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Background: Previous research in sport populations has demonstrated that abnormal magnetic resonance imaging (MRI) find-
ings may be present in individuals without symptoms or known pathology. Extending this understanding to ballet, particularly in
relation to the foot and ankle, is important to guide medical advice given to dancers.

Purpose: To assess foot and ankle MRI scans in asymptomatic ballet dancers focusing on bone marrow edema and the posterior
ankle and to investigate whether these MRI findings would become symptomatic within 1 year.

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

Methods: In total, 31 healthy dancers (62 feet/ankles; 15 male and 16 female; age, 26.5 * 4.3 years) who were dancing in full
capacity were recruited from an elite professional ballet company. Orthogonal 3-plane short tau inversion recovery imaging of
both feet and ankles was obtained using 3T MRI and the images were reviewed using a standardized evaluation form by 2 mus-
culoskeletal radiologists. Injuries in the company were recorded and positive MRI findings were assessed for correlation with any
injuries requiring medical attention during the subsequent 12 months.

Results: A total of 51 (82%) of the 62 feet and ankles had >1 area of bone marrow edema. The most common locations of bone
marrow edema were the talus (n = 41; 66%), followed by first metatarsal (n = 14; 23%). Os trigonum and Stieda process were
seen in 5 (8%) and 8 (13%) ankles, respectively. Among them, 2 os trigona showed bone marrow edema. Fluid in the anterior
and posterior talocrural joints and the subtalar joint was observed in 48%, 63%, and 63% of these joints, respectively. Fluid
around foot and ankle tendons was observed, with the most prevalent being the flexor hallucis longus tendon (n = 13; 21%).
Two dancers who had positive findings on their MRI subsequently developed symptoms during the next 12 months.

Conclusion: Positive MRI findings are commonplace in the foot and ankle of asymptomatic professional ballet dancers. The
majority do not result in the development of symptoms requiring medical attention within 12 months. Careful interpretation of
MRI findings with the dancer’s clinical picture is required before recommending activity modification or further intervention.
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edema; sports medicine

Injuries to the lower limb constitute some of the highest injuries such as posterior ankle impingement syndrome
injury burden in elite ballet dancers, with the majority (PAIS), ligamentous injury, and bone stress reaction.’1%29
occurring in either the foot or the ankle.!222242834 The It is known from research in sports populations that
use of magnetic resonance imaging (MRI) is considered positive MRI findings can be found in individuals without
the gold standard imaging tool for the most common symptoms or known pathology.51%16:20:26:35 Bone marrow

edema in asymptomatic athletes has been reported in sev-
_ N eral sports such as ankles in runners,'® knees in swim-
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and cartilage findings were common in asymptomatic colle-
giate basketball players.2® Peritendinous fluid was found
in elite, asymptomatic rowers’ wrists.!® These findings
seen on MRI scans can be secondary to the repetitive
high loads to which athletes are exposed during training,
and they may not be pathological or related to an
injury.®1%1620 Extending this understanding to ballet is
important for medical practitioners to better understand
MRI findings and subsequently provide accurate advice
to dancers.

Studies have shown a high prevalence of bone marrow
edema in the talus and cuneiform bones in ballet dancers,
but these studies were limited in participant numbers, low-
resolution imaging, and inclusion of dancers with
pain.111322 Furthermore, they have not examined the fore-
foot, which is also a common site of pathology in ballet
dancers.’® A previous MRI study of PAIS in 25 ballet
dancers lacked a control group, making it difficult to
exclude the possibility that the MRI features were related
to training intensity.2” Although a recent cross-sectional
study found no association between symptoms and MRI
findings for PAIS in ballet dancers, whether dancers with
positive MRI findings subsequently developed PAIS was
not investigated.® Therefore, further research is required
to better understand the positive MRI findings in asymp-
tomatic ballet dancers and their relationship to future
symptoms.

