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Background: Compared with symptomatic bone marrow edema (BME) associated with stress fractures, asymptomatic BME seen
on magnetic resonance imaging (MRI) is a phenomenon that has been described in high-level athletes and is thought to be related
to bone adaptation to biomechanical loading unique to each sport. However, the prevalence, natural history, and management of
these lesions remain poorly understood, particularly in dance, which places tremendous stress on the feet and ankles.

Purposes/Hypothesis: The purposes of this study were to (1) determine the prevalence of asymptomatic BME in the talus before
the start of the performance season, (2) identify contributing demographic and training factors, and (3) compare the radiological
evidence of talar BME with validated functional foot and ankle scores. We hypothesized that talar BME would be highly prevalent
among asymptomatic professional dancers.

Study Design: Case series; Level of evidence, 4.

Methods: A total of 14 professional ballet dancers (6 female and 8 male; mean age, 24 years) were included in this 2-year pro-
spective study. For each participant, we recorded complete medical and surgical history along with scores on the Foot and Ankle
Ability Measure (FAAM) and the Foot and Ankle Disability Index. Bilateral foot and ankle 3.0-T MRI scans without contrast were
completed before the start of the performance season and were evaluated for BME of the talus using the Fredericson criteria.

Results: Evidence of talar BME was seen in 15 of the 28 (54%) ankles examined and in 9 of 14 (64%) dancers. We found that 6
dancers demonstrated bilateral talar BME, 3 dancers demonstrated unilateral BME, and 5 dancers demonstrated no evidence of
BME. The most common location of BME was the posterior talus, seen in 8 of 15 (53%) ankles. No statistically significant dif-
ferences were noted in dancers with versus those without talar BME with regard to functional scores, demographic characteristics,
or weekly training hours.

Conclusion: Asymptomatic talar BME was highly prevalent (64%) in professional ballet dancers and tended to occur posteriorly.
Long-term clinical and radiographic follow-up is necessary to determine the natural history of these lesions.
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Edema-like marrow signal intensity, also known as bone
marrow edema (BME), is a phenomenon of increased inter-
stitial fluid accumulation within the bone marrow.9 BME is
a finding on magnetic resonance imaging (MRI), is most
frequently seen in athletes, and is associated with pain and
lower extremity joint swelling. BME is most commonly
diagnosed in middle-aged men (aged 30-60 years) and youn-
ger women (aged 20-40 years)16,20 and is often

symptomatic, is associated with pain-producing pathology,
and may be accompanied by stress fractures.7 In athletes,
symptomatic BME can prevent participation in sports prac-
tices or competition; a number of treatments are available,
ranging from nonoperative regimens with weightbearing
restrictions, analgesics, physical therapy, and pharmaco-
logic management to surgical interventions.

Foot and ankle injuries in professional dancers report-
edly account for 14% to 57% of all bodily injuries and are
predominantly overuse in nature with a high rate of stress
fracture.6,27 The talus, with its tenuous blood supply, is
identified as high risk with respect to stress fracture
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complications such as fracture completion, subchondral
degeneration, and avascular necrosis.27 One study in the
literature evaluated MRI findings in 11 ballet dancers
without performance-limiting foot and ankle injury and
found that 9 dancers experienced activity-related ankle
pain, with 5 of those dancers also reporting ankle pain at
rest.6 BME in these symptomatic dancers was observed
mainly in the neck and body portion of the talus and corre-
sponded with clinical localizable tenderness, with no other
bony involvement seen.

In contrast, asymptomatic BME in the foot and ankle
represents a different entity and has been described in the
literature as an imaging finding associated with long-
distance running and altered gait biomechanics in the
absence of other confounding pathologies.13,14,25 Unfortu-
nately, the relationship between BME and the predisposi-
tion for future injury remains unclear. In comparison with
other athletes, professional ballet dancers experience sig-
nificant and unique loading patterns and mechanical stres-
ses on their feet and ankles, particularly through repetitive
activities that entail maximum forced dorsiflexion and
plantarflexion.23 However, a paucity of information exists
regarding the expected foot and ankle MRI findings in a
population of asymptomatic dancers. An improved under-
standing of the expected bone reaction to the biomechanical
stresses of ballet would aid the clinician in managing these
high-level athletes, identifying incidental MRI findings,
and avoiding prescribed training or performance restric-
tions due to concern for stress injury.

