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Abstract: Groin pain syndrome (GPS) is one of the most frequent injuries in competitive sports.
Stresses generated in the lower limbs by quick turns and accelerations, such as in soccer, basketball
or hockey, can produce localized regions of increased forces, resulting in anatomical lesions. The
differential diagnoses are numerous and comprise articular, extra-articular, muscular, tendinous
and visceral clinical conditions and a correct diagnosis is crucial if treatment is to be efficient. MRI
is the gold standard of diagnostic techniques, especially when an alternative pathology needs to
be excluded and/or other imaging techniques such as ultrasound or radiography do not lead to a
diagnosis. This paper, based on the current literature, gives a comprehensive review of the anatomy
of the pubic region and of the typical MRI findings in those affected by GPS. Many clinical conditions
causing GPS can be investigated by MRI within appropriate protocols. However, MRI shows limits
in reliability in the investigation of inguinal and femoral hernias and therefore is not the imaging
technique of choice for studying these clinical conditions.

Keywords: groin pain syndrome; MRI; inguinal hernia; prepubic aponeurotic complex; pubic osteopathy

1. Introduction

In agreement with the definition approved during the Groin Pain Syndrome Italian
Consensus Conference on terminology, clinical evaluation and imaging assessment in groin
pain in athletes [1], groin pain syndrome (GPS) can be defined as follows:

“Any clinical symptom located in the inguinal-pubic-adductor area which affects sports
activities and/or interferes with activities of daily living and requiring medical attention.”

GPS is an increasing problem in many sports that involve sudden changes in direction
or kicking such as soccer, football, ice hockey, handball and rugby [2]. Indeed, due to
numerous risk factors such as high activity loads and short recovery periods between
matches, GPS is on the increase in several sports such as soccer, where it already represents
10–18% of all time-loss injuries [3]. Recent studies, based on time loss, report GPS incidences
in soccer up to 2.1/1000 h of total exposure [4]. In such studies, injuries are recorded only if
a player is unable to participate in soccer training and/or in a competition. [5–9]. There
is evidence that the time-loss definition detects only one-third of all GPS injuries in male
soccer players [10]. Therefore, the time-loss injury approach may be inappropriate for
assessing GPS epidemiology, as the recorded data may represent only the tip of the iceberg
of a greater more widespread problem [10]. Indeed, it is not uncommon for soccer players
to continue training despite pain caused by GPS; thus, an overuse definition may be more
appropriate for detecting certain types of GPS injury [11,12].
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Three main categories of GPS are recognized, based both on the pathogenesis and the
onset of symptoms [3,4], as follows:

• GPS from traumatic origin: the onset of pain follows an acute trauma, documented by
medical history, clinical examination and imaging;

• GPS from functional overload: the onset may be insidious and unaccompanied by
acute trauma or it may be attributed to a known cause;

• Long-standing GPS (LSGPS) or chronic GPS: the patient experiences a cohort of
symptoms over a period of more than 12 weeks that does not respond to conserva-
tive therapy.

Numerous articular, extra-articular, muscular, tendinous and visceral clinical condi-
tions may cause GPS. Given that MRI is particularly well suited for imaging soft tissues
such as tendons, muscles and joints, including the symphysis and hip, it follows that this
particular imaging technique plays a key role in the diagnosis of GPS [13–15].

It is important to remember that a single imaging examination technique does not exist
for exhaustively studying the pubis [2]. Indeed, each diagnostic method (ultrasonography,
conventional radiology, CT and MRI) presents its own individual limits when studying
the various anatomical components of the pelvis [2,13,14] and yet, each method, in its own
right, is important for diagnostic purposes [2,13,14]. However, MRI is the imaging method
that not only has sufficient sensitivity to evaluate bone stress and joint injuries but also
possesses the specificity for honing in on musculotendinous lesions and ruptures of the
hip acetabular labrum when used with contrast mediums (i.e., MR arthrography) [2,13,14].
Since an optimal study of the anatomy of the pelvis is an essential diagnostic element in
GPS, MRI must be recognized as one of the main diagnostic methods contributing to this
area of diagnosis [13–15].

The aim of this article is to present the main musculoskeletal anomalies that can cause
GPS and that can be investigated with MRI.

In order to better understand the causes of GPS, a description of the musculoskeletal
anatomy of the groin region is essential.

