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Abstract

There is a large variety of conditions that can result in ‘bone marrow edema’ or ‘bone marrow lesions’ (BML) in the wrist on
magnetic resonance imaging (MRI). The combination of clinical history and the distribution of the BML can serve as a valuable
clue to a specific diagnosis. This article illustrates the different patterns of BML in the wrist to serve as a useful guide when
reviewing wrist MRI studies. Imaging artefacts will also be briefly covered.
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Introduction

Bone marrow lesions (BML), or marrow signal
hyperintensity on fluid-sensitive magnetic resonance im-
aging (MRI) sequences, are observed in up to 36% of
patients undergoing wrist MRI [1]. With regard to def-
inition, the term ‘bone marrow lesion’ (BML) used in
this manuscript is synonymous with ‘edema-like marrow
signal’, ‘marrow edema-like signal’ or ‘bone marrow
edema pattern’ [2]. These are better known in classical
teaching as ‘marrow edema’, a term first used in the
1980s [3]. Since there is little radiological-pathological
correlation between ‘marrow edema’ identified on MRI
with histological evidence of interstitial edema, with pa-
thology samples often revealing a mixture of increased
interstitial fluid, hemorrhage, lymphocytes, and vascular-
ization as well as necrosis and fibrosis, there has been a
shift away from the term ‘marrow edema’ [2, 4].
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The etiology of BMLs can also be confusing due to the
non-specific appearance, MRI demonstrating poorly defined
reduced T1-weighted spin echo (T1W SE) marrow signal in-
tensity (SI) (Fig. la) with corresponding hyperintensity on
short tau inversion recovery (STIR), fat-suppressed T2W fast
spin echo (FS T2W FSE), and fat-suppressed proton density-
weighted fast spin echo (FS PDW FSE) sequences (Fig. 1b).
There may also be overlapping patterns between different en-
tities, but the combination of clinical history and lesion loca-
tion may allow for a more specific diagnosis.

This review article provides a ‘surgical sieve’ mnemonic
framework for assessing BMLs in the wrist, summarized as
‘VITAMIN Cs & Ds’; vascular, infective, traumatic, autoim-
mune, metabolic, iatrogenic, and neoplastic. The two Cs stand
for congenital and chronic regional pain syndrome (CRPS),
while the Ds are for disuse and degenerative. This mnemonic
works well for the adult wrist but not necessarily for the pe-
diatric wrist, which is therefore considered separately. Lastly,
potential artefacts mimicking BMLs will also be reviewed.

Vascular causes for BML

Avascular necrosis (AVN), as its name implies, is
osteonecrosis due to the interruption of blood supply,
the commonest location in the wrist being the scaphoid.
This is due to the blood supply of the scaphoid being
predominantly via the distal pole, and in the event of a
scaphoid fracture, the blood supply to the proximal pole
may be compromised [5, 6]. Osteonecrosis is also
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Fig. 1 MRI appearances of bone
marrow lesions (BML). A 70-
year-old female who fell on her
outstretched hand. a Coronal T1-
weighted spin echo (T1W SE)
and b sagittal short tau inversion
recovery (STIR) MR images
showing an occult fracture of the
capitate (arrows) associated with
reduced bone marrow signal in-
tensity (SI) on T1W and increased
bone marrow SI on STIR due to a
BML (arrowheads). BML is also
noted in the scaphoid (long arrow
in a) due to a trabecular injury

implicated in the etiology of various types of
osteochondroses that involve the immature skeleton,
such as Panner disease, Scheuermann’s disease, Legg—
Calve—Perthes disease, Sinding—Larsen—Johansson and
Osgood—Schlatter disease, Kohler disease, and Sever
disease [7]. However, none of these conditions involve
the wrist or are associated with an acute traumatic
event, and therefore the term AVN is preferred for
post-traumatic scaphoid osteonecrosis.

MRI is an important technique for the investigation of ra-
diographically occult scaphoid fractures [8]. BML may be
seen in the early stages (Fig. 1), while in the late stages the
devitalized bone tends to be sclerotic and returns T1W SE and
STIR hypointensity (Fig. 2) [9]. It should also be noted that
marrow hyperintensity on FS T2W FSE/STIR sequences does
not necessarily indicate viable bone [10].

