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Abstract
Objective Specific patterns of developmental adaptation of
the proximal femur have been recognized in some sports.
Gymnastics are characterized by repetitive axial loading and
hip rotations in combination with extreme hip positions. It is
unknown how and if these forces can affect an immature
skeleton in the long term. We sought to evaluate this, by
means of magnetic resonance imaging of the hip and groin
of such elite asymptomatic athletes.
Materials and methods We performed a case-control comparative MR imaging study of both hips and groin of 12 (7 male,
5 female) skeletally mature young (mean age 18.6 years)
asymptomatic international level gymnasts with a minimum
of 10 years’ training with age-matched non-athletes. At the
time of recruitment, none of the athletes had a recorded

musculoskeletal complaint or injury in the anatomical area
around the hip.
Results The study showed that elite gymnasts share four
common morphological characteristics on MRI that deviate
from normal and are considered to be the result of adaptational
changes to the specific sport: high centre–column–diaphysis
angle (coxa valga140° on average), ligamentum teres hypertrophy, friction of the iliotibial band with oedema surrounding
the greater trochanter, and a high incidence (62.5 %) of
radiological appearances of ischiofemoral impingement.
Conclusion Our study showed that elite gymnasts share four
common morphological characteristics on MRI that deviate
from normal. These findings were in asymptomatic subjects;
hence, radiologists and sports physicians should be aware of
them in order to avoid unnecessary treatment.
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Introduction
Certain types of proximal femoral anatomy have been linked
to a painful hip joint and to the development of early joint
osteoarthritis [1–6]. Equally, specific sporting activities, particularly at the elite level, have been associated with a higher
incidence of hip and groin pain and increased risk of osteoarthritis in the long term compared with non-athletes [3, 7–14].
Indeed, the rate of development of osteoarthritis in veteran
elite athletes is thought to be as high as 15 % (2 to 4.5 times
higher than that of the general population) depending on the
intensity of athletic activities and physical loading of the hip
[9, 10, 13, 15, 16].
Participation in gymnastics has undergone rapid growth in
the past decades with children entering the sport at a very
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young age (5–6 years old) [17]. Gymnastics is a demanding
sport with the immature skeleton being subjected to high
repetitive loads. The forces recorded on the ground during
landing can reach up to 14.4 times the gymnasts’ body weight,
with an average of 217 impacts per session for the lower
extremities [18, 19]. Specific patterns of physeal adaptation,
or developmental cam-type deformity as a response to repetitive force loads during growth, have already been recognized
in some sports [20–23]. In a recent study, it was observed that
intense basketball training during adolescence can affect the
growth plate and in turn the proximal femoral morphology
[24]. The reason for the development of the cam deformity in
these growing athletes remains unclear [24].
Studies in young gymnasts suggest that the repetitive loading forces might result in premature closure of the growth
plate [19, 25]. Our hypothesis was that high loading forces
might have affected the development of the hip joint. In
addition, rigorous exercise in this group of athletes may have
caused overuse injuries, which could be depicted on imaging.
This study seeks to explore the above by applying MR
imaging.

