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Abstract
Objective To report the prevalence of MRI features commonly associated with posterior ankle impingement syndrome in 
elite ballet dancers and athletes and to compare findings between groups.
Materials and methods Thirty-eight professional ballet dancers (47.4% women) were age- and sex-matched to 38 elite soccer or cricket 
fast bowler athletes. All participants were training, playing, and performing at full workload and underwent 3.0-T standardised magnetic 
resonance imaging of one ankle. De-identified images were assessed by one senior musculoskeletal radiologist for findings associated with 
posterior ankle impingement syndrome (os trigonum, Stieda process, posterior talocrural and subtalar joint effusion-synovitis, flexor hallucis 
longus tendon pathology and tenosynovitis, and posterior ankle bone marrow oedema). Imaging scoring reliability testing was performed.
Results Posterior talocrural effusion-synovitis (90.8%) and subtalar joint effusion-synovitis (93.4%) were common in both 
groups, as well as the presence of either an os trigonum or Stieda process (61.8%). Athletes had a higher prevalence of either 
os trigonum or Stieda process than dancers (74%, 50% respectively, P = 0.03). Male athletes had a higher prevalence of 
either os trigonum or Stieda process than male dancers (90%, 50% respectively, P = 0.01), or female athletes (56%, P = 0.02). 
Posterior subtalar joint effusion-synovitis size was larger in dancers than athletes (P = 0.02). Male and female dancers had 
similar imaging findings. There was at least moderate interobserver and intraobserver agreement for most MRI findings.
Conclusion Imaging features associated with posterior impingement were prevalent in all groups. The high prevalence of os 
trigonum or Stieda process in male athletes suggests that this is a typical finding in this population.

Keywords Posterior ankle impingement syndrome · MR imaging · Os trigonum · Stieda process · Soccer · Fast bowler · 
Ballet

Introduction

Posterior ankle impingement syndrome (PAIS), character-
ised by posterior ankle pain in positions of ankle plantar-
flexion, has been reported in ballet dancers [1–5] and other 

athletic and non-athletic populations [6–8]. Posterior ankle 
impingement syndrome is an important cause of pain and 
injury in elite ballet and athletic populations [9, 10].

Atraumatic PAIS is due to cumulative microtrauma to the 
posterior ankle structures, especially in populations exposed 
to repetitive end-range ankle plantarflexion [2, 11], causing 
pain in plantarflexion when soft-tissue and osseous struc-
tures are compressed within the tibiocalcaneal interval [3, 
12]. Osseous anomalies of the posterior talus, namely the os 
trigonum and Stieda process, are often implicated as causa-
tive structures in PAIS and are one of the most common 
targets of surgical intervention [5, 7]. Other imaging find-
ings such as posterior ankle effusion-synovitis, bone mar-
row oedema, flexor hallucis longus (FHL) tendon pathology, 
and tenosynovitis have also been described in populations 
diagnosed with PAIS, including dancers, cricket play-
ers (fast bowlers), and soccer players [1, 2, 4, 13, 14]. Os 
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trigonum and Stieda process prevalence in various popula-
tions have been reported between 2.3 to 32.5% and 14.7 to 
36.5%, respectively [15–19]. The prevalence of these osse-
ous anomalies appears to be higher in ballet dancers [1, 20] 
and soccer players presenting with PAIS [10] than in the 
general population.

The mechanism of injury in PAIS may vary between danc-
ers and athletes. Environmental parameters such as floor sur-
face and footwear differ substantially. Dancers are renowned 
for their extreme ankle plantarflexion range, which is regu-
larly performed in full weight-bearing. Cricket fast bowlers 
use their front leg to brake [21], resulting in rapid decelera-
tion of the front foot into positions of ankle plantarflexion. 
Dancers achieve greater ankle plantarflexion ranges than 
fast bowlers and soccer players [21–24]. The ankles of fast 
bowlers and soccer players may be exposed to higher peak 
ground reaction forces [25, 26] than those of ballet dancers 
[27, 28]. Furthermore, studies have described biomechanical 
variations between sexes within the same sport; for example, 
female fast bowlers achieve significantly greater ankle plan-
tarflexion at final stride [21] and smaller peak ground reac-
tion forces than their male counterparts [29]. In ballet, pointe 
shoes are worn almost exclusively by women. It is unknown 
whether these factors lead to distinct MRI features.