2. Anatomy and Biomechanics of the Pubic Symphisis

The pelvis is composed of several bone structures including the ilium, ischium, pubis,
sacrum and coccyx. These bones meet anteriorly at the midline to form the pubic symphysis.
The pubic symphysis is a fibrous joint that distributes shear forces during ambulation. The
joint is able to resist tensile, shearing and compressive forces with limited mobility. Indeed,
in physiological conditions, it shows a maximum shift equal to 2 mm and a maximal
rotation of 1◦ [16]. The most recent anatomical references classify the pubic symphysis
as a secondary cartilaginous joint [17,18] or a fibrocartilaginous joint [19]. This type of
classification has a stronger anatomical connotation than the older functional classification,
in which the terms amphiarthrodial [20] or diarthrodial/amphiarthrodial were adopted
to describe this joint [21]. Unfortunately, even today, several anatomical aspects of the
pubic symphysis are not fully understood. Indeed, it is important to underline that the
last anatomical study on the pubic symphysis was published in 1986 [22]. Therefore, this
lack of recent anatomical studies represents an important limit to fully understanding
the etiopathogenesis of certain clinical situations responsible for the onset of GPS. An
important anatomical structure of the pelvis is the prepubic aponeurotic complex (PPAC), a
schematic view of which is shown in Figure 1. The PPAC is formed by the interconnection
between the tendons of the adductor longus, adductor brevis, gracilis and pectineus
muscles; the aponeurosis of rectus abdominis, pyramidalis and external oblique muscles;
the articular disc; the anterior pubic periosteum; and by the superior (SPLs), inferior (IPLs)
and anterior pubic ligaments (APLs), while the posterior pubic ligament (PPL) is not part of
the PPAC [23,24]. The SPL, IPL and APL are all in connection with the articular disc [16,25].
The PPAC new anatomical concept replaces the age-old accepted concept of the fusion of
the rectus abdominis with the adductor longus via the aponeurotic plate [23–26]. Many
anatomical studies focus on the APL due to its connection with the surrounding muscles
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as it brings together the inguinal ligament and the adductor longus and rectus abdominis
muscles [16,23–26]. Furthermore, the adductor brevis muscle originates from both the APL
and the IPL [25]. Therefore, from a biomechanical point of view, the APL is the anchorage
point for both the superficial aponeurotic layers and the deep musculotendinous layers of
the symphyseal region and may thus be considered the fulcrum of the PPAC [23,24]. In
contrast, the IPL is considered to be the main stabilizer of the symphysis because of its
thickness, its muscle connections and the different orientation of its fibers compared with
the APL [16,26]. Again, from a biomechanical point of view, the symphysis is stabilized
horizontally by the APL and vertically by the IPL and the SPL together, as reported by the
morphometric data recorded by Pieroh et al. [25]. It is important to note that the APL is
not as thick as either the SPL or the IPL [25] and these data could explain the greater force
needed to induce a vertical displacement compared with a horizontal displacement of the
symphysis [27]. As far as the elastic properties of the symphyseal ligaments are concerned,
the only ligament with the possible presence of elastic fibers is the SPL [16]. Consequently,
from a biomechanical point of view, the PPAC is an anatomical structure that presents an
intrinsic stiffness [24] and, as it is subjected to important mechanical stress forces during
athletic movements involving pelvic torsional movements, it also represents an area of
biomechanical weakness [23,24]. Be that as it may, to date and to our knowledge, there are
no reliable data on the biomechanical failure points of the symphyseal ligaments. Indeed,
in certain pathologies, such as femoroacetabular impingement (FAI), the reduced motion
of the hip joints is compensated by hypermobilization of the symphysis [28–30]. For this
reason, FAI involves a high stress level for the APL, especially in the transverse plane [25,28],
and it is probably of no coincidence that FAI frequently appears in the etiopathogenesis
of GPS [2,13,29]. In addition, it must be remembered that the PPAC is subjected to both
upward tensile forces from the rectus abdominis muscles and downward forces from the
adductor muscles [24]. This pair of forces, in turn, generates weighty shearing forces [24,30]
that can cause anatomical damage to the PPAC [13,24] and possibly trigger the onset of GPS.
A schematic view of the forces to which the symphysis is subjected is shown in Figure 2.
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Figure 1. Schematic view of the tendon structure forming the prepubic aponeurotic complex (A) 
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Figure 1. Schematic view of the tendon structure forming the prepubic aponeurotic complex (A) and
schematic view of the pubic ligaments in coronal view (B) and axial view (C). The prepubic aponeu-
rotic complex is formed by the anterior, inferior and superior pubic ligaments. Legends (A): (1) rectus
abdominis; (2) transversus abdominis and internal oblique; (3) pyramidalis; (4) external oblique;
(5) pre-pubic aponeurotic complex; (6) pectineus; (7) adductor brevis; (8) adductor longus; (9) gracilis.
Legends (B,C): (1) superior pubic ligaments; (2) inferior pubic ligament; (3) anterior pubic ligament;
(4) posterior pubic ligament.
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Figure 2. Vectors and shearing forces to which the prepubic aponeurotic complex is subjected. The
red dotted arrows represent the vector forces, while the blue arrows represent the shearing forces.
Specifically, the vector forces are represented by the force generated by the rectus abdominis muscle
(vector facing up) and by the adductor muscles (vector facing down). During rotation and extension
of the pelvis, the vector facing up creates the postero-superior tension, whilst the vector facing down
creates the infero-anterior tension. Shearing forces are the result of applying a tangential force to a
surface while the base remains stationary and are equal to the tangential component of the force over
the contact area. Shearing forces tend to cause an opposite but parallel sliding motion of the planes of
the prepubic aponeurotic complex. Legends: (1) rectus abdominis; (2) adductor longus.

Another important anatomical structure of the pelvis is the inguinal canal (IC). The
IC is traversed by the spermatic cord in men and the round ligament in women. Four
walls (anterior, inferior, superior and posterior) and two orifices or rings (one superficial or
external and one deep) form the IC [31]. The aponeurosis of the external oblique muscle
represents the main anatomical element of the anterior wall. The lower border of the
internal oblique muscle and transversus muscle forms the upper wall of the inguinal canal.
The posterior wall is formed by the transversalis fascia, which is strengthened laterally
by the interfoveolar ligament of Hesselbach and medially by the ligament of Henle, the
ligament of Colles and the conjoint tendon [32]. The superficial or external inguinal ring
is delimited by the fibers of the aponeurosis of the external oblique muscle. These fibers
originate from the anterior superior iliac spine [33]. The fibers leading up to the pubic
tubercle form the inferior crus (infero-lateral pillar or external pillar), while the fibers
leading up to the pubic symphysis form the superior crus (supero-medial pillar or internal
pillar) [32]. The deep inguinal ring faces the abdominal cavity and is perpendicular to the
middle part of the inguinal ligament. The deep inguinal ring is about 15–20 mm away from
the inguinal ligament and about 50 mm from the pubic tubercle [31,33]. A schematic view
of the inguinal canal is shown in Figure 3.
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Figure 3. Schematic view of the inguinal canal. Legends: (1) external iliac artery; (2) external iliac
vein; (3) parietal peritoneum; (4) inferior epigastric vessels; (5) internal inguinal ring; (6) transversalis
fascia; (7) rectus abdominis muscle; (8) conjoint tendon; (9) external inguinal ring; (10) spermatic
cord; (11) external spermatic fascia; (12) cremasteric muscle and fascia; (13) internal spermatic fascia;
(14) external oblique muscle aponeurosis; (15) internal oblique muscle; (16) transversus oblique
muscle; (17) extraperitoneal tissue.