The aims of this study were to (1) assess foot and ankle
MRI findings in asymptomatic ballet dancers focusing on
bone marrow edema and posterior ankle impingement
and (2) investigate whether these MRI findings would
become symptomatic within 1 year.

METHODS
Participants

This prospective study recruited 31 healthy dancers (15
male and 16 female; age, 26.5 = 4.3 years) who were danc-
ing in full capacity at an elite professional ballet company
with about 75% of its repertoire being classical. MRIs were
taken during the rehearsal period at around the ninth
month of an 11-month season, when dancers usually take
1.25 hour—long classes 6 days per week and join some
rehearsals. Dancers were excluded from participating in
this study if they had experienced an ankle sprain, PAIS,
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or any other foot or ankle pain requiring modification of
dance activities for >1 week, previous foot or ankle sur-
gery, and fracture or bone stress reaction to the foot or
ankle in the past 6 months. Research ethics committee
approval was given (reference No. 272602), and written
informed consent was obtained from each participant
before participation.

Magnetic Resonance Imaging

Orthogonal 3-plane MRIs were scanned for both feet and
ankles using a Siemens 3-T scanner (Siemens, Healthcare)
using imaging parameters as follows: sagittal short tau
inversion recovery (STIR) (slice thickness [ST], 3 mm; rep-
etition time [TR], 5550 ms; inversion time [TI], 140 ms;
echo time [TE], 31 ms; matrix, 320 X 320); axial STIR
(ST, 3 mm; TR, 5860 ms; TI, 140 ms; TE, 31 ms; matrix,
320 X 320); and coronal STIR (ST, 3.5 mm; TR, 5080
ms; TI, 140 ms; TE, 31 ms; matrix, 256 X 256). To ensure
homogeneous marrow fat suppression, short T1-inversion
imaging was acquired rather than spectral fat saturation.
Spectral fat saturation in the foot and ankle can be subject
to artifact making the identification of bone marrow
edema inaccurate. Hence, STIR sequence was selected
for this study. STIR sequence is the most sensitive
sequence for bone marrow edema, joint effusion, and ten-
don sheath effusion detection in the foot and ankle.
STIR wide field of view (FOV, 270 mm) whole foot and
ankle imaging was performed to optimize study scan
time, as whole marrow area can be assessed in 3 planes
within allotted time per patient. Fine detail analysis of
soft tissues was not required for this project. MRI scans
were independently reviewed using a standardized evalu-
ation form by 2 experienced fellowship-trained musculo-
skeletal radiologists (J.C.L. and A.W.M.M.) each with
>20 years of experience, with findings being agreed
through consensus. The following abnormalities were
evaluated: bone marrow edema, PAIS-related findings
such as os trigonum and Stieda process, joint effusion,
and fluid around tendons.
The evaluation form included:

1. Bone marrow edema: presence or absence of bone mar-
row edema of anterior, middle, and posterior tibia;
head, neck, body, and posterior process of the talus;
anteromedial, anterolateral, and insertion of Achilles
tendon; around the posterior subtalar joint and other
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TABLE 1
Locations and Grade of Bone Marrow Edema Lesions®
Overall Grade
n (%) Female Male 1 2 3

Distal tibia

Anterior 2 (3.2) 1 1 2 0 0

Middle 3(4.8) 1 2 3 0 0

Posterior 2(3.2) 0 2 2 0 0
Talus

Head 11 (17.7) 8 3 7 4 0

Neck 16 (25.8) 9 7 10 6 0

Body 32 (51.6) 18 14 20 7 5

Posterior process 1(1.6) 0 1 1 0 0
Calcaneus

Place of PAIS 1(1.6) 0 1 1 0 0

Insertion of Achilles tendon 1(1.6) 0 1 0 0 1

Anterolateral 1(1.6) 0 1 1 0 0
Cuboid 5(8.1) 3 2 5 0 0
Navicular 3(4.8) 0 3 3 0 0
Cuneiform