Atraumatic injuries such as PAIS have an insidious pres-
entation and symptoms can be transient. It is common for 
elite dancers and athletes to continue training and compet-
ing/performing at full workloads despite pain of various ori-
gins, using minor adaptations (e.g. adjustments in choreog-
raphy), treatment, or medications to control their symptoms 
[30–32]. It is also common for athletes/dancers to defer rest 
until a convenient time, such as the off-season or in between 
performance seasons. Consequently, some injuries may not 
result in time loss [30]. Imaging studies reporting os trigo-
num or Stieda process and other PAIS-associated imaging 
findings in dance and athletic populations have only inves-
tigated symptomatic or operative groups. Imaging findings 
have not been reported in these populations participating in 
their activity at full workloads, nor have comparisons been 
made between sports or sexes.

The aim of this study is to report the prevalence of MRI 
findings commonly associated with PAIS in a typical popu-
lation of elite ballet dancers, soccer players, and cricket fast 
bowlers and to explore the differences between professions 
and sexes.

Materials and methods

Forty professional male and female ballet dancers (47.4% 
women) were age (± 2 years)- and sex-matched to 40 elite 
cricket fast bowlers (n = 25) or soccer players (n = 15). 
Participants were older than 18 years of age, trained in 

the activity (ballet, cricket, soccer) at least three times 
per week since age 10, and were training, playing, and 
performing at full workloads at time of testing. Exclusion 
was made if there was a history of severe foot or ankle 
trauma or surgery, systemic neurological or inflammatory 
conditions, any contraindications to MRI (metal implants, 
pregnancy, or claustrophobia), or corticosteroid injection 
to the foot or ankle in the 6 weeks prior to testing. Clinical 
testing and imaging were conducted between March 2017 
and April 2019.

Participants underwent unilateral ankle MRI. In dancers 
and soccer players, the ankle scanned was either the symp-
tomatic one or had the greater history of symptoms. If 
neither ankle had current or previous symptoms, imaging 
side was determined via coin toss. All cricket fast bowlers 
had the ankle of their front bowling foot imaged (if they 
were a right-arm bowler, their left ankle was scanned). 
Each participant provided information on the current level 
of function (normal, nearly normal, abnormal, or severely 
abnormal) in the ankle imaged, previous lateral ankle 
sprain, and age when they commenced training at least 
four times per week.

Eighty participants were recruited and scanned (40 
dancers, 40 athletes). One female fast bowler had the 
incorrect ankle scanned; therefore, she and her matched 
dancer were withdrawn from the analysis. One male danc-
er’s images were unable to be located; therefore, he and 
his matched athlete were withdrawn from the analysis. The 
remaining 76 participants were included in the analysis. In 
the athlete group (n = 38), 24 were fast bowlers (16 male, 
8 female) and 14 were soccer players (4 male, 10 female) 
(Table 1).

