximal 
edge of the adductor aponeurosis is often in-
jured and appears hypoechoic and thickened 
on ultrasound (Fig. 8). Soft-tissue swelling 
and hematoma may also create a somewhat 
heterogeneous appearance to the area; how-
ever, the presence of the adductor aponeuro-
sis can easily be confirmed with passive flex-
ion of the interphalangeal joint [45]. With 
this dynamic maneuver, the adductor apo-
neurosis can be identified gliding back and 
forth over the metacarpophalangeal joint 
with movement of the extensor tendon.

Stener lesion—A third pitfall relates to the 
misconception that the displaced ulnar col-
lateral ligament must be located superficial 
to the adductor aponeurosis. The key fea-
ture of a displaced ulnar collateral ligament 
tear (Stener lesion) is a rolled-up appearance 
at the leading edge of the proximal adduc-
tor aponeurosis (Fig. 8). The proximal stump 
may be located at the leading edge of the 
aponeurosis, superficial to the aponeurosis, 
or more proximal along the metacarpal [45].

Ganglion Cyst
Ganglion cysts account for 50–70% of soft-

tissue masses around the wrist [46]. The pit-
falls in the ultrasound diagnosis of ganglion 
cysts include uncertainty in ultrasound crite-
ria and incomplete evaluation. Ganglion cysts 
at the wrist are commonly anechoic or hy-
poechoic and multilocular with increased pos-
terior through-transmission, although they of-
ten appear complex [47]. Ganglion cysts that 
are 10 mm in size or smaller are more likely to 
be hypoechoic, although a multilocular or mul-
tilobular appearance is still present without an 
associated soft-tissue mass [46]. The two most 
common locations where ganglion cysts oc-
cur include superficial to the dorsal component 
of the scapholunate ligament (Fig. 1I) and vo-
lar between the radial artery and flexor carpi 
radialis (Fig. 9). Ultrasound evaluation of the 
wrist should include these two anatomic loca-
tions. The dorsal ganglion cyst should be dif-
ferentiated from a distended radiocarpal joint 
dorsal recess because the two may appear sim-
ilar. A dorsal ganglion cyst is usually multiloc-
ular with little compressibility, which is differ-
ent from a distended radiocarpal joint dorsal 
recess that is unilocular and compressible with 
transducer pressure or joint movement. When a 
volar ganglion cyst is located immediately ad-
jacent to the radial artery, transmitted pulsatile 
movement of the ganglion cyst should not be 
misinterpreted as a pseudoaneurysm.

Pseudomasses
There are several variations in the mus-

cles that traverse the wrist that may present 

clinically as a soft-tissue mass [48]. One ex-
ample is the extensor digitorum brevis ma-
nus. This accessory muscle is located dor-
sally at the wrist at the ulnar aspect of the 
second extensor tendon in between the sec-
ond and third extensor tendons, has a prev-
alence of 2–3%, and is bilateral in 54% of 
cases [49]. At ultrasound, the characteris-
tic appearance of hypoechoic muscle fibers 
and interspersed hyperechoic fibrofatty sep-
tations is essential, along with the specific 
location of this accessory muscle (Fig. 10). 
In addition, enlargement of the muscle bel-
ly with active finger extension against resis-
tance is characteristic [49]. Another muscle 
variant that may present as a pseudotumor 
is an inverted palmaris longus, termed the 
“palmaris longus inversus” variant [48]. In 
this scenario, the muscle belly of the pal-
maris longus is located distal and the ten-
don proximal. Similarly, the characteris-
tic echotexture of muscle should be seen 
as well as an anatomic location continuous 
with the palmaris longus tendon that will 
enable an accurate diagnosis. Other varia-
tions of the palmaris longus include bifid, 
digastric, and nontendinous variants as well 
as absence [48].

Conclusion
Although ultrasound has been shown to be 

an effective imaging method for assessment 
of many pathologic conditions of the wrist, 
knowledge of the potential pitfalls is essen-
tial to avoid misdiagnosis and achieve high 
diagnostic accuracy.

A

Fig. 10—32-year-old man with extensor digitorum brevis manus.
A and B, Ultrasound images of dorsal wrist in axial (A) and sagittal (B) planes show hypoechoic accessory muscle (arrows), which increased in size with active extension 
of fingers against resistance. 2 = second extensor tendon, 3 = third extensor tendon, M = metacarpal.
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