Lateral 1(1.6) 0 1 0 0 1

Intermediate 2 (3.2) 1 1 2 0 0

Medial 5(8.1) 3 2 5 0
Metatarsal

First 14 (22.6) 6 8 14 0 0

Second 4 (6.5) 2 2 3 1 0

Fourth 1(1.6) 1 0 1 0 0

Fifth 1(1.6) 0 1 1 0 0
Phalange

First 3(4.8) 3 2 0 1

Fifth 1(1.6) 0 1 1 0 0
Sesamoid

Medial 5(8.1) 3 2 1 2 2

“Data are presented as n unless otherwise indicated. PAIS, posterior ankle impingement syndrome.

areas of the calcaneus; tarsal bones; first to fifth meta-
tarsals; first to fifth phalanges; and medial and lateral
sesamoids. It was graded using the grading of Lazzar-
ini: 0 (no edema), 1 (increased signal intensity involving
<25% of the bone), 2 (increased signal intensity involv-
ing 25% to 50% of the bone), and 3 (increased signal
intensity involving >50% of the bone).'®

2. Findings associated with PAIS: presence or absence of
os trigonum and Stieda process and, if present, exis-
tence of high signal area. In addition, presence or
absence of local synovitis involving the posterior tibio-
talar and subtalar joints, thickening of posterior cap-
sule, and existence of intermalleolar ligament were
evaluated.

3. Joint effusion and effusion at retrocalcaneal bursa:
presence or absence of effusion at anterior tibiotalar
joint, posterior tibiotalar joint, posterior subtalar joint,
and retrocalcaneal bursa.

4. Tendons: presence or absence of fluid around flexor hal-
lucis longus (FHL), peroneal, and posterior tibialis ten-
dons. It was graded using the grading by Schweitzer:
0 (no fluid) and 1, 2, and 3 (radius of the fluid collection
<0.25, 0.25-1.0, and >1.0 times the diameter of the ten-
don, respectively).??

Injury Record Analysis

All injuries were recorded by in-house chartered physical
therapists with 13 years of experience on mean within 24
hours of their onset using a standardized injury assess-
ment form (Version 6.5.11; Smartabase). Injury diagnosis
was recorded using Version 10 of the Orchard Sports
Injury Classification System as recommended in the Inter-
national Olympic Committee consensus statement.?® Posi-
tive MRI findings were assessed for correlation with any
medical attention injuries that had taken place in the sub-
sequent 12 months. In the 12-month period, there were 5
weeks of rehearsals only, 38 weeks of rehearsals and per-
formances, 3 weeks of tour, and 6 weeks of holiday.

RESULTS
Foot and Ankle Abnormalities

A total of 51 feet and ankles (82%) had >1 site with bone
marrow edema. Table 1 shows the details of the locations
and grades of the bone marrow edema, and Figure 1 shows
the examples of the findings. The most common sites were
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Figure 1. Examples of bone marrow edema (arrowheads). (A) Talar body, (B) first metatarsal head, (C) first metatarsal base, (D, E)

second metatarsal base, and (F) fourth metatarsal base.

TABLE 2
Findings Associated With PAIS®
Overall
n (%) Female, n Male, n
Anatomic variants at the posterior ankle
Os trigonum 5(8) 3 2
Stieda process 8 (13) 4 4
Posterior intermalleolar ligament 31 (50) 12 19
MRI features of PAIS
Bone marrow edema
Os trigonum 2 (3) 1 1
Stieda process 0 (0) 0 0
Synchondrosis high signal in os trigonum 2 (3) 1 1
Posterior synovitis 11 (18) 4 7
Posterior capsular thickening 6 (10) 3 3

“MRI, magnetic resonance imaging; PAIS, posterior ankle impingement syndrome.