Imaging was performed across two locations according 
to a standardised protocol (Supplementary file 1), using a 
Siemens PrismaFit 3.0-T MRI, and a Philips Ingenia 3.0-T 
MRI. All scans were performed in standard supine ankle 
plantigrade position in a dedicated ankle coil. Non-con-
trast-enhanced MRI was used as it is non-invasive. Images 
were de-identified and stored on a picture archive and 
communication system for online analysis using imaging 
analysis software (InteleViewer version 4.18.1.0). Imaging 
reporting was conducted according to a pre-determined 
MRI scoring tool (Supplementary file 2). The selection of 
MRI features was based on those commonly described in 
the PAIS literature. All images were reported by a senior 
musculoskeletal radiologist with over 20 years’ experi-
ence, blinded to participant identification, age, sex, and 
group. Intraobserver reliability was assessed by re-scoring 
10 randomly selected scans 3 months following comple-
tion of the initial scoring. A second blinded musculoskel-
etal radiologist scored the same 10 images to test interob-
server reliability.
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For all participants, the following features were identi-
fied as present or absent on MRI: posterior ankle bone 
marrow oedema, os trigonum, increased signal at the syn-
chondrosis between the os trigonum and posterior talus, 
Stieda process, posterior talocrural joint effusion-syno-
vitis, posterior subtalar joint effusion-synovitis, flexor 
hallucis longus (FHL) tendon pathology, and FHL teno-
synovitis (Figs. 1, 2, 3, and 4 and Supplementary file 2). 
The presence of bone marrow oedema in an os trigonum 
(Fig. 1) or Stieda process was noted as present or absent. 
The posterior ankle region was defined as the posterior 
half of the tibial plafond, the posterior half of the talar 
dome, and the inferior talus and superior calcaneum of 
the posterior subtalar joint. Joint effusion-synovitis was 
defined as the presence of hyperintense signal changes 
with increased thickness or volume [33]. As contrast 
enhancement was not used, effusion and synovitis could 
not be differentiated [33]. If present, posterior talocrural 
joint effusion-synovitis size was measured as the max-
imum distance perpendicular to the slope of the talar 
dome in the sagittal plane (Fig. 5), and posterior subtalar 
joint effusion-synovitis size was measured as the maxi-
mum distance perpendicular to the calcaneal slope in the 
sagittal plane (Fig. 6). An os trigonum was defined as the 
presence of an ununited bone immediately posterior to 
the lateral tubercle of the posterior talar process [17]. A 
Stieda process was defined as an enlarged or elongated 

lateral talar process [17]. The size of an os trigonum or 
Stieda process was not reported. The radiologist identi-
fied and classified the findings of os trigonum and Stieda 
process separately, then these data were analysed both 

Table 1  Participant 
characteristics, training, and 
injury history

* P < 0.05

Variable Dancer (n = 38) Athlete (n = 38)

Age (years)
Median (IQR)

Male 22 (4) 21 (6)
Female 21 (9) 22 (9)
Combined 21.5 (6) 21 (7)

Height (cm)
Median (IQR)

Male 183 (7.8) 189 (13.3)
Female 166.5 (3.5) 166.5 (8.0)
Combined 176.3 (16.3) 175 (22.3)

Weight (kg)
Median (IQR)

Male 73.5 (11.3)* 84 (16.3)*
Female 52.5 (5.3)* 63 (10.9)*
Combined 63 (21.8)* 73 (22.5)*

Body mass index
Mean (SD)

Male 22 (1.1)* 24.5 (1.6)*
Female 18.8 (1.1)* 22.4 (1.4)*
Combined 20.5 (2.0)* 23.5 (1.9)*

Age started training > 4 times per week (years)
Mean (SD)

Male 12.8 (2.0)* 17.1 (2.5)*
Female 10.7 (3.2)* 16.2 (2.3)*
Combined 11.8 (2.8)* 16.7 (2.4)*

Years of professional experience
Median (IQR)

Male 3 (4) 1.5(3)
Female 3 (8) 4 (10)
Combined 3 (6) 2 (6)

Participants with previous lateral ankle sprain (in 
ankle imaged)