3. MRI Techniques

MRI and dynamic ultrasound (DUS) are currently the most effective imaging methods
for diagnosing GPS. MRI is the best option for evaluating both osseous and soft tissue
structures simultaneously. To evaluate GPS, the use of a scanner of at least 1.5 T and a
non-contrast protocol is recommended. The recommended standard planes are coronal,
sagittal and axial. However, axial and oblique coronal imaging are fundamental for PPAC
assessment [13]). In particular, oblique axial imaging is indispensable for revealing the
rectus abdominis muscle insertion and the proximal origin of the adductor muscles [14,34].
A graphical explanation of an oblique axial sequence is shown in Figure 4.

An MRI protocol for the evaluation of GPS is indicated in Table 1. Unfortunately, in
most cases, a dynamic MRI protocol is not useful for diagnosing inguinal hernia or weak-
ness of the posterior wall of the inguinal canal (the so-called sports hernia), as the inability
of monitoring in real time the Valsalva maneuver that the patient must carry out during
the MRI examination makes the number of false negatives unacceptably high [2,13,35,36].
It is important to note that MRI findings should always be interpreted considering the
patient’s clinical history and physical examination together with other imaging studies,
such as ultrasound or CT scans. In some cases, supplementary imaging studies may be
necessary to confirm the diagnosis and to guide treatment. Overall, MRI is a valuable tool
in the diagnosis and management of GPS because it allows for detailed evaluation of the
pelvic structures and it facilitates accurate diagnosis and treatment planning.
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Figure 4. The oblique axial section is a sequence oriented in the sagittal plane parallel to the pelvic
arcuate line along the medial surface of the hemipelvis (A). This sequence properly demonstrates the
rectus abdominis muscle insertion and the proximal origin of the adductor muscles (B).

Table 1. MRI non-contrast protocol recommended for GPS assessment.

Acquisition Plan Sequences Slice
(Max)

FOV
(Max)

Entire pelvis coronal STIR 5 mm 32–40 cm

Coronal T1 3 mm 14–18 cm

Axial T2 3 mm 14–18 cm

Oblique axial PD FS or
Intermediate FS 3 mm 14–18 cm

Oblique coronal PD FS or
Intermediate FS 3 mm 14–18 cm

Legends: STIR—short time inversion recovery. PD-FS—proton density fat-saturated. Intermediate FS—intermediate
fat-saturated. FOV—field-of-view.

4. GPS MRI Assessment

In the following sections, we describe some of the main clinical conditions causing
GPS that can be investigated with MRI. However, it is important to remember that GPS
can be caused by 67 different clinical conditions that can be divided into 12 nosological
categories according to the taxonomic classification proposed by the Groin Pain Syndrome
Italian Consensus Conference update 2023 [13]. This taxonomic classification is shown in
Table 2. Consequently, MRI assessment alone may not always be sufficient for formulating
a definitive diagnosis, and a multidisciplinary approach, based on various diagnostic
imaging techniques, is required. We are advocates for the important contribution that MRI
can bring to this multidisciplinary approach.
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Table 2. Taxonomic classification proposed by the Groin Pain Syndrome Italian Consensus Con-
ference update 2023 [13], subdivided into 12 nosological categories, including 67 possible different
clinical conditions.

(1) Articular causes
Acetabular labrum tear
Femoroacetabular impingement (FAI)
Hip osteoarthritis
Intra-articular loose bodies
Hip instability
Adhesive capsulitis
Legg–Calvé–Perthes disease and its outcomes
Dysplasia and its outcomes
Epiphysiolysis and its outcomes
Avascular necrosis of the femoral head
Sacroiliac joint disorders
Lumbar spine disorders
Synovitis

(2) Extra-articular causes
Anterior inferior iliac spine impingement
Hip antero-superior labral tear with avulsion of rectus femoris
Ischiofemoral impingement syndrome

(3) Visceral causes
Inguinal hernia
Other types of abdominal hernia
Intestinal diseases

(4) Bone causes
Fractures and their outcomes
Stress fractures
Avulsion fractures
Iliac crest contusion (hip pointers)

(5) Musculotendinous causes
Rectus abdominis injuries and/or tendinopathy
Adductors muscles injuries and/or tendinopathy
Rectus abdominis–adductor longus common aponeurosis injuries
Iliopsoas injuries and/or tendinopathy
Prepubic aponeurotic complex (PPAC) injuries
Other indirect muscle injuries and their outcomes
Direct muscle injuries
Iliopsoas impingement (I)
Snapping internal or external hip
Bursitis
Weakness of the inguinal canal posterior wall

(6) Pubic symphysis-related causes
Osteitis pubis
Symphysis instability
Symphysis degenerative arthropathy

(7) Neurological causes
Nerve entrapment syndrome
Anterior cutaneous nerve entrapment syndrome

(8) Developmental causes
Apophysitis
Growth plate at pubic level
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Table 2. Cont.