the talus (n = 41; 66%), followed by first metatarsal (n = 14;
23%), distal tibia (n = 7; 11%), cuboid (n = 5; 8%), medial
cuneiform (n = 5; 8%), medial sesamoid (n = 5; 8%), and sec-
ond metatarsal (n = 4; 6%). While 74% of all the bone mar-
row oedema were grade 1, grades 2 (17%) and 3 (9%) were
also observed (Figure 1A). The location of the bone marrow
edema within the talus was as follows: head (n = 11), neck
(n = 16), body (n = 32), and posterior process (n = 1), and
that of the first metatarsal was as follows: head only (n =
8); base only (n = 3); head and shaft (n = 2); and head,
shaft, and base (n = 1). Bone marrow edema within the sec-
ond metatarsal was seen in the base (n = 2), shaft and base
(n = 1), and head and base (n = 1). Two of the second meta-
tarsal base bone marrow edemas were seen beside the
joint, resembling degenerative changes (Figure 1E).
Specific findings relating to PAIS demonstrated an os
trigonum in 5 (8%) and Stieda process in 8 (13%) ankles,
1 and 2 of which were bilateral, respectively. Among
them, 2 os trigona showed bone marrow edema, but no
Stieda process had bone marrow edema (Figure 2).

Additionally, the posterior intermalleolar ligament was
seen in 31 ankles (50%). Posterior synovitis was seen in
11 ankles (18%) and posterior capsular thickening was
observed in 6 ankles (10%). Other findings and details
are shown in Table 2.

The presence of joint fluid and fluid around tendons is
summarized in Table 3. Joint fluid was commonly observed
in tibiotalar and subtalar joints (Figure 3A) and fluid
around the tendons most observed around the FHL (n =
13; 21%) (Figure 3B).

Development of Foot and Ankle Pain Related
to MRI Findings Within 1 Year

Fourteen foot and ankle medical attention injuries such as
PAIS, anterior ankle impingement syndrome, Achilles ten-
dinopathy, sprain of the first metatarsophalangeal joint,
and foot muscle spasm were observed within the following
12 months; 2 of the injuries could be attributed to
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TABLE 3
MRI Findings of Joint and Tendon Fluid®
Overall
n (%) Female, n Male, n Note

Joint fluid

Anterior tibiotalar 30 (48) 16 14

Posterior tibiotalar 39 (63) 20 19

Posterior subtalar 39 (63) 22 17
Retrocalcaneal bursa 9 (15) 6 3
Fluid around tendon

FHL 13 (21) 7 6 Grade 1 (n = 3), grade 2 (n = 6), grade 3 (n = 4)

Peroneal 6 (10) 4 2 Grade 1 (n = 4), grade 2 (n = 2), grade 3 (n = 0)

Posterior tibialis 8 (13) 5 3 Grade 1 (n =4), grade 2 (n = 3), grade3 (n=1)

“FHL, flexor hallucis longus; MRI, magnetic resonance imaging.

Figure 2. (A) Os trigonum with high signal intensity (white
arrowhead) and synovitis (yellow arrowheads). (B) Stieda pro-
cess (arrow). *, talus.

Figure 3. (A) Joint fluid around tibiotalar joint and subtalar
joint (arrowheads). (B) Fluid around flexor hallucis longus ten-
don (arrow). *, talus.

Figure 4. (A) Bone marrow edema at the distal anterior tibia
(arrowhead). (B) Stieda process (arrow). *, talus.

abnormalities on the MRI scan. One ankle with bone mar-
row edema at the distal anterior tibia and anterior ankle
joint fluid went on to develop anterior ankle impingement
syndrome (Figure 4A) and 1 ankle with Stieda process
went on to develop FHL symptoms (Figure 4B).