Male 12 13
Female 12 10
Combined 24 23

Fig. 1  A 32-year-old male dancer. Sagittal SPAIR image demon-
strates bone marrow oedema in the posterior tibia (circled), an os 
trigonum with bone marrow oedema (arrow), increased signal at the 
synchondrosis (arrowhead), and posterior talocrural and subtalar joint 
effusion-synovitis (asterisk). Ti tibia, Ta talus, C calcaneum
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separately and in combination. It has been suggested that 
both structures originate within the same cartilaginous 

extension of the talus [34]. The presence of an os trigo-
num or Stieda process was combined into a single vari-
able to reflect their shared clinical implications for PAIS 
as potential space-occupying bony structures within the 
posterior tibiocalcaneal interval. Flexor hallucis longus 
tendon pathology was defined as any abnormal signal 
within the FHL tendon [35]. Flexor hallucis longus teno-
synovitis was defined as any sudden cut-off of the fluid 
within the synovial sheath at the level of the posterior 
talus [35]. There are potential communications between 
the FHL tendon synovial sheath and ankle joint [36]; 
therefore, it was impossible to assess for FHL tenosyno-
vitis in isolation.

Ethics approval was granted by the La Trobe University 
Human Ethics Committee (HEC16-123). Informed consent 
was obtained from all individual participants included in 
the study.

Statistical analysis

All data analysis was performed using statistical software 
(SPSS version 17.0, SPSS Inc., Chicago, IL, USA). Partici-
pant demographic data were assessed for normality using the 

Fig. 2  A 29-year-old female soccer player. Sagittal proton density 
image demonstrates a Stieda process (arrow). Ti tibia, Ta talus, C cal-
caneum

Fig. 3  A 26-year-old male dancer. Coronal oblique T2 fat-satu-
rated image demonstrates an example of flexor hallucis longus ten-
don pathology: a focal split tear in the flexor hallucis longus tendon 
(arrow). Ta talus, C calcaneum

Fig. 4  35-year-old male dancer. Coronal oblique T2 fat-saturated 
image demonstrates flexor hallucis tenosynovitis (arrow).  Ta = talus, 
C = calcaneum
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Shapiro–Wilk test, and the group comparisons made (danc-
ers versus athletes) using the independent samples t-test for 
parametric, and Mann–Whitney U test for non-parametric 
data. The prevalence of each MRI finding was reported for 
each group (dancer or athlete), then by sub-groups (e.g. male 
versus female dancers) and compared using Pearson’s chi-
squared test. Posterior joint effusion-synovitis sizes were 
assessed for normality using the Shapiro–Wilk test, between 
group and sex comparisons made using the Mann–Whitney 
U test. The P value was set at < 0.05.

Imaging scoring reliability was calculated using 
Cohen’s kappa for categorical data or intraclass correla-
tion coefficient for continuous data. In instances where 
kappa was unable to be calculated (i.e. if each partici-
pant tested was scored the same rating), reliability was 
presented as numbers of agreement. A negative kappa 
indicated poorer than chance agreement [37]. A kappa 
value between 0 and 0.2 was deemed slight agreement, 
between 0.21 and 0.4 fair agreement, between 0.41 and 
0.6 moderate agreement, between 0.61 and 0.8 substan-
tial agreement, between 0.81 and 0.99 almost perfect 
agreement, and 1 as perfect agreement [38]. Intraclass 
correlation coefficient values of less than 0.40 suggested 

poor reliability, between 0.40 and 0.59 fair reliability, 
between 0.60 and 0.74 good reliability, and between 0.75 
and 1.00 excellent reliability [39].

Results

Participants

Both groups (dancers and athletes) were comparable in 
age, height, years of professional experience, and history 
of lateral ankle sprain; however, dancers had significantly 
lower weight and body mass index than athletes (P < 0.01) 
and commenced training at least four times per week at a 
significantly younger age (P < 0.01) (Table 1). For the cur-
rent level of function in the ankle imaged, 58 participants 
(76%) answered normal, 17 (22%) answered nearly nor-
mal, 1 (1%) answered abnormal, and 0 answered severely 
abnormal.