(9) Genitourinary disease-related causes (inflammatory and non-inflammatory)
Prostatitis
Epididymitis
Corditis
Orchitis
Varicocele
Hydrocele
Urethritis
Other infections of the urinary tract
Cystitis
Ovarian cysts
Endometriosis
Ectopic pregnancy
Round ligament entrapment
Testicular/ovarian torsion
Ureteral lithiasis

(10) Neoplastic causes
Testicular carcinoma
Osteoid osteoma
Other carcinomas

(11) Infectious causes
Osteomyelitis
Septic arthritis

(12) Systemic causes
Inguinal lymphadenopathy
Rheumatic diseases

4.1. Prepubic Aponeurotic Complex Injuries

The prepubic aponeurotic complex (PPAC) forms a fibrous capsule that lines the
anterior of the pubic symphysis. The PPAC represents an area of biomechanical weak-
ness that endures considerable stress forces during athletic movements involving pelvic
torsional movements and single-stance maneuvers [13,16,23]. The most frequent clinical sit-
uations involving PPAC injuries are represented by the following two different anatomical
damages [2,13,24]:

• Injury of the PPAC afferent to the adductor longus tendon–rectus abdominis–pyramidalis
aponeurotic plate complex [24,37].

• PPAC avulsion from the anterior pubic bone [24,38].

PPAC injuries are visible upon MRI examination on all acquisition planes (axial,
coronal and sagittal) in classic fluid-sensitive sequences (T2 and STIR) and in PD FS and
intermediate FS sequences, but, as already mentioned, acquisitions of the oblique axial
plane are particularly advisable. It is very important to make a distinction between the
hyperintensity signal of a PPAC injury, observable in fluid-sensitive sequences due to a
PPAC injury, and a hyperintensity signal concerning a secondary cleft sign. The secondary
cleft sign is characterized by the presence of a high-intensity signal line extending laterally
and downwards to the lower part of the symphysis. This line is always in communication
with the symphysis joint space and it is mostly unilateral. Indeed, bilateral cleft signs are
very rare [2,39,40]. In contrast, the hyperintensity signal of a PPAC injury is not in continuity
with the symphysis joint space but originates at the midline of the PPAC and propagates
either unilaterally or bilaterally and, in this latter instance, it will do so asymmetrically
in most cases [41,42]. Furthermore, the anatomical location of a secondary cleft sign is
different to that of a PPAC lesion: indeed, the secondary cleft sign is located inferiorly to the
symphysis and inferiorly and posteriorly to the adductor longus pubic insertion [15,39,43].
A secondary cleft arises from a chronic maceration of the central fibrocartilaginous disc due
to an excessive or abnormal mechanical stress and, if left untreated, with time, it may merge
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with the primary cleft sign (the physiological small central cavity of the articular disc) to
varying degrees. For these reasons, the secondary cleft sign is considered a non-specific
radiological sign that can be associated with different clinical situations such as an acute
adductor longus tendon injury, a chronic tendinopathy or a dysfunction of the adductor
longus, gracilis or conjoined tendons [15,43]. On the contrary, a hyperintensity signal due
to a PPAC injury indicates a very specific lesion from an anatomical point of view, which
is therefore very different from the secondary cleft sign. In the case of avulsion of the
part of the PPAC afferent to the adductor longus tendon–rectus abdominis–pyramidalis
aponeurotic plate complex, the signal is present unilaterally or bilaterally and is visible
both in coronal and axial planes (Figures 5–7). In the case of PPAC detachment from the
pubic bone, a visible breach midline of the PPAC (Figure 7) is evident in the sagittal MRI
sequences acquired. Furthermore, it is important to remember that the radiological signs of
severe osteopathy are often part of the radiological presentation of a PPAC lesion.
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Figure 5. Coronal STIR-weighted image of 22-year old male athlete showing avulsion of the part
of the pre-pubic aponeurotic complex afferent to the adductor longus tendon–rectus abdominis–
pyramidalis aponeurotic plate complex. The hyperintensity signal extends bilaterally (arrow). Note
the hyperintensity signal indicating the pre-pubic aponeurotic complex lesion that is not in continuity
with the primary cleft sign.
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Figure 6. The same pre-pubic aponeurotic complex lesion (arrow) shown in Figure 4, observed in an
axial STIR-weighted image.
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Figure 7. Sagittal T2 FSE-weighted image of 25-year old male athlete showing a pre-pubic aponeurotic
complex avulsion from the anterior pubic bone (arrow).

4.2. Pubic Osteopathy

In a GPS clinical situation, a cam-FAI often causes a reduction in normal hip intra-
rotation. This ROM limitation is due to the impingement between the ball-shaped head of
the femur and the articular rim [44]. This condition may cause an increase in the stiffness of
the hip joint capsule [45], which is often compensated for by exaggerated mobilization of the
symphyseal joint. In turn, this abnormal mobilization of the symphyseal joint may cause the
onset of inguinal pathologies and pubic osteopathy and adductor tendinopathy [2,29,45,46].
As established by the Italian Consensus Conference on FAI Syndrome in Athletes Cotignola
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Agreement [47], the term pubic osteopathy is preferable to that of osteitis pubis as it is
a chronic condition and not an inflammatory condition. It is possible to formulate the
diagnosis of pubic osteopathy (Figure 8) when, in addition to the clinical condition, at least
three of the following five radiological signs are present:

• Bone marrow oedema of the pubic branches;
• Signs of bone reabsorption and sclerosis of the pubic branches;
• Symphysis irregularity and/or signs of bone erosion;
• Subchondral cysts and/or osteophyte formations;
• Central disc protrusion.
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Figure 8. MRI in coronal STIR view showing central symphyseal disc protrusion (arrowhead),
bilateral bone marrow oedema (arrows) and irregularities of the symphysis (dotted arrows). These
radiological signs indicate severe pubic osteopathy.