DISCUSSION

This study assessed foot and ankle MRI findings in 31
asymptomatic professional ballet dancers and investigated
whether the MRI findings would become symptomatic
within 1 year. The most important finding of the present
study is that positive MRI findings in the foot and ankle
of asymptomatic ballet dancers are highly prevalent but
very few of these become symptomatic within 1 year. Of
the asymptomatic professional ballet dancers’ foot and
ankle MRIs, 82% had >1 site of bone marrow edema. Fur-
thermore, joint fluid and fluid around key foot and ankle
tendons is a common finding. These abnormalities may
be due to physiological stress during dancing. Further-
more, these results suggest that abnormal findings should
be expected on MRI investigations of the feet and ankles of
elite ballet dancers. Only 2 positive findings went on to cor-
relate with subsequent injuries, suggesting that dancers
may not need to modify activity immediately when such
MRI abnormalities are observed without any symptoms.
The most common finding was bone marrow edema.
Pathologic cause of bone marrow edema on MRI includes
fracture, stress response, infection, tumor, and avascular
necrosis.'®?33¢ More importantly, however, medical practi-
tioners must assess whether bone marrow edema in this
asymptomatic cohort would be an indicator of those who
would go on to experience these pathologies, pain, or
injury. High prevalence of bone marrow edema in asymp-
tomatic athletes has been reported,®!¢2%35 and 1 study'’
showed most asymptomatic runners showed bone marrow
edema lesions, more than half of them fluctuating during
the season, and clinical complaints occurring during the
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season were not related to the bone marrow edema. Simi-
lar results were observed in the present study; only 1 site
of bone marrow edema went on to become symptomatic
within a 12-month period. The cause of these MRI changes
remains unclear, but they may be related to biomechanical
stress related to the dancing, which can lead to bone
remodeling. 11933

The talus was the most common site for bone marrow
edema. This is in keeping with a previous study where 9
of the 12 ankle MRIs of active professional dancers
showed bone marrow edema of the talus.'' However, pre-
vious studies included dancers with pain, and imaging
studies among asymptomatic dancers are scarce. Further-
more, MRI studies of asymptomatic ballet dancers’ feet
have not been investigated. The present study investi-
gated foot MRI findings, as well as those of the ankle,
and it was revealed that, after the talus, the bones mostly
affected were at the medial side of the foot including first
metatarsal, medial cuneiform, and medial sesamoid. Bone
marrow edema in the asymptomatic foot and ankle has
been also reported in professional, university, and ama-
teur runners.'”'%37 Bone marrow edema was seen mostly
in the calcaneus (19%-40%), talus (16%-31%), and navicu-
lar (8.3%-27.5%). The current study suggests that the fre-
quency of bone marrow edema of the talus is greater in
professional ballet dancers compared with runners,
whereas the reverse is true for the calcaneus. Although
most bone marrow edema did not become symptomatic
within 1 year, distribution of the bone marrow edema
may represent areas of higher biomechanical stress in
ballet. Demi pointe and en pointe positions require
weightbearing in maximal ankle and midfoot plantarflex-
ion,3%3! and ballet-specific landing technique starts from
the toe rather than the heel.? Ballet is also performed in
varying degrees of hip external rotation or “turn out.”
Dancing, jumping, and landing with external rotation of
the hips will put greater strain on the medial structures
of the foot and ankle.” Clinicians should be aware that
these sites are likely to express varying levels of bone
stress.

Stress fractures pose a significant burden to ballet
dancers, and the base of the second metatarsal is a com-
monly affected site.'®?22?% Thus, it would be useful if we
could understand whether the bone marrow edema at the
base of the second metatarsal in asymptomatic ballet
dancers would lead to symptomatic stress fractures. In
our study, we observed a low prevalence of bone marrow
edema at the base of the second metatarsal (4 feet; 6.5%).
Two appeared to be degenerative in nature rather than
stress reaction and those remaining were of low intensity.
Given the low prevalence of bone marrow edema at the
base of the second metatarsal in this asymptomatic cohort,
clinicians should remain vigilant when symptomatic or
asymptomatic dancers exhibit positive MRI findings in
this area.

