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Abstract

With the rising participation of girls in sports at both the recreational and elite levels, there has also been increased awareness of
injuries common in this athlete population. Anatomic differences between boys and girls cause girl athletes to be predisposed to
certain injuries. Certain behavioral patterns, such as eating disorders, also cause problems specific to girl athletes that may result
in injury. Imaging plays a large role in diagnosis and ongoing management, but there has been only scant literature dedicated to
the specific topic of imaging in girl athletes. The purpose of this article is to review the imaging findings and recommendations
for injuries and other conditions affecting the adolescent girl athlete. This article first provides an overview of the key anatomic
differences between boys and girls, including both static and dynamic factors, as well as non-anatomic differences, such as
hormonal factors, and discusses how these differences contribute to the injury patterns that are seen more typically in girls. The
article then reviews the imaging findings in injuries that are commonly seen in girl athletes. There is also a discussion of the
"female athlete triad,” which consists of osteoporosis, disordered eating, and amenorrhea, and the role of imaging in this
condition.
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Introduction

Over the past several decades, there has been a dramatic in-
crease in youth sports participation. In 2008, a survey by the
National Council of Youth Sports found that 60 million chil-
dren ages 6 to 18 years old participate in some form of orga-
nized athletics [1]. Sports participation among women has
also skyrocketed in recent decades, and with it the number
of girl athletes: a 2012 longitudinal national survey found that
the number of high school aged girls participating in compet-
itive sports has increased tenfold (1000%) over the past

P4 Kara Gaetke-Udager
kgaetke @umich.edu

Department of Radiology, University of Michigan, 1500 E Medical
Center Drive, B1 D502, Ann Arbor, MI 48109, USA

Department of Radiology, UT Southwestern Medical Center,
Dallas, TX, USA

Department of Family Medicine, University of Michigan, Ann
Arbor, M1, USA

35 years [2]. Although there has also been an increase in
high-school-aged boys participating in competitive sports, this
has paled in comparison to the rate seen with girls. Over the
30 years spanning 1972 to 2011, there has been a 23% in-
crease in high school male athletes [3]. Significant growth in
the population of adolescent female athletes make it increas-
ingly important to recognize injuries that are more common
in, and more specific to, the girl athlete. Imaging plays a cru-
cial role in diagnosis, and knowledge of the differences in
anatomic, physiologic, and behavioral factors between girls
and boys helps the radiologist to understand gender-specific
patterns of injury.

Anatomic differences in girl athletes

Differences in injury patterns between girls and boys start to
emerge during and after puberty; we will refer to “girl
athletes” and “boy athletes” in this manuscript as being in
the post-pubertal stage, unless otherwise noted. Once devel-
opmental changes have taken place, anatomic differences be-
tween genders can be viewed in two major categories: static
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(difference is present at rest) and dynamic (difference occurs
upon movement).

Static anatomic differences between genders

Girls and women generally have a lower center of gravity than
boys and men, as their limbs are shorter and smaller relative to
body size, and they have greater laxity of their joints [4],
which further increases during pregnancy [5]. Boys and men
have proportionally more muscle mass than girls and women
in the upper extremities [6] and upper trunk [7]. Girls” and
women'’s pelvises tend to be wider than boys’ and men’s, and
there are resultant increases in hip varus angle [8], knee valgus
angle [9], and femoral anteversion [10]. This results in girls
and women typically having a greater Q angle, defined as the
angle formed between a line bisecting anterior superior iliac
spine (ASIS) and the central patella and a line bisecting the
central patella and the tibial tubercle [ 11]. This greater Q angle
in women may lead to a relative increased lateral force of the
quadriceps muscles on the patellar tendon compared to men,
which results in an increased risk of patellar pathology in
women, as discussed below. All of these differences are
highlighted in Fig. 1.

As boys mature, their femoral condylar size increases along
with the width of their femoral intercondylar notch. Girls’
intercondylar notch size increases to a lesser degree [12]
(Fig. 2).