Preiser’s disease represents idiopathic osteonecrosis of the
scaphoid. Two types are described, type 1, where the whole
bone is involved and type 2, where there is segmental
osteonecrosis [11]. More recently, MRI has demonstrated
three patterns of marrow abnormality [12] depending upon

Fig. 2 Post-traumatic avascular
necrosis (AVN) of the scaphoid. a
Coronal TIW SE and b STIR MR
images showing a scaphoid waist
fracture with profound
hypointensity in the proximal
pole on TIW (arrow in a) con-
sistent with AVN, and BML in-
volving the proximal pole on
STIR (arrow in b)
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the degree and location of the necrosis. In the first stage, there
is marrow abnormality limited to the proximal pole with nor-
mal scaphoid morphology (Fig. 3). In the second stage, there
is associated pathological fracture in the zone of AVN associ-
ated with collapse, while in the final stage there is AVN of the
whole bone. AVN can also produce a ‘double-line’ sign on
T2W images comprising a hypointense line due to devitalized
bone and a hyperintense line due to granulation tissue. This
can be observed in the distal radius and ulna in the case of
medullary infarction, although is rarely observed in carpal
bones (Fig. 4) [13].

Kienbock’s disease refers to AVN of the lunate [14-16].
The mechanism is multifactorial, including negative ulnar var-
iance, which may compromise the vascular supply to the car-
pus. BML is one of the earliest signs (Fig. 5a, b), which in the
presence of a normal radiograph equates to stage I of the
Lichtman classification. This may be followed by sclerosis
(stage 1I) and eventual collapse (stage IITA), radiocarpal
malalignment (stage I1IB) and secondary osteoarthritis (OA),
which may result in a stress-related BML in adjacent bones
(stage IV) (Fig. 5¢, d) [15, 16].
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Fig. 3 Preiser’s disease. A 29-
year-old female with a previous
history of femoral osteosarcoma
and AVN of the right hip, who
developed spontaneous wrist
pain. a Coronal TIW TSE and b
STIR MR images show a poorly
defined BML in the proximal
scaphoid (arrows) which was un-
changed over 4 months, consis-
tent with stage 1 Preiser’s disease

AVN of the capitate has also been described, although rare
[17].

Infective etiology

Osteomyelitis (OM) is associated with exuberant BML and
can be an exudative or necrotic process. BML is secondary
to hemorrhagic changes and congestion in exudative infec-
tion, while ischemia is implicated in necrotic infection [18].
In the hand and wrist, OM is usually due to direct inoculation,
such as penetrating trauma and post-operative infection [19].
Tuberculous (TB) infection of the wrist can also produce os-
teomyelitis. Features suggestive of TB include synovial thick-
ening around the flexor and extensor tendons, and tendon
sheath effusions containing non-enhancing T2-weighted
hypointense foci [20].

Fig.4 Steroid-induced AVN of'the scaphoid. Coronal STIR MR image of
a 13-year-old boy with previous leukemia, showing a central medullary
infarction within the scaphoid (arrow), and mild collapse of the proximal
pole

Traumatic
Acute trauma

One of the major uses of wrist MRI is the assessment of
occult fractures, particularly of the scaphoid [21, 22].
Scaphoid fractures represent approximately 70% of carpal
fractures [23], and early MRI may potentially reduce the
amount of time spent in a cast. In patients with clinically
suspected scaphoid fractures but normal radiographs, MRI
can be normal in 27% of cases, show a soft tissue injury
in 43.4% of cases (Fig. 6), and show BML without a
distinct fracture in 40.4% involving the scaphoid (Fig.
la), other carpal bones (Fig. la, b) or the distal radius
(Fig. 6), and a fracture in 22% [24]. The presence of
scaphoid bone bruising alone is associated with the devel-
opment of a fracture at 8 weeks follow-up in 2% of cases,
with 92% of patients being asymptomatic by 8 weeks
[25]. A hook of hamate fracture has also been reported
in up to 10% of scaphoid fractures and can be associated
with poor healing and chronic pain [26].