Imaging scoring reliability testing

For all categorical MRI scoring variables, there was 
at least moderate interobserver and intraobserver 

Fig. 5  27-year-old female dancer. Sagittal SPAIR image demonstrates 
posterior talocrural joint effusion-synovitis size measurement: the 
maximum distance perpendicular to the slope of the talar dome, in 
the sagittal plane. Ti = tibia, Ta = talus, C = calcaneum

Fig. 6  A 26-year-old male dancer. Sagittal SPAIR image demon-
strates and posterior subtalar joint effusion-synovitis size measure-
ment: the maximum distance perpendicular to the calcaneal slope in 
the sagittal plane. Ti tibia, Ta talus, C calcaneum
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agreement, except FHL tenosynovitis (ĸ =  − 0.15 and 
ĸ =  − 0.18, respectively) and increased signal at the 
synchondrosis between os trigonum and talus (ĸ = 0.23, 
ĸ = 0.43, respectively) (Table 2). Kappa was indeter-
minate for two variables: posterior talocrural joint 
effusion-synovitis and FHL tendon pathology because 
at least one rater assigned each participant the same 
score. For these two variables, the agreement was at 
minimum eight out of ten. Posterior talocrural joint 
effusion-synovitis size demonstrated poor to moderate 
reliability; however, posterior subtalar joint effusion-
synovitis size ranged from acceptable to excellent 
reliability.

MRI results

There were 35 right (dancer n = 22, athlete n = 13) and 41 
left (dancer n = 16, athlete n = 25) ankle MRIs. Imaging fea-
tures were highly prevalent in both groups (Table 3). The 
most common MRI features were posterior subtalar joint 
effusion-synovitis and posterior talocrural joint effusion-
synovitis, present in 93.4% and 90.8% of all participants, 
respectively. Overall os trigonum prevalence was 27.6%, and 
Stieda process prevalence was 34.2%, equating to 61.8% of 
participants having either an os trigonum or Stieda process. 
Bone marrow oedema was more prevalent in the os trigona 
than in the Stieda processes, with bone marrow oedema in 

Table 2  MRI scoring reliability 
testing results

Interobserver Intraobserver

Cohen’s kappa
  MRI feature (present/absent)
    Bone marrow oedema posterior ankle 1.00 0.58
    Os trigonum 0.58 0.80
    Os trigonum bone marrow oedema 0.74 1.00
    Increased signal at synchondrosis 0.23 0.43
    Stieda process 0.74 1.00
    Os trigonum or Stieda process 0.78 0.78
    Stieda process bone marrow oedema 0.62 1.00
    Posterior talocrural joint effusion-synovitis 9/10 agree 10/10 agree
    Posterior subtalar joint effusion-synovitis 1.00 0.62
    Flexor hallucis longus tendon pathology 8/10 agree 8/10 agree
    Flexor hallucis longus tenosynovitis  − 0.15  − 0.18

Intraclass correlation coefficient
  Effusion size (mm)
    Posterior talocrural recess 0.39 0.58
    Posterior subtalar recess 0.87 0.78

Table 3  Imaging findings by group and by sex

Imaging finding: present on MRI Dancer Athlete Total n (%)

Male (n = 20) Female 
(n = 18)

Overall 
(n = 38)

Male (n = 20) Female 
(n = 18)

Overall 
(n = 38)

Bone marrow oedema posterior ankle region 4 6 10 9 5 14 24 (31.6)
Os trigonum 5 3 8 9 4 13 21 (27.6)
Bone marrow oedema in os trigonum 4 0 4 5 0 5 9 (11.8)
Increased signal intensity at synchondrosis 3 3 6 4 4 8 14 (18.4)
Stieda process 5 6 11 9 6 15 26 (34.2)
Bone marrow oedema in Stieda process 1 1 2 0 1 1 3 (3.9)
Os trigonum or Stieda process 10 9 19 18 10 28 47 (61.8)
Posterior talocrural joint effusion-synovitis 20 15 35 18 16 34 69 (90.8)
Posterior subtalar joint effusion-synovitis 19 17 36 18 17 35 71 (93.4)
Flexor hallucis longus tendon pathology 4 2 6 2 1 3 9 (11.8)
Flexor hallucis longus tenosynovitis 3 5 8 4 8 12 20 (26.3)
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nine of the 21 os trigona (42.9%), compared to three of the 
26 Stieda processes (11.5%). The proportion of os trigona 
that had increased signal at the synchondrosis was 66.7% 
(75% and 61.5% in dancers and athletes, respectively).