It should be noted that there are exceptions to these general
patterns in anatomic differences. There are geographical dif-
ferences in body size: women in the Netherlands, for example,
might on average be taller than men in some countries in

Fig. 1 Illustration demonstrating
the increased Q angle (blue) and
decreased muscle bulk of the
female pelvis when compared
with the male pelvis. The female
pelvic outlet and angle between
the ischial tuberosities (purple)
are wider

Anterior superior
iliac spine

Midpoint of
patella

Tibial tubercle
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South America and Southeast Asia. This may result in differ-
ent mechanical forces in one group of women compared to
another.

Dynamic anatomic differences between genders

As discussed previously, girls have increased laxity and flex-
ibility compared to boys. Among other things, this can result
in delayed hamstring and quadriceps contraction when plant-
ing the foot [13]. In general, girls’ posture is more upright than
boys’, which can cause injury (discussed below) [14]. When
landing from a jump, girl athletes have different muscular
activation patterns than boys, with increased activity of the
rectus femoris and decreased activity of the gluteus maximus
[15]. Postural differences also cause girl athletes to place more
weight on the forefoot than boys [16].

Gender-related non-anatomic differences
predisposing to injury patterns

During and after puberty, girls have higher levels of estrogen
than boys as well as fluctuating hormone levels, which affects
certain musculoskeletal structures such as ligaments [13].
Higher estrogen levels also result in augmented laxity and
diminished neuromuscular control of the knee [13].

In addition, there are differences between boys and girls in
their training and activity patterns. For example, boy athletes
might be more likely to have required strength training and
participate in strength training year-round [17].

Male

Female
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Fig. 2 Illustration demonstrating
the narrower intercondylar notch
of the female femur (ef?)
compared to the male femur
(right), associated with increased
risk of ACL injury in females

Injury patterns typically seen in girl athletes
Hip

A 2016 study by Stracciolini et al. recently demonstrated that
girls show a greater increase in hip injuries with advancing age
during the teen years than boys [18]. Girls are more likely to
have soft tissue-related hip injuries, while boys are more likely
to have osseous-related injuries [18]. Overuse injuries, includ-
ing tendinopathy, are being seen on a larger scale in the ado-
lescent athlete population, with adolescent girl athletes specif-
ically at higher risk than their male counterparts [18].

Labral tears

Incidence of acetabular labral injury is increased in athletes
who participate in sports that require pivoting motions on the
loaded femur, including ballet, soccer, and golf [19].
Symptomatic labral tears are more common in girls than boys
[20]. Acetabular dysplasia, specifically of the pincer type,
which is more common in girls and women, is thought to play
a role in labral injury [21, 22]. Labral tears are best seen on
magnetic resonance (MR) arthrography as contrast filling of a
defect in the labrum (Fig. 3), and reports demonstrate the
accuracy rate of MR arthrography in the diagnosis of labral
tears as greater than 95% [23]. Interpretation of labral tears can
be challenging, however, especially in the setting of a
contrast-filled cleft between the acetabulum and labrum. An
entity known as a sublabral sulcus has been described, which
is thought to represent a partially healed tear or normal variant
and can be confused for a symptomatic labral tear [24].
However, a retrospective 2015 study that analyzed 41 patients
17 years of age and under who underwent MR arthrography of
the hip found that none of these adolescent patients met the
criteria for a sublabral sulcus [25]. Thus, a labral base cleft
seen in adolescent patients should not be necessarily be con-
sidered a normal variant.

Acetabular dysplasia, as discussed above, should be distin-
guished from femoroacetabular impingement (FAI) syn-
drome. FAI is a clinical syndrome seen in young athletes
who present with hip pain and restricted motion, generally

secondary to participation in elite levels of sport or
overtraining [26]. The pincer configuration of the acetabulum
generally occurs in women at a greater rate than in men, lead-
ing to over-coverage of the femoral head with resultant ante-
rior superior labral injury and thinning of the adjacent carti-
lage. Cam-type configuration is more common in men.