The mechanism of trauma usually determines the location
and extent of BMLs. Compressive forces result in diffuse and
poorly defined BML [4], as can be seen in the distal radius or
ulna in patients presenting with a fall on the outstretched hand
resulting in trabecular fracture (Fig. 7). Cortical or
subchondral bone plate fractures may be seen, which are char-
acterized by TIW or T2W hypointense lines associated with
BMLs (Fig. 7a). If the BML has a broad-base abutting the
subchondral bone plate, it is important to assess for overlying
cartilage damage. The trabecular network has an intrinsic elas-
tic property that is resistant to distraction. However, if the
force is in excess of the elasticity, a linear BML ensues per-
pendicular to the vector of the stress [4]. If of sufficient mag-
nitude, an avulsion fracture can occur as is typically seen from
the dorsal surface of the triquetrum (Fig. 8), such fractures
commonly associated with injury to the dorsal carpal liga-
ments [27].
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Fig. 5 Kienbock’s disease. a
Coronal STIR and b axial FS
PDW FSE MR images of a 55-
year-old male showing a BML
involving the majority of the lu-
nate (arrow), which otherwise
appears intact, the features being
consistent with stage I Kienbock’s
disease. ¢ Coronal TIW SE and d
sagittal STIR MR images of an
elderly female with chronic wrist
pain showing sclerosis, collapse,
and fragmentation of the lunate
(arrows), and subchondral cysts
and BML in the capitate
(arrowheads) due to mid-carpal
OA consistent with stage IV
Kienbock’s disease

Chronic or non-acute injury

Stress fractures can be divided into fatigue or insufficiency
types. Fatigue fractures are caused by repetitive stress or ab-
normal forces on normal bone, and in the wrist can be ob-
served in the hook of hamate in climbers or with club and
racquet sports [28, 29]. Gymnast wrist is another chronic

Fig. 6 Acute trauma. A 60-year-
old female who fell on her hand. a
Coronal and b axial STIR MR
images showing mild bone bruis-
ing in the base of the radial styloid
(arrows) and edema and swelling
of the overlying soft tissues
(arrowheads)
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overuse injury involving the distal radius [30], while stress
injury of the lunate has also been described in elite tennis
players, the BML usually involving the distal portion of the
lunate [31]. In low-grade stress response, there is periosteal
edema or cortical thickening, which may not be readily appar-
ent. This is followed by BML, which can be sub-chondral or
endosteal in location, usually wedge-shaped with its base
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Fig. 7 Acute trauma. A 17-year-
old male who fell on his hand. a
Coronal T1W SE and b STIR MR
images showing irregular
hypointense lines in the distal ra-
dius and ulna due to occult frac-
tures (arrows in a) and diffuse
BMLs in the distal radius and ulna
(arrows in b)

towards the site of the greatest stress [18]. In high-grade stress
injuries, there will be corresponding T1W hypointensity in the
region of the BML which can eventually be complicated by
fracture.

Insufficiency fractures are caused by normal forces being
applied on weakened bones, as in the context of osteoporosis.
A common site in the wrist is the distal forearm due to pref-
erential bone resorption at this location [32]. It is important to
differentiate insufficiency fractures from pathological frac-
tures, the latter being associated with marrow infiltration, soft
tissue mass, or cortical destruction [32].

Ligament injury

The wrist is stabilized by a combination of intrinsic and
extrinsic ligaments, including the triangular fibrocartilage
complex [33]. BML can be associated with acute ligament

Fig. 8 Acute trauma. a Sagittal
and b axial STIR MR images of a
51-year-old female showing a
dorsal avulsion fracture of the
triquetrum (arrows) with a mild
associated BML (arrowheads)

injuries at the site of bony attachments in the event of a
distractive force, such as the scaphoid attachment of the
dorsal component of the scapholunate ligament [34]. In
the chronic setting, untreated scapholunate ligament inju-
ry can result in progressive widening and dissociation of
the scapholunate articulation, and secondary instability of
the wrist, resulting in osteoarthritis (scapholunate ad-
vanced collapse/SLAC wrist) [35, 36]. The BML seen in
this context will be secondary to chronic instability, cen-
tered at the radiocarpal articulation (stages I and II)
(Fig. 9a) or at the mid-carpal joint (stage 3) (Fig. 9b).
Similar features may be seen in scaphoid non-union ad-
vanced collapse (SNAC wrist) (Fig. 9¢, d) [35].