PAIS is one of the most common problems in ballet
dancers.'®2! In a recent study, it was reported that there
was no association between MRI findings and posterior
ankle pain or a positive ankle plantarflexion pain provoca-
tion test.® The study raised questions regarding the
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significance of MRI features in the management of PAIS.
However, it is important to note that the study had a lim-
ited number of participants and included individuals
engaged in different activities, such as dancers and ath-
letes.? In a retrospective review of 25 MRI examinations
of the ankles conducted on 23 ballet dancers who sought
orthopaedic consultation and were clinically diagnosed
with PAIS, the authors aimed to determine the prevalence
of MRI features in this specific population.?” The most fre-
quently observed imaging feature of PAIS was posterior
synovitis (100%). Additionally, thickening of the posterior
capsule (52%) and tenosynovitis of the FHL (68%) were
common findings. Os trigonum was present in 28% of the
cases, and among them, 86% exhibited bone marrow
edema. Furthermore, bone marrow edema in the posterior
talus was frequently observed (40%).2” Although these
imaging features can assist in the clinical management of
individual patients, the study suggests caution when com-
paring these common MRI findings in the population, as
these features might represent variations of normal for
this particular group of patients due to the intensity of
their training.?” While the direct comparison between the
current study and the literature is challenging due to dif-
ferences in MRI evaluation, methods, and participant
backgrounds, the presence of the aforementioned features
was less prevalent in asymptomatic dancers in the present
study compared with those diagnosed with PAIS in previ-
ous literature.?” However, it is important to note that these
features were still present, albeit to a lesser extent, in the
asymptomatic population. This implies a potential correla-
tion between these MRI findings and pathology or pain,
emphasizing the need for cautious interpretation of the
MRI features and comprehensive clinical assessment in
the diagnosis and management of PAIS.

Joint fluid in talocrural and subtalar joints is often seen
even in the asymptomatic general population, with joint
fluid seen on the MRI in 87% to 96% of healthy volun-
teers.>3? No statistical difference in the presence of joint
fluid around the ankle was found between volunteers and
patients with various ankle disorders such as occult frac-
tures, osteochondritis dissecans, and Achilles tendon disor-
ders.®? Few studies have investigated the prevalence of
joint fluid in ballet dancers, but 1 study reported posterior
subtalar or talocrural joint effusion synovitis in 95% to
100% of active ballet dancers.* Although less common,
the authors also noted joint fluid in the anterior talocrural
joint, posterior talocrural joint, and subtalar joint as a com-
mon finding. This suggests that careful interpretation
should be made when observing ankle joint fluid in the
ankle of a ballet dancer.

Tendon pain is a common injury among ballet
dancers.'® Fluid around the tendons is more commonly
reported with fluid in the tendon sheath of the FHL, poste-
rior tibialis, and peroneus longus tendon observed in 17%
to 31% of a healthy population and patients with various
ankle symptoms.3? Among ballet dancers, tenosynovitis
was observed in 21.1% of the actively dancing dancers.*
This is consistent with the findings of our study. Interest-
ingly, the presence of grade 3 fluid did not progress to
become symptomatic within 12 months. Therefore, a large
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volume of fluid found within a tendon sheath does not
always correlate with symptoms.

Limitations

This study is not without limitations. First, because the
primary purpose was to investigate the presence of bone
marrow edema, only STIR sequences were taken, so liga-
ments and tendons were not assessed. Second, some partic-
ipants may have not declared incidences of pain, as their
dancing activities were not affected. However, we attemp-
ted to minimize this risk by excluding the dancers with foot
or ankle pain requiring assessment from the medical team
and any modification of dance activities that lasted for >1
week in the past 6 months. Third, there was no control
group of nonathletes and nonathletes performing dance.
Instead, the results were compared with literature on non-
athletes and athletes.

CONCLUSION

There is a high prevalence of abnormal findings on MRIs of
the foot and ankle in asymptomatic professional ballet
dancers. The majority of these do not result in either med-
ical attention or time-loss injury within 12 months. Com-
mon findings in active professional ballet dancers include
bone marrow edema of the talus and first metatarsal
head, tibiotalar and subtalar joint fluid, and fluid around
the FHL tendon. Therefore, careful interpretation of MRI
findings with the dancer’s clinical picture is required
before recommending activity modification or further
intervention.
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