Fig. 3 A 16-year-old girl with labral tear. a Oblique sagittal proton den-
sity fat-saturated MR arthrogram image of the right hip demonstrates a
high signal cleft at the 11 o’clock position (arrow) consistent with tear. b
Coronal proton density fat-saturated image demonstrating the same labral
tear (arrow)
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Women may also be more likely to have a mixed-type FAI
configuration, which some describe as a combination of the
pincer and cam-type deformities [21, 27].

Snapping hip syndrome

Snapping hip syndrome can occur in adolescent athletes, and
because the condition is most frequently seen in ballet
dancers, it is especially prevalent in girls [28]. There are two
main categories of snapping hip syndrome: extra-articular and
intra-articular. Extra-articular etiologies include the actual
snapping of tendons over bone, including external snapping
hip resulting from the iliotibial band as it moves over the
greater trochanter and internal snapping hip resulting from
the iliopsoas tendon as it moves over the iliopectineal emi-
nence (Fig. 4). These entities are best assessed with ultra-
sound, as dynamic imaging can be performed while the patient
performs an exacerbating motion. In contrast, intra-articular
snapping hip refers to the sensation of snapping caused by
etiologies such as intra-articular bodies or acetabular labral
tears [29], and these entities are best assessed using magnetic
resonance imaging (MRI) or MR arthrography.

Apophysitis

A common chronic injury in the adolescent athletic population
is traction apophysitis, in which repeated, strong, but submax-
imal force is applied to an apophysis by a tendon, resulting in
microscopic avulsions and inflammation to the apophyseal
surface [30]. These injuries tend to be more common in boys,
but girls participating in certain sports including gymnastics,
dance, and running are also at risk. When apophysitis involves
the pelvis, it can present as chronic hip pain and most com-
monly occurs at the iliac crest (attachment site of the abdom-
inal oblique musculature), the ischial tuberosity (attachment
site of the hamstring musculature; Fig. 5), the anterior superior
iliac spine (attachment site of the sartorius), and the anterior
inferior iliac spine (attachment site of the direct or straight
head of the rectus femoris) [29]. On radiographs, the affected
apophysis may appear sclerotic, irregular, or fragmented at its
margin with the physis. The underlying physis is usually nor-
mal or slightly widened without overt displacement [30]. On
MRYI, increased fluid-sensitive weighted signal is seen in the
associated bone and tendon [30].

Knee

ACL injuries

ACL injuries are common in girl and women athletes, occur-
ring at a two to eight times higher incidence than in boys and

men [31], and have been extensively discussed in the litera-
ture. Certain factors discussed previously have been
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Fig. 4 A 14-year-old dancer with snapping hip syndrome. Transverse
grayscale ultrasound images show abrupt motion of the iliopsoas tendon
(arrows) as the hip is moved between flexion/abduction (a) and extension
(b). IPE = iliopectineal eminence

implicated in this difference in injury rate. A greater Q angle
in girls has been speculated to play a role in ACL injury by
increasing the lateral force of the quadriceps, resulting in
greater valgus stress across the knee [32]. Similarly, the in-
creased activity of the rectus femoris compared to the gluteus
maximus also may make girls more susceptible to ACL injury
[15]. Girls’ upright posture results in decreased knee and hip
flexion [33] and increased anterior tibial translation, which
can lead to ACL tear [14]. Girl athletes are prone to landing
or cutting with the leg in pronation, the knee in valgus, and the
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Fig.5 A 12-year-old girl with ischial tuberosity apophysitis presenting as
left groin pain. a AP pelvic radiograph demonstrating osseous irregularity
and early fragmentation at the left ischial tuberosity (arrow). b Frogleg
pelvic radiograph demonstrating the same findings with left ischial tuber-
osity osseous irregularity and fragmentation (arrow)

foot in pronation (the so-called “position of no return”), which
places excess strain on the ACL, leaving it prone to tearing
[11]. A narrower intercondylar notch in girls is thought to
cause increase impact on the ACL [34], and a smaller-sized
ACL in girls may also cause increased ligament injury rates
[35]. It has been demonstrated that ACL fibroblasts have spe-
cific receptors for estrogen [13], and exposure of these recep-
tors to higher estrogen levels in girls reduces collagen synthe-
sis, decreasing ACL bulk and strength [36].