There is also a high prevalence of extrinsic ligament injury
in the setting of acute wrist trauma. Taneja et al. identified
such injuries in 75% of patients undergoing wrist MRI for
trauma, most commonly involving the radiolunotriquetral
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Fig. 9 Scapholunate advanced
collapse (SLAC wrist). a Coronal
STIR MR image of a 53-year-old
female showing mild widening of
the scapholunate space and
radioscaphoid OA consistent with
stage Il SLAC wrist, with BML in
both bones (arrows). b Coronal
STIR MR image of a 63-year-old
male showing proximal migration
of the capitate and mid-carpal OA
consistent with stage III SLAC
wrist, resulting in a BML in the
capitate (arrow). A subchondral
cyst with BML is also noted in the
hamate (arrowhead). Scaphoid
non-union advanced collapse
(SNAC wrist). ¢ Coronal TIW SE
and d sagittal STIR MR images
showing a non-united scaphoid
waist fracture with proximal pole
AVN (arrow in ¢), and OA be-
tween the distal pole and radial
styloid (arrowhead in c) associat-
ed with a BML on both sides of
the joint (arrows in d)

ligament. Extrinsic ligament injuries were significantly more
common in association with bone abnormalities [37].

Mechanical causes for BML

A variety of impingement syndromes occuring around the
wrist and are common causes of ulnar-sided wrist pain [23,
38]. Ulnar abutment syndrome (ulnocarpal impingement) is
defined as chronic mechanical impaction between the ulnar
head and the TFCC and lunate, resulting in a degenerative tear
of the TFCC and chondromalacia of the proximal pole of the
lunate and triquetrum [39]. This is associated with positive
ulnar variance, which may follow an impaction fracture of
the distal radius. In the early stages, BML can be observed
in the distal ulna as well as proximal lunate (Fig. 10a) [40].

Ulnar impingement syndrome is due to shortening of the
ulna, which impinges on the distal radial metaphysis on supi-
nation and pronation resulting in pain. BML can be seen at the
site of the mechanical impingement (Fig. 10b) [40].

@ Springer

Ulnocarpal impaction syndrome results from a non-united
ulnar styloid fracture [40]. When the fracture occurs through
the base of the ulnar styloid (type 2 non-union), the ulnar
attachment of the TFCC will be involved resulting in distal
radioulnar joint (DRUJ) instability and possibly extensor carpi
ulnaris (ECU) tenosynovitis. The non-united fracture frag-
ment can result in chondromalacia of the proximal triquetrum
with resulting BML.

Ulnar styloid impaction syndrome results from an elongat-
ed ulnar styloid (> 6 mm), which impacts on the adjacent
triquetrum resulting in BML of the tip of the ulnar styloid
and the proximal triquetrum (Fig. 10c, d). Chronic impaction
may result in luno-triquetral instability and OA [40].

Hamato-lunate impaction syndrome arises due to impac-
tion between the proximal pole of the hamate and a type 2
lunate, which has a separate distal articular facet. Recurrent
impaction in ulnar deviation results in chondromalacia of the
proximal pole of the hamate with an associated BML
(Fig. 10e) [40].
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Fig. 10 Wrist impingement
syndromes. a Ulnolunate
abutment: Coronal STIR MR
image of a 56-year-old female
with positve ulnar variance due to
an impacted distal radial fracture
(arrowhead), associated with a
degenerative tear of the TFCC
disc (thin arrow) and prominent
BML in the lunate (arrow). b
Ulnar impingement: Coronal
STIR MR image of a 34-year-old
female with previous distal radial
surgery and a short ulna which is
impinging against the radial
metaphysis resulting in BML in
the ulnar head (arrow) and
edematous swelling of the inter-
vening soft tissues (arrowhead). ¢
and d Ulnar styloid impingement:
Coronal STIR MR images show-
ing an elongated ulnar styloid
(arrow in ¢), and a small BML in
the triquetrum (arrow in d). e
Hamato-lunate impaction syn-
drome: Coronal STIR MR image
of a 76-year-old male showing a
type 2 lunate morphology
(arrowhead), hamato-lunate
chondromalacia and an extensive
BML in the hamate (arrow)