Finally, it is important to remember that the radiological signs of severe osteopathy
are frequently associated with cam-FAI [40] and PPAC injury [42], as already mentioned.

4.3. Adductor Muscle Injuries

Adductor injuries are one of the most important causes of acute GPS [48]. The muscle
most exposed to injury is the adductor longus (90% of cases) [48]. The anatomical location
of adductor longus injuries is 25% proximal (of which 75% are avulsion injuries), 31% at the
proximal muscle–tendon junction (mainly grade I and II), 37% at the distal tendons (pre-
dominantly grade I and II) and, for the remaining 7%, the location is intramuscular at the
middle third (also predominantly grade I and II) (Figure 9) [49]. It is important to note that
over 70% of adductor longus avulsions are PPAC injuries that are often overlooked [23,24].
The adductor longus shows two typical areas of injury: the first, antero-medial related to
the proximal tendon; the second, postero-lateral related to the distal tendon [48]. Upon
MRI examination, the sequences most suitable for studying adductor injuries are oblique
axial (PD FS and T2 FS) and coronal STIR [50]. Classification of the degree of lesion
must be calculated based on the relationship between its volume and the volume of the
muscle [51,52].
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Figure 9. Coronal STIR (A) and sagittal STIR (B) showing a left adductor longus tendon pubic avulsion.

4.4. Adductor Tendinopathy

As with injuries, the adductor muscle more prone to tendinopathy is the adductor
longus [40]. Upon MRI examination, the sequences most suitable for the study of the
adductor tendinopathies are as follows [15]:

• Oblique axial T1;
• Oblique axial PD FS; T2 FS and T1;
• Coronal T1.

Adductor longus tendinopathy (ALT), upon MRI examination, is represented by an
increase in signal intensity at the adductor longus tendon and/or at its enthesis in the fluid-
sensitive sequences (Figure 10). Tendon swelling and/or changes in enthesis morphology
are also usually present. On the contrary, in normal physiological conditions, the tendon
appears in all sequences hypointense, subtle and well defined, while in oblique axial
sequences the tendon appears symmetric and triangular in shape, with the base facing the
anterior margin of the pubic bone. On the contrary, in cases of ALT, the tendon may show a
convex shape and increased signal intensity [14]. Unfortunately, no radiological grading
scale is currently able to evaluate the severity of tendinopathy of the adductor longus [53].
However, it must be pointed out that, in some cases, ALT may reflect a functional adaptation
in response to a functional overload incurred during strenuous sporting activities [43,54,55],
and this functional adaptation may remain at a subclinical level or clinically manifest itself
as a full-blown tendinopathy [40]. Finally, it is interesting to note that, in a clinical GPS
situation, ALT is the most important radiological sign correlated to direct inguinal hernia
and/or weakness of the inguinal posterior wall (i.e., the so-called sports hernia) with an
odds ratio (OR) equal to 3.88 (OR 3.88; 1.27 to 11.54; 95% CI) [15], where OR measures
the correlation between risk factors and outcome. OR represents the probability that an
outcome will occur given a particular risk exposure compared with the probability of the
outcome occurring in the absence of exposure to risk.

Obviously, this does not exclude the possibility of MRI detecting ALT without the
presence of inguinal pathologies.

4.5. Rectus Abdominis Injuries

Isolated rectus abdominis muscle injury is not a common type of injury. These types of
injuries are usually classified as rectus abdominis/adductor aponeurosis injuries. In MRI,
the key indicator is, as in the case of any indirect muscle injury, an increased intramuscular
signal on fluid-sensitive sequences. The MRI sequences most suitable for studying RAT
are sagittal STIR and axial oblique PD FS [15]. Also, in this case, the classification of the
degree of lesion must be calculated based on the relationship between its volume and the
volume of the muscle. It is very important to remember that, as in the case of avulsions
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of the adductor longus, avulsions of the rectus abdominis may also cause a lesion of the
PPAC [24].
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Figure 10. Axial oblique PD FS showing a right adductor longus tendinopathy (arrow).

4.6. Rectus Abdominis Tendinopathy

Rectus abdominis tendinopathy (RAT) upon MRI examination appears as an increase
in signal intensity in the fluid-sensitive sequence at the rectus abdominis muscle–tendon
junction and/or an increase in the rectus abdominis tendon volume (Figure 11) [4,56]. As in
the case of rectus abdominis muscle injuries, the MRI sequences most suitable for studying
RAT are sagittal STIR and oblique axial PD FS [15]. RAT is rarely described in the literature.
This may be partially explained by the fact that both the adductor longus and the rectus
abdominis have a common insertion on the pubic symphysis, therefore several RATs are
classified as ALT [57].
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4.7. Inguinal Hernia