Patients with ACL tears typically present with a dis-
crete knee injury associated with a “popping” sensation.
MRI remains the most accurate tool in diagnosing ACL
injuries however, with imaging findings of complete tear
including frank discontinuity or abnormal position-
dependent slope configuration of the ACL during MRI

Fig.6 ACL tear and subsequent re-tear of ACL graft in a 16-year-old girl
soccer player. a Sagittal proton density fat-saturated MR image through
the knee demonstrates complete disruption of ACL fibers (arrow) with
abnormal orientation. b Sagittal proton density fat-saturated MRI image
of the same patient following ACL graft repair demonstrates complete
tear of the ACL graft (arrow)

examination (Fig. 6) [37]. Prior studies have demonstrat-
ed that neuromuscular training (modification of dynamic
aligning factors) can modify ACL injury risk in girl ath-
letes [38].

Patellofemoral pain syndrome (PFPS)

PFPS is defined as anterior knee pain, generally under or
around the patella, after other etiologies of pain have been
excluded [39]. PFPS, also referred to as “runner’s knee” or
“jumper’s knee” secondary to its predilection to affect athletes
who perform these activities, is part of a spectrum that in-
cludes lateral femoral condyle friction syndrome, where there
is impingement of fat between the lateral femoral condyle and
patellar tendon (shown in Fig. 7). PFPS also includes exces-
sive lateral pressure syndrome, defined as anterior knee pain
and lateral patellar cartilage degradation due to increased
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Fig. 7 A 15-year-old girl cross-country runner with anterior knee pain.
Axial (a) and sagittal (b) proton density fat-saturated MR images of the
knee demonstrate edema within Hoffa’s fat pad (arrows)

lateral patellar tilt. These entities are more common in girl and
women athletes, who seek sports medicine clinic visits for
patellofemoral pain at a significantly higher rate than boys
and men [40]. A 2014 study of girl middle school athletes
by Foss et al. demonstrated that the knee was the most com-
mon site of injury in this cohort (74%) with 31.3% of knee
injuries further classified as patellofemoral pain syndrome
[41].

Factors that predispose girls to PFPS include increased
Q angle, increased femoral neck anteversion, and a
higher incidence of both patella alta and trochlear dys-
plasia [42, 43]. Trochlear dysplasia is demonstrated on
an axial CT or MRI image or axial knee radiograph
when the trochlear sulcus measures more than 150 de-
grees (Fig. 8) [30]. A common measurement of trochlear
dysplasia obtained from axial CT or MR images is the
tibial tuberosity-trochlear groove (TT-TG) distance,
which is defined as the distance between the midpoint
of the tibial tuberosity and the midpoint of the trochlear
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Fig. 8 A 16-year-old girl basketball player with knee pain. Axial proton
density fat-saturated MR image through the knee in this patient with knee
pain demonstrates the morphology of a shallow trochlear groove (arrow)

groove [44]. A distance of greater than 15-20 mm is
considered abnormal and may be an indication for surgi-
cal realignment [45]. Other measurements to assess dys-
plasia include the lateral trochlear inclination, which de-
scribes the shallowness of the angle of the lateral troch-
lear facet (less than 11 degrees indicates dysplasia),
trochlear facet asymmetry, which describes the size of
the medial trochlear facet compared to the lateral troch-
lear facet (a ratio of less than 40% indicates dysplasia),
and trochlear depth, which describes the depth of the
deepest point of the trochlear groove (3 mm or less in-
dicates dysplasia).

Dejour et al. have also described four morphologic cat-
egories of trochlear dysplasia (Fig. 9). A type A trochlea
demonstrates a shallow trochlear groove but is otherwise
structurally normal, while a type B trochlea demonstrates
a notably flattened or possibly convex trochlea. The type
C trochlea has a flattened surface due to a hypoplastic
medial femoral condylar facet and high lateral femoral
condylar facet. A type D trochlea has the features of a
type C trochlea with an additional vertical “cliff” between
the lateral and medial facets [46, 47].