Materials and methods
We compared a group of 12 gymnasts (7 male, 5 female), who
currently train with the Hellenic national team and are considered to be the elite in Northern Greece, with age-matched
non-athletes. All the gymnasts had undergone a minimum of
10 years (range 10–18) of intense gymnastics training. The
participants’ mean age, body weight and height were 18.6±
3.1 years (range 15–24 years), 59.3±11.3 kg and 164±6 cm
respectively. All subjects were fully participating in their
team’s activities at the time of the study, consisting of a weekly
training program of 21.7±5.0 h.
At the time of recruitment, all athletes were asymptomatic.
Asymptomatic was defined as absence of any recently recorded musculoskeletal complaints or injuries requiring medical
attention or physiotherapy in a period of 6 months prior to the
onset of this study, and the absence of any reported, by the
athletes themselves, musculoskeletal symptoms in the anatomical area around the hip at the time of the study.
Written informed consent was obtained from each participant. For individuals under the age of 18, written consent was
also obtained from one of the parents or legal guardians. The
study had institutional ethics board approval and was therefore
performed in accordance with the ethical standards of the
1964 Declaration of Helsinki and its amendments.
Prior to the study we collected demographic data, such as
age, sex, weight and height, and for the gymnasts sportspecific information focusing on the athletes’ age at the start
of gymnastic training, frequency of training per week (hours),
specialization, dominant side, prior musculoskeletal injuries
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or surgeries, and musculoskeletal complaints (the subjects had
to define the anatomical area).
Imaging
All participants underwent MR imaging of both hips and
pelvis with a 3.0 T scanner (Philips Ingenia, Eindhoven, The
Netherlands) using a d-stream torso body coil and an additional flex coverage posterior coil. Images were obtained in a
supine position with a mild, 10° internal rotation of both legs.
The protocol consisted of the following sequences: coronal
T1-w (TR: 674/TE19 ms) and short tau inversion recovery
(STIR; TR: 4,375/TE: 60/TI: 220 ms), axial fat-suppressed
proton density (TR: 3,919/TE: 30 ms) on an axial plane.
Section thickness was 3 mm, interslice gap 1 mm, field of
view (FOV) of 140–160 mm2 and acquisition matrix ranged
for coronal slices between 576×576 and 432×432 and for
axial slices it was 528×528. All necessary measurements on
digital views were made on an AGFA Impax 6 (PACS)
imaging system with software for Windows-based PCs, written by AGFA.
The images were independently interpreted by two radiologists (AB, VL) with 2 and 5 years of experience respectively
and the findings were in consensus confirmed or modified by
a dedicated musculoskeletal radiologist with 25 years of experience (AK).
First, we evaluated the status of the capital growth plate
(open or closed) [26]. The assumption was that any anatomical variation would be of a developmental nature [24]. Thus,
it would deviate or increase if the physis was still open and
would reach a maximum when the physis closes. Second, we
looked at the hip joint morphology by means of measuring the
centre–column–diaphysis angle (CCDa). The CCDa is formed
by the line that connects the centre of the femoral head with
the centre of the femoral neck (femoral neck axis) and the axis
of the femoral shaft. This angle decreases during skeletal
development from 150° at birth to 130° by the age of 15 years
[27]. In this study, we considered as normal morphology a
CCDa (measured on coronal T1-w MR images) of 125–135°.
Third, for each subject we documented the presence of intraarticular pathology (labrum, cartilage and ligamentum teres).
The acetabular labrum was graded as normal, degenerated
(abnormal signal intensity), torn (abnormal signal extending
to the labral surface) and ossified (continuity of the labrum
with the bone marrow) [28]. The presence of secondary impingement signs, such as os acetabuli, herniation pits and
subchondral femoral or acetabular rim oedema or cysts, were
also recorded. The ligamentum teres (LT) was evaluated for
hypertrophy, discontinuity and fraying [29]. The dimension of
LT was evaluated in all cases by recording three consecutive
axial images with the highest areas in cm2 and calculating the
mean value. The ischiofemoral space (IFS) was measured as
the smallest distance between the lateral cortex of the ischial
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Table 1 Magnetic resonance imaging findings in gymnasts in comparison to non-athletes and reference measurements (R right hip, L left hip)
Centre–column–diaphysis
angle (CCDa)

Ligamentum teres (LT)
dimensions (mean area cm2)

Correlation ischiofemoral space
(IFS; in millimetres) and ischiofemoral
impingement (IFI)

Gymnasts

R 139.5°±6 L 140.3°±6

R 1.83±0.6 L 1.88±0.6

Control group
Literature reference measurements

R 130.1°±5 L 130°±5
129.23°±−6.24a

R 0.89±0.3 L 0.87+/−0.3
N/A

IFS 15±7, IFI (15 hips)
IFS 29±7, no IFI (9 hips)
IFS 23±6 mm, no IFI
IFS 13±5, IFIb
Normal IFS 20, no IFIc

a

Toogood et al. [35]

b

Torriani et al. [30]

c

Stafford and Villar [31]