Our study purposes were (1) to determine the prevalence
of asymptomatic BME in the talus before the start of the
performance season, (2) to identify demographic and training
factors that may contribute to these findings, and (3) to com-
pare the radiological evidence of talar BME with validated
and widely used functional foot and ankle scores. We hypoth-
esized that BME would have a high prevalence among
asymptomatic professional dancers. Additionally, we hypoth-
esized that increased age and training hours would be posi-
tively associated with the presence of BME on MRI scans.

METHODS

After informed consent was obtained, 14 professional ballet
dancers were enrolled in this 2-year prospective, institu-
tional review board–approved study. Participation in this
study did not affect the dancer’s training or performance
regimen unless a performance-limiting injury was found on

examination or MRI. Exclusion criteria included dancers
reporting foot and ankle pain on initial history and physical
examination at the beginning of the season, foot and ankle
surgery or injury within the past year, and any contraindi-
cations for MRI.

A complete medical and surgical history was obtained for
all enrolled participants. Participants underwent physical
examination by a fellowship-trained orthopaedic foot and
ankle surgeon (S.M.) . Dancer training hours were logged
over the performance season, with preseason hours aver-
aged over the previous 3 months before start of the season.
All dancers were asymptomatic at the pre-enrollment phys-
ical evaluation, and physical examination findings were
unremarkable for performance-limiting foot and ankle
pathology. None of the enrolled dancers had experienced
a time-loss foot and ankle injury within 3 years of study
enrollment.

The Foot and Ankle Ability Measure, including its Activ-
ities of Daily Living and Sports Function subscales, and the
Foot and Ankle Disability Index were completed by all
enrolled participants. The reliability and sensitivity of
these outcome measures have been described in both nor-
mal populations and elite athletes, with evidence showing
that these patient-reported outcome measures are sensitive
to changes in functional and symptomatic foot and ankle
status in athletes.10,12,18 Therefore, these outcome mea-
sures are suitable quantitative indicators of asymptomatic
status in our patient population and were used during the
study.

Imaging Data

Bilateral foot and ankle MRI without contrast using a 3.0-T
magnet was completed before the start of the performance
season; the sequences used included axial and coronal T1-
weighted and T2-weighted fat saturation (T2FS) fast spin-
echo sequences and sagittal T1-weighted fast spin-echo and
short-tau inversion recovery (STIR) sequences. All MRI scans
were interpreted by a blinded, fellowship-trained musculo-
skeletal radiologist (N.F.) using the Fredericson criteria.1,8,11

The presence of BME was determined by hyperintense
marrow signal abnormality on the T2FS and STIR
sequences and was described radiologically as edema-like
marrow signal intensity, which describes abnormal signal
intensity with the absence of clear margins and may exceed
anatomic borders.17 Images from STIR sequences were
used to reliably identify and localize cases of BME. This
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practice is supported by current literature, which suggests
that superior fat suppression and, therefore, identification
of BME are achieved with STIR relative to T2FS sequenc-
ing.3,20 Although STIR sequencing is superior for BME
identification, it has inferior signal-to-noise ratio relative
to T2FS sequencing and thus does not produce as high-
resolution images as are expected from a 3.0-T MRI
image.3,20 BME represents a histopathological diagnosis;
however, to be consistent with prior clinical studies, the
term BME was used throughout this article instead of
edema-like marrow signal intensity.

The location of BME was characterized into the following
regions: talar head and neck, talar body, posterior talus,
and pan-talar (Figure 1). When BME extended to multiple
regions of the talus, the area with highest signal intensity
was recorded. If hyperintense marrow signal was visual-
ized on the T2FS sequence but no corresponding marrow
signal abnormality was visualized on STIR, this was deter-
mined to represent inhomogeneous fat saturation rather
than true BME. There were no instances where hyperin-
tense marrow signal was visualized on STIR but not T2FS.

If BME was visualized, any corresponding T1-weighted
signal abnormality was recorded. Furthermore, the pres-
ence or absence of any intracortical signal abnormality was
noted in conjunction with BME. To exclude confounding

pathologies that could have caused BME, images were
reviewed for the presence of osteoarthrosis (focal areas of
subchondral signal abnormality at opposing articular sur-
faces) and osteochondral lesions (subchondral crescentic
signal abnormality). Marrow edema subjacent to a tendi-
nous or ligamentous insertion or attachment was attrib-
uted to represent enthesopathy or reactive rather than
stress-related marrow signal abnormality. Evaluation for
the presence or absence of signs of posterior ankle impinge-
ment was also recorded as suggested by combinations of the
presence of an os trigonum, the Stieda process, focally pro-
minent fluid in the posterior joint recess, posterior talofib-
ular ligament abnormality, or flexor hallucis longus
tenosynovitis. Focal tubular, well-delineated, T2-
weighted, hyperintense marrow signal abnormality was
determined to be a vascular channel rather than true BME.
Finally, osteonecrosis was considered if there was serpigi-
nous, intraosseous, marrow signal abnormality with the
presence of a T2-weighted hyperintense linear signal with
adjacent T2-weighted hypointense linear signal.