In LSGPS, the presence of inguinal hernias is different in the male and female pop-
ulation [40,58]. In the male population, a weakness of the posterior wall of the inguinal
canal is present in 42.7% of cases, direct hernia in 8% of cases and external oblique hernia
in 2% of cases. In the male population, inguinal pathologies are therefore responsible for
over 50% of LSGPS cases [40]. In the female population affected by LSGPS, a weakness
of the posterior wall of the inguinal canal is present in 37% of cases, direct hernia in 5.5%
of cases, external oblique hernia in 2.7% of cases and femoral hernia in 10.8% of cases.
Thus, in the female population, inguinal pathologies are also responsible for over 50% of
LSGPS cases but their typology is different compared with the male population [58]. The
radiological examination of choice for the study of inguinal and femoral hernias and for
the investigation of the weakness of the posterior wall of the inguinal canal is DUS [2,13].
As already mentioned, a dynamic MRI protocol is not useful for diagnosing inguinal and
femoral hernias or for diagnosing weakness of the posterior wall of the inguinal canal
mainly due to the impossibility of monitoring in real time the Valsalva maneuver that the
patient must carry out during the examination, which, in turn, causes an unacceptable
number of false negatives [2,13,35,36]. However, MRI can be useful for detecting obturator
hernias (OHs) [59], which, although rarer than inguinal and femoral hernias, may be an un-
recognized cause of GPS from functional overload and/or of LSGPS [59,60]. A weakening
of the obturator membrane may cause an enlargement of the obturator canal; consequently,
the hernial contents may pass either anteromedially to the neurovascular bundle or by
nudging the neurovascular bundle aside [59]. The obturator canal may be larger in men;
for this reason, OHs show a 6:1 predominance female/male [61]. OHs are classified into
the following three types [59]:

• Type I: the hernia contains only preperitoneal connective tissue and fat.
• Type II: the hernia progresses in the obturator canal and invaginates the peritoneal sac.
• Type III: the hernia presents further herniation of pelvic or peritoneal viscera such as

bowel, bladder or ovary.

OH type I (Figure 12) is relatively rare and, for this reason, may present a diagnos-
tic challenge for the radiologist. MRI sequences most suitable for the study of OH are
the coronal and axial T1- or PD-weighted sequences. In MRI assessment, a protrusion
of fat through the foramen between the pectineus and obturator externus muscles is a
pathognomonic image for OH [35]. The fat may sometimes interpose between the adductor
magnus and adductor brevis muscles along the course of the obturator nerve’s posterior
division. The most important step of evaluation is the comparison of symmetry with the
contralateral canal.
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Figure 12. Coronal T1-weighted image (A) and axial PD TSE Dixon image (B). In both images, the
right obturator canal is normal, while the left obturator canal demonstrates an abnormal volume of
fat accompanying the obturator neurovascular bundle (arrow) as it passes between the obturator
muscles. The images are compatible with a type I obturator hernia.
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4.8. Hip Pathologies

MRI performed with 1.5 T or 3.0 T tomographs with the use of phased array surface
coils is used for the panoramic study of the pelvis and the specific study of hip joint
pathologies. The study protocol should include both wide (32–40 cm) FOV (field of view)
and high resolution images acquired with narrower FOV (14–18 cm). The images acquired
with narrower FOV are useful for evaluating the labral pathology and the chondral surface
of the femoral heads. In this case, the acquisition sequences to use are fast spin echo (FSE)
proton density (PD) in the axial, coronal and sagittal planes, with contiguous thin layer
sections (3–4 mm) or with minimum interslice gap. Oblique axial images parallel to the
femoral neck are used to identify any associated femoro-acetabular impingement [43].
MRI arthrography examination is the gold standard for chondral and labral damage
assessment [62]. In MRI arthrography, labral injuries are confirmed by the contrast medium
extending into the labral defect (Figure 13). To locate a labrum lesion, the clock face
method is used with 3 o’clock anteriorly and 12 o’clock superiorly, regardless of the side
of the hip [63]. The greatest number of acetabular labral lesions (84%) are located antero-
superiorly, 16% occur postero-superiorly, while antero-inferior and postero-inferior lesions
are rare [64]. The recommended protocol for MRI arthrography is as follows [65–67]:

• Coronal STIR (FOV 30–40 cm);
• Coronal PD or intermediate FS (FOV 16 cm),
• Sagittal or intermediate FS (FOV 16 cm),
• Radiant T1 or T1 FS.

Diagnostics 2024, 14, 814 16 of 23 
 

 

 

Figure 13. Acetabular labral lesion in MR arthrography coronal FSE PD sequence, where it is possi-

ble to observe the passage of contrast medium in the intralabral fissure (arrow). 

4.9. Stress Fractures 

The most common locations for bone stress fractures in the pelvis are the medial fem-

oral neck and the pubic rami. MRI examination reveals a signal hyperintensity in the fluid-

sensitive sequences and a signal hypointensity in T1 sequences, which highlights the frac-

ture line running perpendicular to the bone trabeculae [2]. The recommended sequences 

for stress fracture study are T1, T2 and STIR in coronal, sagittal and axial view [2,68] (Fig-

ure 14). 

 

Figure 14. Axial T2 (A) and coronal STIR (B) MR images showing stress fracture as a linear sub-

chondral hyperintensity (arrow). Coronal STIR image also shows diffuse BME of left pubic ramus 

(dotted arrow). 