Patellar instability

In addition to an increased likelihood of PFPS, multiple stud-
ies have demonstrated that girls are more likely than boys to
experience patellar instability and dislocation [48]. In addition
to the morphologic differences of the patellofemoral
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a

Fig. 9 Illustration of the four categories of trochlear dysplasia as
described by Dejour. Sagittal views are on the left and axial views are
on the right. a Normal appearance of the trochlea. The red line indicates
the contour of the lateral femoral condyle on the sagittal view, and the red
dot indicates the lateral condyle on the axial view. The blue line indicates
the contour of the trochlear groove on the sagittal view, shown as a blue
dot on the axial view. b Type A trochlea with shallow groove; the
“crossing sign” is present on the sagittal view, in which the trochlear
groove (blue line) overlaps with the lateral femoral condyle (red line).
The dotted line on the axial image traces the normal contour of the
trochlea. ¢ Type B trochlea with a flat, or possibly convex, trochlear
groove. The crossing sign is still present along with a trochlear spur

compartment discussed above, another contributing factor to
this susceptibility includes a relative weakness of hip abductor
and external rotator muscles in girls. This weakness results in
a predisposition to hip adduction and internal rotation, which
consequently increases lateral stress on the patellofemoral
joint [49]. Girls also demonstrate preferential use of the lateral

(arrowhead), which is the osseous protrusion along the anterior femur
seen on the sagittal view. d Type C trochlea with hypoplastic medial
femoral condylar facet and protuberant lateral femoral condylar facet.
The green line and dot indicate the medial femoral condyle. The
crossing sign is present as in type A, and the “double contour sign,” in
which red and green lines are distinguishable, indicates that the contour
of the medial femoral condyle is markedly smaller than the contour of the
lateral femoral condyle. e Type D trochlea with hypoplastic medial
femoral condylar facet, protuberant lateral condylar facet, and steep,
convex “cliff” between the trochlea and medial facet. The crossing
sign, double contour sign, and trochlear spur (arrowhead) are all present

quadriceps muscles over the hamstrings and medial quadri-
ceps muscles, possibly because of different neural-
controlled preparatory muscle activation compared to
boys [50]. This further increases lateral forces on the pa-
tella, contributing to patellar instability, subluxation, and
dislocation (Fig. 10) [51, 52] .
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Fig. 10 13-year-old girl soccer player with transient patellar dislocation.
Axial proton density fat-saturatedMR image through the knee
demonstrates a full-thickness tear of the medial patellar retinacular
structures (white arrow), bone contusions/edema in the medial patella
and lateral femoral condyle (asterisks), cartilage fragments/intra-
articular bodies (black arrow) from a donor site in the patella (not
included on this image), and a large, heterogeneous joint effusion (E)

Osgood-Schlatter disease and Sinding—Larsen—-Johansson
syndrome

Osgood—Schlatter disease (OSD) and Sinding—Larsen—
Johansson syndrome (SLJ), both primarily clinical diag-
noses, are due to traction apophysitis involving the patel-
lar tendon and are common causes of knee pain in the ad-
olescent athlete. While both OSD and SLJ are more com-
mon in boys, girls are also affected, especially those par-
ticipating in activities that involve squatting, kneeling, or
jumping [53]. OSD occurs at the patellar tendon insertion
on the tibial tuberosity secondary to excess stress from the
quadriceps muscles [53] and occurs in the pre- or early-
adolescent age group (8—12 years old). In the previously
referenced 2014 Foss study of middle school girl athletes,
OSD comprised 10.4% of the reported knee injuries [41].
Radiographic findings of OSD include apophyseal irreg-
ularity (Fig. 11), physeal widening, and tendon thickening
with intra-tendon osseous fragments present in approxi-
mately half of cases [53, 54]. On MRI, increased signal
on T2-weighted images can be seen in the distal patellar
tendon. Sinding—Larsen—Johansson (SLJ), also a traction
apophysitis, instead occurs at the patellar tendon origin at
the inferior pole of the patella. SLJ tends to be more prev-
alent in a slightly younger age group than OSD [55]. Like
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Fig. 11 A 10-year-old girl soccer player with knee pain and Osgood—
Schlatter disease. Lateral radiograph of the knee demonstrates apophyseal
irregularity at the patellar tendon insertion on the tibial tuberosity (arrow)