Autoimmune

Rheumatoid arthritis (RA) is a chronic multi-organ autoim-
mune disease which predominantly affects the skeletal system
[41]. It is characterized by pain, stiffness, swelling, and re-
duced range of movement. Hyperplastic synovium induced

by inflammatory mediators results in progressive cartilage
damage, and erosions occur in most patients within a year of
diagnosis. Treatment is aimed at reducing inflammation to
minimize damage [42, 43].

BML is seen in 34-68% in RA, usually in the wrist
(Fig. 11) [2]. Peri-articular BML observed in early and
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Fig. 11 Rheumatoid arthritis
(RA). a Coronal TIW SE and b
STIR MR images of'a 47-year-old
female showing erosion of the
ulnar styloid with associated
BML (arrow) and widespread
synovitis (arrowheads). ¢ Axial
T2W FSE MR image showing
associated extensor tenosynovitis
(arrows)

active RA is a sensitive and specific finding for inflam-
mation, with good interobserver concordance [42—44],
and also correlates with symptoms and severity. BML
are associated with a sixfold increased risk of formation
of erosions [2, 45], and BML in RA also appears to be
associated with cartilage loss [46]. The value of MRI is
in assessment of sub-clinical inflammation, which can
alter therapy and outcome. BMLs have proven to be
useful for risk stratification, prediction of clinical out-
come, and monitoring of treatment response, particularly
in the assessment of RA. To this effect, BML is now
incorporated in Outcome Measures in Rheumatology
Trials (OMERACT) and RAMRIS (Rheumatoid arthritis
MRI study) for assessment of disease severity [47].
The sites of BML may aid differentiation of RA from
other inflammatory arthropathies. In RA, changes are
observed at sites of capsular attachment with intra-
capsular edema. Other spondyloarthropathies can pro-
duce extra-capsular edema in the acute phase. Psoriatic
arthritis results in entheseal or ligamentous involvement

@ Springer

and is associated with a higher risk of tenosynovitis. In
this respect, there may also be BML at the insertion of
the involved tendons [48].

BML in the wrist of patients with systemic lupus
erythematosus (SLE) is similar to that in RA, but the
hand is much less commonly involved in SLE [49].

Metabolic/endocrine

Although relatively uncommon in the wrist, crystal de-
position in gout can occur at tendon insertions or along
cartilage, and intraosseous extension of crystals can
manifest as BML [50]. Synovitis, tophi, tenosynovitis
and erosions can all be assessed on MRI and can be
associated with BML [50]. BML can also be seen in the
setting of acute gouty arthritis complicating chronic gout
[51], but the presence of severe BML in patients with
gout should raise the suspicion of associated osteomye-
litis [52].
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latrogenic
Post-operative

MRI may be needed following operation for various
reasons, including ongoing pain. Depending upon the
nature of the surgery, BML can be expected at the site
of surgery for up to 12 months [18]. There may also be
changes in the vascular supply or mechanics of the
wrist post-operatively, which can contribute to the
BML [18, 53].

Radiotherapy

The BML following radiotherapy can manifest within 1—
14 days of radiotherapy and may last for anything from
3 weeks to several months following completion of treatment
[18]. This can be associated with subcutaneous edema.

Neoplastic

BML can be observed in metastatic deposits due to the
disruption of normal bone matrix, local inflammation or
stress response, increasing the sensitivity of detecting
lesions [18]. Primary tumors of the carpal bones are
rare, with a reported prevalence of 0.16% [54]. The vast
majority are benign (86%), the commonest being oste-
oid osteoma (25%) and the commonest locations being
the scaphoid (30%) and capitate (22.7%) [54]. Osteoid
osteoma may be radiographically occult, presenting only
as exuberant reactive BML (Fig. 12a) [55]. Therefore,
in the presence of a BML and clinical features sugges-
tive of osteoid osteoma, a CT study may be required to
demonstrate the nidus (Fig. 12b).