4.10. Symphyseal Apophysitis 

Secondary ossification nuclei along the anteromedial aspect of the pubic bone appear 

during adolescence and reach complete ossification between the 20th and 25th years of 

life [69]. The presence of these active ossification nuclei could make the pubic bone partic-

ularly sensitive to the mechanical stress that is typical of some sports. It is important to 

remember that the presence of a growth plate separating the secondary ossification center 

from the pubic bone may be the cause of GPS due to apophysitis in the young athlete. This 

A B 

Figure 13. Acetabular labral lesion in MR arthrography coronal FSE PD sequence, where it is possible
to observe the passage of contrast medium in the intralabral fissure (arrow).

4.9. Stress Fractures

The most common locations for bone stress fractures in the pelvis are the medial
femoral neck and the pubic rami. MRI examination reveals a signal hyperintensity in the
fluid-sensitive sequences and a signal hypointensity in T1 sequences, which highlights
the fracture line running perpendicular to the bone trabeculae [2]. The recommended
sequences for stress fracture study are T1, T2 and STIR in coronal, sagittal and axial
view [2,68] (Figure 14).
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4.10. Symphyseal Apophysitis

Secondary ossification nuclei along the anteromedial aspect of the pubic bone appear
during adolescence and reach complete ossification between the 20th and 25th years
of life [69]. The presence of these active ossification nuclei could make the pubic bone
particularly sensitive to the mechanical stress that is typical of some sports. It is important
to remember that the presence of a growth plate separating the secondary ossification center
from the pubic bone may be the cause of GPS due to apophysitis in the young athlete. This
is a situation similar to the so-called little league shoulder or little league elbow, namely
a pathology essentially due to a tension-overload mechanism of the growth plate [70].
It is interesting to note that some authors have defined this particular clinical situation
with the term youth soccer groin [55,70,71]. The MRI sequence for the study of secondary
ossification nuclei is coronal T1. The presence of active secondary ossification nuclei is
confirmed by the signal hypointensity corresponding to the antero-medial ossification
nucleus [2] (Figure 15).
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4.11. Bone Marrow Edema

Bone marrow oedema (BMO) is the identification of an intra-osseous signal hyperinten-
sity in correspondence with the margin of the pubic ramus in the fluid-sensitive sequences.
In T1 sequences, the same areas showing signal hyperintensity in fluid-sensitive sequences
must show signal hypointensity [72]. The sequences suggested for BMO study are as
follows: coronal T1; coronal T2 FS; axial oblique T2 FS; and oblique axial PD FS [2,72]. The
presence of BMO is found in approximately 80–90% of athletes affected by GPS [24,40,73].
However, it is not yet completely clear whether BMO is a simple marker of bone stress
injury or whether it represents a primary source of pain in patients affected by GPS [71].
Indeed, a symphyseal BMO could, in an athlete, represent a normal sign of bone remodeling
in answer to a high rate of mechanical stress [74]. It is important to remember that a fatty
infiltration would represent a subsequent stage of aggravation compared with the simple
presence of BMO [53,54]. BMO is classified into three grades based on its extension on the
axial plane and it is measured in the oblique axial sequences PD FS or T2 FS along the long
axis of the superior or inferior pubic ramus (Figure 16). The BMO grade is determined as
follows: Grade 1: BMO ≤ 1 cm; Grade 2: BMO ≥ 1 cm and ≤2 cm; Grade 3: BMO ≥ 2 cm.
Finally, it is important to remember that the presence of BMO is part of the diagnostic
criteria of pubic osteopathy (see Section 4.2) [47].
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5. Discussion

GPS affects both professional and amateur athletes. Indeed, it is an increasingly
frequent problem in many sports involving cutting maneuvers, changes in direction and
kicking, such as soccer, football, ice hockey, handball, tennis and rugby [2]. The etiology
of GPS includes 12 nosological categories and 67 pathologies [13]. Furthermore, it is
important to remember that LSGPS often represents a genuine diagnostic challenge for the
clinician due to both the large number of clinical conditions that can cause GPS and the
anatomical complexity of the pelvis [50,75]. Thus, the intrinsic complexity of GPS requires
a multidisciplinary approach for a successful diagnosis [2] and there is no single imaging
assessment that can be considered exhaustive in reaching a definitive diagnosis of GPS.
Conventional radiology, DUS, MRI and CT are all capable of providing complementary
information that is essential for diagnostic purposes. MRI, in particular, proves to be an
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imaging assessment of fundamental importance for a large number of pathologies (of
which the main ones have been briefly described in this review) as it can be used both for
confirming clinical diagnoses and for differential diagnoses [2,13,14]. Unfortunately, there
is a lack of detailed descriptions of GPS MRI examination in the literature. Table 3 provides
the main radiographic findings that the examiner should look for in a GPS condition (GPS
of traumatic origin, GPS from functional overload and LSGPS), with the relevant definition
and recommended sequences for their optimal visualization.

Table 3. MRI findings of clinical relevance in GPS.

Pathologies RM Sequences RM Findings

PPAC injuries T2, STIR, PD FS and intermediate FS sequences
in axial, coronal and sagittal plans

Signal hyperintensity in fluid-sensitive
sequences.

Adductor muscle injuries Axial oblique PD FS and T2 FS.
Coronal STIR

Signal hyperintensity in fluid-sensitive
sequences.

Adductor tendinopathy
Axial oblique T1;
axial oblique PD FS; T2 FS and T1;
coronal T1

Increased signal intensity at the tendon level
and/or at its enthesis level in the
fluid-sensitive sequences. Tendon swelling
and/or changes in enthesis morphology.

Rectus abdominis injuries Sagittal STIR and axial oblique PD FS Signal hyperintensity in fluid-sensitive
sequences.