tuberosity and the medial cortex of the lesser trochanter [30].
The normal IFS should exceed 20 mm [31]. This reduces to
13 mm ±5 in patients with ischiofemoral impingement (IFI)
[30]. Finally, the periarticular and groin areas were explored
for additional imaging findings.
Statistical analysis
Since this is an observational study, we studied correlations
between two variables using Pearson’s correlation coefficient
test. Pearson’s product moment correlation coefficient was
used to determine the relationship among age, gender, years
of training, athletes dominant side and CCDa. Comparison
between IFI, ISF and CCD values was performed using an
unpaired, two-tailed Student’s t test. The LT dimensions were
evaluated for gymnasts and controls also, with two-tailed,
paired Student’s t test. Statistical analysis was performed
using SPSS software (SPSS, Chicago, IL, USA). A P value
<0.05 was considered statistically significant.

hypertrophy with age, gender, years of subjects’ training,
or any morphological feature of the proximal femur.
There were 15 hips (62.5 %) with radiological evidence of
IFI and in all cases but one it was bilateral. The main finding
was oedema within the quadratus femoris muscle and in most
cases (10 out of 15) there was tendinopathy at the insertion of
the iliopsoas to the lesser trochanter. In 3 cases, oedema was also
observed around the hamstring tendon insertion and within the
obturator externus muscle. In our study in gymnasts, the average
ISF space for the hips with radiological evidence of IFI (15 hips)
was 15±7 mm and the rest (9 hips) 29±7 mm. In controls there
was no evidence of IFI, with mean IFS of 23±6 (Table 1). Hips
with radiological evidence of IFI had a mean CCD of 141°±
4.6° and the ones without of 138°±5° (P=0.19). We found a

Results
The capital growth plate was closed in all hips suggesting that
their proximal hip morphology was complete. The CCDa in
gymnasts was found to be higher than normal (normal range
125–135°) with an average for all hips of 140°±6° (Table 1).
There was no correlation among age (P=0.478), gender (P=
0.482), years of training (P=0.783) and CCDa. The only
statistical significance (P=0.016) was between CCDa and
the athletes dominant side.
Magnetic resonance imaging disclosed a spectrum of
findings (Figs. 1, 2, 3, 4, 5). Increased signal of the LT
was observed only in the athletes group in 6 out of 12
cases bilaterally. There was a statistically significant difference between the LT dimensions of the athletes and
controls (P<0.05; Table 1). The mean value and range in
cm2 was 1.8±0.6 for gymnasts and 0.9±0.3 for controls
respectively (Table 1). There was no correlation of LT

Fig. 1 a Axial fat-suppressed proton density-weighted and b coronal
STIR MR images in a 17-year-old male athlete. There is bilateral hypertrophy and intrasubstance oedema within the ligamentum teres (thick
arrows). Oedema surrounds both iliopsoas tendons (short arrows)
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Fig. 3 a Coronal STIR and b axial fat-suppressed proton density-weighted MR images in a 14-year-old female athlete. There is oedema in both
ischiofemoral spaces (thick arrows), which is normal with regard to the
distance between the ischium and the lesser trochanter. Iliopsoas insertional tendinopathy is also shown (thin arrows)
Fig. 2 Axial fat-suppressed proton density-weighted MR images in a 16year-old male athlete. a There is bilateral hypertrophy and intrasubstance
oedema within the ligamentum teres (thick arrows). b Oedema is shown
anterior to the left iliopsoas tendon (short arrow) along with a focal bone
marrow oedema lesion in the subcortical ipsilateral femoral head (thin
arrow). c Oedema is shown in both ischiofemoral spaces (short arrows)

Peritrochanteric T2 signal around the greater trochanter, without fluid collection to suggest bursitis, was detected in all
gymnasts. There were no notable periarticular and groin area
findings in the control group.