Dancers versus athletes

The prevalence of most MRI findings was similar between 
dancers and athletes (Table 3). Athletes had a higher preva-
lence of either an os trigonum or Stieda process compared 
to dancers (P = 0.03). This was largely moderated by the 
male athletes who had a higher prevalence of os trigonum 
or Stieda process (90%) compared to male dancers (50%) 
(P = 0.01). Within the athlete group, the female fast bowlers 
had a lower prevalence of either an os trigonum or Stieda 
process (25%) compared to the female soccer players (80%). 
The median posterior subtalar joint effusion size was larger 
in dancers than athletes (P = 0.02). Female dancers had 
larger posterior subtalar joint effusions than female athletes 
(P = 0.01); male dancers and male athletes had similar pos-
terior subtalar joint effusion sizes.

Men versus women

No significant differences were found between the MRIs of 
male and female dancers. Male athletes had a higher preva-
lence of os trigonum or Stieda process (90%) compared to 
female athletes (50%) (P = 0.02, Table 3). This appeared to 
be driven by the relatively low numbers of os trigonum or 
Stieda process in female fast bowlers.

Discussion

This study provides insight into the prevalence of posterior 
ankle MRI findings in people undertaking different forms of 
elite physical activity at full workloads. Posterior talocrural 
and subtalar joint effusion-synovitis were highly prevalent, 
as well as the presence of either an os trigonum or Stieda 
process. Athletes had a higher prevalence of os trigonum 
or Stieda process compared to dancers, whereas dancers 
demonstrated larger posterior subtalar joint effusions than 
athletes. This information suggests that these MRI findings 
may represent a response to activity-specific load exposure 
rather than pathology in a typical elite athletic and dance 
population.

Male athletes had a higher prevalence of either an os 
trigonum or Stieda process than both male dancers and 
female athletes. The presence of an os trigonum or Stieda 
process could represent a typical finding in these elite male 
athletes. It has been suggested that the osseous develop-
ment of the posterior talus may be influenced by activity 
performed prior to skeletal maturation [1, 19, 40]. In this 

study, the ballet dancers commenced more frequent training 
at a younger age than athletes yet surprisingly had a lower 
prevalence of os trigonum or Stieda process. Ballet dancers 
perform jump propulsion and landing through positions of 
extreme ankle plantarflexion and undertake repetitive and 
sustained full weight-bearing in end-range plantarflexion. 
Cricket fast bowlers and soccer players’ ankles generally 
do not achieve such extremes of range [21, 23]; however, 
they are exposed to rapid ankle deformation with high force 
in open- and closed-chain positions [24]. Perhaps osseous 
development is influenced by factors such as exposure to 
repeated high peak ground reaction forces that appear to be 
higher in fast bowlers and soccer players [24, 26] than in 
ballet dancers [27, 28]. Another possible explanation for the 
lower prevalence of os trigonum or Stieda process in dancers 
is that dancers with prominent osseous extrusions may not 
be able to achieve the extreme ankle plantarflexion required 
to continue to professional status. This may be an example 
of attrition bias in ballet dancers. In this study, os trigonum 
prevalence in dancers was similar to that previously cited in 
the general population [17, 41]; therefore, an os trigonum in 
an aspiring young dancer should not be considered career-
threatening. Previous literature on non-sporting populations 
has reported similar rates of os trigonum in men and women 
[15, 17], whereas other studies report a higher prevalence 
in men [16, 42]. Male fast bowlers have been demonstrated 
to generate higher peak vertical and horizontal ground reac-
tion forces than female fast bowlers [29], which may be a 
contributing factor to the significantly higher prevalence of 
os trigonum or Stieda process in male athletes. Male and 
female dancers had similar MRI findings; therefore, fac-
tors common to both sexes such as hypermobility [43], the 
demi-pointe position (full weight-bearing at end-range ankle 
plantarflexion), or jumping may be greater contributors than 
pointe shoes to the development of PAIS-associated imaging 
findings in ballet dancers.