OSD, radiographic and MRI findings of SLJ include
apophyseal irregularity, osseous fragments in the tendon,
and thickening and increased signal on T2-weighted im-
ages at the patellar tendon origin [56].

Foot

Sesamoiditis is a common problem in adolescent athletes who
engage in jumping, especially in tennis and ballet, and those who
engage in running, which places stress on the forefoot. Girls and
boys are equally likely to be affected, but patients with cavus
deformity or pronated feet are thought to be particularly
predisposed to this condition [57]. Pain and swelling is typically
localized to the first metatarsal head [58]. MRI findings include
bone marrow edema in one or both sesamoid bones and some-
times edema of the surrounding soft tissues [59]; diagnostic ac-
curacy increases if the edema involves both sesamoid bones.

Shoulder

The shoulder, specifically the proximal humeral epiphysis, is
particularly susceptible to chronic overuse injuries in the adoles-
cent athlete. This pattern of injury is typically seen in those who
engage in overhead throwing, such as baseball pitchers [60],
leading to the moniker “little league shoulder.” While more
common in boys, girl athletes who engage in overhead throwing
sports are also at risk. Repetitive forces on the proximal humeral
epiphysis during throwing leads to physeal microfractures,
resulting in a nondisplaced Salter—Harris I pattern of injury
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[61]. The pain and arm fatigue associated with this injury can
manifest as a decrease in a pitcher’s accuracy [62]. Radiographs
may be normal, or they may demonstrate physeal widening,
subchondral cystic change at the growth plate, sclerosis, or frag-
mentation [63]. Because the pathologic findings may be subtle,
it is often suggested that a radiograph of the contralateral shoul-
der be obtained [64]. MRI is not routinely performed for this
injury but, if obtained, can demonstrate physeal widening
and increased signal on T2 weighted images both within
the physis and in the underlying subchondral bone, which
histologically represents hypertrophied chondrocytes ex-
tending into the metaphysis [61].

Wrist

Wrist pain is a common entity among girl athletes, with one study
reporting that more than 70% of girl gymnasts complain of pain
in their wrist [65]. “Gymnast’s wrist” is a loosely used term that
may refer to a variety of injuries caused by chronic repetitive
compressive stress on the wrist [66]. Most often, it refers to
chronic stress-related injury to the distal radial physis [61], es-
sentially representing a nondisplaced Salter—Harris 1 type of
stress fracture. Common radiographic findings of this entity in-
clude irregularity and asymmetric widening of the physis, some-
times with cystic changes and sclerosis of the metaphyseal aspect
[67, 68]. If the physeal injury is severe, there may be premature
fusion of the growth plates, resulting in a short radius and sub-
sequent positive ulnar variance. Studies have shown an increased
rate of positive ulnar variance in gymnasts [69]. Occasionally, but
not classically, other wrist injuries such as scaphoid stress frac-
ture, triangular fibrocartilage complex tears, and ganglion cysts
are also lumped into the category of “gymnast’s wrist” [70].

Overuse injuries

Stress fractures occur in women collegiate athletes at approxi-
mately a 2:1 ratio when compared with men [71], and they are
also common in adolescent girl athletes. There are two overall
categories of stress fracture: fatigue fracture, in which abnormal
stress (overtraining) is placed on normal bone, and insufficiency
fracture, in which normal stress is placed on abnormal
(osteopenic) bone [72]. On radiographs, stress fractures appear
in normal density bone with a range of findings including band-
like sclerosis, cortical thickening, periosteal reaction and, when
advanced, a linear lucency. Findings are usually more pro-
nounced and can be detected earlier on MRI as periosteal edema
which progresses to bone marrow edema, followed by signal
changes in the cortex, and eventually a linear, low signal fracture
line (Fig. 12).