Another tumor that is typically associated with BML is
chondroblastoma, a benign chondral lesion that frequently

Fig. 12 Osteoid osteoma (OO). a
Coronal STIR MR image of a 28-
year-old male with chronic wrist
pain showing a diffuse BML of
the hamate (arrows). b Axial CT
study demonstrates an OO nidus
at the base of the hook of hamate
(arrow)

occurs in the epiphysis in young patients. Reactive synovitis
is often present. The location and chondroid matrix may help
distinguish this tumor from more aggressive lesions [56].
However, the wrist is a rare location for this tumor [57].

Complex regional pain syndrome (CRPS)

While this remains a clinical diagnosis, it is usually associated
with a patchy BML pattern in the early phase, usually in a
peri-articular sub-cortical distribution [58]. It can be distin-
guished radiologically from disuse osteopenia by the presence
of skin edema and thickening.

Disuse osteopenia

Disuse osteopenia is commonly seen following immobi-
lization, such as in cases of suspected scaphoid injury.
It has a typical polka-dot BML morphology while other
described patterns include patchy, sub-cortical (Fig. 13),
sub-chondral bone plate, or sub-entheseal [59]. These
are usually asymptomatic and can resolve within
18 weeks [60].

Degenerative

Wrist OA is usually secondary to trauma, metabolic
arthropathy, or inflammatory conditions, with idiopathic
wrist OA also occurring [61, 62]. Scapho-trapezio-
trapezoidal OA (STT/triscape) has a reported radio-
graphic prevalence of 59% in patients attending a spe-
cialist hand clinic, with radiocarpal OA evident in 29%
of cases [63]. There is an association between BML and
symptomatic OA in which BML is associated with pro-
gression of OA, and the extent of the BML is linked to

@ Springer



1534

Skeletal Radiol (2019) 48:1525-1539

Fig. 13 Disuse osteopenia. a
Coronal and b axial STIR MR
images of a patients with an
occult scaphoid waist fracture
(arrowhead in a) showing
widespread, predominantly sub-
cortical BML (arrows in a, b)

the severity of cartilage loss [2, 18]. Subchondral cysts
have been shown to develop in areas of BML [64]
(Fig. 14). Ancillary imaging findings include chondral
loss, osteophyte formation, joint effusion and synovitis.

The pediatric wrist

The diagnostic value of MRI in the pediatric population
has been studied. Gornitzky et al. evaluated the impact
of MRI in 307 consecutive children presenting to a
tertiary care pediatric hospital [65]. The commonest in-
dication was pain in which case MRI was normal in
one-third of cases, while the greatest diagnostic impact
was in the assessment of a mass/cyst, evaluation of
infection and arthropathy. However, the authors con-
cluded that MRI was not an ideal screening tool for

Fig. 14 Osteoarthritis (OA). Coronal STIR MR image of a 59-year-old
male showing triscaphe OA (arrow) with associated BML in the scaphoid
and trapezoid (arrowheads)
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children, particularly when the indication was pain and
should only be used to confirm or exclude a specific
diagnosis [65]. Conversely, Taylor et al. found that pe-
diatric wrist MRI had a major impact, changing man-
agement in 86% of cases and altering diagnosis in 46%
[66].

Normal variants

Foci of bone marrow hyperintensity may be seen on
fluid-sensitive sequences in the distal forearm, carpal
bones, and the bases of the metacarpals of asymptomat-
ic children, these being commoner in younger children.
They are thought to represent normal bone remodeling
or residual red marrow [67]. Similarly, BML have been
described in the wrists of approximately 40-50% of
healthy children, and may persist over a period of up
to 4 years. They are typically located in the central
parts of the bone, on either side of a joint or near bony
depressions. The scaphoid, capitate, and hamate were
most commonly affected. Carpal effusions and ganglion
cysts are also relatively common findings [68].