Rectus abdominis
tendinopathy Sagittal STIR and axial oblique PD FS

Increased signal intensity in the fluid-sensitive
sequence at rectus abdominis muscle–tendon
junction level and/or an increased rectus
abdominis tendon volume.

Obturator hernia Coronal and axial T1- and PD-weighted
sequences

Protrusion of fat through the foramen between
the pectineus and obturator externus muscles.
Very important evaluation of the comparison
for symmetry with the contralateral canal.

Acetabular labrum lesion

MRI arthrography: coronal STIR (FOV
30–40 cm); coronal PD or intermediate FS (FOV
16 cm); sagittal or intermediate FS (FOV 16 cm);
radiant T1 or T1 FS.

Spreading of the contrast medium into the
labral defect.

Stress fractures T1, T2 and STIR in coronal, sagittal and
axial view

Signal hyperintensity in the fluid-sensitive
sequences and signal hypointensity in T1
sequences.

Symphyseal apophysitis Coronal T1; axial T1 Signal hypointensity corresponding to the
anteromedial ossification nucleus.

Bone marrow oedema Coronal T1; coronal T2 FS; axial oblique T2 FS;
axial oblique PD FS

Signal hyperintensity in the fluid-sensitive
sequences. Signal hypointensity in T1
sequences.
Grade 1: BMO ≤ 1 cm; Grade 2: BMO ≥ 1 cm
and ≤2 cm; Grade 3: BMO ≥ 2 cm.

Subchondral cyst Coronal STIR.
Axial oblique T2

Presence of subchondral cyst (hyperintense
subchondral cystic element in fluid-sensitive
sequences).

Central disc protrusion Coronal T1.
Axial oblique T1

Protrusion of the central symphyseal fibrous
disc. In coronal images, the central disc
protrudes cranially with respect to the margins
of the symphyseal joint. In oblique axial
sequences, it protrudes posteriorly.
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Table 3. Cont.

Pathologies RM Sequences RM Findings

Secondary inferior cleft sign Coronal STIR.
Axial oblique PD FS

High signal intensity line extending laterally
and inferiorly to the lower part of the
symphysis, which appears to be in
communication with the symphyseal joint
space.

Secondary superior cleft sign Coronal STIR.
Axial oblique PD FS

High signal intensity line in fluid-sensitive
sequences extending parallel to the inferior
border of the superior pubic ramus shows
connection with the symphyseal joint space.

Sclerosis of the symphysis Coronal T1; axial oblique T1

Presence of bone sclerosis along the articular
margins of the symphysis. The sclerotic area
appears as hypointense bone formation
(increased thickness) along the articular
margins of the symphysis.

Fatty infiltration Coronal T1; coronal STIR; axial oblique T2 FS;
axial oblique PD FS

Areas of high signal intensity at the level of the
symphysis in T1-weighted sequences and areas
of low signal intensity in fat-saturated
sequences

Notes: An MRI finding is considered present (i.e., positive) only if visible on at least two different image planes.
When two differently weighted sequences acquired on the same plane are compared, attention must be paid to
using the same table position. In case of doubt concerning the presence or absence of an MRI finding, the latter is
to be considered absent.

It is important to underline that, except for acute muscle–tendon injuries, some of
the radiological findings listed in Table 3 may be found in symptomatic populations and
in asymptomatic populations of athletes. In cases of asymptomaticity, these findings can
be interpreted both as a functional adaptation to the biomechanics of the performance
model and as a prodromal sign of a latent or paucisymptomatic pathology. In these
situations, clinical analysis must refer to the patient’s clinical history, and diagnosis is
challenging. In this regard, it is interesting to note that radiological signs of adductor
longus tendinopathy are present in as many as 71% of asymptomatic subjects compared
with 72% found in the population of symptomatic subjects [54]. It is obvious that we
can raise some reasonable doubts about the fact that GPS is most frequently diagnosed
as adductor tendinopathy [4,76,77]; indeed, in our recent study [40], we reported that
adductor tendinopathy is responsible for only about 2% of cases of LSGPS. These data must
undoubtedly cause us to reflect on how imprudent it is to stop at a simple diagnosis of this
type without considering other possible pathological associations [24,40].

Limitations of the Study

This study has several limitations. Due to the lack of space, only the musculoskeletal
clinical conditions causing GPS are described, whereas the visceral or neurological clinical
conditions causing GPS that can be investigated, respectively, with MRI and neuro-MRI
are not considered. Furthermore, again for reasons of space, it is not possible to include a
comparison between the MRI images and those derived from other diagnostic investigation
methods (X-ray, computerized axial tomography, ultrasound).

6. Conclusions

GPS is undoubtedly a complex clinical situation that engages the clinician in a signifi-
cant way. This complexity depends both on the anatomical intricacy of the pelvis and on the
numerous clinical conditions that may cause GPS. For all these reasons, a multidisciplinary
approach is an essential requirement for a successful diagnosis. In this context, imaging
to support clinical reasoning, of which MRI represents an important aspect, can help the
clinician overcome the diagnostic challenge that GPS imposes.



Diagnostics 2024, 14, 814 20 of 23

Future Directions

MRI is an imaging method undergoing constant technical evolution. Indeed, MRI
has made remarkable progress in the last decade [78]. Therefore, in the near future,
the evolution of techniques such as the delayed gadolinium-enhanced MRI of cartilage
(dGEMRIC) [79] and T2 mapping at 3T MRI may allow for an accurate study of cartilaginous
lesions of the hip and labral lesions. These new and promising techniques could therefore
replace MRI arthrography, limiting the invasiveness of examinations.
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