Greater muscle mass in boy athletes compared to girls is
thought to be protective against stress fractures [73]. Other fac-
tors that place the girl athlete at increased risk for stress fracture
include increased peak hip adduction, increased peak hind foot

Fig. 12 A 16-year-old girl runner with tibial stress fracture. a Coronal
STIR MRI image through the tibia demonstrates bone marrow edema in
the mid tibial diaphysis (arrow). b Coronal T1-weighted image from the
same study demonstrates corresponding linear low signal (arrow)
consistent with a stress fracture
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eversion, and shorter stature [74, 75]. It has been suggested that
stress fractures can be prevented by heavy resistance training
with the goal of increasing bone density and muscle mass, but
overtraining can also result in abnormal bone remodeling, inad-
vertently increasing the risk of fracture. A compromise strategy is
to ensure adequate rest and incremental training increases [72,
76).

Female athlete triad

The “female athlete triad” is defined as disordered eat-
ing, amenorrhea, and osteoporosis [77]. In a study by
Byrme et al., it was shown that 31% of girl and women
athletes who participate in sports with an aesthetic com-
ponent (i.e., “thin build” sports such as gymnastics, bal-
let, and cross-country running) demonstrate disordered
eating compared to 5.5% in the control group [78].
More than twice as many girl and women athletes with
disordered eating have menstrual irregularities than
those who demonstrate non-disordered eating, and ath-
letes with menstrual irregularities including oligomenor-
rhea or amenorrhea have been shown to have signifi-
cantly lower bone mineral density than athletes with
eumenorrhea [79, 80]. Lower bone mineral density in-
creases the risk of stress fracture, likely explaining why
menstrual dysfunction and stress fractures demonstrate a
positive correlation [81]. Additionally, girls with anorex-
ia have been demonstrated to have a higher composition
of yellow marrow, which tends toward differentiation
into adipocytes, in the peripheral skeleton while healthy
controls demonstrate a higher composition of red mar-
row, which tends toward differentiation into osteoblasts
[82, 83].

A radiologist may be the first to diagnose the initial finding
of decreased bone density on radiographs. Therefore, appro-
priate radiologic reporting and referral in the setting of a girl
athlete with low bone mineral density is crucial to prevent
future injury and to direct clinical management. Bone mineral
density is typically determined using dual-energy X-ray ab-
sorptiometry (DEXA) scans with measurements often made at
the hip (femoral neck) and lumbar vertebral bodies. The T
score is the measurement expressed in standard deviations
compared with “normal” measurements based on that of a
20-year-old woman [84]. For postmenopausal women, a T
score less than —1.0 is characterized as osteopenia, and a T
score less than —2.5 is characterized as osteoporosis [84].
However, some have suggested that for premenopausal wom-
en, the phrase “bone density below expected range for age”
should be used instead of “osteoporosis”, and the word
“osteopenia” should not be used [85]. Additionally, there
has been recent controversy as to whether the Z score (com-
parison to age-matched control) should be used instead of the
T score for premenopausal woman [86].
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Conclusions

After puberty, there are both anatomical/mechanical and non-
anatomical differences between boy and girl athletes that con-
tribute to gender-specific injury patterns. Adolescent girl ath-
letes are more likely to suffer from ACL injuries, patellofemoral
pain syndrome, gymnast’s wrist, stress fractures, and symptom-
atic hip labral tears. Other injuries seen in girl athletes include
Osgood—Schlatter Disease, Sinding—Larsen—Johansson dis-
ease, snapping hip syndrome, and pelvic traction apophysitis.
The female athlete triad of disordered eating, amenorrhea, and
osteoporosis is common and can increase risk of injury. The
radiologist can play a crucial role in initial recognition of low
bone mineral density and subsequent referral for DEXA.
Knowledge of these gender specific injuries will enable the
radiologist to provide better care for young female athletes.
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