Fig. 15 Juvenile idiopathic arthritis (JIA). Axial FS PDW FSE MR image
showing a BML in the hamate (arrow)
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Fig. 16 Brodie’s abscess of the
distal ulna in a 7-year-old girl. a
AP radiograph showing an irreg-
ular lytic lesion (arrow) with as-
sociated extensive periosteal re-
sponse (arrowheads). b Coronal
T1W SE MR image showing a
bone abscess (arrow). ¢ Axial FS
PDW FSE MR image showing a
prominent BML (arrow) and as-
sociated soft tissue edema
(arrowheads)

Inflammatory arthropathy

BML is also a feature of juvenile idiopathic arthritis (JIA)
(Fig. 15) [69]. Dynamic contrast-enhanced (DCE) MRI corre-
lates well with clinical activity in JIA [70]. However, the de-
gree of synovial enhancement is dependent upon the time
between injection and imaging, being greater 10 min post-
injection compared to immediately post-injection [71].
Efforts are being made to develop MRI scoring systems for
both the wrist and knee in JIA [72]. BML, synovial thicken-
ing, and joint effusion are also common MRI findings in ju-
venile psoriatic arthritis [73].

Trauma

As with adults, carpal fractures may be radiographically
occult in the pediatric population. In a study looking at
pediatric carpal fractures, MRI was performed for per-
sistent symptoms on just over 50% of cases at a mean
of 17 days post-injury [74]. In 63% of these children,
an occult carpal fracture was identified, most commonly
involving the scaphoid, capitate and triquetrum. Simple
BML was also seen in a few cases.

Infection

Hematogenous osteomyelitis is commoner in children [75]. In
pediatric wrist OM, the distal radius and ulna are relatively
common sites [75]. Sub-acute OM, or Brodie’s abscess, is
characterized by the ‘penumbra sign’, a rim of relative TIW

Fig. 17 Carpal coalition. Coronal STIR MR image of a 14-year-old boy
who injured his wrist, showing a fibrous luno-triquetral coalition (arrow)
with associated BML in both bones (arrowheads). (c/o Dr. Imran Khan)
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Fig. 18 Carpal boss. a Sagittal
T2W FSE and b axial FS PDW
FSE MR images showing a dorsal
bony prominence at the junction
between the capitate and 3rd
metacarpal base (arrow in a) with
associated BML (arrow in b)

hyperintensity around the margin of the abscess which en-
hances following contrast and represents the vascularized
granulation tissue in the abscess wall, with adjacent intense
BML (Fig. 16) [76].

Congenital

Carpal coalition refers to the fusion of two or more carpal
bones, with a prevalence of 2% in the general population
[77], and can be bony (synostosis), fibrous (syndesmosis) or
cartilaginous (synchondrosis). The most common coalitions
are the capito-hamate and luno-triquetral [77]. Carpal coali-
tions tend to be asymptomatic, although fibrous or car-
tilaginous coalitions may be associated with localized
BML (Fig. 17) [78]. Other bony pseudarthroses that
can result in BML in the wrist include the carpal boss,

Fig. 19 MR artefact. a Coronal
and b axial fat-suppressed T2W
FSE MR images of a 31-year-old
female showing increased mar-
row SI in the thumb metacarpal
(arrows) and overlying skin
(arrowheads) due to poor fat
suppression
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which is located at the base of the 2nd or 3rd metacar-
pal [79]. BML at this site correlates with pain (Fig. 18)
[80].

Normal variants and imaging artefact

BMLs have been described in asymptomatic adults of varying
age, notably in the scaphoid [81]. When encountered with
high SI on fluid-sensitive sequences, it is important to exclude
MRI artefact as a potential contributory cause. Fat-suppressed
sequences are more prone to susceptibility artefact when com-
pared with STIR. Inadequate fat suppression can be easily
distinguished from pathology, as the adjacent subcutaneous
fat may also be involved (Fig. 19) [82]. If the marrow
hyperintensity has a linear distribution with alternating low
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and bright SI in the plane of the wrist vessels, this will be due
to phase-encoding artefact [82].

Conclusions

BML is a sensitive, although commonly non-specific finding
with multiple etiologies. This review article highlights differ-
ent patterns of wrist BML broadly categorized according to
the ‘surgical sieve’ mnemonic method to aid in wrist MRI
interpretation. Physiologic marrow changes and potential im-
aging artefacts have also been briefly discussed.
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