strong statistical significance between radiological IFI and decreased ISF space (P=0.001) in the athletes group. Interestingly,
two sisters with an age difference of 3 years showed decreased
ISF and IFI space bilaterally.
There were 4 hips (16 %) with abnormal signal of the
labrum, which were classified as degenerative tears, and 2
hips in the same subject with secondary evidence of impingement (acetabular rim oedema). The CCDa in these subjects
was 140°. There was no obvious relationship between labral
pathology and the rest of our imaging (CCD, IFI, LT pathology) or demographic data (sex, athletes’ age, years of training,
dominant side etc.). There were no cases of obvious labral
pathology in the non-athletes’ group.
In 10 cases (5 athletes) there was oedema surrounding the
iliopsoas tendons just anterior to the joint space. Associated
focal bone marrow oedema was evident in the left femoral
head in 1 athlete. Oedema between the medius and maximus
gluteal muscle on the left was observed in 1 athlete.

Discussion
Magnetic resonance imaging has been established as an accurate imaging modality for assessing hip and groin pathological
conditions in sports-related injuries. Indeed, MR imaging is so
sensitive that occasionally clinically irrelevant findings may
be depicted [32, 33]. Few papers have investigated MR imaging findings in the hip and groin area in asymptomatic
athletes [34]. To the best of our knowledge, no studies exist
on the hip morphology and other incidental findings in asymptomatic gymnasts.
Specific patterns of physeal adaptation, or developmental
cam-type deformity as a response to sport-specific force loads
during growth, have already been recognized [20–24]. The
developmental bony adaptation we observed in gymnasts was
higher than the normal range CCDa, with an average for all hips
of 140° (coxa valga). In a recent cadaveric study of the adult
proximal femoral anatomy, Toogood et al. found the CCDa to
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Fig. 4 a Coronal STIR and b axial fat-suppressed proton density-weighted MR images in a 19-year-old female athlete. Oedema is shown between
the left gluteal muscles (thin arrows). There is also oedema in both
ischiofemoral spaces (thick arrows), which demonstrate a reduced distance between the ischium and the lesser trochanter

be on average 129.23° (SD±6.24) [35]. We speculate that the
forces that act on the greater trochanter, which is considered to
be a pressure apophysis [36], during landing, act from a
craniolateral direction, which in turn, stimulates the craniolateral
growth that influences the CCDa [37]. The nature of these
forces, which act from a very young age (4 or 5 years) as in
our study, when the CCDa is still naturally high (140°) [27], in
combination with the possible premature closure of the growth
plate of the lower limb seen in gymnasts, could explain the high
CCDa seen [17, 25]. Interestingly, we observed that in all
athletes but 3 (where the CCDa was equal on both hips), the
dominant side for the athlete that is subjected over time to higher
impacts showed a statistically significant higher CCDa.
An additional explanation of the increased CCDa found in
gymnasts, could be related to the involvement of an athlete in
this particular sport. At the highest level of any sporting
activity there is always a degree of genetic predisposition for
one to excel. In gymnastics when the athletes are selected at an
age of 4 or 5, the coaches specifically look out for hip joint
flexibility [38]. The high CCDa biomechanically allows
higher degrees of flexibility to the hip, which can afford us
the assumption that there must be to a degree some favourable
phenotype to these athletes.
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Fig. 5 a Coronal STIR and b axial fat-suppressed proton density-weighted MR images in a 22-year-old female athlete. The athlete is the older
sister of the athlete in Fig. 4. Oedema is shown to be lateral to both greater
trochanters (thin arrows). There is also oedema in both ischiofemoral
spaces (thick arrows), which demonstrate a reduced distance between the
ischium and the lesser trochanter