Posterior subtalar joint effusion-synovitis has been 
implicated in PAIS and has been described in symptomatic 
ballet dancers [1, 44], soccer players [45], and other ath-
letes [6]. The definition and measurement of subtalar joint 
effusion-synovitis vary between studies, and there are no 
published data on effusion sizes in PAIS. In this study, a 
very high proportion of participants demonstrated poste-
rior talocrural or subtalar joint effusion-synovitis. In the 
general population, the presence of talocrural and subtalar 
articular fluid is a common MRI finding despite symptom 
status and should not be considered atypical [36]. In a pre-
vious study of 23 dancers diagnosed with PAIS, posterior 
talocrural synovitis was found in 100% of participants [1]. 
This study supports that the presence of posterior talocrural 
and subtalar joint effusion-synovitis may be typical MRI 
findings in elite athletes and dancers, perhaps represent-
ing a response to chronic subtalar joint loading, or chronic 
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instability following repeated ankle sprains [46–48] rather 
than PAIS-specific pathology.

In this study, previous lateral ankle sprain was common 
in both groups, which may have been a contributing fac-
tor to the high prevalence of effusion-synovitis. The larger 
effusion-synovitis sizes in dancers may be due to increased 
loading through the subtalar joint or increased subtalar joint 
translation due to hypermobility or chronic laxity [49]. Pre-
vious en pointe MRI studies have demonstrated apparent 
anterior talar translation underneath the tibia associated with 
posterior convergence of the distal tibia and superior calca-
neum in end-range plantarflexion [20, 50]. Translations at 
the subtalar joint have not been compared between dancers 
and athletes; however, greater effusion size in dancers may 
indicate a ballet-specific sub-category of PAIS.

It is possible that activity-specific loading patterns, both 
prior to and after skeletal maturation, contribute to distinct 
posterior ankle morphology and pathology detected on MRI 
in dancers and sportspeople. Future longitudinal research 
in skeletally immature athletes and dancers could provide 
insight into the effects of ankle loading on the osseous devel-
opment of the posterior talus.

This study utilised an optimised 3.0-T MRI protocol to 
collect high-quality images. Imaging scoring reliability 
testing was acceptable for all MRI features except for poor 
interobserver and intraobserver reliability for the presence 
of FHL tenosynovitis, the size of talocrural joint effusion-
synovitis, and fair interobserver reliability for an increased 
signal at the os trigonum synchondrosis; therefore, these 
findings should be interpreted with caution. Conventional 
radiographs have a lower sensitivity for identifying an os 
trigonum or Stieda process and may explain why the preva-
lence of these findings in this study was higher than in other 
studies. Furthermore, there is no accepted cut-off length for 
classification as a Stieda process in any imaging modality 
[16, 17, 19], and this may explain the variation in preva-
lence between this and other studies. The preferential imag-
ing of feet with a history of symptoms may have introduced 
selection bias, resulting in a greater prevalence of imaging 
findings than only imaging feet with no history of injury/
symptoms.

A high prevalence of PAIS-associated MRI findings was 
found in dancers and athletes performing at full workloads. 
It is possible that these findings may simply reflect chronic 
exposure to high ankle loads. Trends were observed between 
different groups, with male athletes having a higher preva-
lence of os trigonum or Stieda process, and dancers hav-
ing larger posterior subtalar joint effusion-synovitis. These 
findings imply that there may be sub-categories of PAIS 
based on activity-type exposure and sex-based biomechan-
ics. Future longitudinal research in skeletally immature male 
and female athletes and dancers would determine the effects 
of activity on the osseous development of the posterior talus.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00256- 021- 03811-x.
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