Statistical Analysis

The Welch 2-sample t test was used to compare demo-
graphic characteristics between participants with versus

Figure 1. Sagittal magnetic resonance images of the ankle, obtained by T2-weighted fat saturation sequences, with representative
images of various types of talar bone marrow edema (BME) identified (circles): (A) no BME; (B) head and neck BME; (C) body BME;
(D) posterior BME; (E) pan-talar BME.
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without radiological evidence of talar BME. We used the
Kruskal-Wallis H test to compare distributions of demo-
graphic criteria between dancers with bilateral BME, uni-
lateral BME, and normal ankles. Categorical variables
such as sex were not suitable for inclusion in the t test and
H test, and sample size was not appropriate for analysis
with the chi-square test. Statistical significance was deter-
mined at P� .05. All statistical analysis was performed in R
studio (Posit, Joseph J Allaire).22

RESULTS

Of the 14 professional ballet dancers enrolled in the study,
6 were female and the mean age was 24.4 years (age range,
19-34 years). Dancers reported an average of 36.9 hours of
ballet training per week during preseason training, aver-
aged over the previous 3 months of off-season training.

In total, 15 of the 28 (54%) ankles examined with MRI
demonstrated evidence of talar BME. Evidence of talar
BME was seen in 9 of 14 (64%) dancers, with 6 dancers
demonstrating bilateral talar BME and 3 demonstrating
unilateral findings. Of the ankles with positive findings of
BME, 8 (53%) had BME localized to the posterior talus, 3
(20%) had pan-talar BME, 2 (13%) had BME localized to the
talar body, and 2 (13%) had BME localized to the talar head
and neck (Table 1).

We found no statistically significant differences between
the radiological presence of talar BME and functional out-
come scores, demographic characteristics (age, body mass

index), or self-reported weekly training hours (Table 2).
Comparison of groups (BME present vs absent) using the
Kruskal-Wallis test revealed no statistically significant dif-
ference in the distributions of functional outcome scores or
demographic characteristics.

DISCUSSION

Results from our study suggest that asymptomatic BME of
the talus is highly prevalent (seen in 64% of professional
ballet dancers), thus confirming our hypothesis. Comparing
dancers without talar BME with those with talar BME
bilaterally or unilaterally, we found no statistically signif-
icant differences between demographic characteristics,
functional outcome scores, or number of training hours.
The distribution of BME most commonly involved the pos-
terior talus (53%), followed by pan-talar (20%). Considering
the qualitative features of MRI findings, we expect that
chronic loading leads to altered bone metabolism with
resultant remodeling and neovascularization. As to why
the posterior talar BME was observed, we suspect that
with ankle hyperplantarflexion during en pointe and
demi-pointe, the posterior aspect of the talus encounters
increased weightbearing forces due to decreased contact
area between the posterior aspect of the talus and the
posterior tibia, given that the posterior portion of the
talus is narrower because it sits in the mortise.4 This also
appears to be confirmed in light of a previous study of 9
female ballet dancers undergoing a new MRI scanning
technique while maintaining the en pointe position.24 In
that study, a significant anatomic contact point was noted
to occur between 3 structures: posterior tibial plafond,
posterior talus (including the nonarticular portion), and
superior calcaneus at its posterior-most portion of the
posterior facet.24

In the literature for specific sports, the presence of
asymptomatic BME on MRI may represent incidental
radiographic findings secondary to repetitive stress-
induced physiologic processes throughout the body. Lazzar-
ini et al13 found BME in the ankles of 16 of 20 asymptomatic
runners versus only 4 of 12 nonrunners. Additionally,
Major and Helms15 found BME on MRI scans in 14 of 34
knees in asymptomatic collegiate basketball players. Last,
Brunner et al5 examined 40 knees in 20 professional bas-
ketball or collegiate football players and found significant
baseline MRI abnormalities, including asymptomatic BME
in 10 of the 20 athletes examined. However, the current
literature provides a paucity of evidence regarding the pro-
gression of asymptomatic BME in high-level athletes. At
present, no clear guidelines are available for the manage-
ment of these purely radiographic findings in the setting
where athletes undergo MRI due to pain in the extremity
but pain location does not exactly correspond to the areas of
BME observed.2