An interesting finding was the statistically significantly
increased LT dimensions of the athletes in comparison to
controls and the increased signal of the LT that was observed
only in the athlete group and in 6 out of 12 cases bilaterally.
Gymnastics routines include exercises that are performed
numerous times and share some common characteristics such
as high impact and hip rotation during landing [39]. Even
though the hip is a stable joint by virtue of its bony anatomy,
the static (i.e. LT, labrum) and dynamic soft tissue stabilizers
(i.e. ITB) around it play an important role in its congruity
throughout its range of motion [40]. It is believed that these
stabilizers are overworked in sports that involve repetitive hip
rotation and axial loading (dance, gymnastics, baseball etc.)
[41, 42]. Joint laxity and supra-physiological range of motion
can cause further overuse and can lead to non-traumatic
microinstability, a clinical entity that has only recently
emerged in the orthopaedic literature [41]. This chronic overuse or possible microinstability causes secondary compensatory changes to anatomical structures of the inert layer such as
the LT [42]. An extreme example of this is hip dysplasia where
the ligamentum is found to be enlarged [43]. Our finding of
hypertrophy and in some cases intrasubstance oedema of the
LT, suggests a developmental response to overuse in an effort
of the LT to add to the stability of the hip joint.
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The dynamic transient joint incongruence that is seen when
the joint is in extreme positions as seen in gymnastics can also
predispose to labral injuries [44]. From all the hips there were
4 (16 %) with an abnormal signal of the labrum that were
classified as traumatic tears, and 2 hips with acetabular rim
oedema. These tears we believe are the result of repetitive
axial loading, coxa valga and possible microinstability [40].
The assessment of the peritrochanteric space showed that
T2 signal in all gymnasts was increased. This can be an
incidental finding, and a common finding indeed, in MR
imaging in non-athletes and asymptomatic subjects alike, but
at an older age and it is considered degenerative [45]. In our
series it was present in all gymnasts’ hips. We believe that this
is because the function of the iliotibial band (ITB) is to limit
adduction, to keep the pelvis in equilibrium and thereby
decrease the workload of the abductors. In coxa valga the
lever arm of the abductors is shorter, resulting in greater forces
to the greater trochanter and force the dynamic stabilizers
(ITB, abductors etc.) to work even harder to stabilize the hip
[42]. This “overwork” of the dynamic stabilizers, which contract every time the athlete lands, we believe, results in the
absence of any clinical signs, the radiological “overuse” appearance of oedema seen around the greater trochanter.
Extension, adduction and internal rotation are common
during gymnastics routine (lunge, split and leap). This dynamic hip position brings to proximity the lesser trochanter and the
ischium compressing the quadratus femoris in between. A
valgus hip, in our patients on average 141°, has also been
considered as a potential cause of impingement [30]. Despite
the absence of any symptoms in gymnasts, the MR imaging
revealed findings such as quadratus femoris muscle oedema
suggesting IFI in 15 hips. Our investigation confirms the
strong association between limited ISF space and IFI. Τhe
increased range of motion in these hips, may be responsible
for other imaging findings, such as oedema surrounding the
iliopsoas tendon, insertional tendinopathy in iliopsoas tendons
and focal bone marrow oedema in the femoral head in 1
patient, perhaps secondary to tendon snapping.
Our study has several limitations. First, the number of
participants enrolled is small, but this is justified by the level
of athletic ability we chose to investigate, which limits the
pool of candidates that could be studied. Second, the radiological analysis is based on conventional MR imaging and not
on MR arthrography, which has higher accuracy for intraarticular pathology [46]. This was done to avoid an invasive
procedure in asymptomatic subjects. Equally, we did not
investigate our subjects with simple radiographs or CT scans
to avoid exposing them to any unnecessary radiation, and as
such we were limited to the number of morphological measurements of the proximal femur and acetabulum that we
could evaluate.
The discrepancy between MR imaging findings and
asymptomatic subjects is routinely seen in clinical practice.
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Such an inconsistency was also recently reported amongst
elite female ballet dancers and hockey players [34, 47]. The
absence of pain acknowledgement could be explained by the
fact that pain tolerance and the pain threshold in elite athletes
can be high [48].
Our study showed that elite gymnasts share four common
morphological characteristics on MRI that deviate from normal. These include: high CCDa (coxa valga), LT hypertrophy,
friction of the ITB with oedema surrounding the greater
trochanter, and a high incidence of the radiological appearance
of IFI. These results support our hypothesis that repetitive
extreme loading of the lower limb can affect the morphology
of the proximal femur and cause adaptational changes to the
inert and contractile anatomy of the hip joint. Further longitudinal studies are needed to explore whether these findings
cause symptoms or whether they are associated with early
osteoarthritis.
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