Interestingly, in reports of painful talar BME and talar
stress fractures, a different predominant pattern of talar
involvement appears. In a study that used 2.0-T MRI, dan-
cers with ankle pain localized over the talus had BME
mainly in the talar body and neck.6 Two studies revealed

TABLE 1
Distribution of Talar Bone Marrow Edema by Regions

Talar Region No. (%) of Participants

Pan-talar 3 (20)
Talar head and neck 2 (13)
Talar body 2 (13)
Posterior talus 8 (53)

TABLE 2
Functional Scores and Participant Characteristics

According to the Presence of Talar BMEa

Talar BME
Absent
(n ¼ 13)

Talar BME
Present
(n ¼ 15)

P (Welch
t test)

Functional scores
FAAM-ADL, % 98.9 ± 3.6 97.9 ± 3.4 .47
FAAM–Sports

Function, %
95.9 ± 6.3 94.8 ± 6.5 .65

FADI 2.8 ± 3.3 3.9 ± 4.2 .11
Age, y 26.3 ± 5.9 22.8 ± 2.7 .06
Body mass index 21.5 ± 3.0 21.3 ± 1.9 .86
Weekly training, h 35.4 ± 4.7 34.9 ± 7.9 .29

aData are reported as mean ± SD. ADL, activities of daily living;
BME, bone marrow edema; FAAM, Foot and Ankle Ability Meas-
ure; FADI, Foot and Ankle Disability Index.

4 Miskovsky et al The Orthopaedic Journal of Sports Medicine



that talar stress fractures are rare, tend to occur with
repetitive axial loading activities, and predominantly
involve the superior portion of the talar head.19,26 In a
large military study of 56 talar stress fractures, only 8%

occurred in the posterior talus.26 These findings suggest
that patterns of BME in symptomatic dancers may differ
from patterns of BME in asymptomatic dancers and that
certain distributions of talar BME may have worse prog-
noses than others.

Consequently, in ballet dancers and other athletic popu-
lations at high risk of osseous stress injury, we are cau-
tious when these findings are incidentally found in bones
at high risk for secondary stress fracture complications (ie,
avascular necrosis, fracture completion, articular col-
lapse, and posttraumatic osteoarthritis).21 However,
using our study’s results combined with a careful history
and physical examination demonstrating no localizable
pain or effusion over the talus, a clinician can reasonably
consider monitoring a dancer with talar BME over the
performance season, allowing continued participation
without the need for immediate immobilization or
restricted weightbearing.

Limitations

We must consider the findings of the present investigation
in the context of its limitations. Our study was limited by
the availability of asymptomatic dancer volunteers avail-
able for MRI examination and so may be underpowered.
However, due to the rarity of the asymptomatic state and
the consequently limited information available in the lit-
erature, we believe that our sample size is adequate to
describe a baseline prevalence for asymptomatic BME in
professional ballet dancers. Another potential shortcom-
ing of our study is that the participants were dedicated
professional dancers, and some dancers may be reluctant
to report pain on examination due to fear of missing out on
the performance season. This is an inherent limitation in
any study involving pain in high-level athletes. However,
the impact of “masking” pain must be considered, because
it directly affects our assessment of the prevalence of
asymptomatic BME. We attempted to minimize this
impact by using additional screening measures such as
the Foot and Ankle Disability Index, which includes 4 pain
items, and the Foot and Ankle Ability Measure Sports
Function subscale. Ceiling effects likely were demon-
strated, as the professional dancers were very high-
functioning athletes, and perhaps a more dancer-specific,
validated screening system could be developed to aid
future investigations. A third limitation to our study is the
lack of long-term follow-up to better understand sex-
related differences and the prognosis of asymptomatic
BME. Nonetheless, the purpose of our study was solely
to determine the prevalence of asymptomatic BME in
asymptomatic dancers at the start of the season. Our ongo-
ing investigation will address this limitation by conduct-
ing long-term follow-up in order to determine the natural
history of BME in professional dancers.

CONCLUSION

Asymptomatic BME of the posterior talus can be highly
prevalent in professional ballet dancers. In our limited
cohort of dancers without foot and ankle ailments, we did
not find an association between the presence of talar BME
and body mass index, functional foot and ankle scores, or
weekly training hours. Long-term clinical and radiographic
follow-up is necessary to better understand the clinical sig-
nificance and appropriate management recommendations
for asymptomatic BME of the talus in professional ballet
dancers.
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stress injuries of the talus in military recruits. Bone. 2006;39(1):

199-204.

27. Sormaala MJ, Niva MH, Kiuru MJ, Mattila VM, Pihlajamäki HK. Out-
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